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7.3.2 Int.rrupt 'roc.l.lng WOrd ••••••••••••••••••••
7.3.3 I •••pl•••••••••••••••••••••••••••••••••••••••
7.3.4 point. to R••••blr •••••••••••••••••••••••••••

Mot•• on Styl••1Id 'r09r.. Dav.lope.nt

1

s.ctlon
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APPIMDII. L

APPIMDIX •
APPENDIX •



?- Cl.OSE QUI

AIM 15/41 PORTH V1.4 I:fl.AATA

Th. AI. 65/4. PORTH r.l•••• Vl.4 includ., the followlnt

U.lt.tlon'.

,~ ca.pll.tlon ualn9 SOURCE do'l not r.turn control to

the k.ybo.rd upon .rror d.tectlon.

1. Th. READ word do•• not dl.pl.y det. input

4. Th. k.y uI.d to t.r-inet. VLlST II .110 .nt.re4 .a en

input chlr.ctar.

~, CO.,ll."" •• , p, 11•••• , ••,.,

th.n " char.ct.rl In l.ntth.

Th. followl"4 worda lhould be .nt.r.d Into tb. te.t .ditor end

co.plle4 a. ahovn (,.e sectlon 4.51. ~n. VLIST I'" s.ctlon
4) to v.rlfy proper eo.pil.tion. Th••• worde .111 then be uI.d

In lieu of the X(Ifl, pUlIsa. SOURCE .nd READ eyete.

worde.

en
HE<
-(L)/ OUT_H'.
: YLIST
YLIST kEv PROP

: 'kEv
[ UkEv • ] LITERAL EXECUTE

PUP E"IT ;

; READ
UKEv • ROT ROT \
[ , 'kEv CFA ] LITERAL
UKEv ! READ UkEv ! ;

-RBORT
CR HERE COUNT TvPE
[ S"UDGE

; SOURCE
TIB • 88 ERASE
WRRNING • URBGRT •

-1 WRRNING ! [ , -RBORT CFA ]
LITERRL URSORT ! SOURCE

: FINIS
UABDRT ! WARNINO •
CR • OK- FINIS;·

CODE XOR
TOP l.OA, SEt EOR PHA
TOP 1+ LOA, SEC 1+ EOR
BINARV JIlP. ENP-CODE '

WARNING.' URBORT •
FINIS

_END_
-(Q)

CO>
AIIl "/~8 FORTH Vi •

SOURCE IN-. .
YLIST NOT UNIQUE
READ NOT UNIQUE
SOURCE NOT UNIQUE
FINIS NOT UNIQUE
XOR NOT UNIQUE.,

xl



SECTIC*

INTRODUCTION

rORTa i•• unique progr...ing .y.t•• th.t i. well .uited to •

v.ri.ty of .pplic.tion.. B.c.uI. it V.I orlgin.lly d.v.lop.d
for r ••l-ti.. control applic.tion., PORTH h•• f ••tur•• th.t
••k. It Id•• l for ••chin••nd proc••• control, d.t••cqulli­
tlon, .n.rgy and .nviron••nt.l ••n.g•••nt, .uto..tlc t •• tlng,
and oth.r ai.il.r .pplic.tlon'. Tb••p..d p.rfor..nc. of
••••~ly l.ngu.g. I. r.qulr.d In ..ny of th••••pplicatlon.,
bov.v.r a hlgh-l.v.l l.ngu.,. i. oft.n d••lr.d to I.prov.
progra. d.v.lo~.nt productivity .nd progr•• r.ll.bliity.
FORTH II d'llgn.d to •• tllfy both Ip..d .nd progr...in,
efflcl.ncy r.qulr•••ntl.

lroRTH can be c.lled a co.put.r l.nguage••n op.r.tlng 'ylte.,

,.n Inter.ctiv. co.pll.r. a date Itructure. or .n interpreter,
rd.pending upon your point of vi.v. It vaa d.aigned to co.bln.

,the atr.ngtha of both co.pll.ra and int.rpr.t.r•• The r••ult
ia • unlqu. langu.g. b.l.d on pr.-d.fin.d op.r.tlona that
.Inl.l~es aoftv.r. d.v.lop.ent ti•• and coltl. lupporta
structurp~ progra..lng and progr•• .adul.rlty, co.pll.a

Inter~r~lvely to •••• d.bugglng .nd to r.duc. progra..lng
errors, co.~et. Into •••11 ob'.et cod•••nd .X.Cut.1 ••tr•••l:
f" .. t.. Addltlon.l worda .ay b. d.fin.d to· ,Uow uI.g. by
nnfl-prOgr._.rl.

AI~ 65/4. rORTH In ~ coabin•• the ben.fit. of FORTH .nd the
f.'tur~s of the AIM 65/4' Mlcroco~ut.r vith it. r.sid.nt
prJfltel, dllplay, k.yboard. and int.raetlve Monitor and T•• t

~~ltor flr..,ar., to produc•••tand-.lon. d.v.lopaent .nd

llm-tl.. ayat •••



Ap~endlx a, A~ 65/~' 'ORTH Gl, o'••¥y, d.fin••••ch 'ORTH wo,'
n ASCII .orl: ord.r.

n'

to 1,1'.

define•••ch

,.1 Suaa'r~ .u....riz••
of u.aqe.

In PORTH••xpl.ln. how

Int'rrupts In 'ORTH.

PORTH A••••bl.r. d"crib•• conc.pt.
•••oci.t.d with the AI~ 6S/f, PORTH

Audio C••••tt. R.cord.r, d.'crib•• how to
and obj.ct cod. for progr... wrltt.n In

,-,

65/41 FORTH A••••bl.r Glo••• ry
word in ASCII .ort ord.r.

Sactlon 8,

to progr..
tachniqu••

S.ction 6. AI" 6S/4.
oper.tlng procadur••
......abl.r •

ppendl. C. AIM 65/41 PORTH As•••bl.r Punctional SUMM.
" ...m~r\7'" PORTii ry,- _ ......bl.r word op.r.tlon by .r•• of u.aga •

S.ction 7••andli~ Intarrupt.

.achln. l.v.l and Intarpratlv,

Sectln~ I', Pr.parlng .n Appllc.tlon PrograM for PROM
!nstallatln~ tall b, • ow to atructura .nd locata • PORTH
.ppllcatlon progr.. In • PROM which will
witt th. AIM 6S/4. 'OATH oper.te in conjunction

ROlla.

S·,.~ton 11. U.lng an

duac and lo.d .ource

'OR""

Append1X D. AIM

OR"~ As•••bl.r

S.ction 3. PORTH Concapt•• provida•• genar.i ov.rvlew Into

'ORTH concapt••nd .dvantag... Thl. 1. a good chapt.r to r·~

if you .ra naw to PORTH.

S.ctlon S, Adv.nc.d ap.rationa, t.k.s you into Mor. co.pl.x

'ORTH op.rationa onc. you h.v. b.co•• fa.ili.r with the

• l •••ntary rORTH op.r.tion. de.crib.d in s.ction ~.

s.ction 1. Introduction. introducas the AIM 6S/~' ,ORTH

l.nguag_ .nd tha AI" 6S/~B rORTH u••r', Manual.

s.ction ~. Cl••ant.ry Oparation., l ••da you through cle~·n~~r

and co.-on PORTH oparationa. ay following thia .action

at.p-by-.t.p you will 1e.rn how PORTH op.rat.s to a !",ff\"lf!~

1.v.1 to i.p1 ...nt .i.pl••pplication. in PORTH.

S.ctlon 2. In.t.Il.tion and eparation, a.,I.in. how to loste)
tha AIM 6S/~' PORT. ROMa and how to .n~af' •• it and- r.-entar

AIM 6S/4. PORTH.

Thi•••nu.1 i. d•• ign.d to provide both introductory in.truc­

tlon .nd dat.il langu.g. r.f.r.nc. infora.tion. If you ar. ~

to roATH. be .ure to r.ad and follow the .anual ch.pt.r-by­

chapt.r u.ing the AIM 6S/f. Microco.put.r •• a t ••ching aid
order to 1.arn the PORTH l.nguage and operation conc.pt.. If

you already know the FORTH 1.hgu&9. you can prob.bly .kip

c.rt.in .ection••nd still 1,1•• the 1anguag•• howevar it i.

recoaaandad to r.vi.w .11 ••ction. to becoa. f ..i1iar witb t
h

At" 6S/4. POATH .ach.niaation .nd unique fa.tura••

1.1 AIM 6S/~' PORTH USER'S MANUAL DESCRIPTION

AIM 6S/~' 'ORTH can al.o b. u.ed in a ¥oCkwell RM 6S Singla
Board co.put.r (I'M6S-I •••), In .ith.r • run-ti •• , or d.v.lop

••nt, ~d. with u••r provided periph.r.l. and inputtoutpu(

• oftwar. driv.r•• AIM 6S/fl periph.ral••a~ aaaily be

conn.ct.d to the RM 6S sac ~dul., .ith.r dir.ctly, or throuoh

an RM 6S Multi-'unction P.ripheral (RM6S~S223) Modul ••



App.ndix E. Irror M••••g•••nd R.cov.ry. id.ntifi••••cb FORTH
.rror nu.b.r .nd/or •••••g•• d.fin•• tb••rror •••ning. and

d••crib•• tb. r.cov.ry .ction.

App4ndix p•••g. Z.ro and on. M•.cry M.P. d.fin•• tb. addr••• ,
vari.bl. n....nd g.n.r.l u.ag. of p.g. s.ro ~r...t.r ••

App4ndix G. u•• r V.ri.bl•• RAM M.P. d.fin•• tb••ddr ••••
v.ri.bl. n••• and purpo•• of ••ch u•• r v.riabl.. !b. cold ~nd

w.r. st.rt initialis.tion v.lu•••r••l.e list.d.

App.nd!_ M. ASCII Ch.r.ct.r set. provida•• list of 7-bit ASCI
cod.s In d.cl•• l and h•••d.cl••l corr••ponding to )2 control
functions .nd the 96 upper and lower c••• alph.betic. nu-eric

.nd speci.l charact.r••

App4ndix I. PORTH String Handling Nord•• d••crib•• bow to

cr••t ••tring b.ndling function. in FORTH.

Appendi. J. U.er 24-aour Clock .r09r.. in roaTa. !ll.-tr.te.
pr09r•• writt.n in PORTH colon- .nd CODE-d.finitlon•• I ••••

FORTH hlgh-Iev.l vord••nd 65" •••••bly language.

App4ndi. l. Utility Punction•• e.pl.lna how to dat.raln. tb.

ti•• it tak•• for a PORTH word to •••cut••

Appendix L. AIM 65/4. FORTH V.rau. PIG-PORTH. id.ntifi•• word
incorporat.d in .ach FORTH tbat ara not includ.d In the nrn~r

PORTH.

App.ndix H. FORTH and the RM 65 POC Modul •• llat. a progra.
wrltt.n in PORTH to co.pute and display a ROM chack-sUM.

Appendix ., Sel.ct.d Bibliography. li.t. r.f.r.nc•• to .any

popular and tutorial PORTH .rticle. and book••

1.1 RIPIRIWCI DOCUMIMTS
Rockw.ll

2965'M),
Ord.r No~ 2'2

2965.NJl
Ordar No. 2'1

2965'N16
Ord.r No. 28.

29651.'8
Ord.r ~. 21.4 AIM 65/4. FORTH R.f.r.nc. Card
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SECTION 2

INSTALLATION AND OPERATION

The AIM 65/40 FORTH object code is provided in two Rockwell

R2JJ2 4K-byte ROM devices. After installing the ROMs In the

At'" 65/40 sac "'odule, FORTH Is re<lldy for use. Figure 2-1 shows
the overall FORTH memory m<llp.

2.1 INSTALLING THE FORTH ROMS

8efore relloving the ROMs frolll the ShippIng paCk<llge, be sure to

observe the handling precautions lIsted In Section 2.1 of the

AIM 65/48 Systell User's "<lInual. Since "OS devIces may be

damaged by the in<lldvertent <lIppllcatlon of high voltages, be

sure to discharge any static electrJcal charge accumulated on

your body by touching a ground connection (e.g., a grounded

equiplllent chassis) before touching the ROMs or the S8C module.

This precaution Is especi<lllly important If you are working in a

carpeted area or in an environment with low relative hWQldlty.

Ensure that power is turned OFF to the AIM 65/40 ~Jcrocollputer.
arefully remove any ROM or PROM devices that .ay be installed

n sockets 270 and 271 of the AIM 65/40 SSC Module. Relllove the

from the shipping package. Inspect the ROMs to

pins are str<llight <lind free of foreign material.

lie SUPporting the AIM 65/40 SSC module beneath the ROM

ocket, insert ROM number RJ2PO In Socket 270, being careful to

bserve the device orientatIon. Now Insert ROM nU~ber RJ2Pl

jnto Socket 271. Be certaIn that both ROMs are Completely

nSerted Into their Sockets. Make sure addresses SC000-S0FFF

re selected on the AIM 65/4i1 sec madill" (see 5cctlon 2.2.1 in

the AIM 65/4i1 System User's Manual) Then turn ON power to the
I'" 65/40 microcomputer.
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2.2 ENTERING, EXITING AND RE-ENTERING FORTH

2.2.1 EnterInq FORTH

Press 5 to enter and inltlali~e FORTH when the AIM 65/41
Monitor prompt Is displayed. AIM 65/411 wIll reSpond with

MON

The last line of data displayed llIay be prInted upon FORTH entry
donq wIth the 151.

"~IAIM 65/40 FORTH Vl.4

To re-initiallze FORTH while In FORTH, type COLD followed by
pressing the (RETURN> key. AIM 65 will respond with

COLD
AIM 65/48 FOATH Vl.4

Inltlllllzlnq FORTH wIth either of the llbove llIethods wIll relllove
.ny user words previously deflned and added to the FORTH

vocllbulary or to any other applIcatIon vocabulary (see SectIon
5.5). User variables are inltiall~ed to tha default values
described in Appendix F. The FORTH nUmber base Is also

Inltlllli~ed to DECIMAL for input/output operetlons.

2.2.2 ExItlnq FORTH

Two methOds can be used to exit FORTH. The ESC key can be
pressed llny time FORTH Is in II commllnd Input llIode. Control

~111 be immediately returned to the AIM 65/41 MonItor, however •
,1:1Y values currently in the stack wlll ~ be saved. The

significance of thIs will be apparent as you becollle more
familiar with FORTH.

Control can lllso be returned to the AIM 65/41 Monitor frolll the
rOATH Command Input mode by typIng

See Appendix F

See Appendix C

Start of FORTH Dictionary In
in RAM.

2-2

AIM 65/41 FORTH Memory MapFigure 2-1.

AIM 65/411 I/O ROM
"0' On-8ollrd I/O

User
AVllllllble

'IM 65/411
fORTH 'OM.
.IM 6s14l!i

Oebuq l"Ionitor/
Text Ed I tor ROMS

FORTH
User DictIonary

(Continues Upward
'0 MUlory)

eu_y Word
TASK

Ter.lnlll Input
Buffer (TIB)

User
varillbies
FORTH User
vllrlllbles.. 6S FOC Module

Default Buffers.. 65 Module
Vllrillbles

System varlables
llnd Constants

R6S1i12 CPU Stack
"0' FORTH Return

Stack
lID 'OM

Varillbles.. 65 Module
Varillbles -- - - User- - -

- _ ~~~~*~~l!. _ -
Variables - -- ------User

, 1IV;:" i lable

......,..
"r,..
m".
'",..orr..,
5FF
<A.
49r
208
IFF

lOB
rr
YO
EF
01
06....
10

F,

MIl1l1

APrF

fFFF
Fl1l11l
EFFF
EI1l1l1

DPFF

CIII1
BPFP



1.1 PEATURES OP PORTH

PORTH i. quite diff.r'nt frOM aor. conyentionll languag•••uc

•• BASIC, PORTRAN, or .1.cII. It cr.at•• I co.puting enViron
sent with unique Itrength., tool., Ind .tyl... 50.1 of the

.tructur•• of PORTH h,ve little corr',pondenc. with tho•• of

oth.r IlnguIg••• Thi' ov.ryi.w Of-the langu.g. Ind the AIM
'5/~1 PORTH i.pl".ntltion provid•• b.ckground for tbe
bov-to-do-it ch.pt'r. which follow.

Sl:eTIOJl

PORTI COJlCI':PTS

PORTH i. EXTENSI8LE, .'Ining that you Idd your own operltion.

to thl Ilnguag.. N.w word. (operation.) Ir. defin.d fro. old
"word. or •••••bly Ilnguage, until a .ingl. word i. the .ntlr.

ld•• ired progra.. The progrl. word cln th'n be .xecuted by

typing it. n.... Except that your word••Iy be d.fin.d in RAM,
or u'.r provided .aOM or ROM, whil. tho.e of tbe PORta 'yet..

it••lf .ra provided in the PORTH .y.t•• ROM., th're 11 no

di.tinction between your nlw oparation. end tho•• originally

plrt of the langu'ge. Exten.ibility Illow. u"r. to define

librlrie. or sven their own langulges for particular applicl_

tions, gr.atly facilitating .ainten'nce I' requir••ent. chl"9'~

PORTH k.ep••11 definitions in I DICTIONARY. The diction.ry

includes virtually all the obj.ct code of the sy.t•• its.lf and

of your application.. Only the AIM '5/4. Monitor, I/O buffer.,

.ny sourc. code which .ay bt in RAM, Ind the ·u'er Ir.a- of

.y.te. or application vlrilble vIlue. are outsld. the diction­

Iry. Your own dlta structure••ay be in the dictionary or

out.id. it, at your option. The Internal .tructure of the

~ictlonary Ie uniforM and .uch .i.pl'r than the Internal. of
iost otber language., therefore, application pr~rl"ers
yplcally lelrn Much MOre of tha Inner working. of the FORTH

key will d.lete any
howev.r the 1/0 nuab.r

"oa

Thi. cau••• an R'5'2

and AI" '51"

_y ~ printed upon PORTH

(')
AI" '5/~' PORTH VI.4

000
• BI 09 92 II PO 090

li~a of dltl di.playad

along witb the (6).

PORTH in this .ann.r r.tain' any nu.b.r. on the

by the PORTH MOM exit to the AIM 65/4. Monitor
, p,.pe,ly In this .Inner, PORTH ~;~Dl~vIf PORTH il r.-.nt.r.

Mot. that r.-entering PORTH wi tb tba 6

YIlu•• previou.ly .tored 1n the .teck,

ba.e-i,-retain.d (S.. S.ction 4.11.3).

Re-entering
.tack .aved

2.2.3 aa-&nt.ring PORTH

I 'O"TH in this .ann.r pr••• rv•• anyMora i.portlntly, exit ng ft

vllue. on tha atlck.

If PORTH ha. bean exited Ueing the MOM co..and, PORTH can be

re-ent.red by pree.ing G, typing D9D2 then pre'ling the

(RETURaE> k.y.

2-'

oa

PORTH hI' ~en entered Ind control r.turned to the AIM
once b ither of two l".. ,.hno.'5/~1 Monitor, you cln re-entar PORTH y a .
without re-initialising the u.er vsrilbl•• or del.ting

pr~ious1y deUned word••

You can ra-enter PORTH by pre•• inq 6 anyti•• the AIM '5/~1

'0 "op1.y.d. The .y.t•• will r ••pond withMonitor pro.pt

follow.d by pr....tng the (RETURN> k.y.
.....chin. instruction to ~ .x.cut.d

.icrocQaput.r to display



The stack encourages extremely MODULAR programmIng, which can
be debugged with great reliability. Consider FORTH's pro-
gramming environment. Each module " • d
h •• , wor or proCedure)

as only one entry and one exit point. Usually all communi_
cation with the outside world is through the stack, so there

are no side effects on other modules, varIables, etc., unless

explicitly programmed. Usually each ~odule Is short; Commonly
three to five 4a-column lines. The smaller a module is the
USIer It Is to test all paths throu,h I ',.

3-3

ORTH debugging seldo~ requires examinln,
any Code except the

Ingle definition being tested. DocumentatIon of the behavior
f the defined words in glossary form Is required, i.e.,

nputs, outputs, and actions, but there Is no need fo~ thelr

ode to be listed. Fewer listings are therefore required
urlng fORTH program development than with "h., 1

anguages.
erythlng you need to work with is directly In front of you.

FORTH Is INTERACTIVE. TeStin, " ""dl.,.,
because almost all

FORTH words can be executed directly as Com-anda from the

keyboard, and will behave exactly the same in this mode as when

co.pll"d into lat"r definitions. Any arguments required can
simply be tYped onto the stack before the ,."

, or generated by
other operations, and reSults can b. "Io,.d ,

Illmediately.
Usually each component of the new definition can also be
xecuted interactively from the keY."'d, I

to a d in debugging.

sembly

nguage
sembly

RTH allows easy MACHINE ACCESS, unl".
~ost other high-level

anguages. All of memory and I/O (data ports and cont~ol
eo;IlsterSj can be addressed, although run-time protection can

Implemented simply by redefining appropriate system or user
rds to InclUde run-time bounds or other checks during
sting. Except for direct access to machine-specific

lA, X, 'I., etc. in the 6502 CPU, which require

language SUbroutines, fORTH can do anything machine

can do. And fORTI! runs fast enough that usually no
language SUbroutines are neceSsary.

FORTH code i. recursive, suited to ~ulti-tasking applications,
and can be prograc~ed in RAM, PROM or ROM.

FORTH is STRUCTURED. There is no GOTO statement in the

language. IF and ELSE control structures, and DO, UNTIL, and

WHILE loops are provided; all of these can be nested to any
practical depth.

FORTH object code is extremely COMPACT in memory, even compared

to machine language. Short programs, however, that are
assembled or compiled to machine language may take less space

since the entire FORTH system in the 8K RO~ normally stays in

memory as a run-time package. The 8K AIM 65/40 FORTH ROMs
include code for the FORTH compiler, an assembler, terminal

handling, etc. which are unnecessary at run-time for most

applIcations. It is possible to shrink FORTH's run-time

package to much less than 8K by special compilation techniques,

but the software for doing that is not Included In this system.

In any case, FORTH's hierarchical structure allows application

code to build on Itself, increasing the memory advantage for

larger programs, and with little loss in speed.

3-2

Part of the answer Is that the stack allows very low overhead

for linking between subroutines. FORTH reduces the cost of

subroutines to very If ttlI', and the whole language is built

~~oun~ 3ubroutini calls. Ruutin~s can accept and return any

number of arguments, wIthout the complexity or other overhead
of formal parameter or local variable declarations.

FORTH uses a STACK and Its associated POSTFIX NOTATION, also

called Reverie PoliSh Notation fRPNj, in whIch the operation
codes are written afte~ the operands whlch they use. For
example, <2+2> in BASIC would be wrltten <2 2 +> in fORTH.

does fORTH use a stack explicitly When Illost other languages

hide their stacks fro~ the user and avoid postfix in favor of
1Il0re conventional notatIon?



But if full machine speed is needed, AIM 65/40 FORTH includes

an assembler. It also allows machine language subroutines to

be tested Immediately as soon as the assembly source has been

typed in or otherwise entered, with no waiting for separate

assembly and linking passes. It encourages structured

programming even in assembly language; IF ••• ELSE and 8EGIN •••

UNTIL macros are provided. Users can define their own macros,

and use the full power of FORTH for address arithmetic and

other assembly-time utilities. All 6502 op codes and

addressing modes are available. This one-pass assembler is

implemented in about 1.5K bytes, illustrating the compactness

of FORTH's object code. It is resident in the AIK 65/40 FORT
ROM set.

The routines created by this assembler have FORTH names and

behave e~actly like regular FORTH definitions. The user

needn't know which words are programmed In assembly language.

Therefore, an application can first be written entirely in hi

level using FORTH words, and, if more speed is necessary, part

can be converted to assembly language code with no changes

required elsewhere.

FORTH code Is extremely TRANSPORTA8LE between machines. It i

common for substantial programs to be .oved between different

computers such as 6502, 8080, and PDP-II with very little

change or none at all. The AIK 65/40 system follows the FOR

Interest Group (FIG) language model, probably the most common

dialect of FORTH, and one closely aligned with the Interna­

tional Standard for the language. The FIG 1I0del is avallablej

on the common small computers and Is rapidly being implementt

on others. 1hereCore the AIK 65/40 Ilicrocomputer can be use

to develop software for other computers, and It can use

published FIG-model code regardless of the machine on which

.. as d"\I;;lop..d. Publish ...J p'u':l, ......... ,,, \,:ultlmunly written

entirely In FORTH with no machine code or other dependencies,

but designed so that short, time crltlcal words can be

rewritten In assembly language for optimization on any

particular host machine. These programs can flrst be run

unchanged, then optimized only iC needed.

AS in any program~ing, good style ~akes the application progra~
easier to debug and verify, and easier to read and modiCy when

requirements change. Many recOMllended FORTH practices are

f • .,iliar from other language environments, but some are

different. Practices Such as top-down design and bottom-up

coding and testing, short modUles, indentation of control

structures, and a glossary as the principal documentation

during development, are diScussed throughout this manual.

3.2 DEBUGGING

The FORTH enVironment's convenIent and powerfUl debugging and

error Control C.. atures are an important advantage of the

system. FORTH allows complete access to the machine, without

the restrictions of many other languages such as 8ASIC and

Pascal which try to guard the programmer against mIstakes.

Most users report that FORTH allows them to quickly produce and

modify programs which are exceptionally reliable,

Although AIM 65/40 FORTH includes e~tensive compile-tIme

cheCking which detects most oC the detectable errors (see

Appendix £), the most important error control is in the tools

which the FORTH envIronment Itself gives to the programmer.

Like most other modern languages, FORTH encourages .structured

program.ing~ design technJques, which helps to control errors.

fORTH Js e~treltlely modUlar, even compared to other structured

languages; each Software Ilodule can be tested and debugqed

Independently. Usually all com~unication between a module and

the outside world is through an internal staCk. Each module

relies on earlier modules which have already been debuqqed, and

In turn, the new testJnq helps catch any errors that Ilay still
be hidden in the earlier work .

Testing is Immediate and Interactive; simply type arguments

onto the stack, execute the word, and print the results. IC

~ore elaborate test data Is needed, a special word can generate

it. This ease of testing /lIeans that a large number of tests
can b. run quickly.

,-,



)-,

On. i.portant debugging procadure applla. only to PORTH. After

• word appeara to work correctly it.MUSt b. tested to ..k••ur.
,tb.t it do•• not take any unexp.cted nW-bar. off the .t.ck. or
r.turn un,xpect.d reaulta. One way to ch.ck i. to l"ve

rarkers, .aally-r.covni~.d nu.ber., auch a. 1. 2 .nd l, on the
IS tack and then .xecut. the word b.i~ debugged. Aft.r.n

,peration. ue. .S to .ake aure th.t the .ark.r. are atill on
fhe .tack, below 'ny arg~ent. raturned by the te.t word. Thia
~~.ck i. I.portant becau.e otherwi•• th. word .ay look lik. it
WorK~. but cauae. later provra. cr.eh•• at un.xpect.d and
.~minqly rando. plac•••aking the proble. hard to debug.

Dna word at a tl.. needs to b.
• down the n..d for progr••

dabU991n,. on
thla gr.atly

ring d.V.lo~.

t ••tlng
esaalned
listing.

Bach aodula ahould be abort, In the progr...lnq style preterred
by ~.t fORTH u••ra, 80 that all po••lbl. path. of control e.~

be ta.ted •••lly.

If correct r.ault. ar. not obtained, It 1. po••lbl. to atap
through the definition by axecuting .ach coaponent word

Individually, cbecklng the atack whanavar d•• lred. AIM 6S/41

PORTS ha•••~cl.1 word, .5. which non-d•• tructlvely prin~

the .tack contents to help In this kind of debug,lng. Any
unexpected r.aults can be localizad to • particular coaponent
word, whlcb In turn can than be ax•• lnad In datall. aacau••
PORTH word. work Identically wban co.plled, or vhan executed a,
co...nda, the progr....r can debug et either a batch Dr
interactive operation ~de.

AIM 65/4. 'ORTH al.o Include. a •••ory du.p and oth.r word. to
exa.lning or changing •••ory. Th••• co..and. can be cnmplled
Into prOVr••• or .x.cut.d fro. the teyboard.

)-,

Each poaTl word I. docw..nt.d by a gloa.ary I'" Appendix B)
which llat. the .rgu..nt. It tat•• fro. th••taek and th.
r••ult. r.turned, and give. a ahort verbal de.eription 'USUAl

on. to thr••••nt'nee" of Ita action. Such a glo••ary
coapl.t.ly d••erlb•• the word a. it I••••n by any oth.r part
of the provra.. Mb.n a new word I. being t •• t.d, all .arlip,
word. ahould have th••• de.eriptlona available. Th.r.for•• t

progr'..,r ••ldo. need' to loot .t tbe .ource code of any nth
word, the gloe.ary fully de.erlbe. Ita function.. During

In contra.t to .o.t oth.r operating .y.t•••• all of the•• too
are pert of the nor.al PORTH .nvlro~.nt. Mo .peelal .yntax
eo..and l.nguag••u.t ba l.arn.d for debugging.

a.cau•• PORTH I. ext.n.lbl•• word. can be r.-d.flned to perto'
tb.ir original function. and. in addition, glv••peclal d.bug
print-out. or do run-tl•• error check.. Th••• redefinitions
cen be in•• rted into provra.. for te.tlng and r.-ov.d later,
nothing .1•• In the provr•• n••d be changed. J
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SECTION

I

lSI
AIM 65/4' PORTH Vl.4

vtIST

PORTS froa tb. AIM 65/4' Monitor.

the content. of the PORTH diction.ry by running. VLIST.

Perfor.lng al.pl. 'rlt~.tlc .nd coap.rl.on.
tnterlng and r.trl.ylng d.t. fro. a.~ry
Using the .hck

eoapiling Inter.ctl••ly or In • b.tch -ad. fro....ory
Defining new PORTH word.

Perforalng looping .nd condltlon.l ••quenc••

ELEMEWTARY OPERATIONS

Thl~ ••ctlon proyld•• a at.p-by-at.p d.acrlptlon of ele.entary
T~ 65/4. PORTH operetlona, auch .al

nc than pr••• the <RETURW) k.y. Ttl••ntlr. PORTH dictionary
r be dl.pl.Yed (.nd printed If the prlnt.r control i. ON) •

• r~ .1'. 249 word. In the AIM 65/4. PORTH dictionary (not

lInt!ng the •••••bl.r, ••• section 6.1) .0 tho. printout will
•••bout on••Inut••

• aior portion of PORTH I. the PORTH dlctlon.ry It••lf. Z-cb
r~ In the PORTH dlctlon.ry c.u.e. apectlc action. or

opoeratlon,. to be pertoraed. Ttla u•• ot PORTH Is .xplalned
prl.ar!l} by de.crlblng bow each word oper.t•••nd bow to u••
It, eitber iftiSiyldudly or with otber vord.. t..t' ••tart by
••• ing wh.t I. In the PORTH dictionary.



VLIS? of AI" 65/4' PORTH Nords

.-,

Ter.lnate the li.ting at any tl•• by pre•• in; any k.y. Th •
• ntire ¥LIST 1••hown In plgur. 4-1. ~ta that the worda ~n

not .ppear to be In any gan.r.l ord.r, the word. ar. ll.ted ~y

th.lr addr••• In the AIM t5/4' PORTH ROM.. (Th. PORTH 41rtlnn

arv .tructur. i ••xplained In d.tal1 in s.ction 5.5. but ~e~~~

that for lat.r.J Th.a. PORTIl word. ar. da.crlb.d in ASCII sor

order for conv.nl.nt lookup In the glo••ary In Appendix B and
.~rhed by ••soclated function In Append i. A.

AIM 65/4' PORTH .ay b. r••dl1y l.arnad by parfor.lng the
following proce4ura ......ach naw roRTH word Is .ncount.red In

thl•••ctlon. raad tha .xplanatlon .nd perfor. th. accompany!
••••pl... Th.n r••d the word d.flnltlon In th. Appendl. B
glo••• ry. R.pa.t the ....pl••• but vary on. or -or. of th.

par...t.r. until you thoroU9bly uDd.r.t.nd the oper.tlon of
deKrlbed PORT. word.

.... you ar. l •• rning rORTH. you ..y ..ke error. that .Ith.r
cau•• an .rror .....g. to be dl.played or c.us. the AIM 65/4_

to "'"9 up or to rim a_y.. I .•.• t.M dl.play uy go bl.nk or
sbow rando. data~ If an .rror occur. with. displayed arror
••••ag. or n!mobsr. r.f.r to Appendl. I for the .rror de!lnlt.
and .lJ9g•• ta-d r.cov.ry. If the progr.. appear. to hang up or

run .way, pra•• the (RIIIT) k.y to r.lnltl.ll •• the AIM 65/41

.Icroco-put.r and to r.turn control to the AIM 65/4' Monitor
You can th.n r.-enter PORTS .nd try the ....pl••g.ln. You
have to b.ck up • f.w-stepao-bowev.~. to r.cov.r the .xa.pl.
Inltlalh.tlon.

In the following d••crlptlon~. a PORTH word co.prl.lng of

l.tt.r••nd nu.bsr. I. wrltt.n In upper e.... Sine••0•• FO

word. contain specl.l cbar.ctar. that .ay be confu••d with
.antanc••tructur•• a.g •• p.rlod•• co..a., or apostroph.s. t
PORTH word. ara •• t off by .p.ca•• a.g •••S • Th••• slnol_

.p.c•••r. not part of the PORTH word and should not b.

.ntar.d.

YLIST
899 TASK

0901 "ON
o91A 'o'l.15T
0937
0918 o.
oaOF '5
08A2 SIGN
Oa7C <.
o84E WHILE
0815 IF
01£7 RGRIH
Dn5 UNTIl.
0799 l.OOP
0778 THEN
o14E BEGIN
oiAC ~

0.77 --)
OSEC "ES5AGE.
OS.... (l.INE)
OS48 Fl.USIol
0-41\2 BUFFER
0459 UPDATE
0411 fV"OD
OlEE .""OD
OlCE "
DlAF •
DliE Pl.
OHl PlIN
On6 RBS
Ole2 +-
0270 COLO
0216 QUIT
01F6 DEFINITION
01CA FORTH
0182 IPlMEoIRTE
01eB 1STftCk
OeBF LITERAL
0820 CREATE
CFO-4 ERROR
CF9R -FINO
CEF9 (HUMBER)
CE9? PAO-
CEi'e BU~NKS
CEll FIl.L
CODE QUERY
COlF .•
CCF9 -TRAILING
CCBE COUNT
CC?C <BUIL.OS
CC4E (;CODE)
CC26 HEX
CC'2 ]
ClOD COJ'lPJLE
CBBe ?PAIRS
CBel ?COPlP
CEISA ~CSP

C8ll NFA
CU7 L.FA
CR07 -OUP
CAU PICK
CA91 )
CASE U(

PI9un 4-1.

D~OC . S
09Cl IolAHQ
o9-4l ?
0927 . R
o8FS D. R
OeEl7 •
08SS .)
OS5F SPACES
082C ELSE
07FE RiPEAT
D709 EHD
07AF .LOOP
07e6 DO
O?6B ENOIF
DtCS FORGET
06R2 RIll
Oi-45 LORD
DSO' .LINE
OS73 OU"P
0-4EA SLOCk
o47F EPlPTV-BUFFE
0-42£ +BUF
DJFF .1
Olo£ PlOD
OnE 1"00
DlU PI"
Ol" MRl<
OllS DABS
OlH 0+-
un S-)O
0247 ABORT
02" (
01U ASSEPlSLER
019A YOCABULARY
OU4 INTERPRET
OIFI [)(.tTERAl.
DeAl (COMPILE)
08" 10.
CFC6 (A80RT>
CF-4-4 HUMBER
CEA9 WOBO
CE7F HOL.O
CESF ERRSE
COF"-4
COiF" EICPECT
C026 <. .. )
CCOl TYPE
CCSC DOES)
CC64 ;CODE
ccn OECIPlAL
CC16 SP'lUoOE'
CIFl [
Ctca ?CSP
CI9A ?EICEC
CEl60 ?ERROR
CEI-46 PFR
Cias CFA
CU7 l.ATEST
CRC8 SPACE
CR9F ROT
CR7S (
r:A!'l1 •



AIM 65/4. PORTH vI.4

1223))_445

T 22 J3J -44 5 OK

pre..lng the (Rn'URW> tey. AIM 65/4. will r ..pond with

w type the folloWing flv. nu.b.rl

te that the print.r eln be turned 0lI Ind OPP In PORTII ullnq
• (CTRL> .nd P tey. a. In th. AI" 65/4. Monitor.

IfOITB .rltb.etlc, lit. tbat of advlnced poctet Illde rule
~elleulltorl, U••I I ItlCt to .tor. operlnd. Ind r ••ult••
Oper.tlon••ucb I. + - .. / l~d, IUbtract••ultlply, Ind
~IYld.) tlte thalr .r9u.entl fro. the .tICt, Ind return th.1
uult. to It.

70 ••• how the .tlct ~rt., 91v. PORTI • cold re.tlrt by typing

'.1 IIM'Ll ARITaMITIC

.-,

COLD

tlr.ln.t. th. Input by pr•••lnt the (RITURI> tey. (RCTUR.>

_t the end of • lin. 119n.l. th.t your Input I. eoapl.t.. (Th.
dllTURM> I••hown In the Inltl.l ....pl•• , but II not Ihown In
Jlt.r ....pl•••••eept vb.r. needed to clarify data or coa.and
eatry.) as .ur. to In••rt on. or ~r••pac•• between .ach
nwab.r. No~ the nuab.rl I throU9h 5 ar•••parat. nuab.r.
Itored on the .t.ct with 5 at the top. PORTH ra.pond. to your
input by di.play1nv (Ind prlntlR9 If the printer control i. OW)
O~. O~ .eaft. tblt the .ylt•• bl. corractly acted on your
comrand and i. waitlftg for anotb.r co..and to be entered. (The
O~ 11 not lhown In _.t of tb•••_pl••• howev.r, It II
J lied In all operations.) After (ItnuRl> Is pr•••ed. th.
1l0~lng 11 printed (if the printer eontrol Is ON)

CAl' C.
CIU8 ALL.OT
etF' 2-
CtoF 2+
etC5 8/SCR
ctAS U"IT
Cga5 C/L
C912 HL.D
C9U OPL
C9..D STATE
cns CONTE)(T
ttlC SCR
C9I8 8lK
CSF' UFJRST
C80F USt:
C8CO u
ceeD UIl/..
C8M lIa/SC.
C8n ut/l.
C"1 DP
C8SE WARNING
C846 UCR
C82D U-CR
cue UKEV
CU2 U?OUT
C1E1 8L
C70A 1
C1CA 1
C1RS USER
C111 VARIABLE
Cl1E ;
C1... C!
Cf08 C.
C681 TOGGLE
C681 SOUNDS
C"S OUP
Ci".... 20ROP
C,V OYE!l:
CSFe N£GATE
C580 +
C,A, NOT
CS1D It
CSSE )11:
C514 ; S
CseE ItP!
CUF SP.
C4CC DR
C..6E UI
C48F C"O\lE
C1M SOURCE
ClGF ItEAO
cue CLOSE
C2F.. 1IN
C20C GET
CilCS 1TER"IHAL
C2A1 £PIIT
C2"1 ENCLOSE
C18. DIGIT
CUlD (DO)
C12S (L.OOP)
teE3 BRRHCH
CeRS CUT

YLI6T of AIM i5/4. FORTH Word. (Con't)

H

CA.S
CA2..
CAU HERE
C'EC 1-
C'02 1+
ens B/BUF
C9JS FIRST
C97C "ODE
C,U CSP
C'S7 BASE
""2 CURRENT
C'28 OFFSET
C911 IN
C9I2 ULI"IT
cen PREY
CIO' Hi
CICS SI
Clll UABORT
cn, UilJUF
C87F voe·LINK
CIU FENCE
CIS1 WIDTH
CilD U?TU'UNAi.
Ci2l UE"IT
C81E UCLOSE
C7F6 U'?IN
C7E2 ..
C7D2 2
C7C2 e
C7'1 CODE
C757 CONSTANT
C1U
CdC .
C'C6 •
CU, +!
C676 2DUP
C'''O SWAP
CilA OIlOP
C'12 DPUGATE
"Dl 0+
CS88 e<
CS9l e-
C56E R>
""5 L.EA\lE
C521 RP'
C..FE SP!
cue XOI:
C481 AHD
c.. 3.. IS.
ClEC FINIS
C3U WRITE
C31C -CR
C382 70UT
C2E8 PUT
C2J)e Cit
C211 ICE'"
C28C CU:L.IHE
C10F (FIND>
C1A6 I
Cl56 (+L.OOP)
C184 ellRANCloI
ceCB E)(ECUTE
C851 L.n OK



-44. Multiple

on one line like

4-7

print the Stack contents when there are no

will reSult in an error message. Try .S

-44
3JJ
22
1 OK

• • <RETURN>

• 1 OK

dot (and <RETURN» will print the
separated by spaces, can be typed

operations trying to pull a number from an empty
result in this error messa,e. This "'0' message,
others, are described in Appendix E.

1 is lett on the stack. Output It with

• • <RETURN> 333 22 OK

• <RETURN>

o (typical number)
? STACK EMPTY

display two numbers trom the stack, e.g.,

lch d1lplays

Verify this by typing .S and <RETURN> to show the new
Content, of the stack.

that the word J 11
w now cause a stack underflow and

diSPlay an indeter~inate value along with a stack empty
ssege. Try it now

The next
eo_and.

tbh

eying to exa.ine or

uabers on the stack
Ich will show

{pronounced dot-sl .ay be used at any tl~e to

contents of the stack without altering the values
the nu.bers fro. the stack. Try it by typing

5
-44
3JJ
22
I OK

4-6

• <RETURN>

.S <RETURN>

• 5 OK

4.1.2 Print fro. the Steek using

The .S word is very useful when learning AIM 65/40 FORTH

debugging a FORTH program to determine the stack contents

immediately prior to and/or after executing a FORTH word.

The word .S

exalAine the

or relAoving

The numbers entered In the prior section will be displayed (in

sOlAe exa~ples the displayed data is underlined to distinguish
it from entered data)

Notiee that the -blinking- cursor indleates the input character

position. A typing error during FORTH co~~and or data entry

ean be corrected by pressing the <DEL> key as necessary.

The 5 will be printed and re~oved from the stack.

The print co••and removes a number frolA the stack and displa

it (and prints it if the printer is ON) in the current I/O
number base. In FORTH. the print eo_and Is represented by

period and is ealled -dot-. Type



I

.-,

• (R£TURN) 12674 OK

and Divide

The sum viII be displayed as

•

divide also work in a sl.ll&r manner.

12819 135

38 78 * . (RETURN) 2964 OK

... (RETURN)

12819 l)S t . <RETURN) 12944 01(

12889 135 (RETURN>

• 12944 01(

• <RETURN)

works in a .I.llar .anner. Try

these last two examples but, In.ert CR bafore and

to dIsplay the result on II separate lIne.

l'luItiply

before, .ultiple operatIons can be placed on one line, e.g.,

w type the add co.... nd

4.1.4 Add + and Subtract

Let's now perfor••0•• simple arithmetIc. Put two number. on
the stack, .ay

+ takes whatever two no-bers are on top of the stac~ and
them. It removes those numbers (by convention, mo.t FORTH

operation. destroy theIr arquments on the stack). and replaces
them with theIr su.. Type

678 356
.S
m
678 OK

Enter .0• .1 numbers on the stack and dlspilly tha stack con ten

Perfor... cold restllrt before continuIng.

H

Type 0 now and verify that the .tack is cleared.

COLD
AIM 65/40 FORTtl VI.4

oo ,
.S
EMPTY OK

4.1.3 Clearlnq the Stack

Note lIl.o that cO••lIndlnq II word that is not in the dictionarf
.... 111 also delete datll that you .ay want on the stllck __ 10

careful .... ith your word entrIes or you Day have to re-anter

or repeat prior steps.

It is so.etl.es d•• lrable to delete data fro. the stack

perfor.lnq a COLD restart. The stack .ay be Cleared by

to execute II ....ord that 18 not currently definad In tha FORTH

dictionary. Thi. causes an error condition in which rORTM

echos the missing word followed by a "7" (see AppendIx E Cor

orror descriptIon.) lind then clellrs the stsck. Initially,

....ord 0 is not deflned In the fORTH dIctionary and can ba
conveniently used to clear the stack.

Notice that the data was displayed (.. nd prinud 1[ the printe

i. In.tal1.d .. nd enabled) on the ..... lIne a. the co..ands,

I.e., the t'ORTtl word In this ca.e. ""any tl.es It I,

desired to display and prInt data on a rHlW line. Th. P'ORTH

....ord CR I.sues a carr1ll9' return to the display and prInter.
Repeat the prevIous examples but In.ert CR before the WQr

and not. that the command i. dIsplayed (and printed) on a

separate lIne prior to the datll. Allo co_and CR after the
and observe the results.



t£!l., ill,
128 119150

I nt\--'!!'\I, __I\'2011'l'''\ffi;:-~ ~>"\I~u'llll"l \1n -I 1281 1 ~tle 128 -I

- - -- 112. -81'--
, I

~ nuebers qo on the .tack. String. or oth.r data .tructur••
o nnt ra.ld. thar. dlr.ctly -- .1thoU9h '0•• data .uch ••
Int~rs (.ddr•••••). lanqth .nd off•• t infor•• tlon, ASCII
u.~, .r. fr.quently on tb••t.ck.

4-11

colUlln In riqur. 011-2 .bow. tba .tack at tb. tl•• aft.r

.ucca•• lya nuabar or operation of the for.ul. h.s bean
ocassed. Not. tbat any nuaber. which .ay hava b••n belov
a.' nUllb.r. on th••tack viII be undl.turb.d. Rapeat tba

boy_ .....pl. but In••rt .S .ft.r ••cb nUllb.r and operator to
••• In, the .tack contant. aftar a.cb operation.

In th_ ....cution of the po.tflx for.ula shown above. 42 h

pbc'" on th••tack (flret cohan of Piqur. 4-2) -- th.n 5. Is

Th••ubtractlon de.troy. tho•• arqua.nt••nd l ••y••
th'r4iff.r.nc•• -8. You can follow the r.at of the proc•••
i.Oarly.

If you ar. n.w to po.tfi•• you .ay want to follow thia ••••pl.
by udnv atack di&9r•••• a••hown In rlqur. 011-2. 'l'hla

Ill~tration .how. the aucc••• ly••tat•• of tb••taek aft.r
.aen ...~ber or operation ha. be.n proe••••d. 'aeh colUiln .hOWl

t ••t.ck .t on. tia.. Th. nUllb.r on top I. the ao.t
acc.~siole nUilber on the .tack, ready to be u••d first by any

operation which tak•• a nueber froa tb••tack. W••ay that
tbh n~ber Is at the TOP of tba st.ck.

tho

:eek .nd
divid..

on tl
_td

7<y

• 26. Oil

• (RETURN>

.ultiplie. the top two It•••

the reault on th•• taek. Th.
on the .teck by the top It...

13n6 5.

13136 5.

Each nUlloar on tb••tack I. 16 bit. wid•• th.r.for. th.sa
.lngl. nUilbera hay. the rang. -32761 to 32767 sine. the ao.t

a1qnlflc.nt bit (bit IS) 1. ua.d for th••rltn..tic .Iqn.
1••nouqh for .any .ppllc.tlon•• but AIM 65 PORTH alao b••
doubl.-pr.cl.lon (32-blt) n~b.r. which .r. di.cu•••d In

S.ctlon 5.1.

(0112-51)-(121-1'9'/3)

Mot. that In the pr.cedlng ....pl••• th. operator. ( + •
_ .nd /) war. typed .ftar th.lr .rquaant•• not bet...n th~••

Thl••tyl. of arlthe.tlc not.tlon I. c.lled POSTPIX or ReV-T~­

Po11.h Not.tlon (RPM). It c.n r.pr•••nt co.pl•• for.ula.

without .ny u•• of p.r.nth•••~. ror In.tanc.

0112 51 - 128 1'9' 3

4.1.6 ...tfi. Motatlon .nd at.ck oper.tion

Not. that the oper.nd. (th. nUilbers) ar. In th••••• ord.r I.
tba po.tf1lll and Inf1lll (ordln.ry arltbaatlc) upr••a1on.. Don'

forq.t to type and <RETURN> to dl.play/prlnt th. r ••ult.

011-11

wblch display.

Not••1.0 that tb. dlyld. llait.d the r••ult to an Int.g.r
yalu. (tb. full an.w.r I. 261 with. r ...lnd.r of 36). Oth.r

operation. allow the r ••aind.r to be .aved (••e section 5.11·
In all FORTH arithe.tlc .nd co.parl.on vord. r.qulrlnq two dat_
It.... the operator behav•••• If It wera betwe.n the top two
v.lu•• on tb••tack. Thus. 13.36 5. / behay•••• If It wer.

llt3' / 5'.

The vord *
leayee only
.eeond it_



DROpooP

11. 11 OJ{
16 HIX. 1. Olt
1. DECI"AL. 16 Olt
255. 255 Olt
255 HEX. PP Olt
DECIMAL 32767. ]2767 Olt
32767 SEX. 7PPP OJ{
DECIMAL -]2768. -32761 Olt
-32768 REX. -I,., OK

Wot. that DECIMAL nu.b.r. -1 to -]271' .nt.rad on the .t~ck
wil: be di.pl~Yed In HEX in 2'. co.pl".nt lor. with.
.A~'~ .inu. sign.

•• 2 STACK MAlfIPULATIOII

.S (RETURN>
111
222
JJ3 OK

DECIMAL J33 222 111 (RETURW>

Bfnct .ast PORTH word. 101.. the .t.ck to hold Input or output
."·"'·r9. l.t's ••plor••0 •• PORTS word. th.t ~r. IoISad to

rea~r4ngQ or copy nu.ber. n.ar the top ol the .tack. Whll.

the~e function••r. so••tl••s n.c•••• ry. you shololld ~vold IoIsing

t e, ~.re possible. PORTS cod. Is sor. r.adabl. wh.n l.s.
steck .anipul.tlon 1. usad. Coaaon st.ck .anlpulatlon words

ar. dlscu•••d ber•• hovev.r. ~o glv. you ~dditlon.l e.parl.nc.

in working with the .t.ck belor. proc••dlng Into oth.r PORTH
rd description••

I ·we accidently pall too .any nu.b.r. trO& the ateck w. will
o~ Wh.r. we .r.. Type .S to ch.ck

~ .aat Co-.on at.ck ..nipul~tlon word. ~r. OUP
SWAP ~nd OVER Lat' •••plor. th•••• but ftrat
.arKe~s on the .tack lor r.fer.nc.

stillC~....

in .~ch ot the tollowil'l9

COLD (RETURN> ( Inltiali ••• DECIMAL
AI" 15/4' PORTH VI ••

Bow .~ny nu.b.r. c.n r ••id. on tb••t~ck.~t on. ti••? AIM

65/•• PORTH li.it. tb••t~ck d.ptb to 65 II-bit v.lu•• , in

ord.r to k••p tb. p.r...t.r .tack in psg••• ro to ••• i.i •• 651

CPU ••acution .pe.d. Exc.pt tor c.rtain r.cur.ion probl••••
v.ry t.w pro;r....v.r n••d a .tack d.ptb ot .ar. tban about
21.

Up to now we have be.n working in DtCIMAL PORTH allowa

input and output date to be rapr•••nted in diff.r.nt nu.b.r
be.... ~ will consid.r only two pre-dafin.d be••a now __

DICIMAL .nd aEX. PORTa r. initialised to DECIMAL (be••
during inlti.l .ntry or upon c~.nding COLD. DECIMAL is

be.t ~ad wh.n working witb nu..ric calculation.. aEX

operates in be.ad.ci••l (ba_ 16) .nd i •••t u•• tul wh.n
working witb .ddr••••• or logical oper.tion. on individual
bit••

R.initi~li•• PORTH and put the following nu.bar. on tb.

~nd print th.. uall'19 ditt.r.nt co.bin~tion. ot DECIMAL
IIX •

Type DEClRAL or HEX to ch~t\ge PORTH to tb. d.aired ba••

betor••nt.ring or di.playing dat~ in that b~... PORTH will
.tay in tb. ..l.cted ba.. until the b... i. ch~ng.d or until

PORT. is reiniUalized (to DECU&AL I. »ate that DtCIMAL "

.EX attect the input and output dat~ r.pr•••nt.tion ~nd not
internal d~ta bandlit\9.•



CUP pushes a copy of the top number onto the stack to create I

new top number. In sequence

stacknumber on the

does nothinq.

• <RETURN>

'"'"456
789
111
222
J)) OK

CR .

B -DUP CR .S <RETURN>

4-15

,
111
222
333 OK

OVER .S <RETURN)
789

'"789
111
222
J)) OK

789 789 456 789 Ok

remove and display the top four numbers fro.. the stack
continuin9

displays

dlsplays

Notlce that the top two n~ber are reversed. Now try OVER
which copies the second item to the top

-cuP .S <RETURN)

•• 2.2 Test and Duplicate with -OUP

II related word -OUP duplicates the top
only if it is non-zero; otherwise -OUP

ContinUing from the prlor exa.ple, type

to show that the top number was duplicated.

Mow, enter

<RETURN)

12) 123 OK12) OUP

12) OUP

456 789 <RETURN)

456 789 DROP • 456 OK

SWAP .S <RETURN>

456 789 OROP • <RETURN)

.S <RETURN>
789

'"111
222
))) OK

4-14

'"789
111
222
))) OK

DROP deletes the top number from the stack. Try this with

Use .S to look at the stack

duplicates 12) on the stack then displays both numbers

which deletes 789 and displays

SWAP ellchanqes the top two nWllbers on the stack. Put two
nu~bers on the stack

Now swap the numbers on top the stack and exa~ln. the stack
with

Which prints



..

Put s.ver.1 nuabera on th. stack .nd

I 'IC"

4-17

CR • • • <RETURN)
.U 6.. 7f. OK

t. 5. 6. 7. 8••S <RETURN)
88
71..
58..
111
m
333 OK

4 PICK .S <RETURN>
58
88
71..
51..
111
m
333 OK

t.t.5 Cory a Sta.:::,( It~ ... wIt., 'ICa

PIC' look. down .ny depth Into th. .t.ck Ind cople. the nth
Du-~er fro- the top (not counting the n Its.lll .nd pl.c•• it
on t.op.

2 'ICk

i, th_ •••• IS OVER
cbeek the.

llow pic~ the 4th It.. t i ••• , 5. I, .nd look It the resul te

...t\IICh outputs

'"...
I~ '"111
I m

'" .K

4.2.4 ~otlt~_Stack It ••• with ROT

DROP .S <RETURN)
111
222
H3 C.

••• 7•• 6" .5 <RETURN>...
'"88.
111
222
H3 011:

ROT • S <RETURM)

4.2,.3 Dele=.. th~ TOil Sta.:::k Itelll with .:I••Jl

~otlc. that the top nuaber vaa not duplicated. -our la
uaudly u••d before an IF laa. Sactlon 4.1.1). In tha
non-s.ro caa., .0•• action la usually perfor••d uelng the
valu., tb. estra copy .ed. by -OUP Is therefore re.oved by
the I' proce•• lng. In the sera cas., no eddltlonal ectlon
perforaed, thue, th••xtre copy of the top nuaber Ie not
needed.

!b. vor"d DROP d.hua th. top It•• on the stack. Drop the
a.ro nov and cheek the etaek cont.nta

lOw rotate .nd print wltb

ROT rotat•• the top thr•• It.... .avlng the third it.. to ~
top, tbe pr.vlou. top it•• to the ,.cond, .nd the previous
••~ond It.. to th. third.



4-18
4-U

allow byte 1el'l9th data to be stored and fetched.

DECIMAL
168e8 HEX 988 I OK

'6}
AIM 65/4" FORTH Vl.4

FORTH with

and display the value In hexadecimal by

CI

C'

988 @ DECIMAL CR •
lUIS Ok

HEX 988 @ CR .
3£88 Ok

8-Bit Store CI and Byte Fetch C@

a decimal nUllber in an address entered in hexadecillal.
w display the data in decimal by

fetches the Contents of addresses S988 and S98l and

res it on the staCk, switches to the deci.al mode, and
tputs the data In decimal when Is co_anded •

c-store-) stores the least significant 8-bits of the second

on the stack into the address determined by the number on
the stack. The word

c-htch-) aCCesses the 8-bits stored at the address on top of

e .tack and stores it on top of the stack (replacing: the
T,y

...._--------

and Fetch (l

Return back to the AIM 65/40 Monitor

and S901 with the M command and note
low-byte, hig:h-byte order

4.3.1 l6-81t Store

The FORTH word

ESC
{H}0988 FF 38 XX XX xx xx xx xx xx

COLD
AIM 65/48 FORTH Vl.4

HEX OK
3eFF 9"8 OK
988 (l CR
3lJPF OK

4.3 MEMORY OPERATIONS

Several FORTH words move data between the stack and memory, 0
from memory to me~ory.

•
A corresponding: word

(pronoonced -store-) takes an address froll the top of the st

and the 16-bit value beneath it and stores the value Into
address (and address +1).

(pronounced -fetch-) takes an address froll the top of the

stack, fetches the 16-blt data from that address (and

+1) and replaces the address on top of the stack with the

froll .e.ory. Both the address and the data are specified

the current nUllber base. Initialize FORTH and try

which stores 38FF into addresses Sge" and S9"1 with I ,

fetches the contents of addr~sses S98S and S981 with (l

displays It with

examine addresses S988

that data Is stored In



HEX 988 188 ERASE OK

b.

F8 F9 F8 F8 F8 F8
F8 F8 F8 F8 F8 F8
F8 F8 F8 F8 FF pp

,,,
'"'"0'

... •OF' •CR .
-1 -1 0'

that tho 2' • co.pler
nlUlbers were acceSSI

HEX
gIll 14 F8 FILL OK (PI

gell 14 DUMP <RETURN)

HEX 98e 118 Fr F
gee C@ 9FF Cf CR
FF FP OK

Du.ping Memory with DUMP

be dfsplay

the stack) an,
(top of the stack) are ape

te also that HEX is not

IIOde. but was include~

nitor so..e ....here along the

hy (causin9 DE:CIJolAL ~od •

• ode Vben you exited f

aode if you re-entered

IILL
eddlti.

UMber
p.tt~m

1. Inltlal1ud

BLANKS and PILL

except that ~e~ory

of zeros. Try

4-20

HEX 98e 18e BLANKS OK
gee C@ 9FF C@ CR •
28 28 OK

9FF Cf CR •
• 0'

981 C@ 981 C@ CR
'4 41 OK

918 • 9FE • CR • •
e I OK

4.3.3 Initlali~in9 M••ory with ERASE

REX OK
41 988 Cl Ok
"4 981 Cl Ok

Spot cheek wi th

Thr•• word. allow a block of memory to be initialized to
variou. vslu•••

ERASE flU•••mory with zeros ($88) startinq at a specifled

addre.s (.econd on the stack) and continuing through the nUMDtf
of byt•••pecified (top number on stack)

BLANKS work. like ERASE

ASCII blank ($28) instead

whlch stor•• 41 and '4 lnto addresses $988 and $981,
r ••p.ctlv.ly. Oi.play the contents of those addre•• wlth

Not. that if th. contents of 59FF wer. fetched, a non-z.ro

nu.ber ..ay b. displayed slnce 'f' fetches two bytes ($grp and

$AI8) end addr••• $Ae8 was not erased. The la.t byte could
hev. b.en check.d with



b. Int.r the word n... (up to 31 cb.r.ct.r.). Th. 'ORTS
word b'r. I. TlS~-OP.

on top of the
Let'. plcll; the

<RETURN) OK

.n oper.tion to t.k. th. nu.ber
It by 5••nd print the r••ult.

We could d.flne It .i.ply ••

I T.lST-o. 5 • •

Colon-Definition

•• Start the d.flnltlon with a colon whlcb t.lla PORTH to
look .h.ad In the Input atr... for the word n••••
'ollow the colon with ••pac••

teo Inter the d.flnltlon of the word. ~IST-O' do•• th.
followlll9

1. Put. 5 on the etack

2. Multlpll.e the top two nuaber •• I •••• the nueb.r
on top of the at.cll when TIST-O' I. 'x,cllt.d by
the 5 put on th. .t.cll by TIST-O..

l. Print. the r••ult. I .•. , tb. top nUliber on the
.t.clt •

w•••s which .~. d"c~iptlv. of the function th.y pe~fo~•••k.

• cod••a.I.~ to ~.ad. Good cholc. of n.... I. I.po~t.nt for
lat'r u.. of tb. cod••••peclally by otb.r progr....~••

will r.writ. ttll. d.flnltlon. 1,1.109 Ind.ntatlon and
tnting conv.ntlona for ~r. r••d.bl. cod.). Int.r th.

olon-d.flnltlon a. follows

Aa n.~ word. ar. d.fln.d. th.y .r. added to the PORTH voc.b­
IIhr~ ld'.crlbed in ~r. d.t.U In Section 5.6). 'lb•••

dafinttlons .r. nor.ally atored in RAM atartift9 at addr•••

S••• ~ and build upw.rd In .'.ary. (Th.y c.n al.o be .tored In
,ROK/ROM a. d.acrlbed In S.ctlon I •• ) Th. PORTH word VLI8~

,U<:>.., you to cbeck wh.t word. h.v. been Mded to the 'OIt~B

• -22

'" I' 'I 'ILL OK
"I II " 'ILL OK
"I All I C"OVE OK
"I All I CAOVI OK
All 11 DUM'

All II II II II II II II II

Al," " " " " " " "OK

CMOVI worke fro. th. left to rl9ht ••0 be c.r.ful if tb.
-fro.· .nd -to· ••~ry .r••• ov.rl.p.

·.3.5 Movlftl ••lock of ~~y wltb CMOVI

••• DEPINING YOUR OWW O.IRATIONS

Th. n•••• of your operation. can haya up to 31 charact.r••

Th.y c.n II" any ASCII cbar.ct.r••xc.pt blank. d.l.t••nd

c.rrla9' r.turn. Por lnat.nc., .n oper.tlon na•• could be

nueber. or ev.n be non-dl.pl.ying or non-p~lntlng control
ch.r.ct.ra••lthoU9h .uch n•••••r. dlacour*9ad. Ev.n n4me~

alr.ady u.ad by the .yat•• • ~y be rad.flnad •••o•• thlng .1~~1

th.r.for. th.r. 1a no r••• rvad word H.t In 'ORTH. Wh.n. n

I, red.fln.d. the-old deflnltlon~co••• In.cc••• lble for l~t

u•• In the pr09ra. (altboU9h all .arll.r r.f.r.nc•• to th.t
n... wUl r ••aln •• bafor.). SO. do not rad.fln•• n... 1f YO

WAnt to u,. the old d.flnltlon l.t.r.

PORTH .llow. you to cr••t. your own oper.tlon.. Th••• n.w
'ORTH word. baco•• an Integr.l pert of the 1."9U89•• ju.t 11k,
tho•• which .re pr.-d.flnad In AI" 65/•• PORtH. Your n.w word

can t.k••ny n...b.r of .r9....nt. fro. the at.ck. and r.turn ..
nueb.r of r ••ult••

It I. oft.n ua.ful to ~v. • block of data fro. on. ar•• of
..~ry to anoth.r. !hi. can be don. with th. word CMOVI
whlcb t.k•• thr•••r9u..nt. on the .t.ck, • fro.-.ddr•••••
to-addr•••• and • byte count. It ~v•• the 9lv.n nu.ber of
byt•••tartlng with th. fir.t addr••• to tb. ar •• of ...ory
.urtlft9 .t the ••coAd Mdu... Try



.r. 1i.ted, only the v.r.ion
v•• d.fined l ••t.

817 TEST-OP
D9De .S
D9Cl BA»G
( a k.y wa. pr•••ed h.r.)

I <RETURN> OX

4-25

DICIMAL
lIB "ULTIPLY
AIlSMIR-S4I OX
1345 "ULTIPLY
ANSWER-6725 OX

I MULTIPLY
CR "AMSMER."S.

HEX OK
• TIST-OP (RETURN) OK
.s
8~C OK

VLIST
82C TIST-OP
8I9TASX

0901 fII0M

••

'rint ......,. vlth .-

TIST-OP nov (and print the .d4r••• In the dlctlonarxl

both v.r.iona of
82C h valld

v dl!'fln... n.w word to u.,

a1.0 run a VLIST to d.t.r.ln. if TEST-oP i. In tb.
Ict\ooary and to v.rify the .ddr••• r.turn.d by Thi. I.
a.y 1n thl. ea•••Ine. only' two eolon-d.flnltlon. h.v. b••n

de~to the dictionary .nd th••• two .ntrl•• ar. prlnt.d
Pr••••ny k.y to t.r.lnat. VLIST.

aQd \\-.t It

print .....~. of up to 127 eh.raet.r. vith the wor

(dot-quot.). St.rt the .....g. on. or acr••pac•••tt.r
;th'··." word. Ter.in.t. the ••••~. with " (a double
UO~~)... aura to l ••v•••p.e. aft.r the -

'ORTt will r ••pond with 01 for a found word and put the
word'q par...tar fl.ld addr••• on the at.ck (S•• section 5.5

for descr lption of the par...t.r tl,.14 addr•••l. If not found

tb "".f I. aehoed vlth • -1" .nd the .t.ck I. el.ared.

It I .••Type the WOrd (na••> att.r the word

Not. th.t only the n.w d.flnltlon of TIST-OP i. found .nd

ax.eutad.

snd try

6 TIST-oP <RITURW) 3. OX
8 TEST-OP <RITURM> 4. OX

6 TEST-OP <RETURN> 61
8 TEST-OP (RETURN> 81

4.4.~ rind • .ard In tb. Dletion.rx vltb

u.. the wow -. (pronoun-c.-d -tlcl-) to flnd",l: • worTli
alr••dy contained In tha dictionary .nd to raturn It. par~.~t

field addr... (PPA).

: TIST-OP 1. • • I
TIST-OP NOT UNIQUE OK

d. End th. d.finition vith a ...i-eolon (be .ur. to
in••rt ••paf. fir.t). A PORTH d.finltion ••y b.

continued on ....ny lin•• a. n.eded.

If the word b.ing d.fin.d i. alr.ady in the vocabulary

dictionary, the •••••9. <n...> MOT UNIQUI will b. dlspl~yed.

Th. MOT UMIQUI .....9. I. dl.played only a. a r ..lnd.r that

you have r.d.flned a word which wa. pravlou.ly dafln.d and has

no .ff.ct on the eo.pllatlon proc••••

Thl. TIST-OP operation t.k•• on. nuaber fro. th••t.ck,

have •••n. It do•• not r.turn any r••ult (but if th.
oaitted, the product would .tay on the top, of tbe .tack).
that no for..l par...t.r. ar. u.ed to .how th. input••nd
output. of an oper.tion. Th••• ar. i.plicit -- TIST-OP t~fl

on. arqu-.nt b.c.u•• it put. on. nu.b.r (5) on th••tack th~

perfora•• aultiply whicb u••• two nuaber. (th. 5 and on.
oth.rl. Cheek the oper.tion of TIST-oP by pl.cing • v.lue
the .t.ck .nd .x.cuting TI8T-oP •••g.



1a the rilht
it .nd continu••

C~PILIMG USING SOURCE

c~plla4 .nd a••cuted In • batch .od••
PORTH word••r. cc.pllad or .x.cuted upon

try froa .a.ory or •••• ator-va. Th••ourc. progr.a for
)on-da(lnitions la not loat upon co.pll.tion with tbl.
hn1ou~, th.r.fora, chah9a. can •••Ily be .ad. without

rln~ r.-.ntry of tha wbol. progr•••

•••con" a.thod of b.tch eoapllln9 u.a. the st.nd.rd PORTH
bnlqu, of aultlple RAR buffar••nd 1.24 byte .cr••n.. Thl.
bnlqu~ I. eea.only u.ed for aanlpul.tlh9, ••vih9, .n4

t @v.nq data fU •• on •••••toraga. Thl••athod 1.
1IC1I...,,<1 In Section 12.

.r. two .ethod. of batch co.pllint In AIR 6S/C. PORTH.
..tbad u••• AIR 65/4• • ieroco.putar Ronltor/!dltor

pabl1Jtl"S to enter .nd edit ~uree pr09r... In FORTH and to

."o! .ave sourc. and ob'ect pr09r.... lnterlh9 .nd
piUn~ sourca cod. ualh9 the AIR 65/4. Text Ed 1tor h

pl l~e~ In thl•••ction, whil. 10.dln9_~n4 a.vlng PORTH

urc. and ob'.ct proqr••• u.ln9 .n audio c•••• tt. r.cord.r 1.

.etlhoo<l In Section 11.

tr now you hava bean operating In • Nnnar wban PORTH
paratlnns ar. c~pllad or .xacutad I ..edlat.ly upon antry In

intarpretJv. JIOCI.. It a n.w PORTH word h for.ad u.lnq •
lon-daflnlf"'nn l.a. Section 4.4) the word I. I..edhtaly
pU,," and antarad Into th. FORTH vocabulary upon co.pl.tlon

Upon c~anding th. naw PORTS word, the daflnad
W'Ictlon ia' a••cutad.

tn, flrst ch.r.ctar .ncount.red by NORD
ranth~sis, th.rafora th••y.t•••klp.

00 nQ for .nothar right ~ranth•• I••

~ot ,lh.~ .n ..pty co...nt .u.t con.i.t of • l.tt p.r.nth••i.,
t .~c•• ,.nd a right ~r.nth••i.. Th. na.on 1a tb.t tb.
plr~ln~ word (WORD in ~RTI) .kip. ovar l.adlnq occurr.nc••
of ~, d.ll.lt.r. SO It you l.ava only on••pae••• In

RULTJPLY , PRINT

MULT BY SAND PRJNT)

4-26

.-

Nl N2 --­

•
on

• C'

TIST-Of
5 •

Nb.n thare I. -.ore th.n on. input or output In a co•••nd, t~

rl9ht-ao.t nUliber. ere tOdrd tba top of tha st.ck. A COllll:enE

for • d.finltlon of ••ultlply oper.tlon alght th.rafora be

A co.-on .tyla I. to hava only the colon, tha word baln9
d.flnad, and the co...nt on the flrat llna, th.n ind.nt

.ub••quant lin•• thra. coluan.. If the co...nt I. too long,
put It on the ••cond llna. Thar. I. no ob'act cod. panalty
includln9 co...nt. and .pac•• ~ thay c.n be u••d tr.aly to

i.prov. r••dabllity.

A convantlonal tor. of co...nt flr.t llata the Inputa, th••

thr.a dasb•• , th.n tba output.. A period ..y be u.ed to
• aparata tha last output word fro. tha word. ot .ny desc r1 ptl
of tha function of tha o~r.tlon. Th.rafora tba TEST-oP

d.flnltlon could look llka

Co..ant. in fORTS ar. anclo.ad In ~rantha.... A apac. must
follow tha l.ft parantba.l. bec.u•• tba laft ~r.nth•• i. I.
It••lt • PORTH operation. Tha clo.ing right parantha.i. nee

not be pr.ceded by ••pac. bowavar, .inca It i •• dali.ltar
not .n operation. A <RETURN) .1.0 act. lit•• right paran­
tha.i. to t.r.in.ta • co..ant. PORTH co...nt. c.n ba includ
on .a ••ny llna••a na.ded, bowev.r, the co..ant .u.t .tart
with a laft parantb••i. tolloved by a .pac. on aach n.w }In••

••••• C~.ntin9

B.eau•• the Input. and output••r. not ••plicit In FORTI c~
It I. very I.port.nt to .how th.. In the doCIaI.ntation. It 1,

r.co...nded that th.y be Includ.d a. eo..ant. in the cod. ~nd

.l~ In ••aparat. glo••ary ot operation.. Each glo•••ry ~n

.hould Includ. the Input., output. and ••hort d••crlption nf

what the operation do•• -- u.ually two or thr.. ..nt.nca. ~r

• noll9h •



e. If you .r. In rORTI, r.turn to the AIM 65/4' ~nnttnr

by pr••• lng <ISC>.

CAUTIOII'

-nil

If rINIS I. not InclUded, your .ourc.
progr....y be .It.rad wban co.pll.tloR
h -.tt••pted.

--

-
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(5)
AIM 65/4. rORT. VI ••

Int.r or re-.nt.r AIM 65/4' PORTH with tha 5 or 6 k.y.
If prevlou. word. bav. be.n co.plled and the Te.t
Buff.r r.loc.ted below tba pravloue source code ualnv

the Monl tor C c_and, you ••y want to ra-.ntar rOltTR
with the 6 kay to ••va pr.vloue d.flnltlon.. If you
r.-.ntar rORTB and coaplle the progra., the lat••t
word ~.flnltlon. will be u••d upon e••cutlon. In thl.
ca.. , the -ISW'T UMIQUt- ••••ag. will be"dl.played a.
aach word pr.vlou.ly d.flned I. co.pllad __ oth.rwl•• ,
.nt.r PORTH with tha 5 k.y to reco.pll. the whola
progra••

f. Quit the r-.t Idltor .nd r.turn to tha AIM 65/4.
Monitor.

,.

MUL by 5 AltO PRINT•.n:ST-oP
5 e • ,

Type your rORTR .ource code In colon-deflnltlon.,
for a.a.pla,

""",.

PINIS

.-2'

(I)
IDIT ,ROM-2••• TO-),rr IN-<RITURM>

(ISC)

Ter.ln.t. your f!rogrllit with the fORTH word PINIS whl
Indlc.t•• the .nd of tb••ourc. progr... Th.n type
<RITURN> twlc. to end the t •• t Input

Type any cO"ent word. to be ••ecuted during
co.pil.tlon. The.e word. c.n •• rv••• progr•••
..rk.r. during cu.pll.tlon of l.rg. progr••• , ••g.,
• - 1- , .- 2- , .tc. You ..y w.nt to Indlc.ta
co.pl.tlon of co.pll.tlon with • dlff.rent word or
•••••V.. Por ....pl., .nt.r

b. In1t.lalh. the AIM 65/~ Idltor above the lIlul

expected .delr••• for tI cOlllpiled FORTH colon-def1nl·
tiona (re••aber th.t n.w worda ent.red Into the FOR
vocabulary at.rt .t addree. $1'••nd build upward).

d.

P.rfor. tb. folloWing at.,. to .nt.r .nd co.pU. rORTH "nuree
cod. u.lng the AIM 65/4' T.xt Idltorr
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pra..ed h.re)

required corr.ctlve
tbe word. properly
dictIon.ry to belp loeet

Btt TASK
0901 MON
097A VLIST

( <S.ACI> w•• pr••••d h.r.

- UITES"r:;;-OP­
090C .8
OtCI twlG

( <SPACE> wa.

VLIST
U'-""L
819 TASK

0901 MON
DnA VLIST OK

'-3

2 MUL <RETURN> 1. OK
'7 MUL <RETURN> 435 OK

VLIST
117 TEST-oP

D9DC .S
DKI IWlG
D9U 1 OK

V.rlfy prop.r operation of tb. n.w word

You .ay want to detine new rORTH word. in t.r.. of
thh word

V.rify tb. n.w word 18 in the rORTB vocabulary with VLIST

2 TlST-o. <ReTVRN> II OK
17 TIST-O' <RETURN> 85 OK
567 TIST-O' <RITVRN> 2'35 OK

V.e the nawly d.fIned 'ORTH word to v.rity proper
oper.tion ..

"UL TIST-O' I <RET~RN> OK

Ch.ck VLIST to v.rify the n.w word we. ent.red in the
rORTH voc.bul.ry

If .n .rror la detacted durin9 coapilation fro. the
Iditor. the Monitor v.rieble "IMRN 1$'21'1 will point
to the l ••t byte of .ource code r.ad by PORTH. Th.
bad .ourc. code e.n tben b. e•• ily loc.tad In the Tex
Buffer by ch.ckin9 a.~ry .round that .ddr••••

of the .rror •••••9••nl
.ction. Run a VLI8T to
d.flnad and ant.rad int,
tb. Incorrect code.

PORGIT TASK I TASK I

SOURCI <RETURM> IN_" OONI
OK

If word. ara r.~.tedly eo.plled wIth­
out relnitlaliling FORTH or PORGETlng
previously defined word., the vocabu­
lary ••y build up too blgh In ...ory
and overwrlt. your Murea code. A co...

~n technique for pravantlR9 this I.

to rORGET (n•••> at the beqlnnlng of
the source cod. In the ~xt luffar.
The dua.y word TASK h•• b••n datlnad
for just this purpo... PORGITlng TASK
than red.tlntA9 It will raMOve all pre­
viously daflnad word. froa the vocabu­
lary, ••9 ••

MOTE

Execute the SOURCE wor" to Indicate that the II'(lIlTij

progr•• I. to b. Input non-Interactively, I •••• net
fro. the keyboard. .. aura to pr••• <RITURI> att.i
SOURCE. When IN- I. displayed, pr••• " to tall A
6~/.' PORTH that the Input I. froa the ,.xt IdltorJ

In this ....pla the word DONE we. dl.played to
Indlc.te c~pletlon of Input fro. tbe "xt Buffer.

If an .rror I. d.tect.d durln9 co.pllatlon, an prrn~

•••••9. h d hplayed and control r.turn. to the pnRTf
co..and l.v.l. Con.ult Appendix I for the d.finltla

If the Input i. fro. the Editor, not. th.t tb. so~c

-code-l-.-al.,.y. co.pi-led-fro.~h-e-toport:b----.-"r~

Buffer. Should you de.lte to co.pU••tartln9 witb~

dlff.r.nt lin., you c.n u•• the AIM 65/4' Monitor e
function (R.cov.r Text Buff.r) to .ov. the top of Tel
Buff.r.



VARIABLE SIRlES)MSIRIES (H --­
CRfDOI.LOOP

cod.-vrltlng .tyl. for ualnt DO and LOOP 1.
aye tht entlra loop In ••1"91a lin. If po•• lbla, If not,

should be ind.ntad to the •••• coluan a. it. corr••pond­
Thi••tyla .ak•• the progra.'s structura aa.l.r to

t~~~ MSIRIIS , which la alaoat llka S!RIIS. excapt that,
~ son. arguaent frOll the .tack. the nuabar of U •••

und the loop. ~ou can use tha Editor T.xt Buffar to ent.r
aource coda th.n eoaplla both SIRlES and HSIRIIS.

.et. up the loop rat run-ti••). it alway. tak•• two
fro. th••tack. 7b. top .tack nuaber I') i. the

tial lind•• v.lue of the loop, and the .acond .rguaent 125)

tlla final y.lu. plus one. If the Inlthl v.lue h a.ro •••
ofter the c.... the ••cond argu.ant i. the nuab.r of ti•••
und ~~e loop. Al.o. ord.ring the loop ll.it. this vay .ak••

loor upper li.it ~ra acc••• ibla fro. out.lda a daflnltlon.
~~e bow thl. i. dona In the daflnltlon of MSERIIS,

yalu. i. kapt by tha sy.t•• and Incr••antad

7ba PORTH word I ratriayaa this indax and
tha at.ck. In the axa.pl••boy., the lndax

II' l! a.ro tha first tl•• througoh the loop, th.n It h 1. 2.
throu",11 24. In thh ax••pla, the ind.x I. print.d ••ch

SF.RTF.S t.k•• no .rguaenta fro. tha .t.ck and r.turn. no

Taxt Idltor sn
farant v.lua••
thl.. Por f'''''1lI

aourc. code
.xp.ri••nt ",
n Saction 4.

.ntar th

• It .nd
Icrlbad

I SIRlES (---. PRIWT A SIRIIS
CR 25 • DO I • LOOP

-,MD-
-CO}

(S)
AIM fi5/4. 'ORTH Vl.4

SOURCE IN'" POIII__
01

suus
• 1 2 ] 4 5 6 7 l i If 11 12 13 14 15-16

17 18 l' 2. 21 22 2] 24 0«

(ESC)
(I)
EDIT PROM-2'" to-]P" IN-<RETURM)

'ORGET TASK I TASI ,
I SERIES I PRIMT A SERIES)

CR ..25 • DO I • LOOP,
•• DOllE-
PIMIS

••y vant t

••al1y cha
proc.dura

DO and LOOP .uat al",ay•.be usad a. a pair. Th. coda ".ct
wblc:h thay anel0•• can be of any l.nqth. Th1a cod. la ,""."'1
r.p.at.dly, and an Ind.x yalua I I. availabl••

Mota tbet aftar tha wbola string Is displayad lba first Ilnlll
rdlaplayed.

4-32 4-3)

Y.u

e,n
th,

4.fi.l DO ••• LOO'

Tha DO and LOOP state.ant. allov rapaatad axacution of ~

block of coda. 'or axaapla. tha followlnt d.flnltion cr ..1H1II1

word SIRIIS. which prints a s.rle. of 25 nu.ber•• saro
throuo;lh 24;

4.6 DO LOOPS



• 'S

lit., to
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tIJII-UP

I M8 1)1 ---. MILLISICOMD DILAY)
• DO 5 • DO LOOP LOOP
CR.- TIME-OP- CR ,

end of the d.lay, the •••••g.

will cause dal.y. of n .Illl.econd. wh.n u.ed by

on the .tack and than typlft9 the word. To •••cut••
aU 1h""ond dalay, .I.ply .nt.r

•. LOO' , and the oth.r control .tructura. which viII be
uced l.ter, c.n only be u.ed Inald. colon-d.flnitiona,

e.t~th.y c.nnot b. ,.,cut.d directly •• co..and. at the

DO .nd LOOP ar. In ••pacl.l cIa•• of word.
K I_-.tlata word.. 'Ih••••r. not co.pUed 1111:. oth.r

4, used in colon-d.flnltlon., but In.t.ad tb.y ••ecut. at
plh tl.e to bandla .pacl.l coapUatlon functlona. e.,., to

ill. an intarnal branch beck froa tha LOOP to It.
r,.",~n~ln9 DO. I..edlat. word. ara dlacu••ad in S.ctlon 5.

dlspl"yed. Try It with lar,.r delay., ••,
hu.l1J notlea tha dalay H •••

th.....pl•••bov., notic. tb.t the only dlff.r.nc. between
JE~ and NSERIES ia that the latt.r do.. not plac. a loop

,alnoting value on the .t.ck. In.t••d, It u••a what.v.r w••
• th. ae.ck wh.n MSIRIIS wa••••cuted. Th. NSIRIIS
..pl. also .hows that th. argua.nta to DO ,th. loop

Itl.l and t.r.lnatln, valu•• , n.ed not b. lit.ral nu-b.r.;
thay can be coaputed or obtdned In any way. DO
cara how Ita ar,u-anta got onto the .tack. Thla

t~r8 halps k••p PORTH cod••odu1ar and r.duc.a ald. aff.ct.
'ch.",••• r •••d••

SlRIIS
• 1 2 3 4 5 6 7 • t 1. 11 12 13 14 15 16
17181901

SIRlIS (---. PRIMT A SIRIIS)
2. HSIRUS I

11 MSIRUS
.123"567.901

(ESC)
IT)
PORGET TASI I TASI ,
-(a)
PIMIS
-U)/l

- DOME-
_(R) IM-<RJTURN)
; NSIRIIS I N ---. VARIABLE SIRIIS)

CR • DO I . LOOP ,
- DONI-

<RITURM)
-(g)

AIM 65/4. PORTH VI.4
SOURCI IN-M DONI

Red.fln. SERIES now In t.r•• of NSERIES,.'

Thl. r.d.finltlon wUl e.u" • "MOT UNIgUE- v.rnlng /.If''''''''9' t~

be printed. The w.rnlng can be Ignor.d In thl. e.a., r,~eeMl

It'. purpo•• la to l.t you know tbat the ward ba. alao bear

d.flned pr.vloualy. Aa .antloned befor., PORTB allow. any
to be redafined .- _an tha ayata. warda .uch a. DO It""lf.
Any furth.r u•• of tha word will refer to the lat••t
definition, but aU ..rU.r uae. atUl rehr to the d6flnitlol
which v•• In .tf.et wh'n the .arll.r r.f.r.ne•• w.r. rn~pll~.

!X.cuta SIRIIS now.

Mow ••ecut. NSERIES



'.r••• th•
.0 1, and

Ttl. one-word for..

lot-. b.cau••
I (It chang••
)ro) •

4-)7

..> and

••

a. two word., .1.llarly for .<
rq .fflclent, howey.r.

COMPAAT~n~ AXD LOGIC OPERATIOMS

to a loglcl
• top .tack

an ... oth.r no •• ro ...alu. ,

r c.parl.on operation' ar. U<, .< and ,_. u<
.Igned 1••• thanl co.para. the top two atack nueber. a.
loned l6-blt Integer. f.ea S.cUon 5.1). .< laero 1•••)

d (aero .qual.) dlff.r froa the other. In taking only
~rf".·~t fro. the .tack, It I. ta.tltd for being 1••• than

10 (~t aqual to ••ro, r ••paetl.elyl. .< l.ay•• a true on
stack If the nuaber 1. Ie•• th.n .ero, oth.rwl.e a fal.e I.

f~. .- r.turn. a true If the nueber .qual••ero, otherwl.e
I. r.turn.d. ._ work. the •••• a•

ph PORTH coaparhon word. are < (l••• than,. > (gr.at.r
IJ and • (.qual). Each of th••• opentlon. Uka. two
g~ents fro. the .tack (d••troylng tho.. argue.nt., and
tllfnS on. r ••ul t (a 8001.an) to the .tack. TIl•••cond It••
~. atack I. ea.pared to th. top It•• In accordanc. with the

word. "If the coaparlaon h true, e true (-1-' 1.,
turned, If fal •• , a fal.e 1-'-' v.lu••

"",-~u<, '< and ,-

o loop 1. one for. of .truetured control In PORTH.

.tructuu. d••cribltd later ( If THIN, ELSI

IIGUl UIlTIL, lleIH WILl REPEAT

~IN AGAIN J .ay t ••t 800l.an velu•• (truth
~) to control prQ9r....ecutlon. eo.parl.on and 1091c

rdl plac. Bool.an. on the .tack and then the control word.
• valu•••

PRINT ODD SIRIIS)( .. -­
2 +LOOP

I ODD-SIRIO
ICItDOI

25 ODD-SIRIIS
1 3 5 7 9 11 13 15 17 19 21 23 OK

4.'.3 ~

LIAVE 1. another word oa.d with DO loop.. If LeAVE 1.

••ecuted within a loop, It will •• t the ll.lt to the Ind••
value, e.u.ln9 the loop to ••It wh'n LOOP or +LOOP I. ne.t
••ecuted. LEAVE (and alao the lnet.. I ) can only be U.UII1

In. Ide a DO loop.

occur.

".cut. ODD-SIR liS wIth Z5 a. the Input nweb.r (don't forq.t

to put the Input nweb.r on the .tack or a

TIl. DO , •• LOOP Inde. elwaya Incr••ent. by 1. Anoth.r word,
+LOOP , .llow. oth.r Incr_.nt.. Each tl•• around tha loop, 1t

take. a nweber off the .tack for the Incre.ent. DO ••• Z

+LOOP would Incr_ent by 2. TIl. Inere_nt can be co.puud a

It can chaft'lle during loop •••eutlon. It can al.a be neglltiv ••

TIle follow 1ft'll word cau••• an odd nweb.r In the raft'll' 1 to N to
be pr Inted.
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CONTROL STRUCTURES

?8OT 8 ) OR

• ?HOT OR

Ir ••• ELSE ••• THEN

lf'be .rron.ou. in thl. c.a., becaua. tb. 8001••n l.ft on

stark by ?HOf would be eo.pered with th. 8 and the r ••ult
tb~t c~parlaon C.lvey. fa 1••) _uld be OR'ed with the
ta~' that waa on the .taek before thl. phra•• w.a •• t.ndad.

following PORTH control .tructur•• t ••t • Bool.an r••ult

arated by the eo.perlaon or l09lcal oper.tlon., and dlr.ct
flo~ ~f protra••x.cutlon .ccordingly.

true If th. volt&9. (on the .tack) i. 9r.at.r than
o~ the t ..peratur. i. bi9h, or both. In thi.....pl. th.
U11j11 value on tb••taek 1. fir.t co.perad to I by u.a of the
.tion~l operator. Thi. r••ulta In a Bool.an value l.ft on

Than ?8OT puta anoth.r Bool.an on tha atack and
t .... Bool.an valu•• ar. CR'ed tot.th.r.

"J~h oth.r control .tructur••• the II' .nd TlEM au.t be

d as a pair, if th.y .r. not, .rror ....av••19 or '21 will
gaqsrated {.a. Appendix EI at eo.pJl.-tl... Any eorr.et

OC~ of PORTH pr09fa..lng .ay occur b.twe.n the IP and th.

lot leal operation. can alao be applied to truth v.lu.a
atUl~ed by e~perlaon., in thl. e•••• only tb. ri9bt-~.t bit
I eb _rd 1a I_portant. Por ••_pl•••uppo•• that. word

hi. alr.ady been d.fined to r.turn a value of true If •
t d.t.cta • t ..peratur. hl9h.r th.n • pr.-•• t ll.it, fal ••

tJlarwlse. Also suppose that a volta9. valu. I. prevlou.ly
the stack. Th. t.at

The word NOT 1. provided •• a aynonv- for I_ (••• Sectto~

4.7.2) to i_prove r..dability in l09ie ••praa.lon•• Not. r_h"

MOT i. not a bit-wi •• operation, It i. only a Bool.an
Inv.r.lon and ju.t r.turn. the rI9ht-~.t bit of the word
n.;at. all the bit. of a word (1 ••• , to t.k. it. on.'.

eo.pl•••nt). 1,1••

-1 XOR

u.
P, .1 AMD • <RETURN> 1
II .1 OR • <RITURN) 9
'7 .1 XOR • <RITURN> P'

HEX
~ -1 XOR • <RETURN> 5555
AAAA pppr XOR • <RETURN> 5555
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...
1. 2. ( • (RSTURM> 1 ox
2. 1. - • <RETURN> • OX
~ .- • <RETURM) • OX
5 5 - ,- • <RITURN) 1 OX
1. -1' < • <RETURN) • OX
1. -I' U< • <RETURN> 1 OK
1 ,- ,- <RETURN) 1 OX
• ,_ .- • <RETURN> 1 OK

Lo91cal operation. ~D. OR, and XOR laxclualve

provided. Th••••r. bit-vi •• operation.. lach tak•• two
.f9u.anta troa the atack .nd raturn. ana r.ault.. hch of t~t

16 bits of the r.ault. t. obtained by applying the logical
o,.rat.hln to the corr••pondlng bits of the u:qu.anta. All bit

positions .r. tr•• ted Ind.pendently.

4.7.] Loqlcal operation.

Nota that the 1001••n tal•• value 1. always •• ro and any

non-•• ro value (not only 'I') 1. takan ••• Bool••n true,
Bovever, the value returned by th••• e~parlaon. 1. alway.

or 1.
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Go-PASTIR and 7HOT .u.t .d.t II
the loop would co.pile in a d.flnl·

unknown word n••• ancountarad would

, D.

<n•••>?

Gft-V0l-TAGE ,
at. laa.t bafor.

not, tha tir.t
.rror ••••19.

v"lues Ir. beat pr•••nt.d In h••ad.cl••l. In h••Haci••I,

through "" cln be input, ••inu•• Ign Cln
to Input nuabarl st•• to "P' (-st•• to -1). Th.
worka for output, but If the flrat bit I •••t, u••

doubl.-pr.clalon print) in.t••d, to .vold having the

Ir Interpr.t.d a. nagatlv.. ".1•••kl. th. tC/p at.ck It••
ublo Intaglr, who•• lIlO.t algnlflc.nt 16 bit••rl a.ro, .nd

n U•• ~ the double int.g.r print word to output the r••ulting
I tv. 32·blt Int'g.r.

th_r r.co..lnded coding style ia to ind.nt I' ••• THEN or
•• _ TIlE•••• ELSE 11k. DO ••• LOOP. .a.p the vtIoll

ucture on onl lina it it i••hort Inough, oth.rvi.a, Ind.nt
ELSI (it pr"lnt) .and THEM to lin. up vlrtically

ot n••ting .tructur••hould be Indlnted at lla.

o~r~tlons u.ed tor .a.king -- .alactlng cartaln blta
UiSr.la it-bit word, and turning th.. OP, or 011, or
plement1ng or taltlng tha. -- ver. largaly covlred In
t1~~ 4.7.3. Thl. a.ctlon turthar a.plor•• th••• oparation.

~n~ ot tha control applicltlona to which the AIR 6S/4.
h ..11 aultad.

chu....110_ • block of cod. to be uec~

hI... ~r a._pIa, the ai.pl.· control 10

An option.1 . ILII
only it I ta.t I.

1.... • ( toop 1.... '1'1
DO

GET-VOLTAGI 8 > 7BOT OR ( o.nql(7)
IP GO-SLOWER ELSE GO-PASTER TRIM

LOOP

viII •••cut. the (prad.fin.d) oparation SBUT-~ if tb.
pr.viou.ly daflned word GIT-VOLTAGI r.turn.
than' or 7aOT r.turn. trIM (or both).

r.pa.t.dly t •• ta vbath.r t ..parltura or voltlga a.c••d
li.lt., and ••acuta. pred,flned opar.tion. GO-SLOWER or
GO-PASTIR accordingly.

GET-VOLTAGE 8 > 7HOT OR
Ir SHUT-DOWN THEN

~. IP tak•• on••rgu..nt, a Iool.an v.lue , fro. the st
It It h tr.IM (non-a.ro), th. c04. bet._.n IP and TID

.aeeut.4, it fal •• (&.rol. th.t cod. h .Upped. In eith.

c••• control r••ua•• vlth the TREN Por In.t.nc.,

4.'.2 .a.tlng Control Structural

Th. pr.viou•••••pl••bo_ that control .tructura. c.n be 1
na.t.d, In I' ••• ILS! ••• THIM Is inald.. DO ••• LOO•.

f 'Any 0 PORTR'. control atructur•• c.n be n•• ted within Iny
oth.r to Iny prlctical d.pth. Th. r.co...nd.d coding technl
ia to k••p .ach d.flnltlon ahort .nd .I.pl., br••klng ~ompl.

operationa Into ~wo or ~r••hort.r on... Por thl. reason,
gra.t d.pth of n••tlng la not nor••lly u.ed. 'or l~.~anci.

the lXa.pl•• lbov., operating 11k. GO-SLoweR Ind GO-f'AStElt
.IY th••••lv•• conti In co.pllcltad control, it i, be.t to
d.fln. th•• I' ••parlt. word. to ayoid clutt.rlng I Iingl.

vlth ••ny l.vel. of n••Ung. Also, thi. la .n ....pl. of '0'
down' coding •• GET-VOLTAG!, Go-SLOWIR, GO-'AST!R and'?
.ay not •• I.t in tlnal for.'y.t •• the progr....r
with the ov.r.ll d•• ign of the control loop.



any truth-value

b. built.

bit.. u••

••• Loops

also be writt.n

AND OR, and XOR,
on., two or 'Or. argws.nts can

-1 XOR

"" XOR

81GIN
PIRlORM-AN-ACTIo.
lROT ( STOP I' ROT)

I1lITIL

...7 AND .- .-

"'7 XOR

8!Gn. ••• WILl ••• RIPEAT loop Is aleo.t oppo.it'J It
to •••cut. the .tat_.ntt.1 b.twe.n WRIL! and

vbIl. the condition betwe.n BIGI. and WHIL! i •

• WHILE t ••t. th. Bool.an, if tru., it do•• nothing,
vlllC.' control to r_.I1n in the REG 1M ••• RE,UT loop I if

BEGIN •••• UNTIL loop, the UNTIL tak•• a Bool.an "alu.

If fal•• , It loop. back to the BIEGU. I if

, It t.r,lnat•• the loop, i ••• , the loop contInu.. UMTIL

i~lon i. tru.. Th. follovlng loop •••cut•• untIl lBOT
(non-••ro) •

1••" •• th. truth-valua unchaft9ad but convart. the
~~~-2erQ r ••ult into • ~r. correct .ar%n. Bool.an. u••

~, the nUll.rlc r.pr•••ntatlon. r ••r and -1 ar. th••••• In
It \2'.-coapl_.nt ari tha.tic.J

"'8 AND

...7 OR

Th. atack top viII nov be •• ro if non. of the last thr•• hit.

wer. OM, and non-••ro oth.rvi... Thi. "alu. can be u.ed ~, •
8001.an by I', UWTIL, or WHILI, but be car.ful If the

"alu. I. u.ed a. Input to anoth.r AND or OR, input to t

operation••hould be a Bool.an •• ro "a. on., not .ero v••
non-.'ro. If auch furth.r logic i. to be don•• us.

...7 "NO
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.- .-

II.ilarly to turn o,r th. l ••t thr•• bit., u••

To turn ON tha la.t thra. bit. of the word on top of
(l.avlng all oth.r bit. unchangedl, ••acut.

Th. OR operation, as d••cribed .arli.r, do•• a logical OR o~

.ach bit Ind.pendently. Th•• Ign bit i. tr.at.d lit. any
oth.r. (In th•••••a.pl•• , we viII "'ua. that HEX ha. h~,

•••cuted to •• t th. nUllb.r b••• to 16.1

In the following ....pl•• we will ~ chaD9lng or t.ating t~,

l ••t thr•• bit. of a wordJ i ••• , the ••• t value vill be 0067

(la.t thr.~ bit•••t, all oth.r. off). Thi. valu. could b,

written aiaply a. 7, but the l.adlng •• ro. ar. conventionally
u.ed on addre•• and ••• t value. for progr.. clarity. The
of cour.e n.ed not be a literal "alua aa .hown in the••
illuatrationa, It could b. cOMput.d, perhapa by pr."loua
logical operation., or input froa the t.ralnal, .tc.
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to .ubtr.et
tha .iae of

, ..ap

printand th
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addu , on .ta1ary
the

put. current dictionary addre•• on stack)

<nalla> --

HERE

HIRE SWAP - •

colon-dafinltlon

eurr.nt die

addr... f

vord.

~d Naxt Dictionary Location with ~E~

r ~hl followlnt ••••pl. of a aquar. function. Nota tha
~v~tl~hle dictionary location b.for. and aftsr antry of

ar approach i. to allocata •••ory for data within the
lonary -- the vords CONSTANT VARIABLE and ALLOT.
Ip,t In the n.xt chaptar, do this.

wo~ RlRI r.turn. tha addr.s. of the naxt available
lon.ry location. HERE can be u.ed to deter.lna the .Ixe,
• ~••e.ory required of • colon-definition.

lilY.to find avanabla ••-.ory for data .tructuus i. to usa
top ot yo"r RAM .-.ory and vork down••ine. your vord

nitiens .tart at $I.B and vork up. Por in.tane•• if you

• 16_ of RAM. eddr••••••ueh a. 'l"'-'l'" .ight be u••d
d.at.. d.pending on the .ix. of your progra. Ii •••• the
rand .ix. of your vord d.finitions). Aa d.scribed b.low

u••• the fir.t 'I (d.ci.al) byt•• of .vailabl.
._ory (after your hte.t d.finition) a. it. own

do not put data too clo.. to th. and of your

REPUT I
",.

BIGI.
?BOT ,-

MBlLI
PIR'ORM-AN-ACTION

RIPlAT

Th. diffaranca i. that the vord. contained b.t...n WHILE
RI,lAT loop can axecut. x.ro ti•••• but the vord. In the
BIG IN ••• UNTIL loop will alway••xecute at l.a.t once sin

the t ••t is .ad. at the .nd of th. loop, not the beglnntng.
Mot. the u.e of I- (.qulvalent to a logical NOT) to rev
the truth-valua r.turned by ?BOT.

4.9 DATA STORAGE

All of the.e .trueture. can be n••tad within any othars.

Again, avoid long or co.pllcated dafinltlon.. Short
daflnl tlons ••ke progra•• aa.lar to read, dabug, .nd lllntli ~y.

A BIG I•••• AGAI. structure cr.ate. an Inflnlt. loop.
tak•• "no argu..nt. fro. the .tack -- it alway. ceu••• contr
to r.turn to it. corr.spondlng BEGIN. Thi••tructura eo
be u.ed in a ra.l-ti.e control proqra. to execute a final
procedure until interruptad. It I. also po•• ib1. to .vl.

loop with. ,S vord.

fal •• , it braneb•• out of the loop (to beyond tha
!ba RI,IAT al..y. braneb•• beck to the BIGIN.
following loop i. al~.t the .... a. tb. UNTIL loop

Bow can you gat an .ddre•• of availabla ...ory to u•• for
.tor.g.?

Let'. r.vle. the ...ory .ap (.ea 'Igur. 2-11.
'ORTS syst.. occuple. Ik of ROM (CIII-C"'). This are.
contain. daflnitlon. of tha word. alr.ady dafln.d by tha
• yst... Your own word daflnitlons .tart In RAM ...ory at
and continua upward. AIM '5/U 'ORTH u.e. parts of RAM "eaG
$1-$,'1 (.~a Appendix ') and $1"-$7" (.aa Appendix G) fer i
variable. and buffar••



.ADand .tore worda can be te.ted, u.lng
Try the .equence

DICIMAL Ole
,AD zt II LAlfXS OB
15 ,AD I OX
15 PAD 1. + CI 01
,AD zt HaX DUMP

179 • ." " " " " "III 11 2. •" " " " "... 2' 2' 2• " .. 0] SA •OB

CIt-'AO
IIRI-137
P~878 01

-EVO-
-(QI

lSI
AIM 65/4. 'ORTH Vl.4

SOURCE III-M
OK

.11 +

1.1
EDIT 'ROM-]... To-3'" IM-<RETURN>

lORGn TASK ; TASJ ,
I Cit-PAD ( ---. CHECK PAD. HERE)

,AD HER! HU
CR • - HERE-- •
CR .- PAD-- • ;

'IIiIS

4-"

.tc.

~e of an off.et. t.o en addr••• ; thle technique cen b•
craate deta .tructure••uch a. arraya, record. end

the ..-or)' fetch
allable ••laOry.

.xa.pl~, add e word to the PORTH dictionary that can be
to rheck where BERI and PAD are located, aa oth.r

• ar. elthar added or deleted fr~ the dictionary. Th.n
fl~5t to check ft••lf. Let'a elao define It In the Text

ca•• _ ...ent to ~Ify It leter.

outl'lH .ho_ the blank. (ASCII .2.), the 15 (U'II') .tored
a WQr~ (with the byte. rever.ed by the 65.2 CPU eo It look•

• 'PllI' ,and the 15 ($") .torM a. a byt.e 1. byte. let.er. The

of the colon-The length
SI).

HU OK
HERE OUP • (RETURM> 8.8 OX
; SQUARE OUP - • , OK
HERE DUP • <RETURN> 81E OK
SWAP - • (R!TURM> I) OK

DECINAL
4 SQUARE <RETURN> 16

the SQUARE colon-detlnltlon.
definition In the dlctlonety Ie

Check the opetetlon of the SQUARE wotd.

COLD
AIM 65/4' PORTH Vl.4

PAD HIRE RU .S...
UP OK

V.rlfy that the PAD .tert. 61 byte. above the atert of ttl.
PORTH dictionary

A cO"on locetlon for t"potery .tor~e

by the word PAD, end the .e~ty ebove. PAD return. e
.tertlng e4dree. 61 byte. beyond the ne.t evelleble dlcttn
location (which I. returned by the word HIRE). The spaci

bet_en RERE and PAD I. u.ed by ADI 65/41 PORTH Itself f

t"porary ••~ry, the byte at PAD and th. location. abovi
ar. fre. for your t ••porery u.e. Let'. r ••tart and Check
.tertlng eddte.e of th. PORTH dictionary u.ln, HIRI
.tartlng addr••• of the t ••porary atorag. ar.a ualng

Since PAO I. locat.d relative to th. current top of the
dlctlonery It ~.Ill chang; vben any ~e" ~~;;;-;re def~ln.d,

when worda elr.a4y In the dictionary ere forgotten. U$u~11y

thh la not e proble. beceu.e any particular te.t or run WQul

• ove data Into It. t ••porary atorege at PAD, end not r.lv ~

data .tored there prevlou.ly.



Try It again but first initialize 5988 to 51e
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X. When this new word Is executed,

stack. Print the value of X with

aiso have been accomplished by using a

<RETURN> AS OK

more efficient in both memory use and

TOGGLE by first initializing $908 to SF8

, "

X . <RETURN) se

58 CONSTANT X

both +! and TOGGLE could be per[orllled otherwise

FORTH words, however, these words are

HEX OK

990 C@

resul t

F8 98e Cl OK

988 SS TOGGLE OK

a constant nallIed

return 58 to the

the vll1ue

CONSTANT

cd CONSTANT eceates a new FORTH wocd which returns a

to the stack whenever it is eKecuted. For exa_ple,

CONSTANTS AND VARIABLES

tants are co~monly used to give names to values which are

plumeters In proqrallls.

the _e.oryto increment
results

,,,
LOOP

to increment the contente of address

and prints the contents of 598. at

6 988
LOOP

tilles,

BUMP

UPBY6
CReeDO
+1 98e C@

18 988 Cl
BUMP
11 12 13 14 15 16 17 18 OK

"EX
BUMP
CR88DOl
+1 988 C@

by one, eight
increment.

Deftne the word

each

Initialize 5988 to zero and execute BUMP

4.9.3 Increment Mlmory with +1

8 988 Cl

BUMP
1 2 ) 4 5 6 7 8 OK
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Two miscellaneous memory words are ~l (pronounced ~plul

store-) and TOGGLE. +1 takes a stack value and a Illetlory

address and adds the value to the contents of the address;
eKample, it Is used for incre~enting counters In me~ory.

$988

Define another function UPBY6
contents by slK and display the

Clear $988 contents and try It.

8 988 Cl OK
UPBY6
6 C 12 18 IE 24 28 30 OK

4.9.4 EKcluaive-OR He~ory Using TOGGLE

TOGGLE takes an address and a one-byte mask as arquments; It

does an eKcluslve-OR between the byte and the Iddrlsl content
updating the latter.
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96 USER A
U USER B

.Defining Word.

d.finlng word which cr•• t •• a diff.r.nt kind of
A u••r v.riabl•• lit. an ordin.ry v.riabl., r.turn.
of Vboro a v.luo.l••tored. But u•• r v.riabl••

th.lr v.lu•• in a .peclal ·u•• r .r.a- Whleb I••l.ay. In
roe a4dr••• $7" through $77r, not In the dictionary

."). be In RC»I). ('ftIo n... ·u••r .r••• orlgln.ted on
·"ltl~u•• r PORTH .y.t.... "ch u•• r ha. a unique •••ory

tor .y.t"·v.rl.bl•••••g •• the nuab.r ba•• curr.ntly' In
t for th.t us.r, and the pr09r....r'. own varl.bl••• ) Th•
v"rl"b}.~ .r. doflned In Appendix G.

CONSTANT and VARIABLE, t.k•• on. .rgua.nt fro.
t:.ick. bllt th••r-G-.n----- ----,"'"t1:i'lr."'ru;;;.<;;;;->;;,-"i.-:> .. 4. nO ..... nttti] valu., In.t••d It

ff•• t lro. $7" Into the u•• r .r... ror ....pl••

ltwo v.rlabl•• , A .nd B, "Ith olla.t. ol '6 .nd 98
r••pac~luely. fro. the u••r v.r~.bl.~ ba•• addr••••t

( 718;. USER is conllgured to .Uo." ofhots ol '-255

• IOfla.ta b.t...n $56 .nd '7••ho"" b. u••d how.v.r.

AlM '5/C, PORTH .y.t•• inelUd•••ight d.finlng word. which
co~nly u.ed, the colon, COMSTANT, VARIABLE. USER
U~\. COOl. <BUILDS ••• D018> ••nd ,COD.. E.eh

lAl~ word i ••quiv.l.nt to ."d.t. type or cIa•• of
"tions. Lat.r we "ill l.arn ho" th. u••r c.n cr."t.
r.ly ne" d.ta types (n.w d.finlng words) by using the
I,,~,.r"tlons <BUILDS ••• DOIS) or ,CODI •

ST~~T a~ VARIABLE .r. both in ••peei.l el••• _of word.
ll~ ["••Uning word.-. Defining word••dd n." word. to th.
e:tl Ilary. ftl. only oth.r d.Unln9 word _ h.v••••n .cI hr
t • colon u••d to begin colon d.finitlon.. "- "ith the

10 tb...... er•• t.d by CONSTANT .nd VARIABLE e.n be up
31 ",h"racr.~~s 10fteJ .nd e.n red.fin. otb.r n•••••

• vul.bl. Y.
)
.nd print Y
61 Into Y I
and print y

Dofl
to 5
r.tc
Stor
r.tc

5' VARIABLE Y

Y , • <RETURN> 5.
61 Y I
Y , • <R£TURll> 6.

4.1•• 2 VARIABLI

x • <UTURll) 78

Although thl•••••pl. Illu.trat•• the u•• ol the word V~~
~---- .

to Inltl.lls. the v.lu. (to 5'), the b.tt.r praetlc. I.
al_y. cr••t. the varlabl•••••ro or so•• d~y valu•• ~nd

InltlaU •• It n.c•••ary in an Inltlalh.tlon ••ctlon of tilt
cod.. If .th. progr•• la l.t.r .oved to ROfl, the var1l1blt
location .111 h.v. to b. In RAM. "b.r. It cannot b. Inltltl
.t co.pU. tl•• (a.a S.ctlon 4.11.4).

VARIABLI I. lit. CONST~. but the word It cr•• t •• ret
the .ddr••• of • valu. In.t.ad of the v.lu. It••lf. Th_r.f
n•• value. e.n be .tored Into the variabl.. Try

71 • X

4-5'

ch.ek It no. wltb

Mot. th.t trylft9 to ch.ng. the v.lu. of • eon.tant, by p"tt
• na. definition of the con.t.nt in th. dictionary .ft.r
eo.pliing a word using It, "ill not work .ine. axl.ting 11
to th. prior value "ill not chang.. Howev.r, wh.n r~.pl11

frOJI the ,...t Iditor. the v.lu. can be ch.,.,ed In
cod. to allow th. eon.tant and the u.lng word. to b. r.e:
for proper Ilnkag••

If it i••v.r n.e•••• ry to eh.nte th. v.lu. of. CONSTAX~

.ft.r .ntry in th. dictionary it e.n be don. u.ing the

follo.if19 t.ehnlqu.



Thon

• VARIABLE ARRAY 29. ALLOT

I GE~ ARRAy SNAP 2 • • • I

41 GIft

:0-::'''''''- inp2! .nd output tr binary.. '!tie u.ar could
thJa,

2 BAS! I

I BINARY 2 BASI

BINARY

l.tar juat ••eout.

i.ilar ..nn.r, arr.ya can be g.n.r.ted .nd .anlpulat.d.
an array of 3•• byt•• , ua•

be Changed by atorlng th. d•• ired baa.
uaer veriable BASI, which i. available aa part

.r-te.. ror ....pl.,

ae.n the word a DIClNAL .nd REX, which .et
to 1. and 16, re.pectively. FORTH can work in

nuaber baae (av.n abov. 16) but. in pr.ctlc. only II, 16, 2,
ptrhap$ ••1'. C~nly uaed.

1 CIWlGING THE NUMBER BASI

.t.ck Ind l.av••
ror ••••pl.,
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• VARIABLI RECORD 9. ALLOT

LAST-MME , • ,
I FIRST-MMC 2' • I
I "IDDLI-INITIAL 3. • I
I ADDRESS I 31 • ,
I ADDRISS2 51 • I

• VARIABLI RECORD

RICORD 'IRST-NAMI

ALLOT tlk•• on••rg.-.nt fro. the
thlt ••ny byt•• In th. dictionary •

cr••t •• I variable c.lled RlCORD I two byt•••1'.

th. v.lu.. Suppo•• II' byt.a ar. n.ad.d. Th.n

4.11.5 !!:fQ!

to placa tha USIR val' labIa••t $756 throU9h '771.
off•• t valu.a below .6 ('56) and .bov. 126 ('71) ..y c.u••
conflict with oth.r ayat.. ua.r varl.bl•• or tha !9r-Inal tn~t

Buff.r (a•• Appendl. G) ... auI'. th.t your aaaigna.nt ~llov.

on. word (two byt.a) for ••ch ua.r varl.bl••

would cr.ate th. variable RICORD and l.av. t.h. 9•••tra byt

for It.

SUPPO.. RlCORD val'. to be uaed for • cuato••r n_••nd
.,dra•• , the progr....r could cr.at. auch oper.tlona .a

PORTH progr..a can ua••rraya, r.corda, virtual .rraya (if ~
atorag. ia availabl.), Ind oth.r 'ata atructur.a. Th• .a.t
.l-tant way to cr.at. auch atructur•• i. d.scribed in the
chlpter on ua.r-d.Uned data type.. But ••i.pl. _thod v1lic/l

ia ao••tl••• good .nough u... VARIABLI Ind anoth.r word,
ALLOT



IASI f PUP DICIMAL •

such

t •••• on•
of spac•• ,

the 1.1•• of

SPACIS

nuab'r

Not•

lin••

...
that

4734
4734 CR l'.R CR

o.

PrInt RIgbt-Juatlfled with .R
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SPACI outputs on••paca,
froa th. atack and outputs

OutPUt .,.c•• 'II tb 'PACI and SPACIS

OUTPUT VORDS

In ·effect.

SectIon 5.2.2) you ViII ••e th.t tb. corr••pondlng
lI-precJsJl'Ir:l 1)2-blt) output word D. printa.

I'-precision si9ned nuaber l.ft-justlfIed, whll. D.R

I doubl.-pr.clslon .Igned nuabar rlght-juatIfied.

.R print. a 16-blt nuaber rlght-ju.tlfled In a fl.ld
• qlven width. It t •••• two arguaenta, th. nuaber and th.

re': fhld vldth, th. latt.r Ie on top of th••t.c.. 'or
pIe.

At. '4734 right-justifIed 26 coluans.

01 to prInt on the followln9

alr.ady ••an tha word (dot) u.ed for printing
Otbar operator. ara av.Ilabla to output .1"91.­

,c1u"r:l and doubl_prechion nlab.u laft-ju.tified and
ht-,1uBtlfled.

po•• lble *ourca of confu.lon 1. tba fact that In'blnary, t
bee, 2, ) and 4 laa veIl a. , and 1) .ra corr.ctly

.coqnlzed on Input. Tbh happen. laeau.a tha nuabtir. '-4 a
c~a~o~ly u.a4 tb.t tbay vera .ada Into conatant. to ••va
ey apaca. Sinca th••• co.-on nu.bar. ara 'ORTH word. In

th.y ar. r.C09nl ••d r-v.edle•• of th. nuaber

BASI I for
tha .y.ta•

4-54

at.Uuly chang a
• lraady 4aflned In

O' ,

.nd RIX

worda .r.

only affact. Input .nd output. Intarnal ,
coaputatIon­
not. that t_h ..

I BASI7 BASI , DUP DICIMAL • BASI I ,

• 11
I MASX 'IPF
DECIMAL

DECIMAL
I MASX HIX "" OR ,..,,,

tI.. la tha on. that counts. ~tlc.

• rroneou••nd falia to coapiial

coion-d.flnition la coapiled, the bas. In eff.ct at

that th. f"l1tl,1f1

You can .aslly d.t.raln. the curr.nt I/O nuaber b.s. vith

)Iou th.t IASI
coaput.tlon 1••lw.y. In bIn.ry ao th.ra 1. no

ape.d penalty for u.Ing 4lffar.nt be.... Al*O

ba.a wIll r ••aIn •••at untIl change4 ag.ln.

If you n••d to ch.ck the baa. oft.n, you can d.fln. a
colon-d.fInitlon word to do It, such aa

Wh.n •

co.pU.
cod. I.

Th. "" I. unr.cogniSed because tba baa. Is decl••l at c"~pl

tl•• , th. word HIX doa. not chang. tbe b••• I_edlat.ly (n

vas Intanded), but coapll•• as part of th. d.tlnltlon of

, it would chang. th. bII •• wh.n MAS. v•• axecuted. "'a
corr.ct cod. I.

Th. word f puta th. value of IASI on the staCk. DUP

duplicat.s the b.s. v.lua for th. l.t.r r.stor.. DICIMAL
conv.rta the I/O nuaber conv.ralon ba•• to d.cI.al .nd
printa the bas. and r ••ov.s It froa th••tack.

The word. DECIMAL
convenIence, th•••

.upplI.d.



llowee! by th.
l (of the
te for. for

Note thlt If the
In .eaory
41th chulcter

take. th. addre••

,",.r.for••
COUlOT

TYPI.

la a lel'l9th byt

Idr••• of the I

this Ia an dt

Output I String with COUNT

Is ate
only I

the al

fro. t.hl. for., the word

the Irgu..nt. re~ulred by

RIRI COUNT CR TYPE
TYPE

COUllT TYPI

DIClflAL PAD 4. CR EXPECT
(character atrlng> <RZTURN> I If 1••• than 2. eharactara'
PAD U CR TYPE

convert vb.taver 1. In th••• location. to ASCII and
il -- Vblch viII display tando. charactar. and apac••
nvn data 1. placed In th••• locatlona.

•••••9. of up to 4. charactar.,
lS,l••• than 4. charactar., whatavar Is
tha l.at antarad character throUih the

boI converte4 Ind di.pbyed/printed.

b disol~VI I' byte .~ 'tint fr~ HEX addr••• 9••

after flrat antaring In atrlng of data fro. tbe keyboard

f\et'. u-a the PAD .t•• for t ..por.ry .tor~.) using
vori IXPICT I ••• section 4.13.2).

operltlon. Ire diacu••ed In S.ctlon 5.3.
tP\lL For•• ttln,". The•••llow you to cr.at.. your own output

.Iy Include deci.al polnta. do11lr .Ign•• co.... ,

.trlng hlndllng i. dl.cu••ed in Section 5.4.

"'T
to t.t. the top atack "!laber

the display/prlnt.r. Por

TUTI- 4 SPACES

TEXT2

OECIMAL 15 DlIT

CR •

TlXT

OK

4.12.3

u.. the word EMIT

value and output It to

?KIY <RITUb> A

•?kEY <RETURN> •
I
OK

?klY KIY CR EMIT CR I

HIX 5111 11 TYPE

KEY <RETURN> <Input chlrlcter>.... ,T

u.. SNIT In conjunction with the Input word KEY C•••
Section 4.13.1) to dlaplay/print an antared charactar.
with

Note thlt the Input chlrlcter (fro. the keybolrd) ia not
dlapbY~/prlnted by the word ItI'Y -- only by aUT.
one VI:Ird t.o do both

Check I t "I th

No" try I f." other chlr.ct.r. of your own choice __ try lawr
cI.e lett.ra elso.

4.12.4 Output. strin, to th. Di.plly/print.r with !YPI

TO print an A~II atrlng ,Iv.n Ita .ddre•• Ind
on top of the .tlck), ua. TYPI. Try
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a. you did with EXPECT

4-59

••••ag. In
thl prlntlr

Btring to th. Activ. Output'Devic. with WRITI

10UT <RETURN) OUT-<RETURN)

th. co..anda will not be ICho.d to th. di.play until

It by putUno;
OU~Ptlt~f'\9 11

DIClfIlAL
,AD •• CR EXPECT <RETORM) <Input .trinv)
10UT <RETURN) OUT-P
PAD •• CR WRITE CR

NRlfl outputa a atrlng of ch.raet.r. to thl actlv.

"'j,.vlc. lilt. TYPI output. a .trinv to the cUaphy
Qt.. Put the atartlnv addrl•• of th••trlnv and the

l'nvth (top of th••taclt) on the .taclt folloved by
to U.I It.

by t.ltlnv all ch.ract.r. (tok'na) aepar.tld
~es .nd. flr.t tryil'l9 to loolt th.. up in the dlctlon.ry.
tok.n i. not In tb. dictlon.ry. the .y.t.. tri.a to •• It.

t of It. using th. nuablr ba•• curr.ntly in .ff.ct.
~I thl tokan contain•• non-digit ch.r.ct.r. the ayat••
rt, .n .rror condition by typinv tha tok'n followed by •

Illon _rlt. in4lc.Un9 an unr.c09nla.d word (••• Appendix

programs can u•• thl PORTH .y.tl. it••lf for tlr.ln.l

ut, You type tb. nu.blr. onto thl .t.ck aRel .x.cute!
r'~iuns to u•• th... Many progra•• run without a tlr.inal

M .pacl.l Input I. nled.d. You ••ldo. nl.d to writ.
r.t.lons to .cc.pt input frol the k.yboard, IXC.pt for
Ak.y provr... which do not run undlr tbl 'ORTS Int.rpr.t.r

•••• Which do not glv. the 'OK' to the u••r). Wh.n apeclal
t i. r.quired, a.v.ral pri.ltlv. operation. ara ayallabll.

10UT do•• not
to be chal'l9ed.

INIT word but output. the
the .ctlv. output d.vic.

Input. ch.r.ctlr .nd ('l"~PUt

wb'r. the output d.vlc. cod. c.n b.

The word 10UT allows you to .et the active output d.vie.
devic. other than the di.play/printer. 10UT call. the AIM
65/4' Monitor Subroutine WBIRIO (a•• Section 7.7 in the AU­
65/4. Syah. uaar' a Guid.). Aft.r 10UT, Int.r the input.
for the d••ired devici •• follo..

<REfURM) or <SPACE) • dl.play/prlntlr
P • prlntlr
P floppy di.1t (u.er d.fln'd)
S - Slrlal (ua.r d.flned)
T - .ud~ c••••tt. record.r (AIM 65/4' for.lt)
U - uaer d.flned
V ua.r d.fined
Other - diaplay/print.r

••12.' S.t'th. Activ. Output Devic. witb 10UT

10UT <RETURN) OUT-P
KEY <RETURN) <Input charact.r>
PUT

10UT <RETURN) <output dlvlc. codI)

Se. S.ctlon 11 for .Udlo c••~.tt. r.cord.r I/O proc.dur.a.

Section 6.1 of the AIM 65/4. Byst•• U••r'. Manual tor u••r
d.tln.d I/O Vuid.llnl.. R.f.r to S.ctlons , and 1. at

65/4' Sy.t.. U•• r'. Manu.l for audio c••••tt. r.cord.r and
t.l.type Int'rfac. Intor•• tlon.

onc. the activi output d.vlc. i •••l.cted,
to be u.ed avaln until the output d.vic. I.

•• 12.7 Output a Charactlr to thl Actlv. Output Devic.

ft. word PUT operat•• lilt. the
charact.r on top of th••tack, to
r.tb'r th.n tb. dl.pl.y/prlnt.r.
I t to the pr Inter only wi th

Notici tbat th. charactlr la printld and not di.play.d.
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.par. your r ••ult.

{A will not be di.pl.y.d/prin~ed

R.

.a.ily be d.fin-.f to di.•play tb••nt.red n~ber i

• AS<:
KIY pup DUP CR !MIT HIX • DECIMAL • I

ABC <RlTURM> <ch.r.ct.r>

procedure i.

ASC <RI'rUR)I> A
AU 65
ASC <RITURN> 1
1 31 49
ABC <RETURN> 1
? 3r 6]'

Input a String fro. the K.yboard with IXPICT

with a coupl. of nueb.r••

4-11

rd IXPICT accepts a one-line striDg fro. tha tar.inal.
tatas two arggaants fro. the .tack, a starting addreee

and a .a.i.~ length of the input string, it return. no
lilt Mben a.eeuted. UPICT wait. for th.

r.ln~l input, it kaaps accepting charactars until you pra••
T IQH>, or until tlIe .a:d.1Ja length is raached. Mota that

T tan-inat•• the input string with a null byte ( $")' b.
elthere I, roo. for it in the input aras.

r eltllllple, u.e EXPECT to pupar. to input 15 character.,
t,r the data. th.n duap tha input data In haxad.ci.at which

.p 'tents the ASCII coda for the input data l ••e Appendix HI.
tar you type EXPECT, PORTH will walt for your input -- 15

Pr••• <RETUR)I> to .nd the Input early.
e, that the l •• t byte du.ped I. the null byt••

Typa AI

repre.entation of the ASCII code fnr
Chang. the I/O be.e to DICIJlAL and check tilt

.tack with an Wld.Uned word,

.ntar.d value on th••tack.

oo ,
HEX ~EY <RITURN> A
.s..

th

tho

DIClNAL .B
55

KEY <RETURM> <character>

EMIT <RITUIUrI) A

MOt. tbat the .nt.red cb.ract.r 1. not di.played/print.d.
Upper or lower c••e lett.r. aay be .nt.red, howev.r. PORTH
word••u.t be in upper c••••

~IY <RETURN> <Input charact.r> HIX •

The word Kay .ccept•••ingle cber.ct.r fr~ the keyboard,
returniJ19 it. ASCII value to tbe top of tbe .hc':. It fa til.

oppo.it. of IMI'!' I••• Bection 4.1Z.3). It i. oft.n l ....d
acc.pt a .iDgle-l.tt.r ••nu choice fr~ tb. u••r.
proc-.fur. i.

4.13.1 Input e Cbarecter fro. tbe KeYboard with KI1

U.a !MIT now to output tha nuab.r. to the display/prlntar.

Motic. th. h.~adeci.al

en tared nuaber.
value aogain

You can use tha word. KIY and • along with tha I/O ba.a to I
aa.i1y convert the ASCII cod. for an ent.red charact.r intd
nu.ber ba.a of your choica. Thi. I•••pecially u.erul if ­
do not have an ASCII/HIX/DICIMAL conver.ion tabla handy.



Un11 k. XEY,
Input d.vlc.
can be u.ed

ntry and th.t a
•••• 'with

36 31 3•
34 35 36
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t di.play.d durl
lead in the Inpl

14 35
32 II

HEX DUMP
II 32 II
39 31 31

tha Input
null Ia

DECIMAL all:
lIN IN- <RITURN>
PAD 16 CR RUO
( Type '1234567.9.1234561
O.
PAD 16...

073
O.

RIAD allows a string of charact.rs to be Input

IXPICT ••c.pt th.t the .trlng c.n be input froa
input d.vic. In.t.ad of 'u.t the k.yboard. ua. th.
to flr.t s.l.ct the actlv. Input d.vic.. Try

lIN <RETURN> IN- <RETURN>
OIT <RlTURN> <Input ch.racter>

a char.ct.r froa th. k.yboard.

Input a Strl!!! fr_ th. Activ. Input Dade. with av.o

lEY, the word GET inputs on. cbaract.r.
at, on input. the charact.r fro. the act Iv.

, 'u.t the k.ybo.rd. Por ....pl.. GIT

II. follova

tb. act Iva Input d.vlc. la a.lected. lIN do•• not hav. to
.9AI~ until the Input d.vlc. i. to be changed.

11 for .udio c••••tt. r,cord.r I/O handling." saa
of tha AIM 65/4. Syata. U.ar'. Manual for u•• r

con.id.rationa. sa. s.ction , of th. AIM 65/4'
UA~r'. Manual for audio c••••tt. r.cord.r and t.l.type

rf."'. Infonation.

65/41 for•• t)

to diaplay tb. Input d.ta a. it wa••nt.radl

OICIML all:
PAD 15 Cil TYPI
123456""1234501

OECIML 01(
PAD 15 CR EXpeCT
1234567"'1234501(
PAD 16 HIX DUMP

16& 31 32 33 34 35 36 37 3.
.73 3' 3. 31 32 33 34 35 •

O.
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U.. TYPE

In this axa.pla, the t ••por.ry ator.,a ar.a apeclfied
I ••• S.ctlon 4.'.2) wa. uaed to .tor. th. input data.

4.13.3

Ualft9 the two pr'cedift9 ....p1•• a. a guld., •• t up an lIIput
41 chllract.ra and dlaplay It In HeX and In
.atabllah a pac.an.nt Input buffer .raa In
it in.t.lld of PAD .nd try It .,aln.

In IIddltlon to the keYboard, AIM 65/4. POOT' 'lI110va you t
.pacify a dlff'r.nt actlv. Input davie. Th
thl. by c.l11 th • • word lIN

nO] • AIM 65/4' Monitor .ubroutln. WHIRII
&action '.7 In the AIM 65/4' Sy.t.. Us.r'. Guid.)
a. fol10W* • u••

7IN <RITURN> IN_ <Input d.y~ce code)

The acceptable cod•• are



4.13.' ~e.t for Character Input witb 1TIRMI~L

• the word ....S. POl'

~ .I posltlv••nd •

:h. word NEGATE. N.gatl
for .I:••pl.,

SECTION

• of a nuaber
:. voIlu•• of tl

<RETURN> 33
<RETURN> -J)

ADVAMCED OPIRATIONS

<RETURN> 22
<RETURN> 22

22 7 "00 • <RETURN> 1

-]3 NEGATE
J3 N!GAT!

22 .us
-22 AIS

22 7 /NOo CR • •
J 1

r!b!olut. AlB oInd N.gat. MKGATI

~~Fq SINGLE-PRICISION ARITHMETIC OPERATIONS

r. oth.r PORTH .rit~tic word. tholt perfor••i.pl.
I~s. Whil. th••• word. oIr. not r.quir.d for -any

n'~ry .rith••tic oper.tioaa. tb.y .i~lify i.pl•••ntat
• co.pl.x function••

-/MO- (-divld.-~d-) le.v•• both th. quotl.nt (top of
Itillck) oInd th. r __ lnd.r (••cond on th••tolckl. for .l:oI.pl.

MOO Uk••• divid.nd (••cond on th••tolckl .nd •
ho' (top of th••uck) ••nd l.av•• only th. r ••• lnd.r 0

I on th••tack, for .xoI.pl••

I~Y ~ff th. 81gn of • nw

• jlPsltlv. and. n.,.t:

t ••t. tbe ter.inoll keyboolrd oInd
.tolck if oIny k.y i. d.pr•••ed.
for • k.y depre•• lon i.

: ANY-lEY? BIGIN ?TERMINAL UNtIL

?TlRJtUIAL

(11 on the
tbolt _it.

PAD 15 CR TYPI
12345"'9'1234501

TYPI can .lao ~ used here to di.pl.y the input dolt.
for. it w•• entered

Th. word
tru. nol,
of a word



5-'

MIXED AMD DOU8LE-PRECISIOM ARITHMETIC

It. can Ilao hold .n un.lgn.d nu.b.r, wh.r. bit IS I.
addltlonll ord.r of .Ignltud. r.tb.r than the

,tic sign. In tbls c.s., bit IS rspr•••nts I v.lu. of
"[(15) wltb tb. sign l.pl1cltly posltlv.. Th. value of I

it llns19n"~ nuab.r ••y. th.r.for., r.nv. fro•• ($•••• 1 to
3S ISFPPP' Unslgn.d valu•••r•. us.d .ost oft.n for

also supports 32:-blt (doubl.-preclslon) 2'.
~nt nu.b4lrl. Th••• ar. r.pr•••nt.d as two l6-blt

on th. stack, with the blgh-ord.r nuab'r'on top.
s-preclslon allows posltlv. or negltlv. d.cl•• ~ Integ.r.
• r.nv' -21474'3641 to 2147413647 to b. us.d.

lnt.rpr.t~ an Input nueb.r a. doubl.-pr.clslon If th're
• dect.al Int "npher. In I~. Th. locltlon of the d.clad
t does not aff.ct tb. Input nueb.r (although the n....b.r of

•
J.r.!!~.1 1•••v.d In th. sylt•• v.rllbl. DPL~ ea•• you

tc" know It •••• App.ndlx Gl. Por ••••pl•• '555555555.'

·.5SS~~~~~c' Ir. Input a. tb••••• nuab.r -- only OPL I.
Ir,nl. Input the following nu.b.rs In doubl.-pr.cl.lon
t and dl.play the cont.nts of OPL to ch.ck the nueb.r of

luI pIle•• Ih the Input nWlb.rl

TH .tlck I. 16 bit. vld., Ind th. nuabers we b~v•••en
arr .Ign~ valu•• Int.rnally for..tt.d In 2'. co.pl•••nt

ty ultil••tlC. In thl. nuaber r.pr•••ntltlon. bit 15 (th.
t .19nlflc~"1 bit) contain. the Irlt~.tlc .Ign, Ind bit. ,

14 cont.ln th. nu.erlc ••gnltud. VIlu.. A '" In the sign
In~'~at.~ a po.ltlv. nwabsr whll•• 'I' Indlclt•• a
th'. nu.b4lr. A posltlv. slgn.d Hi-bit n....ber ..y nng.
• fheeB) to 32,76' ($7"P) whll. a .Ivn.d negatlv. nuaber

.....t~ froa -1 ("P"I to -32,761 (lU.". Signed vdu.. an
oft.n for arlt~.tlc cllculatlon••

(I 11 _IUer than 11

(1' Is lIrver th.n 9)

a ranV. betw••n 1 .nd Q

5-2

Iner•••nt by 1
Incr•••nt by 2:
o.cr nt by 1
Decr nt by 2

<RETUJUI) 1
<RETURM) -11

<RITUU) 7
<RETURM) 5

<RETURN) 6
<RETURN) 1
<RETVRN) 1
<RETURN) 9
<RETURN) 9

1 1+ <RETURN) 2
2: 2+ <RZTURN) 4
1 1- <RETURN) 2
5 2- <RETURM) 3

1+ (-on.-plu
2+ (-tvo-plu
1- (·on.-.ln
2- (- two-.lII

: RANGE 1 MAX 9 MIM I

1 2 MIM
-11 5 'UM

• 7 !lAX
-II 5 MAX

6 RANG!
1 RAllC.
• RAllC.
9 RANGE1. RANGE

Wour words Ir. Includ.d for conv.nl'nc. of Incr...ntln9 Of
d.cr...ntln, a vilu. on tb. stick by on. or by two. Th.y at

A word that viII II.lt nwabsr. to
the followl"9 colon-d.flnltlonl

Por ••••pl.l

Try tb. following ....pl•••

Wh.n you vl.h to 11.lt the r.ng. of number b.tw••n • low~

upp.r v.lu•• the vord. KAX .nd MIN viII co.p.r. the val
of the top two nu.b.rs on the .tack .nd l ••v. only the qrla

or s.. ller n....ber. r'lpectlv.ly.



.el.lon nWlbar.

'5O
23145

-'79

-121"

-121"
-179

23145

'"

,-,

PRINT-RIGBT I N---.J
I DO CR J. D.R LOOP CR

23145. 3. CR D.R

-179. 3. CR D.R

-1219.4 3. CR D.R

456. nus. -179. -12194.
4 PRINT-RIGHT

456. 3. CR D.R

data on tha ateck .nd print It with PRINT-RIGHT.

nwahars and tha nu.bar of Ita.s on tha stack bafora
PRINT-RIGHT •

DeCIMAL
"56. CR D....
23U5. CR D.
23U5
-179. CR D.
~179

-1219.4 CR D
-1219"

of~~~ da.ir.bla to print tb. d.t. rlght-justlflad. Th.

D.R I-d-dot-r-) print•• doubla-praeislon nuaber,
t-juat1fied In • v.rlabl. width fhId. Tha top nuaber on
at.c~. is the eolWltl In which the le.st ·slgnlfle.nt digit of
data is to be printed, whll. the s.eond nWlb.r Is tha .
la-precision nuab.r Itha d.t.) to be prlnt.d. Try the
It a.t. on• .cr. ti•• , but right-justify It In tha

o,ll'~ field •• fo11ova (tt th. nu.btlr print. In the wrong
191,1 forgot to .wltch back to d.ci..l)

1",\~ word to print .ultlph d
t-. "",tlff"d 15 eolian••

1••• D'L •• <RITURM> •
156.7 D'L •• <RETUkM> 1
365.12 D'L •• <RITUkM> 2
496.436752 DPL • <RETUkM> 6

456. • • <UTtlIUl> • 456
23145. • • <RU'UIUl> • 231U
-'79.. <RETUIUl> -1 -179
-12'9.4 • • <RETURN> -1 -12'94

DoUb.l.-pr.eiaion nWlban ar. intagara, with tha daei •• l polll
ua.d only a. a flag to indieata doubla-pr.ciaion, tha
progr....r .uat k.ap track of any I.plieit d.ei ••} point
infor.etlon.

,-.

.EX
456 ••• <RETUIUl> • 456
23145••• <RU'UJUl> 2 3145
-179. • • <RETUJUl> -1 -'79
-1219.4 •• <RtTURJI> -2 -21"

Cb.ng. to b.xad.el..1 .nd rapaeat UI•••••pl•••. Notie. tht
diftaranc••Inc••ach h•••dael••1 digit rapr.aanta tour hi
bit••

Now th.t you undarst.nd how doubl.-pr.elaion nuab.rs ara I

on tha ataek, l.t'. look .t two PORTH words th.t print the
In doubl.-pracl.lon for••t. Th. word D. (pronoune." -d-do
prints the top two nWlbars on tha atack ••• J2-blt number,
latt-juatlflad. R.pe.t tha pravlous .xa.pl•• in dacl..l

Input tha following ••all nuaber. in doubl.-praeision tnr

and print Ollt tha two Hi-bit nuab.n that .ak. up tha nllsbtr
.otiea that tha -ost significant Hi-bits is aero tor poalti

nuab4rs .nd I. -1 I""P) for n~.tiva nWlber. (consistent
2'. co.pI•••nt notation).



s·,

VI ('"u-dlvld.·) dlvld••• un.lgn.d
nuaber (.ecoo4 on .tack). by .n un.lgned
nuaber (top of at.ck). to glv. an un.lgn.d
quotl.nt (top of staclt) and un.lgn.d
re.,lnd.r C,.cond on .t.clt).

2.... 4.... < • <RETURN> •

2"., 4"" U< • <RETURN) 1

4.... 4.... v· CR D
16........

(800lean talse). bee.us. 4••••••• a .igned 16-bltc'o
a'~ la n"atlv. and i. th.refor. 1••• than 2•••••• Ttl.

p.rllln•.

1 Ilool.an true) whleh 1. the corr.ct r.sult. Us. U<
co.~re .ddr•••••• unl••s you .r. aur. both of th•• viII ba
o 1:'.76.. or both .bov. It.

otb"r un.lgn.d operation•• r. provld.d. Th. un.lgn'd
tlpl~ word g. (·u-t1•••·) 'ulttpll•• two un.lgned
le-ptec:lslon nu.bors to glv. an un.lgn.d doubl,-pr.clalon

Por oxo'plo,

tlnn and .ubtraction .r. the .... for .igned or un.ign.d
ar. so th.ro ar. no .peci.l oper.tlon. for th••••

r1son i. dlff.rent. howev.r ••0 an un.ign.d Co_pare word
< ~·U-l•••-than-l should be used in.t••d of th•• Ign.d
o.pau word <. U.ing < in. co.parison wh.r. ona n..-ber
e,ed" 32.'6' will n.ult In .n incorraet an.wer. Ttl,

words whlcb

oper.t.. In the ....

ible-pr.clsion t'i"mb"rs
'oubl.-pr.clslon n".hoor.

'd-plu.­
.p two d

,I", on.

-7"945. DNEGATE D. <RETURN> 76.945

3456. 6576. D+ D. <RETURN> 1"32

-71543. ~ 0 <RETURN> 76543

675. DUP CR
6151
6-)D CR O.
615.

ONEGATt I·d-n.gate·) ehange. the algn of the
number on the st.ek ••110vlng subtraction.

567" -1' D+- O. <RETURN> -561'9

DAl6 j-d-abs-) r.turns the absolute valua of a doubl.­
precision nu~er al.ll.~ to the single-precision word AlS.

5.2.3 Otber 32-llt roRTB Operator.

Ttl. word 6-)0 I-.-to-d-' conv.rta a .Intl.-pr.cl.lon
on the top of the .tack to doubl.-pr.clslon nueb.r.

-,

There are .everal other double-preci.ion roRTW
• n.logous to the .ingl.-pr.ci.ion oper.tions.

Tbo oper.tton D+- I-d-plus-.lnu.-) appll.s the .19n ~

.I",l.-pr.clslon nueber on top of tho .t.ck to tho ~

doubl.-pr.cl.lon nuaber b.n.ath It. Wot. th.t ••Inus n
on top always chang.s the 81gn of the double-preclston n

b.low. Note .lso th.t tha .lng1e-proclslon nu.bar I~ r'"~o'

by the D+- oper.tlon.

Doubl.-pracl.lon .d
.ann.r.. + • u.1
the st.ck a. input.
e.g ••



<RITURN> .729 1415

·-.

12345 7"1 1•••• */ • <RITURW) .729

5••••• 5••• "/"00 0 • <RITURN) 1. 4'"

-12345 7171 1111. */MOD.

","00 C-.-dlvlda-II04-' dlvld•• .I positive

nwaber l ••eond on steck) by .. positive
nuaber (top of st.lckl, r.turnlnt en un.lqned
r ••• lnde, (••cond on ..tack) end en unsigned
quotient (top of atack). Inaln. with

working with 16-blt int.gar. and want to
.. scalIng l.lctar such .I. the .In. of 45

Sine. ve .r. using only Integ.r., tbls .In. value
could be r.pr•••nt.d •• aultiplie4 by 1••••• i ••••

.. WAnt to .ultiply our nuab.r by "'1 and divld. it by

the probl.. I. th.t the Int.r..dl.t. product i. too

~ r.pr•••nt a. 16 bit. --- .0 PORTH provid•••n
1'm" */ (·tl•••-cUvid'·l which .ultIplh. the thIrd t.r.
A~~r~ by. the ••cond It•••nd th.n dlvId•• the r••ult by

oC-.t.ck It••• while k••plng • 32-bit lnt.ra.dl.t.
fbI. I. lllu.tr.t.d by

.r "pant Ion */"OD (·Ua••-divIel.-aoel·) p.rfora. the
operation but .1.0 r.turn. the r ••• lnd.r •• the ••cond
r or the .t.ck. R.pa.t the l ••t .x••pl. but .1.0 print

tAd.. ,

""","",-,--~PO,,,RMATTING

n~rlc output co...nd. d••crlb.d in S.ction 4.11.1 .r.
for ao.t progr.... Rowev.r, .0•••ppllc.tion. n••d

1.1 foraet••uch •• el.cl•• l point••nd doll.r .Ign. with
t'1np.uabar., or colon. within nu.b.r. to indlc.t. dagr••••
t,l. 'nd ••cond.. PORTH includ•••p.cl.1 output op.r.tion.

let you d.fln. your own nua.rlc for•• t ••

<RITURM) 35••1 3

<RETURN) 311"

<RETURM> -]'5Z' ]

14"35. 4 U/ • D.

141ns... UI

121131 • u/

4532 .765 M* D. <RITURM> 3972291.
4176 -5467 "~ D. <RETURN> -26651'92

564755. 5•• "/ • • <RITURM> 1121 255

.-.

Th. oper.tor M/ (·...divld.·) divld••• r!nnn).-pr.elsion

nuab.r (••cond on .t.ck), by the .1ngl.-pr.ei.lon nuaber
top of the .t.ck), .nd r.turn. a .i9ned 51n91e-precl$lo~

r••• lnd.r l••cond on .t.ck) .nd .ign.d .ln91.-pr.cl.lon

quotl.nt (top of .t.ck). Try thl••x••pl'l

.ppe.lU to give .. n.gettv. quotient and unsigned reglllntlit.

the .1"vla-pI.chion for.at .. nuabar btitw••n 32,76. and 65,

is dhpl.yad a. ""9attv. un I ••• printed .I... dQlOble-prec:1J1

nuabar. The following ••••pl. fore•• the quotient to ... ,
double-preclalon nuabar .nd print. it alont with tbe r...1

Not. thet .nother ••••pl••

So•••la.d-aod. oper.tion••r••1.0 .v.il.bl.. Th. nper.t
M* (·.-ti•••·) .ultipl•• two .19n.d nuaber••nd returns.
.ign.d doubl.-pr.cl.ion product. Two ••••pl•• lllu~~ra~.

oper.Uon.



and BOLD

anotb.r word tbat ua.a 01. to print .ult!pla

('rint four naaberaj

46 I. the decl.al point}
36 I. the dollar .Ign)

5-11

.al point were da.lred, ana

ary bafora tha '46'.

123. 45671.
3456. 23456.
4 PRINT-OS.
$2:34.56
134.56
U56.1I
U.23

555. DS. <RETURN> $5.55
5. OS. <RETURN> $'.'5

DECIMAL
DS. ( 0 ---)

6lCA' OVIR DABS<. • , 46 HOLD'S 36 HOLD SIGN '>
TYPI SPACE ,

PRUIT-DS.
CR • DO DS. CR LOOP ,

four nuabara on the atack and prInt th••

plac•• aftar the d
land , would be nee•

.bow. bow to convert. dlglt..,

ylduall~, pllclng .ddltional charactera .ucb •• dacl.al
.ni doll.r al9n. where da.lred wltbln a nua~r.

ahowinlj creation of a word DS. which
t. ~ doubla-praci.lon n~ber with deei.al point and dollir

B~s1de!l thl lbove operation•• it. Ilao uae. , (-ablrp-)

pl.~~3 a .Inljla dl9it. Into I atring being crelted. It.
BOLO which t.ata. In ASCII value fro. the .tlck and

th.~ charlct.er Into t.he nuabar beln, foraed.

12345 .PRINT <RETURN> 12345

5-11

I~ter a naab.r to te.t .PRIM!

Par .xI.ple, the followin9 dafinltlon crelte. and teata • WQ:

.PRINT , which vork. like the print. cO_Ind This u"lIpl

illuatrat.a I fairly al.pl. cI.a wlt.h no add.d character.

.'RUIT
5->D SWAP OVI~ DA8S<' IS SIGN t>
TYPI SPACI I

5.3.1 I-)D, <., 1.« SIC. and ,)

To ~a thaaa operltlon., firat ,at a doubla-praclaion nu~h.r

tha, ataek. TtIen a apaelll operation <. (-leaa-ahlrp-), inUit

ba u.ed to atart nu••rlc convar.lon. Digita ara

the rl9ht, I.e •• laa.t .i9nlflC'lnt digit fiut. ASCII ChAf

tera ~uch a. dacl..l polnta Ind dollir al.na cln be added
needed. TtI.n another apaclal operltlon I> (-aharp­
gralter-) .uat clo.e tha eonvaralon.

The <' aet. up the output ~onYar.lon followed by the .~

(-ahlrp-a-) which conyert. III digit. of the naabar to a!';cu,

Th. SIGN word th.n placa. In ASCII .inua 819n If ''''cUntYI
It u.e. the .xt.rl copy of the hi,h-order part of the douhl ••
pracl.lon nuabar to d.t.ct If that naaber w.a originally
nagatiye.

PI rat. S->D convert. the top atack nu.bar to doubla­
praclalon. The SWAP OVIR , in aff.ct, ••k.a an axtra
tha high-order Hi-bit part below tba double~preciaion ntlmber
t.h. atack, t.hla Is required t.o prea.rva the aign Inforllliltlon
• Inc. the nllao.rlc conv.ralon It.elf require. a poaltlYe nu

-- hence the DAIS.

Tha .> 'cloaea tha conyer.lon, and leave. atack argumentA.e
up for -tyPI ~- I •••• the naabar of chlracter. to type On to
of tha atack, and tha addre•• of the fir.t on. balow It. The
"ACE word 1.lyaa one .p.ce aft.r t.h. naab.r to ••parlte It
fro. tha n.st on••I
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to b••nt.r.d Into •••ory .t.rting .t

ut Strlng DaU with !!.!m

ONLYS (folloved by four .p.c•• )

HEX 9
9•• 9 EXPECT <RETURN>

Suppress Trailing BlInk. vlth -TRAILING

TYPI tak•• the .ddr••• of the fir.t d.tl byte

1~n .tack) and the dltl byte count ltop of .teck) and
It to the Ictlv. output d.vlc.. TYPI 1. u.ually

d by COUMT vhich .at. up the d.ta addr••• and byte
~~a ca.patabl. fo~t.

IXPICT I••• S.ctlon 4.11.2) can b. u••d to r.ad I

Unfortunat.ly It do•• not r.turn the
length of the Input .trlng, hov.v.r, you can find tbl.
Jf ,it h n••d.d by ... rchlng for tb. trailing null.

ry ;"'0 byt••).

lltittl! tral11ng blank. of ••••••g•• tha "Ord -TIlAILING
.d.~ If -TRAILING I. giv.n In .ddr••• of ••trlng (••cond
~t,lnd • count (top of .tlck) .uch •• thlt output by
~.n -TRAILING will .dju.t the count to co...nd. If

.ary to .11.lnat. Iny trilling blank. In the Itrlng.
IIpl,

word r.turn. the addr••• (••cond on .t.ck) of •
net.. • .tring .nd the nu..b.r of char.ct.r., ••g •• byt•• , In
.t Inq (top of the .t,ck). Th. chlrlct.r .trlng cln b. up

2Sf ,t•• In l.ngth. COUMT oper.t•• on the .ddr•••
.d nq tb. flr.t byte of the chlr.ct.r data which .u.t

ta 'th. nuab.r of byt•• of the ch.r.ct.r dat••

.1 ,Addrus String Dau with COUM1'

(S.t for. for .1gn .nd
conv.r.lon)

(Conv.rt digit. to rl,ht
d.daal point)

(Conv.rt d.cl.al point and
and r ...ind.r of dlolt~)

('rlnt re.ult.) .

HEX
I x••
SMAP OVER DABS

<. DPL I -DU'
IP • DO • LOOP THI.
21 HOLD '8 SIGN .>
TYPI SPACE
DECIAAL

34.7" XN. <RETURN> )4.78&

Th. follovlng vord print. a .lx.d nu.bar Whan the integ.r
doubl.-pr.ci.lon nuab.r i. on top of the .t.ck .nd the po.!
of the d.claal point i. h.ld In the u••r v.rl.bl. DPL.

V.rlfy proper conv.r.lon vitb In .xa.pl••uch 1.1

5.. STIlI)lGS

PORTH do•• not have a .tandardlaed packa,. of ~trln9-handll

operator., but It do•• have prl.ltlv. operation. fra. v~1

.trlng routln•• can be built. Por aany .ppllcation. the

prl.ltlv•• th•••• lv•• Ir. 'nough. A ••rl•• of .trin, ~a

function. th.t cln al.lly be con.tructed In PORTI 1. d••cri
In Appendix I.

B.cau•• th.r. i. no raldy-..d••tlnd,rd. you cln d.cld.·how

r.pr•••nt .trin,. Int.rnilly. Two foraat. ar. alr.ady i~

within tha .y.t... In on., a length byte h follov-ad b; til
.tring it••lf, .trln, l.ngth cannot axc••d 255 character,.
Iddr••• of tb••trln, I. tha addr••• of the l.n,th bytl (til
h uI.d to .tor. n•••• of "Ord. In tha dlctlon.ry). In t.h.
oth.r foraat, only the .tring Itl.lf II Itor.d In memory; 1

Iddre•• h th. addu•• of It. flrlt charact.r. Tha lenqth
.tor.d ••parlt.ly, Ind k.pt lbov. the .tring addr••• on t .,
.t.ck.
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UlPUT
PAD 1. EXPECT • • PAD 1 - (NUMBIR) ,

INPUT

'word

Input , Number vlth NUMBER

acc.pt•• nUllber, returning the addr•••
bly0nd the nUllb.r ••nd the nuab.r Itlelf In double-
IJo~ for. (I' two nu.ber. on the .t.ck). (HUMBIR) will
ki~ lelding blInk. or hIndI. ainu•• Ign., you Ilu.t do .0

By defining INPUT, you hI". h.ndled the
1~ lt part of (NUMBER) jUlt once. Sub.equ.nt input. c.n

.'llly by ullng the INPUT vord.

NUMBER (writt.n without the p.r.nth••••) will handle
h~9 blllnkg .nd the .inu•• Ign. But it the .trln, being
trtl'l~ I. In error (••g., cont.ln••lph.b.tlc l.tt.r.),

H .... 11; handle the error itl.llf by .choing th.e un.r.@gnl.ed
n9 .... Ith • qu•• tlon a.rk, the u.er c.nnot q,t control to
In lh••rror differ.ntly. Ther.for. th. acre p.riaitlv.
SRI il u.u.lly pr.t.rr.d for turnk.y .pplicatlon••

f1 'It ASCII character of tha nUllber ainu. one, i.e. " the
ISIIof one byte before the nwab.r b~ine. Tbl. addre.a

be ~n top of the .t.ck. (NUMBIR) th.n return. the "alue
I n1,..n"r, It Ie .ccuaulated Into the double-prechlon

Tnr addre•• on top of the .t.ck i. Increa.nted to point
I ftrs~ non-nUII.rle ch.r.ct.r, I.e., to the teraln.tor of

nwanp.rJ the progr•• may te.t thi. t.rminator, which would
ll~ be a bl.nk, .nd If It I••n unexpect.d qu.ntity. e.g.

ttl' 'erroneou.ly typed by the t.ralnal op.r.tor, error
Inl-" 'can be perfor.ed •

(char.et.r count 1•••
blank.)

(.tlrtlng addr••• )

59 35 2. 2. 2.
XX XX xx XX xx

DUMP
4F U
28 •

988 9......
OK

9.. 9 -TRAILING S
5

CR TYPI CR
ONLYS
0'

...

5-14

5.C.5 Int.rpr.t a Nuaber with (NUMBER)

i...diat.ly aft.r the <RITURN> folloving EXPICT (not. ~h.t

OK viii not be di.play.d until aft.r nina char.ct.r. ~re

.nt.red). A fl"e character •••••,. vlth four trailing n1ank
i. now In RAM. ch.ck It with

Notice the t.r.i~.tlng null char.cter (") plac.d aft.r
• nt.rad d.ta. Now .nt.r

MOlt of the vord. need.d tor t.rmin.l Input .r. descriDen IQ
S.ction 4.11. Thil .ection cover. the .pecl.l .Itu.tion of
,ce.ptlng a nu•• ric .tring •• Input .nd int.rputlng It as.
nu.b.r. Such .p.cl.l Input il •• ldo. nec•••• ry. b.c.u.J ~o

progr••• c.n acc.pt input froa the FORTH .y.t•• It••lf (1.1,
nUllbera typ.d onto the .t.ck). It th.y u.e • t.rmln.l ;)t all

This .p.clll t.r.ln.l Input I. ac.t oft.n for turnk.y p,09r
not run und'r ,the dir.ct control of PORTH (1n which the user
should not .e. the OK J.

rirat u•• EXPE~T .1:0 '!..ceept • Itr:ln.g f.ro._t!le__IlI..r~.":
'Sectlon 4.ff.2). Th.n u.. (NUMBER) to Int.rpret part or 4
of th.t .trin, a•• numb.r (th. p.r.nth•••• ar. part ot tMe
n•••). Thi. op.r.tion is • bit eoaplie't.d. It n'.d••
double-precl.llon zero on the .t.ck, a. _11 •• the add,'.. ".q 0
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53 CB
XX XX

41
C5

DUMP
84 54
C7 32

HEX OK
81111 C...

80'
OK

code SC723 '0' ·colon-deflnition· words

SC7AD '0' USER ....ords

SC77B '0' VARIABLE ....ords

$C75F '0' CONSTANT words

next address '0' ~CODE-definitlon~ ....ords

address indicates the code to be executed depending on

of word, i.e.,

field continues with the ASCII characters of the name

of the last Character set to Indicate the end of

la.eter field changes meaning depending on type of word.

word Is a ~colon-deflnitlon~ word, the parameter field

n. the addresses of the FORTH words that lIIake up the

tlon. If the ....ord is a ·CODE-definltion" ....ord then the
the actual assembly code for the logic

address Is the address of the count byte of the

word (i.e., the beqlnnlng of the previous n",me field).

lows the dictionary to be scanned, word-by-word,

Inq with the Dost recent word and Dovinq back. The last

tbe dictionary has a link address of zero.

to indicate the start of a na~e. The precedence

icates If the ....ord Is for compile or immediate

ton. The smudge flag prevents the word from being found

dictionary during compll"'tion. If the compil"'tlon
IS successfully, the smudge bit Is rllset to zero allowing

• to be recognized. ·SHUDGED~ words sho.... up In '"

n. the TASK word; as an eXllmp1e,

count

5-16

I
charllcter

smudgll flag
prllcedence flllq

LIT I WORD IWORD IWORD IWORD IWORD

I
I COUNT I NAME I LINK ICODE I PARAMETER

I I I I.FA LFA CFA 'FA

I 1

5.5 DICTIONARY STRUCTURE

flag bits and naDe character count
nallle
l1nk address

code address

parameter field

5.5.1 FORTH Word Structure

AS you are well aware by now, FORTH consists prllnarily of.
dictionary of ....ords. The FORTH words were listed usinq

In Section 4 and are sho....n In Table 4-1. This section
describes the structure of the words in the dictionary.

The FORTH words are arranged one after the other, lItartin<i

LIT to TASK, followed by ",11 user-created wordll.
is composed of five sections:

Here i. a pIcture of the dictionary ....ith a ....ord expanded vi
its sections:

The first byte of a ....ord begins the name field and
number of characters In the ....ord's name along with



(Preaa <RISt!> to tar-inate liat)

of all word. io tba PORTH dictionlry can be

cont.nt. of LPA ,of CLI.T, perfors

: on CR LATEST
nour

·OUP 10. CR
Pl'A Ll'A • DUP
,- unIL I OK
on <UTUU)
OJa
TAU

••

5-1'

LATEST CR 10.
'!'All

NIX
'CLIT LPA" CR 0
cuP

. LIT VPA COUVT lP AVO CR TYPE
Llf

the tOp-Olt word n... in the dictionary. par fora

the n... of LIT, perfore

aries ar. groupi~. of PORTH word.. !bey are u.~ to
uaed for different operation. in

renf Ipplicltion .r.... If I n..a i. redafined in the
v~abulary, only the l.ta.t d.fin~tion will be acce••ibla.
illthe .... n... i. u.ed in two or .ora dlff.rant vocabu-,
I, all til. definition. can be _leeted. bary word

\" POtTK .hould be in only ooa vocabulary to .ini.i&.

tlO bat_.n word u.ag••

M58 - 1 - .t.rt of I
Hu.b.r of ch.r.ctar.

(0' _
( .. -

ASCII charlct.r. for TASI 10'1
MSB of llat chlnct.r •• t ttl I

( Link addn•• of $0905 linka to
( word in AIM 65/4' PORTH ROM~~

Cod. addr••• of $C723 indicatu
colon-d.finition) ..J

Plrl••t.r addr••• of 'CSlll
indiclte. the end of .)
colon-d.finition, i •••• ',',

S4U53C8

..
a.5 D5 Of

OIl

an 32 C5

...

5-11

(tick)
PPA (Para••ter Pi.ld Addr••• )
CPA (Cod. PhId Addr )
LPA (Link Phld Addr )

VPA (Va•• Phld Addr )

I~ la.ve. the parl••t.r field addr••• ('PA)
following word on the .tack.

b. WPA conv.rt. the para••t.r fi.ld addr••• on
into tbe n••• fleld addr;;. (ilp,,).- --
LPA conv.rt. tbe PPA into the link fi.ld
I LPA) •

d. crA convert. the PPA into the code fi.ld
(CPAI.

PPA conv.rt. til. n... fi.ld .ddre•• (WPA) to 'he
p.ra••t.r fi.ld .ddr••••

Por both COMSTANT and YARI.ABLI word•• tb. pan••tu I it!
i. two byt•• long Ind contI in. the v.lu. of til. conltlnt t

vuhbla. Por USER word., the pan••tar fiald is ona pyu
lo~ and contain. tha off.at into the u•• r Ir.1 fot the~

vulabia.

Wow look at it'. c~pon.nt part.:

5.5.2 alndli", PORTH WOrd Addr•••••

"h.r••r. fiv. PORTH word. conc.rned with finding til. ,ddre

of tba various word fi.lda. "h.y .r.1



5.1.1 Mor. on VLIIT

A•••ntioned at the b-vinning of S'ction 4, you can li.t t

POIITH vocabulary by axecuting the word

5-2.1

or othar dafinition viII go into
R•••ab.r to g.t ~ck by •••cuting

• COD£:- ,
cabul,uy.

DE'INITIONS

PORTH DEPINITIONS

.r. dona •• t.nding the •••••bl.r

to tha ASSEMBLER vocabulary. '1'0 •• t the CURRENT.

ASSIMBLIR DEPINITIONS

MV col,

CURRENT to tha CONTEXT. So to changa both of
ASSEMBLER , a.acuta

CONTEXT and CURRZMT Specity Vocabularies
r

y given ti•• , two vocabul.ri•• ar. in affectl CONTEXT
CONTEXT .pecifi•• the voc.bulary in vhich

J~.ry ae.rch•• begin. vhil. CURRZMT giv•• the vocabulary
wb\C~ nev d.finition. ar. placad. Oft.n COWTEXT .nd

f~r, th•••••, '.g., vh.n AIM 6S/.' fORTH i. initi.lised
1 1,ntry or COLD 'lord), both of th•• point to the
vocabul~ry. But vhan , CODE:d.flnltion i. b.ing

able~, the CONTEXT voc.bulary i. ASSEMBLER. vhil.

,la u.u.lly PORTH or .o.'thing .la. I CURRENT vould
MBlER only if you v.r••dding nav c.pabiliti•• , ••g.,

til••••••blar).

VLU'I' can .leo
a••.abl.r vocabulary

PORTH •

YLUT

ASSEMBLER VLIST

I'OIlTH

to •• t the vocabulary back to

5-21

vhich viII print the ASSIMBLEa voc.bulary (and th.n ll~~ t

th. PoaTH vocabulary and prtnt that al.o). Th, PoaTII U
word Ino 0"') i••hown at addr.a. "26 in the YLIST.
i. vi.. to ••ecut.

Pr••• aoy key to.terainat. the YLIST.
uaed to li.t the word. contatned 10 the

(... Section 6). Inter

Vocabulari•• ar••ffactiv, only at coapil. ti.'l thay h~~.

••aoing aft.r Object cod. ba. been coap(led. Thay
the ••arcb for n.... of word. in the dictionary.

Th. AIM '5/4' POIITH .yat.. a••upplied ioclud•• two vOcabu­
1.ri•• 1 POIITH, wbicb i. tb. d.fault vocabulary. ¥her. ~•
....pl. d.fioitioD' illuatrated .arli.r io tbi••anual ~r.

placed. and ASIIKBL••• vbicb cootaina d.fioitiooa of R6582
io.tr~tion .n..onic•••od••yabol •• and oth.r operation.

u.ed for the a••.abl.r II.. section 6). Por ....pl•• AIM'~

POaTH b•• two word.. ,- .04 '< . vhich are d.fined. hi boo

vocabularies and u.ed diff.r.ntly I'" Section 4.7.2 and 6.6
d.pending on vhich vocabUlary i •••l.cted I••e section 6.~).

1



5-22

l1nk

5-23

appllc"'tion IIbrllry words lnto the

NEW VOC~

n..u~ (up to 31 charecters) you want the new
Then you would ulluelly lIay

MYWORD

<name> DEFINITIONS

VOCABULARY <name>

DEFINITIONS sets CURRENT equel to CONTEXT
new words to be added to the NEW vocabulary •

Appllc"'tlon LIbrarIes

NEW DEFINITIONS

VOCABULARY NEW

• ~(l a new word

create '" n... vocabulary, use the word (2) VOCABULARY (21

wlth the voc"'buhry name to ch",nge (2) CONTEXT (2) to

to lts lest word. e.g ••

a~~ words to NEW. now type

AIM 65/46 PORTH system, the new vocabulary wIll be

to ..hatever vocabulary lt ...ell cr.ated In (usually

Kl. All voc",bul"'rles form a tree, allowIng subvocabul",rIes

ted to any depth. All vocabularIes from CONTEXT along the

anchlng p"'th back to the root of the tree (whIch Is alwilyll

TK) 101'111 be se",rched whenever '" nalle Is entered Into the

til system for executlon or compIlatIon.

II Clln creete your own voc",bulllrles. ln order to keep

UlItllnt appllcatlon lIbr",rIell seper"'te from each other. Just

the stack the name Held address 0

CURRENT. Do '" COLD

PORTH

Vocabuillry
<-­
<---HERE

' 1< LATEST

ASSE/lIBLER

DEFINITIONS. and then deflne eny new words, th.y vII
FORTH • lind ",1110 the CONTEXT wIll be set back to

1 •••• ex.cutlng ASSE/lIBLER "'lone w11l have hlld 11ttl.

ASSEMBLER
Vocebuillry

HEX LATEST <RETURN> . 816

HERt • <RETURN> 86B

IncIdently. any colon or other new definItIon wIll set
back to CURRENT. ThIs ls done to help the progr",m..er
errors. So If you are In FORTH ",nd then execute just

5.6. 3 jU~'~''---JLA~T~'~S~TL...."n~d_~H~'~R~''-Jt"o!..JCeh" ••'~t'--D~I!'!.£'!t,o">YC...!A'd~d~'".".".".,!,

wi thout

go lnto
FORTH ;
effect.

The word LATEST leaves on

the hilt word poInted to by

Check the PORTH dIctIonary

The word HERE leaves on the st"ck the next ava11able
dIctIonary "'ddress wher. new words can be added.



on'

coapilation ol an
(t.h~ brack.t••r.

IMI!DIATI!

5-25

EIIDI' t.o work the •••••• THEN

YOUR OWl DATA/O.lRATIOtI TYPES

ENOl' THEN I IMEDIATE

I PDtr (COl'l.IU] THn

THn would try t.o coaput. a conditton.l br.nch
.n .rror •••••g. becau•• th.r. 1. no corra.ponding

corr.ct lor. would b.

'ORTH .y.t.a includ••••v.ral 'd.finin, word.',

I., word. which cr••t. n.w word'. Th••o.t i.port.nt of
ac.r Ith. colon), COOl, COMSTANT, VARIABLe. useR

VOCABULAR\" •

alylw.nt t.o cr••t. new d.finin; word.. In ;.n.r.l•••ch

4.fln1nq word cra.t••• n.w type of d.t••tructur. of
.tlon. I •••pl•• ai,ht be ARRAY. JilATRIX. CUSTOMER­

l'nd VIRtUAL-ARRAY. PORTS •••••bl.r. ua•• iall.r
'a~ dtur-' for cl••••• of in.truction., .uch a. on.-.d r•••

.4iSr_"s,

of tne n••••

,l••plft, .uppo•• you vant to run .oure' cod. vritt.n lor an
r v.r'lon ot 'ORTH which u••d the na.. EIIDI' lor THEN
65/4~ 'OATH .upport.. both ot th ••• word.). You don't want
tbrough the cod••nd ..k••11 the ch.ng... It would b.

d.Un. nDtr by

.U ",.,. ... slons the pr09ra_.r au.t tore'
To do thi •• u.. {COJIIPILIJ

dd1n' • n.w i_Mlht. word. u.. IMEDIATE alt.r It.
niUMl. i •••••It.r the ...icolon. Thi. cau••• the la.t

daUntd t.o be i..-4iaU.

(word in NEW)
(llnlt NEW to I'
(n.v VOC4bUlaQ~

bar pr•••MI

b.ek to tb.
on. VLIST

COWTIXT
.how up

'""9TASX
D9Dl JllOIl
DnA VLIST
0937.
I <SPACE>

vill ••t

will not

DE'IMITIOMS , ch.nging both CURRIMT .nd

'ORT. diction.ry. Mov JIIWORD viII
will not .x.cut.. ~ us. JIIWORD on.

HIM voc.bulary to 'ORTH by typing

tbb

JIIWORD

VLIST
826 JIIWORD
III NEW

D9DC .S
D9Cl KAMG
Dttl 'I
0927 .R Oil:

Voc.bulari•• ar. optional, n.ed.d for adv.ncMl u••r. only.

Mo.t progr'" only u•• tha d.f.ult. PORTH voeabul.ry. 4"~ th
progra_ar. do not av.n n••d to knov th.t vocabularia••~{.

5.7 IJIIJIIEDIATE WORDS

Mo.t. 'ORTH word. wtll be coaptlMl, not .x.cuted, wh.n thty
u.ed in.ld•• colon-d.flnltlon. t.aedl.ta word. ara the
axc.ptlon. Th.y .r••x.cuted ev.n .t coaplla tlaa.

Th. word. u.ad lor condttional br.nchlng and looptng (a.q.,
I', THI.. , DO, LOOP. alGI., ate.) .ra .11 lllllllldl.u.

word.. Thay 'xecuta .t coapila tl.e tn order to h.ndle for
or backw.rd branch relerenc•• , v.rlou••rror checka, .nd 0

functione. ~e of the.e worda such a. DO .nd LOOP pIle
apeci.l run-tl•• word', not u-ed directly by the
Into the object code. But aOlie. ('.9.. .IGIM)
.t .11 In the object cod••

It i. "n.r.lly r.co...nded that ua. of .ubvocabul.ri••
avoidMi .nd .11 u•• r-d.ltnMl voc.bul.rt•• b. cra.t.MI in
Thi. i. for co.patibiltty wit.h aany oth.r PORTH ayat...
only allow ona laval of voc.bul.ry naattng.

Now type PORTH
COMTIXT to the
up tn VLIST .nd
only to link the

Now type PORTH
vocabulary and
will .x.cut••



t.o cr•• t ••rr.y. 'x' .nd 'Y' with S' .nd 1••la..nt.,
r••pectlvely. Than we w'nt to u•• th••• 'rr.y•••

lIota
tho

123. In t.h. flft.h .1...nt In the X .rray. And

S' ARRAY X HERE

11 ARRAY Y SERE •

, X •

the n.lIt. dlctlon.ry .ntry will occur. Than .nt.r

J2H 5 X I

DICI/QL RERE •

... th.t 2. byt•• of .rr.y p1u•• byt•• of ov.rh••d

.lloc.t.d. Int.rlng

,."..", d~ctlonary .pac. ba. ba.n u••d by the .rray.

.r•• byt•• of ov.rh.ad p1u. t.h. 1•• byt.. for

I ho.. the .lloc.tion work., .ft.r .nt.rlng the d.flnltlon
, typal

part tell. wh.t happ.n. wh.n X or Y I.
tid At .1I.cution of • x, .9 X , .tc., DOIS)

Itl~411y c.u••• the .y.t•• to pl.ce the .ddr••• of wh.r.
..rnv bagln. on top of t.lM .t..ck, .ny .rgUll.nt. (. .9

ih t.h••••1Ia.pl••) .r. b.low th.t. .ddr.... Th. SWAP
• tl10 .rr.y Ind.lI to the t.op of the .t.ett, wh.r. it. h

pll.d by two t.o g.t. it. byte off•• t fro. the baqlnnlng of
Thl. off•• t I. th.n .dd.d to the .ddr••• of the

d••lr.d addr••• of the pert.leul.r .l•••nt •

• rray. of ;>_

'I. w.nt tn

('th .la.ant. of ARRAY X)
(49th al...nt. of ARRAY X)
('th .1•••nt of ARRAy YI
(9th ala..nt of ARRAy Y)

5. ARRAY X
11 ARRAY Y

• X
"X
: J

'or .1Ia.pl., .UPpoa. we w.nt • word to er•• t •
(16·blt) ••aory loc.tlon. nuab.r.d froa aero.
••g. ,

5-26

New d.t. or oper.tlon type••re u.u.lly cre.ted by the pair
word. <8UILDS .nd DOES> I the.e word. ere .lw.y. u."

together. Th. word ,CODE h.n .It.rn.tlv. w.y to t'!Il'~t.

d.t••tructur•• , th.y run f •• t.r but r.qulr. u•• of the
•••••bl.r (••• S.ctlon 6.9).

to r.turn the .ddr••••• of the flrat ('th) .nd 1•• t e1e.-n~

X .nd Y. W. c.n than u•• the arr.y. to .tor. and f.te~ dati
u.lng .nd,. Mot. th.t thar••ra S' a1...nt. In AR
(nu.b.red froa • to .') .nd, al.UI.r1y,
In ARRAY Y (nusb'red fro•• to 9).

How do w. d.fln. ARRAY to do thh? w. could u••

I ARRAY
<BUILDS 2 * ALLOT
DOES) SWAP 2 • + I

How do•• thh d.flnltlon work?

Th. <BUILDS _put t .•.l.l. wh.t h.ppen••t ca.pU. U ••-;- Til,
'rgu••nt (on top of the .t.ck) to ARRAY (5. or 1. In t~t

.bov••lIa.p1.) I••u1tlp11.d by two, .nd ALLOT l ••v•• U\at
••ny byt•• of .p.e'. In the dlctlon.ry. Not. th.t wh.n .,~ 0

Y or any oth.r ~rr.y I. b.lng d.fln.d, the .pproprl.t. ~ue~
of byt•••u.t ba .110t.d for It.



Ill•• ALPHA I

DOIS> can be uaed to create .uch acre elaborate
9 .uch •••pecl.l arr.y daflnltlona which do bound.

I .rror check. at run-tl.e. Th••• d.flnltlon. could be

'urJnq d.bugglng .nd replac.d vlth the regular If..t.r)
tlons for production u•• , one. you ar•••aured that no

unds .rror viII occur.

<RfTtIFUl> -))
<RITUIUl> •
<RITUFUl> 2222

) ALPBA t
• ALlIlA t
2 ALPIL\ ,

5-2'

• ALPHA • • <RITURM> 1.1.

55 4444 -)) 2222 1111 •
6 nCTOR ALPIlA

d.t. n-l dlta n-2 --- dat.,
n VICTOR ALIRA

VICTOR <BUILDS • DO •
LOOP DOES>
SWAP 2 • + I

The data to go In an array aay be loaded at co.plle tl..
following technique I

Th. data on the .t.ck 11 In Inver•• ord.r .nd thl top valu.
thl .tlck II thl nuaber of II...ntl In thl victor. ~UI,

Cbeck with

In the definition of VICTOR,. loop 11 •••cut.d the nu.btr
tl••• Indlc.ted by thl top vilue on thl .t.ck. The only
function parfor.ad by the loop I. to ua. thl co...nd to

.tore the current top v.lul of the atack Into the dlctlon~rr

entry. Thll 11 repe.t.d until .U of the vector .l •••nta It

atored In the diction.ry d.flnltion. The re•• ind.r of the
oper.tlon ia the •••••• thl definition. The r••• lnd.r of
oper.tlon I. the •••••• the prior e•••ple for ARRAY.



0-1

TNl ASSI.MBLY PROCESS

SECTIO)l 6

ll~ 65/4' PORTH ••••abl.r voc.bul.ry 1•••l.ct.d by the

d ASS£XeL£R or by the word CODE luphIn.d In the

lowing pauquph.l. A ••par.t. ASS IMBLER voc.bul.ry 1.

ked Iheld of the PORTH voc.bullry. Th. word. In the

LER voclbullry Ir. d.fIn.d In App.ndix D, AIM 65/4'

fK lllll....hl .. r Glo••• ry, In ASCII 'ort ord.r.

AtM 65/4' PORTH ASSEMBLE

,x'mln$ the ••••&bl.r word., parfor•• cold .tlrt, co...nd

um1~ • .nd run. VLIST. Th. A••••bl.r VLIST 1. .ho"n In

~r. fJ-l. Mot. th.t the ASSEMBLER VLIST contInu•• Into the
Til ~ocalfli1ary uponco.pIeUon of the ASSUBLCR VOTd·..·TITt-:­

,IS lInl k.y to t.r.ln.t. the VLIST b.for. cOllpl.tlon.

• AI!" U/4' PORTH st.ruct.ured ••••IIbI.t cr•• t .....chln.

&ll'l~9' ...cutlon procedur•• that would b. tI•• -In.aUlclant. 1:

.cute' in high-level PORTH colon-ddlnltlona. A ••poIrata

~LtR vocabulary provld•• the op-cod•• , .ddt••• lng aod'"
Itlonals, .Inc! othar aupport word. n.c•••• ry to proge••
tlo'ls In R65" •••••bly lan9uaga. "function wrltt.an In

.tiler lA"9uag, 1a antarad Into .. Yoc.buhry In .. al.Uhr

It as .. PORT. colon-definition. It h .lao a:..cutad In tho

..~er by rafarrlng to the word n.... It I, raco..ended

t ISs••bl~uloCJ" ar--!.clld.-, .a--I.t.-i-_t.ta .._.f.~4-to­

fORT6 teralnol09Y, be atrlK:t.urad and vrlttan .taUhr to

llll-ltvel PORT. for cl.-rlty of ':lpr••• lon. A funct.lon can

It tte ulpldly wrlttan and debugged In PORTH, t •• ta4 for

,~r oper.tion, .nd th.n r.cod.d In •••••bly l.ngu.g. for

ur ......cution "Ith ••InI.u. of r ••tructurlng.

I



Now CONTEXT I
Ch.ln.d to ASSaMaLIR
CURRIMT If on•••it.)
Ch.ined to u••r'. voc.bul.ry)

DA35 W
DA24 N

819 TM (
0901 "0'
I <SPACI ~ Nr pu•••d)

OPCl 1<
OPAP VS
OP99 NOT
OPGS THEN,

.-,

ASSIJCBLIR
PORTH
u•• r'. Voc.bul.ry

PORTH
Lit.r.l Nu.b.r

Vocabul.ry

DA3E UP
OA20 tp

'"MDC .5
DtCl BAMG Olt

COLD
AI" 6S/4. PORTH 1,'1.4

ASSEMBLER Olt
VLIST

OPO' END-CODE DE
DPU ,-
OPU CS
OP73 ELSE,

.equ.nc. i. th. u.u.l .ction of PORTH'. t ••t int.r·

tr, vtlich r••,lin. in control during ••••~ly.

..~~ably con.l.t. of int.rpr.tin9 .nt.r.d word. with the
BLtA voc.bul.ry •• CONTIXT (••• S.ction S.6.2). Thu.,
worcL.J.a-tb.s-iaput atr.·· S•••tcb.d-acco.r4iQ9-to-the PORTH

tic' of ••• rching COIiITIXT Hr.t. th.n CURRINT.

CODE -'fO.r.d d..f1n••_L-wor.d_vrl_t.t.nJJL.•••.•ably cod..• (c.U.•.d.

E-def1"l tion) In ••t.lll"a:r ..nft".r •• tb. word d.fin••

rd lIr'tter. in PORTH I. colon-d.tinitlon). Th•••••abl.r
bul.r~ 1••ut~.t1c.lly ••l.ct.~.. CO~TIXT wh.n COOl

.ncountered. Th. n••• tollowing CODE 1••nt.r.d into th.
tio~.ry •• the PORTH word for th. cooa-d.flnition. A•••ably

U&9' routin•• oT pr09r•••eq••nt. in CODI-d.efin1t1on for.
often ref.rr.d to •• ·CODI· or ·cod.· 1n 9.ner.l PORTa

OUI LO"',
DE'" CP....
OE29 STX.
DeeD ROL,
00F1 INC,
000' RSL.
00B9 SIC,
0090 LOR,
00B1 ClfP,
DOGS ROC,
00"0 T...A.
DOl' TSX.
0010 TAX.
DOes SED.
DeED RTS.
oeD, PLP.
oeBo PHP,
OCR' HOP,
oe80 INX,
oe7' OEX.
oeso CLI.
DC.. ' CLeo
DBGC RP>
DS58 TOP
D8le >...
0128 ...
081<4 IfElf
osee ,A
OAe] SIHAR'"
DAAR PUSHeA

-DA98-POP-­
DAle RUSH
OA66 INT"'EeT
OA"A XSA"'E
OA]5 II'
OA~. H

O'F'CI e<
OFAF "'S
DFU NOT
OF" THEN,
OF2.. IF.
DEFt AGAIN.
OUA UNTIL,
OU9 BIT,
DHD ISR

.-,

RSSElfiLER 01

"'LIST
OFOe END-COOl
OFBB e.
DFR' CS
DF73 El.SE.
DFla EHOIF,
DFe.. REPEAT.
OED9 WHILE,
DEA9 BEQIN,-m,m:
DES] LOX.
OEl7 CPX,
OE1B ROR,
DOFF l.SR.
OOEl DEe.
00e7 STA.
DOAB ORA,
DOaF EOR,
0073 AND.
0059 TX5.
00..1 TXA.
0029 T"....
001.1 SEI.
DCF9 SEC.
DC£! RTI.
DeC9 PLA,
DeBt PHA,
De99 IN"',
OCi! DEl',
ocn CL....
OC'1 CLO.
Dcn iRK.
OEl5E SEC
D...' )
0112 X)
081E ,X
OS89 •
OAeF SETUP
ORBG PUTeR
_o~p..LW.O..­

01lB_'_ PUT
DR71 NEXT
ORse INTFLRG
DAlE UP
OR2D IP

•



Tb. ca.a. .bow. tb. conclu.lon of • logic.l
grouping th.t would be on. lin. of cl•••le.l

• ....bly .ourc. cod••

Th. cu... di.tingui.h bl.r control word.

trOll PO"'H cont:rol word •• e.g.. [P_> _v.-r.us Jr

••tc.

tJ)

...

(I) p •• cOIIpll•• into the dictionary, thu••• ca.aa
i.plle. the point .t which cod. ia g.ner.ted.

FORTH ••scute. your word definition. uDdec control ot
the .ddr... interp'r.t.r, n_S!L tjlXT This .bort
cod. routine .ov•• ex.cution fra. on. definition to

tb. n••t. At the .nd of your COoE-d.tinition. you
aust c.turn control to MBXT or .l.e to oth.r cod.

which r.turn. to NEXT.

Not. th.t the POaTH •••.abl.r word n.....nd with a

•••• The .i9QI.~icane. of this Is:

(4) The -.p di.tingulsb•• op-code. fra. pos.ibl.

hex.decl•• l nuabec. ADC. ADD. and acC.

Th. word COOl I. flr.t .ncount.red .nd •••cuted by
FORTH. COOl build. the n... ~O.X into. dlctlon.ry
h••d.r .nd c.lls ASSIKBLZR a. the CONTIXT voc.bu­
l.ry. Note th.t the <naa.> after COOE au.t be on

the .... lin••

b. BRit. i. n.xt found in·th......bl.r vocabUlary •• the
op-cod.. Wh.n BRit •••acut••• It .....bl•• the byte
v.lu. II Into the diction.ry •• tb. BRe in.tructlon

.achine cod.. Thi. c.ua.s th~ R6512 CPU to p.rfor••n

IRQ int.rrupt. Which in turn r.turn. control to the
AIM 65/4. ~nitor (••• section 6.4 in the AIM IS!41

.y.t~ U••r'. Hanu.l).

1.1.3 COOl-Definition I ...pl.

Aa a pr.ctic.l ....pl•• har.' •••Iapl. call to the AtM 65/4~

~nltor. vi. the IRQ .ddr••• v.ctor. (u.ing the Bac op-codpl.
ent.r the following word••

CODE MONX
BRit.
NEXT .l"'.
END-COOE

.-.

Th. l.t.r ••ecution of th. g.n.r.ted cod. i. c.lled
Thl. di.tlnctlon i. PA.rtieul.rly iaport.nt with the
eondition.l•• At ' •••_bly-ti•• ' •••ch word (i.... Ir,

UNTIL. BIGIN••tc.' 'run.' to produc•••chin. cod.
(condltion.l br.nch .nd/or ju.p In.tructlon., whicb
•••cut••t 'run_tia.· wh.n it. COOE-d.finltion "...

It i. i.port.nt to und.r.t.nd at what ti••• partlcul.r wOEd
d.flnition ••ecut... During a....bly•••eh •••.-bl.r word
iAt_.r-p-r.•ted ••ecut... It. function .t th.t-ill.tenth CAll

•.....bling' or •.....bly4ti•••• Thi. function includ••
op-cod. g.n.r.tion frOll .n.-onic•••ddr••• c.leul.tion.
~•••l.ction••nd r.l.tiv. br.nch c.lcul.tlon.

lit.ratur.. .......bly languag. in.truction. in RPM tnu"at (.
S.ction 6.2) ar. th.n .nt.red along with any insttucunn,
.av••nd r•• tor. r.turn .t.ek v.lu•• (••• Section 6 •• , ~nd

eondition.l. I ••• S.etion 6.6) Th. IND-COOI
• COOI-d.finition in •• iaili.r ••nn.r •• the
FORTH colon-d.flnition.

During .....bly of COOI-d.finition•• FORTH continu•• intp[~

t.tion of ••eh word .ncount.red in th. input .tr... (not i

eOllpU••od.). Th bl.r word••pecify operand•• /Idllr
ao4••••nd op-eod... At the conclu.ion of the COOI-definlti
.n .rror ehack v.rifi•• correct cOllpl.tion and th.n ·un~w

tb. d.finition·. " .... th.r.for•••ki"9 it .v.il.bl. for
dictionary ".reh•••



STA.

CPX,

INX.

RTS,

."",

SBC,

STX,

BIT.

DEY,

RTt.

TXS.

none
B bits only
~-page or absolute
~-page or absolute
z-page only
z-page only
absolute only
z-page or absolute

ORA,

ROR.
JHP.

DEX.

PLP.

TSX.

LOA,

ROL,
JSR.

CLV.

PLA.

TAY.

EOR.

LSR,
STY.

CLI,

PHP,
TAX,

'-7

accumulator
illllediate
indexed X
indexed Y
indexed indirect X
indirect indexed Y
indirect
memory

Addressing
Mode

are specified by:

CMP,

INC,
LOY,

CLD,

PHA.

SEI.

Op-Codes

op-codes are:

AND,

DEC,
LOX.

these op-codes are ex.cuted. the corresponding
is assembled into the dictIonary,

ct.<:,
NOP,

SED,

,A

•,X
,y
XI
IY
I

none

PORTH
~

op cod•• take an operand which Dust already be on the

An address mode may also be .pecified. If none Is

op-code uses ~-page (when appropriate) or absolute

The aRK instruction executed by the word HONK
returns control to the AIM 65/4g Monitor, e.g.,

Note that the add tess counter and ptoce••ot

were saved by the IRQ processing. If e,

the address displayed plus one, and

typed, execution will resume at the next insttUctl

pas~ BRK. which i. the JMP to NEXT. e.g.,

HONX
.. U GIS 92 n, FO GlS14 BRK

.-.

lei GlS15 <RETURN>

NEXT is a constant that specifies the machine addI
of FORTH'S address intetpreter (at SCg6Fj. Here
NEXT is the operand for JHP, • As JMP,

it assembles a machine code jump to the addrellil of

NEXT from the assembly time stack value, If contI
is not returned to this FORTH address as the last

instruction in the CODE-definition. improper operat

of the AIM 65/4g microcomputer and possible alterat
of your progtam may result.

d, The END-CODE word terminates the

a SHUDGE of the name. It also exits the
making CONTEXT the same as CURRENT.

The object code of our example i.:

un .. ( Name
.. oe .. 58 49 04 HONX ( ,--UU .. .. link field
Ul2 H .. code field
U14 .. .RK
GIS 15 .C 6P CO JHP NEXT

The bulk of the assembler consists of dictionary entries

the R6Sgg mnemonic op-codes, Refer to Appendix B in the

Programming Manual to see the machine code that
each mnemonic op-code.

6.2 ASSEMBLER OP-CODES



<-- .,X Ith. X-r.gi,t.r point. to h.r •• )
<-- I,ll.

• on the .t.ck .nd ••t. the ~ddr••• aod. to ,x
2 on the .tlck ~nd 11'0 ••t. the Iddr••• aod. to

6-'

••••pl. of •••••bly cod. to ·or- tog.th.r the top
on the .t~ck I

!Q!!!! Conv.ntlonal A......bl.r

TOP L.. , LO. (',:It)
TOP 1+ ORA, ORA 11 ,X)
SEC ORA, ORA 12,K)
SEC I. ORA. OR. Il,X)

TOP LDA, ~•••abl.. LOA (I,X) .nd
IIC ADC, ~••••bl.. ADC I2,X)

.T

TOP low byte
TOP high byte

r> a.l.ft by TO' or SIC II the tHI,. addr••• ~bov.

h ~ rlgllt.r Ind..... You ••y furth.r IlOdHy this ~t

bly-tl•• to addr••• ~t ~ny byte In the par~••t.r .t~ck.

• • I pictorl~l r.pr•••nt~tlon of the par...t.r .t.ck In

(••• Appendix Pl.
ROL A
LDY U
STA DATA,X
OtP DATA, Y
AD<: ,,,,X)
STA (POUlT), Y
,,", (VECTOR)

6-1

v.lu.. ar. r.f.rancad oft.n
TO' ~nd SIC ~r' Includad.

?lac.d on the .t~ck ~ccordlng to tEl
f byte Is It low ••-ory, with the t.tCjh
110" -Ind•••d, Indlr.ct
Iy off of ••t~ck v~lu••

!Q!!!!

.A ROL,
1 • LOY,

DATA ,x 5TA,
DATA ,Y OtP,

, X) ADC,
POUlT )Y STA,

VECTOR ) ""P,

Th. "top .nd ••cond .t.ck
th.t th. .upport word.

16-blt val ..., ~rc

c:onYentlon.~

following." 'rbll
b••••cut.cl dlr.r

The p~r•••t.r .t~ck I, loc~t'd In .-P~9" .nd I. usually
~ddr••••d by -%-,AoGI,X-. Thll .tack .t.rt. It "'91 .aJ\d

phy.lc.lly dovnv~rd. Th. X ind•• regi.t.r I. the d~tl I

polnt.r. Thu., incr•••ntin, X by two r.aov" ~ d~ta 5~

value, d.cr•••ntlng X twlc••~k••
value.

TII'.-vcrr'l!'.---cATA, P01W~d VECTOR .p.clfy
••••• d.fln.d by prior VARIAILI or COMSTAMT word•• \1
c~•• of ., X) AD<:,. th. oper.nd •••ory addr••• $"" W_.
dlr.ctly. Ttlll I. occ••• lon.lly don. H the u.~g. of I v

do•• not ju.tlfy d.votlng th. dlctlon~ry .p~c. to • sVlbo

v.lu••

'.4 R'SI2 CONV~TIONS

a.r. ~r.....pl•• of PORTH v•• conv.ntional ~••••bl.r
th.t the oper.nd co••• fir.t, u.u~lly followed by any Id
ing ~d. -odifl.r, ~nd th.n the op-cod••n••onlc. Th!s.
be.t u•• of the .t~ck .t •••••bly-tl... Al.o, .~ch aS5~

word i •••t off by blink., ~. I. r.qulr.d for III
t •• t.

"



<__ RP) • SlBl,X

<-- ,

"_1 I

Free Byte

Top Itelll Low Byte
Top Item High Byte

Second Itelll Low Byte
Second Itelll High Byte

Return SUck
- -

execution leaves NEXT to execute a

following conventions apply:

Low Memory

A utility area In z-page from N-I thru N+1

Address of the Interpretive Pointer, specifying tb

next PORTH address which will be interpreted by
NEXT

User Pointer containing the address of the base

the user area.

Addre•• of the pointer to the code field of the

dictionary definition just interpreted by NEXT

W-I contains S6C, the op-code for the indirect jump

instruction. Therefore, jumping to W-l will

indirectly jump via W to the machine code for the

definition.

$lIFE T, T

CPU Regiaters

,I rDRTH registers are available only at the asselllbl}

.nd have been given nallles that return their lIIe.ory
The.e are,

Is second item on Return
Setup for Return Stack)

Or second item's bytes together)

If zero, increment Y by one)

Save low byte)
Restore data stack)
Push Bool.elln and zero

c. Use RPl to address the lowest byte of the return
stack. Offset the value to address higher bytes.

(The address llIode is automatically set to ,X.I

a. Save X in XSAVE.

d. Restore X frOM XSAVE .

b. Execute TSX, to move the S register contents to
X register.

COOE IS-IT
XSAVE STX,
TSX.
RP) 2+ LOA,
RP) ) + ORA,
a· IF,

INY,
THEN,
TYA,
XSAVE LOX,
PUSHllA JMP,
END-COOF:

Th, FORTH Return Stack (and ", machine stack)
'h' R6SB2 machine stack area I, Page One.

,,' builds physically downward. '0 lower bound is set "checked as Page One has sufficient capacity for .11
(non-recursive) applications.

By R65B2 convention the CPU's S register points
free byte below the botto. of the Return Stack.

follows the convention of low significance byte
address.

Return stack values .ay be obtained by: PLA, PLA,

will pull the low byte, then the high byte frolll the Return
Stack. To operate on arbitrary byte., the .ethod i.:

As an example, this COOt-definition non-destructively testl

second item on the Return Stack lalso the machine stack),
see if it is zero.



h•• tarting and n.xt

6-13

OUT-<RtTURN>

( T•• t Port" 1
( Dlcr•••nt the count.r)
( Loop unUl nell.tiv.)

s.tup a cOUllt.r )
",11:. Port" input)

LOA UU
ST" 596
LOA UII
$'fA $PPA)
BIT $"Al
DEC $96
BPL $1110
JMp $CU,

819 TASk
0901 MON
«S,ARI> b.r pr••••d)

Btu: to d.t•

of dietionary

827 OK

•n'...

3 • LOA.
SITUP JSR.

to acv••ta~k d.ta value. to tb. N .r... ~
provided for thi. purpa... upon .nt.ring

.~cifi•• the qu.ntity of 16-bit .tack

.oved to the W erea. Th.t i., " •• y b. 1, 2. 3.

(ESC;
(J{]-eaU/1

1814 "t .6
1116 IS "
1818 A' It
881A 10 A) PP
181r 2C Al rr
882t C6 9fi
882; 11 "
182( 4C fir C'

COOl; DlI'O
,it LOA.

1- STA,
II t LOA.
n ...3 SfA.

IEGIN.
"Al lIT •
_,1- DIC,
't< UlITIL,

llE:XT JR',
,Nn_rnnl'

v.r'!.iaportant to not. th.t ••ny 'QRTH procedur•• 'I"

TllUlio'f _ ••y only be u.ed within ••i"91. CODI-
idnrt. _ev.r .xpect tbat • v.lu. w111 r_ain within

d. I el"9h d.tinitionl

below
:.cll:. £_

accu.u: "t

byte of tb. bott~

.ddr... ••••• r

r'turning to I'ORTH.

It ..y be fU.ly 'lINd

.r S point. on. b)

it.. in th•.·"tun
all this byte to t

'ft:le C'U .t.
byt, of the

uting 'LA,

Th. X regi.t.r define. the 1
.t.ck it.. r.l.tiv. to ••chi
point ~o the correct it_ u~

Th. C'U i. in the bin.ry (i •••• ~ d.ci••l) mod~

_u.t b. r.turned in th. bin.ry _04, (with. CLD' pri
-to-r.turn-. ,'s n~ed).

•

•

CODE DSHO
XSAVE STX,
, USER JSR,
ISAV! LOX,
HEIT J",.
!NO-COOE

XSAV8 i•• byte buff.r in s-~g., for t"por.ry .tor.~. of
X ril9iTt--.-r;--Typical u••g., witb • c.ll to
cod. word OS8R, wbich will ch.ng. X. i.:

Wh.n .b.olut. __ry regi.t.r••r. reqoired. 1,1., th. 'r "t.,'
in P.g. IIro. Th••• relli.t'r•••y be u.ed to .tor. ~;nte[.

for ind.xld/indir.ct .ddr••• ing or to .tor. t_por.ry ""Iue,.

......

'Ph. a'~.-b_l:e.rva1:llI __i:.t:urna the b"••ddr••• ("'971. !TIl

N .r•••p.n. , byt•• , frOll 1Il-1 tbru N+7. Conv.ntion.lly,~_

bold. on. byte .nd N. N+2, N+4••+6 ar. p.ir. wbicb ••y bo~

16-bit valu... s.. SITU' for h.lp on .oving v.lu•• to ~~.
Ar.a.



1-14

COl..,
'-1
Vol

C-'.-,,-,
V-'

proc••sor Status Bit

'-IS

Loopin..

carry ••t
les. tbsn ro
~usl to ro
ov.rflo" lIII.t
carry cl•• r
positiv.
not .qu.l ... ro
ov.rflow cl.ar

".st
runction

.nt.r tb. CODE-d.finitlon for LOOP-TEST

fonl.t is:

'EX
• VARIABLE 'I'[el
CCDR I.OOP-'l'''''-

t t LOA,
",TA.,
IEGUI,
~ICl DIC,
• DIC,
,_ \NTIL,

NEXT JJtP,
E/'In-f'Onf

Btelll
<aasembly cod.>
<cc> UNTIL,
<contlnutn~ •••••bly cod.>

is for••d .t •••••bl.r l.v.l by placing th.

ucr\ons to b. r.pe.t.d b.tw••n BEGIN, .nd UlITIL, •
• ~IL, by. condition.l .p.cifhr, ••9., '<. TIl.

l.r g.n.r.t.s tb. proper condition.l br.ncb ..cbin.
uct1on•••IjI., 810, to t ••t tb. proc•••or .t.tu. and to
tlonAl'y brancb b_Gk to tb•••chin. instruction

i&ul'- .ft.r the 8EGUl, •

THIN,
AGAIN,

WILE,
REPEAT,

BEGIli.
UlITIL.

'"ILSI,

Stack before • aft.r ~

TO. -> • b1lj1b • -> •, ,.. I
lie -> C C

D D

• •r r
G 10" TO' G

• biljlb
,

••• COlITROL PLOW

On...jor diff.r.nc. occur.' 11gb-l.v.l flo" 1. ~~ntroll,d

run~ti•• Bool••n v.lu•• on tb. data .tack. Aa•••blf floY i

cont~oll.d inat.ad_by proc.ssor .tatu. bits. You .u.t lndl
vhlch .tatus bit to t •• t witb on. or tWO 'ORTS ennrlltlon c

(ee) word., ju.t before • condition.l br.nching word t.e.,
UlITIL. or WHILE, •

S.condly, witbin • CODE-d.finition, .x.cution flow i.
controll.d by label-l••• bnncbinljl .ccording to -strurtur
prOljlra..ing-. Tbi•••tbod is id.ntical to the for. used I

colon-d.finition.. Branch calculation. ar. don••t ass.Db
ti•• by t ••por.ry .tack valu.. plac.d by the control wordll

PORTI di.card. the u.ual conv.ntion of •••••bl.r l.beli,
In.t.ad, two r.pl.c•••nts ar. us.d. rir.t, .acb rOR"I~j

d.finition n••• i. per.an.ntly includ.d in the ~lctlnnAry.

fbi. allo"s proc.dur•• to b. locat.d .nd .a.cut.d by nA __

any ti•• a. veil a. b. co.pil.d "ithln oth.r ~~flnltlnn,.

I.r. &9.in, th•••••abl.r words .nd with •
tbat cod. i. b.inljl produc.d .nd to cl.arly
tb. bi9b-l.v.l for••



•••cution path"

Th. n•• t ••••pl.

( r.tcb on. byte )

( If D7-1. dacr_nt •
If 07.1, Incr_.nt •Contln_ on )

"Y be cho••n .t •••.-bly In ••1.ll.r
coion-d.flnition.. In thl. c•••• th. branch

.tatu' condition cod.. Th.
• typic.1 condItion cod. word1I

6-17

coda for .aro 'at>

cod. tor .aro cl.ar)

•••••bly cod.)

cod.>

•• ro ••t)

br.nchlng .l.a .llova ••pacltlc .ctlon for tb.

Condlttona E~ecutlon

• of PORT vlll ••l.ct on. of two
f~~ing lIaecutlon .ft.r THE•••

ba.ad on bit D7 of • port I

• ~..pl., th. accY8ul.tor la load.d fro. PORT. Th.
utt.. 1a t ••t.d and, It ••t (2:-1), th. cod. for •• ro •• t
~tIl4. Wh.th.r thll •• ro at.tu. 1••• t or not, .x.cutlon

THEN,

~f .teeution
.....n. In

"lJI'"ba••d on • proc•••or
1 ~t I. (u.ln, I- ••

81" TICX
DIDC .1
DtC1 lWlG
I <IPACI> pr••••d)

LOA UI6
STA "7
DIC '1114
DlC 197
••• un.
.n.. ICIU

the •••••blY cod. I. g.n.r.tad for

VUlT
124 LOOP-'J'EIT
an TASX

0901 Me.
097A VUlT OJ:

11K)
{k)··..24/6

"24 AI 16
1126 IS 97
InlCEUII
112. C6 97
IUD 01 rt
112' 4C U CI

Thl' .hov, you hov
conditIonal loop.

Alao, fInd th••t.rt ("331 of th. n.at dlctlon.ry

R.turn to th. AIM 65/41 MonItor
cod••

HIRI • <RITURN> 1]3

Moh where the verhbol. TIC"I .nd LOOP-TOT
tbe PORTH dictionarYI

'-16

'Ir.t, the t ••por.ry 'torA9' byte .t addr... N Ia lo~d

the v.lu. S. Th. ba9lnnIft9 of the loop Ia ••rk.d (at a~
tl··l by alGnl,. "'~ry.t TICX 1a d.cre'lIntad, t~
loop count.r In • I. d.cr_.ntad. Of cour•• , tb. CPU •
It••t.tu. r-vl.t.r.. • I, deer_.ntad. 'In.lly,. 'f'
Z·l I •••d., If • h••n't r••chad •• ro, .x.cution r.tu~.

alGI., Wh.n. re.ch••••ro (aft.r .~eeuting TICk D~ ,
tI..,) .xecutlon contInu., .h.ad .fter UNTIL.. NOt. L~.t

•IEGI.. g.n.r't•• no .achln. cod•• but I, only .n .....bl
loc.tor •.In this ••_pl., a. UNTIL, 9.ner.tad •••1 i
In.tructlon to addr••• '183', the .ddr••• loc.ted by alG



I-lt

DUNP
20 H
••S
• O'

55 40

116 II ( COUNTS V.rl.bl.)
1l71A ,M••a 'Ield • Start)
IU U .. 55 41 54 20 44 4' 57 CI ( COUMT-DONW M•••)
'22 ,B oo , Link 'laId ••I,B)
124 2' oo , Cod. 'I.ld • '12'l
12' oMl oo LOA ... ,P.r...tar 'I.ld}
121 ID l' oo ST' '11'121 CI 16 oo OIC '11'121 D' FB ... .828 Mext)
131 4C 6' C. J., CI6'

REX ' COUWT-DONM M'A lC
117 IA 43 4' 55 41 54
II' 4' 57 CI B I 2&
.27 • 10 1& I CI l'
12' '8 4C " C' 4 44

0'

• VARIABLE COUNTS
~l ALLOT
CODE COUNT-DOWN
COUlfTS STA,
• I LOA,
COUWTS DEC,

BEGIN,
.- UlfTIL,

MIXT JNP,
DO-COOI

E••cute tb. counter:

COUMT-DONM <RETURN> OK

Th- ••chln. In.tructlona can b. dl••••••bl.d wltb th.

AI~ '5/4. Monitor K co...nd to ch.ck th••••••bly
code ,aqu.nc••

Th~ bra.kdown of t.b...cbln. cod. lal

~r th•••chln. cod. for ....Ih.t.lonl

In thl, .x••pl. w. u•• part of the RAM dlctlon.ry for
th~count.r (COUNTS) • Thl. count.r I. only' bit.,,
how.v~r, '0 .ft.r we cr••t. the l'-blt naaad
rl1r.t1onery loc.tlon COUNTS, w. u.. ALLOT to b.ck
ur oyar tha extra byte .nd r.cov.r It for u•••

All ...~Blt Count.r

Aftr.-blt count..r llluatrate••I.ple conditlon.l
looping.

BEGI",
<cod. alw.y. • ••cut.d>

CS I',
<cod. If c.rry fl.g ,.t>
ILSI,
<cod. if c.rry flag cl•• r>....,

<loop unt.ll •• ro flag I. non-••ro>
.- MOT UNTIL,
<cod. t.h.t contlau•• onward>

6.6.3 Conditional _.ating

&-11

Condit.ion.l. My be n•• t.d, .ccording to tbe conventlnfll 0

.tructur.d prOqra..ing. That i., .ach condition.l

begun (n, BEGUr,) auat be t.rain.t.d ( THD,
before the n••t. •• rli.r condltlon.l I. t.r.lnat.d.
auat pair with the I...diat.ly pr.cedlDg I',.

COOl <n•••>
Brxn.. ,
PORT LOA,

.- I',
TOP I..C,
.- lIWTIL,
DDI',

Th. UM'TIL, will not co.pl.t. tb. pending BEG I",
I...dl.t.ly pr.c••dlng I', I, not co.pl.t.d. An
will occur.t. UWTIL, .nd .rror nuab.r 19 .conditlnnAl.
p.lr.d· will b. g.n.r.t.d. To d.lat. t.h••rron.ou. cod.
tb. dictionary, flrat SMUDGI the word to allow fln~ln9

tb.n 'ORGIT It., .nd corr.ct the 'ourc. cod••nd ~~~o.p{l



About 2 1/2 .In.1

BNE $182'
DEC t'811
8NE $182'
.J"' $Cn,

eounte

1132 D' 'B
"301 CE 11 18
"31 01 "
"39 oIC " C'

Th. br•• tdown of the ••chln. code is;

•••816 .. .. It COUNTS Varl.bl.)
1819 a. N••• ,I.ld Start)
88lA "

., 55 U 5.. 20 U oI' 51 CE COUNT-DOWN •••• )
882.. aa .. Lint ,l.ld - $'8'81
.826 21 .. Cod. fl.1d - $'828)
8828 A9 It LD. '$II '.r••eter 'le1d)
1821. 80 16 .. ... U811i
88211 80 11 .. ST' $1817
1l8'~1 '0 17 .. ST' $1818
UU CE 16 .. D'C $1816
1&36 D' ,. 'MI slin
tlJ' CI 11 .. DIC '1117
lUI D' " INI U'U
IUD CI 11 It DIC '"11

6-21

• VARIABLE COUNTS
1 ALLOT
COOl COUNT-DOWN
I , LDA,
COUNTS STA,
~OONTS 1+ SfA,
COUNTS 2+ STA,

t. BeGIN,
ill BlGIN,

BEGIN,
k.. COUNTS DEC,
~ ,- UNTIL,

COUNTS 1+ DEC,
.- UNTIL,

COUNTS 2+ OEC,
\,.•- UNTIL,
.NeXT J"',
"lXO-<:ODE

tXicute the count.r:

$OUNT-DOWM <RETURN> OK

value of Indantlng th. loop. for visual cl.rlty
"ra obvious h.ra th.n In tha previous a•••ple.

This a•••pl. u.e. • thr.e byte counter .nd .0 on.
so 'byte of dictionary .~te 1•• lloted and three
Aa~ted loop. do th. wort •

( COUNTS vJ IJ
( N••• ,leld S
( COUNT-DOWN II
( Link 'leld •
{ Code 'hid.
( ,. ra••Ur rl

1116 It It
'818 a.
'119 "

., SS U 5" 20 U .., S1 CE
1823 .. ..
182S 27 ..
'821 A9 " LD. tsll
'829 80 16 .. ST> $1816
'82C 80 11 .. ST' $1817
'82' CE 16 .. D'C $1816

6-21

COUNT-DOWN <RETURN> OK

, VARIABLE COUNTS
CODE COU)lT-Q(JWN
I • LDA,
COUNTS STA,
COUNTS 1+ STA,

Bt:CIN,
BEGIN,
COUNTS DEC,
,- UliiTIL,

COUNTS 1+ DEC,
,- UNTIL,

NEXT .J"',
tlID-cOOE

E••cut. the counter

COUNTS h the rtgtrt .-I-u to be'qln wl'th th-*rtlt.
ALLOT Is unn.c•••• ry.

w. tnltt.lt.e two byt•• to •• ro to st.rt wlth~~
We u.. two n•• ted loop. to do the decre••ntl;;J

Th...chin. code 1.1

Th. d.finitlon of the word COUNT-DOWN I•••I.pl'
loop, d.cr...ntiR9 COUWTS until It hit. t.ro the

ju-p to NIXT. 'ir.t, of cour•• , we cl•• r
to Its Initial v.lue by th. LOA, .nd 8TA,

In.t.cuction.. 11Ia Inltt.Udng to •• ro h no prot; a
becau•• right .fter w. cl•• r counts to t.ro we
d.cr...nt It and It baco••• rr. Tbls w.y we loop
tl••s before fln.lly exttlng wh.n w. d.cr...nt to
t.ro.



would u.. PUSK'A

PUSH' w BIHARY .nd PUT 1.1

could ua. PUSH I

Cod. to put 1 on the .t.ck )

Pu.h low byte to ..chin••t.ck
81gh byte to acc~ul.tor )
Pu.h to d.ta .tack )

PUab'th. low byte on to the ..chin••t.ck.
Le.v. the higb byte In the .cc~ul.tor.

J~p to PUSH, BIMARY or PUT

of a r••ult to be pl.c.d on the .t.ck i. :I.ro,
lo~ ~~. 1. In the .ccu.ul.tor, the word. PUSH'A .nd

u. ciOn••nhnt. '!'tI.y work the •••• I' PUSH .nd PUT,
~o, or r.pl.ce, the d.t. on the .t.ck with. s.ro in

gb ~. po.ition .nd the cont.nt. of the .ccuaul.tor In

"'If '!.ytt poaltion •

COlI! <*1
1 • LOA,

''',TYAr
PUSK JJtP,
!ND-CODJ

r.HO) , .
ou. ~l~~~.( .u~ ••d. by the .....blar to d.t',ct
tu,~ lIn~,"!'ynt.x. Th••• t ••t. v.rlfy th,.t

will pl~c. the tWO byt•• at the n.w botto. of th. d.tl
PU,.:' will ov.r-writ. the pr•••nt botto. of the .t.ck

the -two byt... BIHMY' ftr.t popa two .tack valu.. (four
r th...~".. db•• a puab. '.ilura to·'pu.h '.x.ctly on. byte on

chin" IltA~" will diarupt .x.cution upon u.ag.' .

a byte in ...ory. '!'ba
INVERT ia azacut-'!.

Itor. low byte) St
High byte atored frca Y aiq~.

.,
Cod. to put 1 on th••taci,

. ,
Mak. rooa on the data ItIC'

( Code to invert a '._ry byte )
( Chang. I/O b... to HEX) ;;
( Petch byte e44r•••-.! by stA~k

( CO-pl...ot .cc~ul.tor )
( ..plac. 10 ._ry I
I Oi.c.rd point.r froa .tack
( Return to IIIXT I

R..ov. on. l'-bit atack valu••
" .Reaov. two l'~bit .tack valU•••

pgah two byte. to the d.ta at.ck. ~J

Write two byt•• to the data at.ck, wepl
'jthe pr•••nt top of the .tack.

pg.h a uro and the .ccuaulator 'to' th,, ,
atack. "

"plac' tha tOP of the .tack wi~h:.

:I.ro .nd the .cc~ulat'or. '.J

Ca.bin.. the action of POPTWO and

POTU

POSKU

COOE Ollll!
O!X,
DIX,
1 • LDA,
TOP STA,
TOP 1+ STY,
IIEXT JIlP,
EWO-eOOB

BINARY

COOl IHVlRT
.IX
TOP X) LOA,
FP 'lOR,
TOP X) STA,
POP JIlP,
EIiD-eOPl

POP

""'0....
POT

A DeW atack value .ay
plac. It on tbe .tack

Our n'zt az..pla coapl...nt.
-.!dr... i. on the .t.ck wh.n

Wb.n concludint a COO!-deZinition, .ever.l c~n

••ni-pul.tiona ar. oft.n n.-.!-.!. '!'b.a. function••r. ,ll"d
the nucleua, .0 we ••y .b.r. th.ir ua. juat by k~owi51

r.tuln point.. Each of tb.a. worda ulti••t.ly r.turn.
to HU:T

'.7 R!TURH OF CO.TROt



•• All p.r•••t.r. u••d in CODI-d.finition••r. ,._ova
b. Condition.l•• r. properly n••t.d .nd peir.d.

o. Op-cod•••r. vali~.

d. Addr••• .ad•••nd op.r.nd••r••llow.bl. for. tht

op-code••

"ot. th.t • po•• ibl••rror not. d.t.ct.bl. by the ...".ellbler,
r.f.r.ncinv • word in th. wronv voc.bul.ry, ••v •• ref.rri~

,- in the 'pRTH voc.bul.ry r.th.r th.n th. Aa••abl.t
voc.bul.ry.

Dec..ion.lly we ..y w.nt to v.n.r.t. un.tructur.d cod••
th.n control th•••••ably-tl••••curity ch.ck•••• follov.,
'ir.i. w••u.t not. th. para••ter. utilla.d by th. control

.tructur•••t ••••ably-tl... The notation below i. t.ktn l
the •••••bl.r Vlo••• ry in Appendi. D. Th. w w indic.ttl

••••ably-tl.....cutlon .nd ••pat.t•• Input .t.ck valuel f
th. output .t.ck v.lu•••

B£GIll. -, --- .ddrl 1 •
U)lTIL. -, .ddrB 1 <cc> ---IoGAUI, --, .ddrt 1
""'ILl, --, addr! 1 --- .ddr. 1
IlIPIAT. --, .ddu 1 .ddrlf , ---
lr. --, <cc> --- .ddrI ,
ILSI:. -, addrI , --- addrE ,
TRIN. --, addtI , ---

.< addrE , ---
Wh.r. the .ddr••• valua. Indlcat. tb•••chln. loc.tlon of
corr••pondlnv w.wIGI"" -1-'" or -I-LSI, .nd <~e>
r.pr•••nt. th. condition cod. to ••l.ct the proc•••or st.t~,
bit r.f.r.nc.d. Th. dlVlt 1. 2 or 3 I. t •• t.d for C"'onditl

palr1nv·

Th. v.n.ral •• thod of ••curlty control I. to drop off the
dlVit .nd ••nlpulat. the .ddr•••••• t •••••bly-tl... Th,,
••curity aV.ln.t .rror. i. 1•••• but the provr....r I. u.~.

p.yinv intan•••tt.ntlon to d.t.ll durlnV tbl. effort.

1-24

tN~ ASSIKBLY CODE TO A DI'I.INC NORD

ICOOI I. u.ed in a colon-d.finltlon to .top
and to add •••.ably cod. to the d.flnltion. Th•
•• follow.:

(fORTH word.) ar. run .t coapil. tl...nd the

cod.) Is .xecuted .t run-ti.e.

u.ed' l.t.r to define new word•• thi......bly
&ddt.... will be put into th. code .equ.nc. of the n.w

tnus, the n.w wotd. will c.u•• thl••••.ably cod. to be

• 'or .1I_pl.,

VAtUl CREATE S"UDGI C.
i CODl
, X) LOA •
I'USHIA J"',
CNn_criOJ

'I VALUI IIGHTY , th. word IIGHTY i.
vh;~b, wh.n executed with. -dot- to print th••t.ck

IIGHTY

1101:

6-25.'



INTERRUPT H~DLERS

SlCTIOW 7

BANDLIMG IWT£RRUPTS IW PORTI

•lopln~ int.rrupt d.pendent .oftvar. lragardlea. of tha
interrupt' try to t.ka ...U atapa betvean ehec!kout.

ly rleter~lnO whan .y.te. intarrupt••hould be di.abled
1.d, Avoid ualng any interrupt .erviee routine that ha.

first te.ted for logical intagrity.

rpretlve IRQ interrupt h....- .ini.u. length .....bly
brouti~. to •• rviea the int.rrupt and to initi.t.

t p~G51n91 which 1. vrittan in high laval PORTH and
t~ lundar control of the PORTH innar-intarpratar,

The ganaral flowchart for thl••ppro.ch ia ahown In
Although th. r.apon.. to an int.rrupt .ay be

i~ thi. approach, the d.v.lopa.nt and eh.ekout aay be
ea.ler .inea the •• in interrupt proee•• ing i •

ijpt. can eaal1y be h~ndlad iq fORTH uaing one of two

~.ehJna leval or intar~retJva intarrupt proeaaaing.-. .-
n. l~" or conventional,. int.rrupt handlar i. vrittan

ly languaga and perfo~ the entire Interrupt
bafoi~ returning to the interruptad routine. ~I

t ••u.t be •• rvie.d vith,a ~aebine level interrupt
••• abovn in tha flovehart in figure 7-1. "'e IRO

tl can alao be •• rvlead ~ith a .aehine laval intarrupt
, wht ..b 1a tha .athod uaed.,for aU AIM 15/4. peripheral

fit proeefUllng. The ganeNil .fl~~hart for u.sn, thh
nth, AIM 15/4••ie~oeo.putar i ••hown in figure 7-2.

r eell .Rl9vi~a. y!e fa.t.at ,..,pon.a ;0 .n inta,.rupt-;
• nee It i~ vritten·in ••••~ly langu.ge ir ..y t~e

•
4evelo~ and ·ehee_ out.



FI,uce 7-1. M.chlne Level NMI Interrupt aendllng

T-'

OTI
:

-~

PERFORM USER
HIGH PRIORITY
IRQINTERRU"T
PROCESSING

UIROBM
VECTOR

$0228

(_'O~Q')

USfll

HIGH
PRIORITY >'VIE!' _

USER ./
R01........-

7-'

.,."" I NO

UIROAM
VECTOR

NC

1F6A7 ~/O AOM COL"D"O"E"SE"TCL__-,

r- --, P'EfIlFORMU$ER

DlSf'LAY LOW PRIORITY
"IRQ EAROR" IRO INTERRUf'T

• I 'ROCUSING

J L...,_-.Jc.:c;v) If 10aoTI
VECTOR

~R COLD RESET

~

If"'"
YES SYSTEM

IR01.........-.....

fiaurf 7-2. Mechlne Level lao Interrupt Handling

USfO

P'EAFOAM USER
NMI 'RQCfSSING
AFTfR 110 ROM

C__--.",:,~)
$027

UNMIBM

...J

....,
I

I/O ROM COLO RESET ?"""'=......r-- .
I

,...!"~20__ i __
I P'ERFORM
I RESET

L_~~OC"':S$~N:,



$1221 IUNMIBI'I),nz, (UNMI8RI
UZ:l8 (OIR081'1)
$lno (UlROAI'I)

interrupt vector. noraally available to the uaer

Ii' 00..
b-Itnee the AIM 65/41 .y.t.. i. interrupt
~driven, ear. muet alw.y. be taken with

unte.ted ueer interrupt routine. to
~.void hanging up the .y.t... ~i. hang

,up condition i. alway. recoverable with
',~ cold r •••t.

I/O ROM Proc••• lng)
aaturn to Monitor)

(Befo~~ I/O ROM Proce•• ing)
I/O ROM Proc••• ing)

HINt LEVEL INtERRUPT HANDLING

••chinf level interrupt handler in a....bly language
,-aCOOF._""f,n,j-,nu ,.e. Section 6.1) or a. a cod.

If "Written ae a .COol-d.finition, a.119n a n_e to
rrupt·bandI.r and later addre•• it by that na•• to load
Hupl,vector. If written a. a code fra9Jl.nt. include
bly~ode directly ~nto tbe dictionary. but fir.t .ave

trng 14lfd'~•• for 'later 10a41"n'g into the int.rrupt
Th~·codE frag.ent (alao called an orphan) eli_inate.

bt -n\'-~rhead of the "dictionary h.adel'. In ei ther c.....
ta LtIle<.l:htterrupt handler wi'th an ' RTI, to r.turn to the
ta~ :progr.. rather than NEXT JMP. which return.

to t.be inner-interpret.r. Before continuing you may
evA~w'the AIM 65/41 interrupt linkage and handling

i~ "h'ct"ion 6.3 and 6.4 of the AIM 65/41 Sy.t_ U.er'.
nd the:~65'Z interr~pt proce•• ing feature. di.cu••ed In
t Of the R65U Progr_ing Manual.

AT FORTH WORD
__INTERPRETATION

SET INTERRUPT REQUES
INHIBIT {BIT 6-11
IN INTFLAG

PERFORM
INTERRUPT PROCESSING

RESTOREIP
RESET INTERRUPT REOU
(BIT 7-01 AND
RESET INTERRUPT REOU
INHIBIT (BIT 6-01
IN INTFLAG

INTVECT

.TO

7-.
'{gure 1-3. Interpretive

CONTINUE

LOAD ADDRESS OF THEJ
INTERRUPT SERVICE
SU'ROUTINE INTO
UIRQ&M 1102271 OR
UUIQAM 1102211

LOAD ADDRESS OF THE
INTERRUI"T PROCESSING
WORD INTO INTVECT

~---.J

SET INTERJllun REQUEST
IN INTFLAG 'liT 7-11

AT PROGRAM INITIALIZATION
OR COMPILE TIME

- - - - -I"fIlOGRAM DESIGN CONSIDERATION

AT INTEJIIRUPTOCCURRANCE



DlSAau: •

ENABLE •

7..'.

the IRQ interrup~" r.quir.d with

the IRQ int.rrupt •• required with

Dis.bl./En.bl. Nord.

.. u•• r IRQ INABLI word ••

.r'b.lp with control of IRQ i~t.rrupt •••cution you
ob.bl' w.nt to d.fin. two .hort Cool_d.finition word. to

.n4 4~S'ble onlx th.'u•• r IRQ int.rrupt•• o.fin. the

di ••bl. word ••

bandl.r i. not n...d, the starting addr••'

i ••,v.d on the .tack by the word HERI

• r~lng i. co.pl.te, th.n it i ••tor.d In the
at_ lnt.rrupt v.ctor. ~otic. th.t in both the .bov.

~terrupt v.ctor v•• lo.d.d .ft.r the int.rrupt

va_ •••••bl.d. Tbi •••thod .llow••n IRQ or KMI
pt or.curring i...di.t.ly .ft.r the int.rrupt v.ctor 1.

I"ll' the IRQ lnt.rrupt is .n.bled) to be proc••••d

cr l ticsl .pplic.tion. (.uch a. writing d.t. to a

diRk!, t 1. aoaet ... n.c•••• ry to driiti~ll IRO
rupu ••c.pt for the u•• r int.rrupt. Thi. type of •••king

Uy p,""r!orllled u.ing the IRQ Int.rrupt Priority M••1r

T~f PRIR!Y •••k i. a vrit.-only r.gi.t.r that ••at.

int.rrupts b.low the ••t l.v.l {.e. S.ction 2.7.2 In

6S/.f Iy.t•• U•• r'. ".nu.l). Sinc' the priority l.vel
f1~"r"h\.. with. DIP h••d.r, th••• ti.....crltic.l IRQ

Includ. • ••••bl.r
Loc.t. diction.ry

7-'

( s.t interrupt v.ctorl

l.v.l int.rrupt handler

JIlIP, (COMTINUE .u.t .nd with .n
( Store diction.ry ~~dress

int.rrupt v.ctor)

BlX
COOl <n_.>
<•••••bly cod.>
<for int.rrupt>
<b.ndler)
RTI, or CONTINUI JIlIP,
IND-eODI
'<n•••) .22X I

'EX
ASSEM8LER
HERE
<•••••bl.r cod.)
<tor int.rrupt)
<h.ndling)
ATI, or CONTINUE
.22X I

wh.r. X • 7, 9, a or D

Th. fora for ••achin.

cod. frag••nt i"

Tb. fora for an int.rrupt handl.r vritt.n a•• CODE~rl.fJ

Th. word (-tict-) f.tcb•• the par•••t.r
of the word <n...) to the .t.ck .nd .22X I

.ppropri.t. v.ctor. Th. prA obtain.d i. tha .t.rt ~~~r.

the ' ••cut.bl...chin. cod••

The us. of .ith.r the RTI, or the CONTINUE JIlIP, will ~.

the lnt.rupt v.ctor u••d. ror the NIlII or IRQ interrupt
v.ctor••tter I/O ROM proc••• lng (UNIlIIBR or UIROAllI), el

RTI, or COMTINUI JIlIP, (wher. CONTI~UE is the .ddr..~ Itt
the int.rrupt v.ctor by • cold r ••• tl ..y be u"d. for

or or IRQ lnt.rr~pt v.ctor. betor. I/O ROM Processl~9 (
01' UIRQBM), the COMTINUI JMP, should be u••d (wh.re COllI

the .ddr... l.tt in the int.rrupt v.ctor by • cold reletl

Don't forget the CND-CODE •• it co.pl.t•• the ~ODE-d.f

.nd ••t •• <n•••) .v.il.bl. for u.e to lo.d the Jnt_rrupt
l.r .ddr••• in the int.rrupt vector.



Don't Car.

x

•

PROCEDURE

bit 1, In .rpratlva Int.rrupt
Raque.t

1 • Req eat.d
• • Not Requ••t.d

bit,'. Int.~pr.tlv. Int.rrupt
Inhibit

1 • Inbiblted
•• Wot Inbibit.d

7-'

Bit tlo.

Interru t Processln.;. Nord

Ir.e IRQ Interrupt proc••• ing proc.dur. ua••• high
rORn 'l:01'01l-ctefI1l1"t.'ton-wo-rd. ,"d tIi. ei:MSrn"i"lCJ Nar..e

of tilts Interrupt handler word Into the PORTH interrupt
INTV£CT •• two-byte u.er varlebl. located at S"AS and

N~~Q that upon 'ORTH initial entry, or upon •••cuting
~o ~ COLD, th18 vector 18 Inltlalhed to $D245, which

~ORT proc.a.ing.

int.rrupt ••rvlc. aubroutlna using tha
S.ction 1.2 to 10a4 tha AlII 65/4'

ijpt v ..~tOtS (and to di ••bl./anabl. tha IRO intarruptl.
utlftl ,n..da only to sat bit 1 In tha PORTH interrupt

IWT!~r, (.t "'A1) to on. and raturn to the intarrupt.d
The for..t of the I~'LAG vari.ble word I.

pl~~ a conv.ntional Int.rrupt handlar. writt.n aa a
ra~nt. la ahown In Pigur. J-l for th. 24-Bour Clock

• P,,''';lrA'll da.crlbed in Appendl. J.

7-'

( DISABLE ALL IRQ SOURCES EXCEPT USERS I
HEX 61 USER UPRIRTY I IMAGE or PRIRTYI
II UPRIRTY CI I COLO RESET VALUEI
pr,. CONSTANT PRIRTY
pr CONSTANT USER~SK ( MASk BILOW USER)

( DISABLI ALL IRQ EXCEPT USIR)
I DISABLE ( MASk OUT ALL IRQ ABOVE USER)
USERMASk PRIRTY CI (MASk BELOW USER) I

( ENABLE ALL IRQ INCLUDING USER)
I ENABLE ( RISTORE ALL IRQ ABOVE USER)
UPRIRTY C' PRIRTY CI ( RESTORE MASk) I

.ourc•• can ~ giv.n the high••t priority.
that i ••qual or high.r in priority of the u•• r IRO ~r
thi. PRIRTY ...k i. not .tfactiv••nd ••parata .nabla ~d

di_.bl. worda abould be cr.at.d for ••ch. Tha fn1lovln9
cod...ata out all IRO _ourc._ ••c.pt for the M'5 8 ....

CAUTION

sine. the AlII 65/41 perlph.ule .u IJtd 1

Int.rrupt drlv.n, DISABLE <cod.> !WAlLE

.hould alway. be p.ir.d a. clo••ly a•. ; r
poaaiSl.. n .nctlv. debUIJgln9 of _I

cod. b.twe.n DISABLI and ENABL!~}
be perfor••d. ~ ,.,

'!'h. ua.r varlabl. UPRIRTY 18 an i.ag. of the PRIRTY .....gil

Any .pplicatlon cod. th.t 8Odlfi.~ PRIRTY fro. th. cold
value 1$") au.t alao chang. UPRIRTY to r.flect this v

The conat.nt USERMASk I_ the bit ~t~.zn tha~ ..aka.~t
source. below the hlgh.at priority. Th. DISABLa void d1s

".~
all IRQ aourc•• a.capt for tha u.ar Intarrupt. rlr.t~ In
-Int.rrupt. above the IRO priority .l.vel au dhabh.A,fllO

t~l•••••pl.l. th.n the .a.k for Int.rrupt. b.low the ltv
.tor.d into the priority l.tch. Th. ENABLE
IRQ .ourc•• to the pr.viou••tat., with the In
Uk.n a. the priority .a.k 1.v.1..:



Wh.n rORTH i ••••cuting it. inn.r-int.rpr.t.r. i.•.• - NnT

....in.' the int.rrupt requ•• t .nd inhibit. bit. of 'rr
Wh.n the int.rrupt inhibit (bit 6) of I.TrLAG ie C­

int.rrupt requ•• t (bit 71 ie ignored.nd .IXT
rORTH word. Wh.n the interrupt inhibit ie opr.
r.qua.t (bit 71 of I.TrLAG Ie t ••ted. If the
requ.et Ie opr. than NEXT •••cut•• tha n•• t rORTH wn'd.
the Int.rrupt requ•• t i. ON. than NIXT p••••• e~ ..,.l1t.ion

the word whoe. CrA i. In IN'l'VICT, i. •. , the iot..""..tj,v

int.rrupt ••rvlc. word, and .at. the Inhibit bit.

Th. Int.rpr.tIY. Int.rrupt word now proc••••• th.

required without int.rruptlon (inblblt bit Ie •• t).
Int.rpr.tlv. Int.rrupt word ha. flni.bed, It .Q.t reaet
Inhibit bit to ••ro. r•• tor. the Interrupted word to tha

int.rpr.tlv.'polnt.r ••nd ju.p to NIXT
Int.rrupted •••cution. R..eaber to k••p the hly In
cnd••••hort and .I.pl. a' po•• lbl.. ror pl., If. yo.
re.dlng d.t. v.lu•••t .peclflc tl•••• r.ad th nd put
.w.y in •••y, a rORTH varhbl. u.ing a .all interrupt co.
for ju.t that purpo.e. "-anwhll•• a bigh l.v.l POITa r
.... in•• that varla~l. for n.w data .nd proc••••• it ~h.

• ppe.r.. rORTH I. fa.t .nougb for .ucb of the work to
in hlgb l.v.l which- will .peed progr.. d.v.lo,..nt tl •••

If rORTH I. not fa.t anough for aa.. pur po••••• pnwerful
niqu. Is to Hut d.v.lop the progua logic In high lIvll
and t.at the logic .t reduced ape.d. Wh.n It work. cort.c
cnd. In assembly language only tho•• rORTH worda th.t .t.
required to bring the speed performance to the desired 1.
By thl. techniqu•• progr_ developaent tt'•• i ..........ced to
alni.,..
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Int.rpr.tlv. int.rrupt headlar ie .hown in
only two .bort CODI-d.finitlon word. ar. d.flned;

1 t the requa.t bit in INTPLAG wh.n an IRQ int.rrupt
• to VIA Ti••r I ti••out, a04 on. to cl•• r the inhibit

wh.n the int.rpr.tiv. Int.rrupt word ca.pl.t••

..~ to the 2.-Hour Clock to u.e Interpr.tiv. interrupt.
Iplar-Ing the cod. int.rrupt h.ndllng rout In. with a

linlt:on or cod. fra~nt ••rvlc. word. writing th.
Itiv~ int.rrupt ara and trigg.r word. aDd th.n the rORTH

Ptocessin~ word. Th. conv.ntlonal int.rrupt handllr
to RTI. i. r.pl.ced with two ...ll.r cod.

Re a cod. fr.g••nt .nd the oth.r the AR" word that
of the rORTH'lnt.rrupt proc••• ing word.

tra9ment I. tb. in~rru~t_ a.rvlc••ubroutin. th.t i.
it~.•ach IRQ int.rrupt. It e.t. the Int.rrupt

bit '~n IItTf'LAG .nd cl.ara the VIA'. IRQ requ••t bit
UI~ the Int.rrupt. Thl. cod. fr.~nt ••rv•••a a

.~la of all th.t I. n.c••••ry to do at the cod•
QC a wlda varl.ty of high l.v.l rORTH Int.rrupt worda.

t ~n~d A~ turn. opr the int.rpretive Interrupt
bl,' (bit 6) of INTPLAQ, t ••tOt•• the rORTH

t~""! point.r Jnto th. interrupted PORTH word and th.n
EO~~H'~ Inn.r-int.rpr.t.r NEXT to contlnu.

o 1... could be wrltt.n in high l.vel POR"H using
.Rd word. but it au.t not be Interf.red with by a
Interru?t. Thl. interf.r.nce cannot occur If the

It:'a., ~on. vlthln a COOI-d.Unltion.

H In'~rpCetlVQ Int.rrupt word for the 24-Hour Clock i.
o h... PORTH word. +IL la u.ed oft.n by ~+. The.e
~priso the entlr. interpretive Int.rrupt ••rvlce

T. doe. ju.t vhat the CODI-d.flnitlon Interrupt
dick, i.e., Incr_.nt the hUndredth'a of • a.cond byte

..~ It r.ach•• III, lncr...nt the .ecoad•••Inut•• ,
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:d and .ee If thlt
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IKOOO.OOlOtt ARM

the lRO or »HI eode fra~ent

the ARK word to reara the interrupt, etc.
the ••A8LI and OISABLI word. for 110 (If using

no) .

r6 Uk.

• that NKI and IRQ do not contend for the
interrupt __ th.re i. no .tacklng and they

fot t.he interpretive
works.

Tn. x register content••ust be .aved if X Is used
during the interrupt proce•• lng. but not In XIAV. or
.n~ of the other regulsr rORTH -registers-. ror
....ple. UI. tbl Return St.ck inltaad, .ueh as TXA,

."'

Inti to R...-ber

Oil caution when u.lng Intlrpretive ioterrupt. -- think
th••equlnce througb before lettog. If it doe. not
optrllt. correctly. perhaps you ere oVlr~tttD9

that rORTH oeeds. Try u.lng • do·nothiog

~ nat .lter .ny of rORTH'. flo.ting buffer. (at HIli

PAD) or aoy of tb. Dill variable. I BASI, DPL.

tl , ete.) or leave anything on the .taek betwe.n

Int.rrnptlo

1 colon-deflnitlon l.vel r01TH word I. al.o required to
ru~ at Interrupt request. The la.t word e.ecuted by
tbU word Ie AIM. ebove.

fiR' and code all required word. before loadiog
I'Tvt~T , or reque.ting .n loterpretive Interrupt. Yh•

requ'r~ COO. word. are (... t •• t for acr. detail)

Obtain the prA of T+)
Change It to the CrA)
Switch to the PORTH a••_bler voea
Obtain the addr••• of INTVICT)
Store the CPA of 'T+' in INTVCCT I
Return to the PORTH only vaellbuhryl

, T+
CPA
ASnKBLER
IHVECT
I
rORTH

In order for the Interpretive interrupt. to work, the end.

field addre•• (CrA) of the Interpretive Interrupt word SUit

loaded Into INTVECT T\lle Ie accoepllehed In thle ~>'AIlP

the fo11owin9t

Th. CODE-d.flnition vord ~ stops ••ecutlon of T+.
vord swltche. PORTH froe the coapllln9 .tata to thl

Intlrpr.tlng stat••0 that thl word SMIDGE will ba eue\l
which _kes the n... of T+ avaUebl. In the PORTH th ... tl

Mote that If the AIM 6S I. e••cutlng _chin. Code for aI'l

apprec:1able ..aunt of tl•• and not fraquently e.eeuUft9 "
the PORTH Interrupt routine will not be e.eeuted and lntlr
requests .ay pile up or ba lost (depending on the Intltrup
service .ubroutlne). This ean happen when u.ing thl rrl~u

waitln9 for a key.

which follow. the d.flnltion of f+.

The proper cholc. of ••chine level or JAt.lrpreUVe (or haUl
int.rrupt servic. routlnel can .akl a vlry fle.ibll 4ppr~

control .ituatlons or undlr.tandlng co.putlr Interrupti:

etc. The utility word +IL incre.ents a certain byte ~y t

tiven ..ount and checks it .,.inst the given II_it. If t

11.lt I. e.ceeded. it .eros the byte and returns a true val
.0 that the ne.t byte can be incre.ented. The arau.entl
• tack for +IL are:
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PROGRAMMIMG TIl R5522 IN FORTH

r 7 ill the AIM '5/4' Sy.t•• U••r'. /l&linual ••phin. bow t.
the R'S22 Ver••til. Intert.c. Adapter (VIA) in R'SI'

y l.n9ua08. PORTS c.n be u.e4 to prOljlr.. tb. VIA in a
••nnPI u.i09 It. bul1t~ln e••_bler, howv.r, In _.t

btgh-Jevel PORTH can be u.e4. Thi•••ction repeat. ao.
eSlSpl., d••crlbed In th. AIM 5S/4. Sy.t•• U••r'. Nanua

ovra., tb•• In PORTH r.tber than •••••bl.r, e.cept for.
t.ne'llIl vb.r••••••bl.r i. pr.ferre4.

bnlques .hown In thi••ection c.n .e.ily b. appll.d to
65" -perlpheul d8'1:ice••uch a.

52' hrlphenl Int.rhc. Ad.pt.r (PIA)
551~....yncbronou. Co..unlc.tlon. Int.rt.c. Ad.pt.r (ACIA

45 rllT COntroU.r (CRTe)

A ORGAalIZATION ....D REGISTERS

'II', th" R6S22 h orq.nlseo! •••hown in Piqur. 1-1 witb
burl ~CUPYinq 16 Mdr li.ted in ,Tabl. I-I.
, ••,. ',hnvo corr••pond to th. u••r R'S22 on th. AIM

"""'n1". To .~arh.• , th. VIA opent•• a. d.t.r.lned
ont,nt. of four control regi.t.r ••

Dlf. Dir.ction Regi.t.r A (DDRA) dat.r.ina. whathar
th. pin. on Port A .ra input. or output••

Dlt~ Dir.ction Regl.t.r 8 (DDRI) dat.raina. wh.thar
t • pin. on Port B ara Input. or output••

1-1



Read T2C-L
Clear T2 Interrupt Flag
Read T2C-H

Read T1 L·L
Read T1L·H

No flflect on handshake

Write T1L·H & TlC·H
T1L·L - T1C·L
Clear T1 Interrupt Flag
WriteT1L·L
Write T1L·H
Clear T11nterrupt Flag
Write T2L·L

WriteT2C·H
T2L·L - T2C·L
Clear T21nterrupt Flag

Shill Register (SR)
Auxiliary Control Register (ACR)
Peripheral Control Register (PCR)
Interrupt Flag RegisterjlFR)
Interrupt Enable Register (IER)
Port A Output Data Register(ORAj

Table B-1. R6522 Memory ~sslgnments

T1

8-)

T1
T1

T2

Port B Output Data Register(ORB)
Port A Output Data Register (ORA) Conlrols handshake
Port B Data Direction Register (DDRB)} 0 = Input
Port A Data Direction Register (DORA) 1 = Output

Timer A/W '"' L R/W = H
T1 WriteTlL·L ReadT1C·L

Clear T1 Interrupt Flag
Read T1C·H

T2

Function

MrVIA), B(Syslem VIA), qKeyboard VIA)

""",..
'"

"""'.,
~,

0.[.0,.
'''''''j

s."" .,•,.,

' .....f "'C.
I""

~".,c~

" ..,

00.0[' "0''''''

""',. "'c,.....

"'0'"..,

'''''''To',"c....,oo,

n.". ,
"M,' ,

L"C..... "

,., ,..,.' ...

....."[...
[OC"

c",,""'" c,"",n.
"",., I"""

r~~:',.~ i ,~~:~~---_._-.-------
"""",," i """"" •
"lC~' , ",''''

Figure B-1. R6522 VIA Block Diagram
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',1' In a bit in the d.t. dIrection r.ght.r ••t ••

corr••pondlng pIn .n output.

a-R'S22 ADDRESSES)

'"FFAG CONSTANT UDRB
FF"l CONSTANT UDRAH
FFA2 CONSTANT UDDRB
FF"J CONSTANT UDDRA

JFA4 CONSTANT UTIL
"'AS COIlSTANT UTICH
rPA6 CONSTANT UTlLL
PrA7 CONSTANT UTILH

A~'" In • bit In the d.t. dlr.ction r.gi.t.r ..k••
the corn.pondlng pin .n input.

fll! .x••pl., a '1' In bit 6 of d.t. dlr.ctlon r.glst.r,
E Slk•• pin PS6 into .n output.

rllr .xaMpl., a 'I' in bit 4 of d.ta dir.ction r.gl.t.r

.ak•• pin PAC Into .n input.

tran"terrinSl d.ta, r••••b.r th.t the R6512 .Icro-
or h~':i no .paclflc I/O instruction.. Storing d.t. In a
t tlJat h.. bao.n d•• lgn.t.d for output I••qulv.l.nt to
th~ date to the attach.d output d.vle.. Loadlnq d.t.

VII. _S!!J_r~ that ha. b••n ~••Iqnat~d10r 1tl~t I~

nt to nldlng the data fro. the .ttech.d input d.vlce,
in"tructlon th.t .ct. on •••ory c.n ••rv. .a .n 1/0

ti~r if the sp.cifi.d .ddr.ss I. actu.lly .n I/O d.vic.
t be clnful of the .xact .Ignlflcanc. of .uch in.truc­

r••dlng, and dOCUMenting R6582 progr....

lit f~llr .xa.pl•• c.n ba don. in .l.o.t .x.ctly the ••••
'ORT~ •• th.y ar. don. in •••••bl.r -- th.y ar.

ttd here ••• brldg. b.tw••n •••••bl.r t.chnlqu•••nd
'lrst, the •••••bl.r l.b.l .quival.nce•• r•••ul.t.d
• FORTH con.tanta:

In. by storing
)n regiatera;:

by MOving It to or frOM th. d.tl

dlr.ctlon. of the
In tha d.t. dirac

Th.' ,rlph.ral C' '0' R.giat (PCR) d.t.rmlnu
pohl ty of tran, 10n (l ••• , 'ialng .dg. or fall!
edg.] 1. r.cogni on the h It .t.tu. Un.. feu
CSl) ,nO ho.w the hot • tatul in•• (CA2 ,,"d CIIZ)

op.rl ,.0

Eateblhh tha
prop.r v.lu••

Tr.n.far data
raglst.r••

'0

.-.

The Auxiliary Control R.qiater {ACRJ deteI"I"lnes
wh.th.I" the d.ta port••r. l.tch.d and how thp tl

and .hlft r.gl.t.r oper.t•••

Not. that there i•• data dlr.ctlon r.gI.t.r

only on. pelr of control relil.t.r.. Port. A .nd Bar. ala
id.ntlc.l. One Iaport.nt diff.nnc. I. that Port B "'an hA

D.rllngton tran.lstors which ar. u••d to drlv. sole~ni~s

ti,l.ys. WS will q.n.rally u•• Port ~ for Input and Pnrt 8
output In our .x••pl•••

1.2 SIMPLE I/O WITH THE VIA

8.2.1 conslder.tlona

Sinc. RESET cl•• r••11 th. VIA r.ql.t.r., di ••bling all
int.rrupt••nd cl•• ring .11 control lin•• , w. c.n discus~

sI.pl. 1/0 r.f.rring only to the d.tl r.ght.rs and th da

dlr.ctIon ragl.tar.. So .I.pl. 1/0 c.n b. p.rfor.ad ..ItII
R6522 VIA •• followal

-Mot. 'ttiat _.t-progra••-only h-a••- t-o ••acu~;;-;-onl'tal

tha directionality of _.t Input and output d.vlcaa Is find
(I.a., you ~av.r v.nt to r.ad data fro•• dl.play
vrlt. data to ••wltch or papar t.pa r.ad.r).



Th••• worda ar.
.r••nd ext.nd
control. The.e

b---. S.t Data Dir.ction)

D --. Output D.ta 0 Port

1-7

, EXl ( --b. Set Output ... Input Data)•APORT DIRECTION APORT UI'UT I

I !X2 ( b----. S.t Output ".. Output
Dat.)

" SPORT DIR!CTIOM BPORT OUTPUT

APeA7 ".. BPORT .r. d.Un.d In .uch •
CA. b••dd.d to • fix.d v.lu. to

I OUTPUT
rrAI + Ct

t, DIRECTIOII
"A2 + Ct ,

HEX
• CONSTANT BPORT
1 CONSTANT APORT

I 1)I'UT .- b. G.t DIIt. fr_ Port)
rrAI + C'

• ~.or I I/O port d.t. dir.ction .ddr...... N.xt,
INPU~, OUTPUT .nd DIRICTION .r. d.fined to

• ~~~r,ct port or dir.ction r.gl.t.r .nd th.n f.tch
dat. "or ator. dir.ction infor•• tlon. In this .ann.r,
b.v. ,d.fin.d conv.nient word. th.t talk to or control,
of t~e AIM 65/4. SBC .odul. Ua.r VIA.
t of PORTH juat.a VLIST or DUM'
'OR~H in the dlr.ctlon of perlpher.l

;
no~ ,1,1." In a natur.l w.y n t e n.v vera on 0•
• nd .In, the e..llpl.. to follov.

~ples ar. all perf.ctly fin. rORTH word••nd will
tb.y do not t.k••dv.nt.g. of PORTH'. unique .bi1iti••

.nd~ to illu.tr.t. the point, th.y .r. don. ov.r now
.r rORTij .tyl.. Not. that with the proper choic. of

••nc ord.r, th••xa.pl•• ar. sora r.adabl. and n.arly
bgllat. what th.y actually do. Aho, alnc. proper PORTH

ua.. the par•••t.r at.ck for t ••porary
It b'r. aa the co...nt. Indic.t••

s.t DDR A to Input.1
r.tch Input dati .n4

s.t DDR I to outputs
r.tch data and nl1tpu

oa • .1.ap1.
r • k.ypad)

I OUTDATA
rr UDDRI CI
41 ct UDRI CI

HE,
I INDATA
• UDDRA CI
UDRAH C, 4. Cl I

•• ,.tch d.

of .witcl
loc.tlon

rrA8 CONSTANT UT2L
rrAg CONSTANT UT2H
rrAA CONSTANT USR
rru CONSTANT UACR
rrAC CONSTANT UPCR
rrAD CONSTANT UIrR
rrAE CONSTANT UlEa
rrAr CONSTANT UDRA

1-'

b. S.nd d.t. to a ai.ple output port ('.1.,
dl.pl.y. or r.l.y.) fro••e.ory loc.tion 4e~

You can alx Input. and outputa on ••Ingl. port by

the direction. of indlvldu.l pin••ppropri.t.ly.
can r••d the at.t.a of d.t. pin••v.n If they h.v. been
n.t.d •• output.. Port I .Id. 1. buff.r.d '0 th.t It c•
• lwaya be r••d corr.ctlYI how.v.r, Port A .id. la not bu
ao that it can only b. r••d correctly If It i. liohtly 1
(or daalgnat.d •• Input.).

Th.n th••xa.pl•••r. don••• PORTH colon-d.flnltion.,
d'flnltiona will do .x.ctly wh.t tb••••••bl.r cod. do••
the •••••xa.pl.. .ot. th.t w••r. in au tJI. whole t1

~l.o, .inc•. PORTH u••• P'g. x.ro for It. p.r•••t.r ,t.ck
not. v.ry good id•• to put thinga in th'r' indiacr1aln
Aft.r pr•••nting th... .x••pl.. in .xactly the •••• fora
•••••bl.r th.y ar. don••g.in In • w.y th.t ~nmpl.t.ly •
.ny conflict wltb tb. nlRTa-at.ck_.r_•• ..- )lot••l.iIO_that
co_.nta h.v. be.n included be.ld. the PORTH word. lar •

und.rat.ndlng. In .ctu.l coding, you .hould includ. the
co...nt••long vith tJI. cod.. R...aber th.t rn•••nt~ do

take up .ny .pac. in the coapil.d PORTH obj.ct cod••



RICOC.IIIMG STATUS SIG.ALS

W.it tor strobe occurlnca)
r.tch d.t. .nd atorl in ...oryl

s.t DDR A to (nputsl
S.t CAl rllg on tilling .dg.)

Wait tor atrobe occuranc.)
retch dete Ind output itl

( S.t DDR a to outputa)
( S.t cal rllg on taIling .dg.)

: EXt
rr UDDRI CI

• UPCR CI
IIGI.
UttR C. 11 AND
I1NTlL
tlCtUDRBCI;

: EXl
• UDORA Cl
• UPCR CI
IIGUI
UIPR C, 2 AMO
U.TIL
UORAH C, CI CI

I·'

the ••cond v.raion at IX] Ind EX4 the word
?STRORe hi. bean defin.d to w.it in a BEGIN

loop until. giv.n bit In the IrR reglatar

ON. To help provide re.dlbl. cod. thl .p.cill
wor1 'I'R wla d.tinld to tetch the IrR r.gi.ter tro.
t· .tlck to be AtlOed with. copy of the giv.n •••k
~yt~. Th. word loopa until the r.ault ot the AND

thet .ending th, d.ta to the Output Olt. _ltetiater
ClUfS the interrupt ~la9 ao th.t it 11 .van.ble for
th~ nnt PERIPHIRAL So' ~ADY 119n.1.

d.ta to In output port with an activ. blgh-to-Iow
PERIPHERAL RIADY atrob.. G.t the dlta tro••••ory
10clI""" $4. Ind s.nd it wh.n the periph.rll i. ra.dy.

'~tr.h dltl troa In input port with In Ictiv. high-to­
READY strobe Ind pl.c. the dltl in a.~ry

n"ltion $4••

C)·."inq the 'a-ri"ptfeTe"l-CO"rfUol---'I,ITt--.r i. unn.c.a­

'Ir~ it the routine ia at.rtin, tro•• r ••lt. Not.
thlll nading tha input D.t. R.giatlr cl.ara the

lnterrupt nlg ao that it ia Iv.U.bll tor the naxt

D~"" RIADY algnll.

I-I

It tl.g by rladin9 or
I reghtlr. Th. nag
n.xt operation.

wh.th.r a tran.ition hla occurrf4 by

bit 1 (CAll or -4 [CIlI ot the r"r~rru

The bit w11l won., It I tr,,",ltiOll

R••• t the
corr.apondl
to b. u••d

O.t.rain. which .d,. on tha statua lin. will ~
r.co,nl,.d by asai9ning I valul to control rtql

bit. (CAl) or 4 (CBl). A value ot ••ro in th.
poaltion ..ana thlt the Int.rrupt fl.g will
• bi9b-to~10w tr.naition (or t.lling edt.l.
ot on••e.na th.t the Interrupt n.g will be lit

low-to-hlgh transition lor rialng .dg.).

Detlr.lna
•••• ining
reglatlr.
occurr.d.

b.

c.

d.

e. Att.ch the p.riph.r.l .tatus input CAlor rAt.

You cln blndl. this kind ot I/O vith the RI522 Ve"~lItll.

Intlrtac. Adaptlr aa tollows,

It the I/O d.vic. ia ~rl co.pl•• , VI ..y not b. Ible to
tranat.r dltl to or tro. it It viII. In the input C~.I.

proc••sor .ust know wh.n nlv dlta ia aVlillbl. (I.'., I

b4.n pr••••d on I k.ybolrd or a tlpe r.ad.r hiS r.ld .~

cblrlct.r). In thl output ca.l, the procls.or .uat ~"OV

vbathar tb. divici ia rlldy to riclivi data (I.g .. I pr
hla tinish.d printing thl ll.t chlrlctlr or I ~da. ~.,

co.platad tb. pr.vioua trln..ia.ion).

Mor.llly, tb. input or output d.vic. provid•• a autus ,I

A tranaition on that lin. indiclt.a the .v.il.billty of

tb. r ••din.as of tb. d.vic.. Th••icroco.putlr I/O sect
.uat r.co,ni•• tb. tr.naition .nd .llow tb. proc.ssor to
dat.rain. thlt it h.a occurr.d.
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OUTPUT STROUS

of I/O
d&Dtllr I' follo_.

ICI21 into a pul.e by cl.arln9 control
ra91at-r bit 2 (6) or Into I level by aettln9 that

AttAct lbl control output to CA2 or C82.

ICB2) Into In output by •• ttln9 control
u\lt.hr bit) (7).

If CA2 (CB2 l. a l.v.l, datarslne It. value by

Ittin9 bit 1 (5).

b~ .ettlng lit • IPort A) or lit 1 (Port I) of the
Il>:Uiary Control Reghter. The Input dau w11l the

b. latchld by the activ. tran.itlon on CAlor CII.

If CA2 (C82) I. a pul.e, .ate it Into I handshate
.1~1 Ilow fro. the tl.e tbe Output Reglater I. read
o written until the next active trlnlltlon on CAl
(CBll • by clearln9 control re91.ter bit I (5) or into
•• ln9'~-cycle .trobe by l.ttln9 that bit.

-tal .ay al.o requlr, Infor.atlon Ibout when I
43 occur rId or whether the port I. ready to receive

or exaapl,. device••uch I. dI9Ital-to-Inalog convlr­
nly requlrl a LOAD pul.e to enter data Into the

r. A .ultlplexad display require. an output sl9nd
acts tha next output properly. A co.-unlcatlone dlvlce
••19n&1 to Indlcata that an Input bu.ffer I. IVlllable

1ft olltgut butf.r I. full. Output .19nal. aay al.o be
turn device. QI or 0", activate operator di.play.,

01 OD.r~tlng aoda••

then exita ~nd dt
With :slI11U.. r

word IPCR 1.

tha PeR for

CAl 'alll",)
CAl InterruDt.?}

ell 'aU I",)
C81 Int..rr"pt~'

'etch In)

Walt for Strnh"
Walt: n9)
Tha link)
Pick Itt)
It III on)
latrll ....11:)

lnput Ind output lite
I. enabled, outpnt ell

I In output diU "91
Ire needed, can h~ til

CAl Rhln9)
CAl InUrrupt?)

III aodlflcatlona of
to .etup for varlou.

8 are
IOCR

' ..I'

the VIA ha.
: latcha. are
lin It 11 .to
latche., If

IPCR ,rAC CI 1

I 'IPR 'rAD C'

I ?STROBE ( •• ---.)
8!CIN
DUP
It'R AND
UNTIL
DROP 1

EXl
• APORT DIRECTION
• IPCR2 ?STROBE
APORT INPUT I

• EXlII
" .PORT DIRECTION
• IPeR11 ?STROn
BPORT OUTPUT ,

I EX5
• APORT DIRECTION
I IPCR
2 ?STROn
APORT INPUT 1

o~ration i. trua (non-Iaro) and
tha extra copy of the .aak byte.

~tivatlon for clear coding. the
defined to .tore a givan byte In
up the de.irad event.

Exa.ple. 5 througb
and EXlII Ind uae
protocol••

'etch data fro. an Input port with an active
high DATA READY .trobe Ind plac. the data on
atact.

Not. tl
The OUI

latche.

The Inl



CAl Pa111nql
CAl Interrupt?)

bits '-7 , sInce CBl and CB2 are '" ""
b" 3 ,. make CA2 an output

bl' , , ,. make 0>' • pulse

bl' 1 , ,. lI/1ke CA2 • handshake
acknowledqelllent that rellalns low
until the next active transItion .,0>,

bl, , -, to Ilake ". active transItion .,
CAl a f<JIltng edqe (hlgh-to-low
transitionl

&xe
I APORT DIRECTION
A !PCR
2 ?STR08E
APORT INPUT

bit 6 • 9 to make C82 a pulse

bit 7 • 1 to make CB2 an output

: EX9
9 APORT DIRECTION
9i1 IPCR ( C8l RIsinq)
IiI ?STR08E
APORT OUTPUT

The Peripherll Control Register bIts ar,

retch data froll an Input device that requires a brief

for .ultiplekinq or control
Place the data on the st.ck.

Bere bit 1 of the Peripheral Control Reqister Is set
to 1 to Illke CA2 a brief strobe lIsting one cycle

efter the reading of Port A Input Dlta Reqlster.

The Peripheral Control Reqister bits are:

to an output device that requires I
signal and that produces an active

low-to-hiqh PERIPHERAL READY strobe. The data is
.Isumed to be on the stack and Is sent when the

is ready.

CAl Fallin<,1l
CAl Interrupt?)

EX>
o APORT DIRECTION
8 I PCR
2 ?STROBE
APORT INPUT

b. CA2 goes low when the processor

from Output RegIster A and goes high Ifter on.

cycle. This sign/ll indicates thlt an input 01"

operltlon hIS occurred Ind can be used for aul
Ing.

8-12 A_I'

I. CII2 goes low when the processor transfers dIU!

frolll Output Register 11, and goes high when the

actIve transItIon occurs on CII1. The slgnll c

indicate thlt the port is ready for more data

output data is available. The peripherll's r.
then indicates that it has sent more dlte or
processed the previous data.

c. CA2 is a level controlled by the value of eont

register bIt 1. This sign"l can provide .n ae
high or low pulse of arbitrary length. It

to 10ld registers, turn devices ON or OPP,
operltlng modes.

a. Petch dlta from In input devIce th.t requIres

handshlke sIgnal and that produces an active

high-to-low DATA READY strobe. Place
stack.

8.4.2 Options

The options are:

Let us now look at some examples:

8.4.3 !xallplu



: EXl.
rr BpORT DIRECTION
AI IpCR I CB2 pul..)
apORT OUTPUT

Hare bit 5 of the Periphanl Control Raghur 11 ..

to 1 to ••ke CB2 • brief atrobe l.ating one cycl&
after tbe writing of Port 8 Output Data Regiater.

Sat CB2 HllIb)
Sat CII rla9 on Rising
Id9··)
Rudy?)

'rurn otf)

1-15

: EX12
rr BpORT DIRECTION
r. IpCR

11 1STROBI'
BpORT OUTPUT
D' IPCR I

ALL-OUT apORT DIRECTION

Send data to an output davlee that .ust be turned ON
betore the data 1•••nt and turned orr aftar the data
1•••nt Ce logic 1 on a control lin. turn. the davie.
ON). The perlpheral produc•• an active low-to-hlgh
Pt.R1PH£RAL READY atrobe. The data 1••••UIlad to b. on

stack and 1•••nt when the peripheral 1. ready •

'ORTH version. of lXl. ,EXII and lX12. we uae the
ly deUned DIRECTION • I PCR , INPUT , OUTPUT and
wordS to our advantlge. Theae extenaions to AIM 65

k~ coding .alt types of VIA I/O worda very convenient.
al Ixa.plea a further reflne.ent of na.lng I conatant •

nd rr ALL-OUT would reault in the very readlble

applications, auch aa portable equi~ent. the output

fU la only turned ON when d.ta la to be aent to it. In
app11r.atlons, the proceaaor .uat iaaue .n OUTPUT REQUEST

Iv. In acknowledge.ent before aending the data.

Reaet)
Set Start)
Reaet)

: EXIl
• APORT DIRECTION
C IPCR
E IpCR
C I pCR
2 1STROBI
APORT INPUT

bit 5 •• to .ak. CB2 • handshaka ~~knnwl~dge.
that r ••• ln. IOIil until the na.t ,,,,UV
transJtion on ell

bit 4 • 1 to .ak. the act Iv. tnndtion on Cal
rh,lng ed9. (la_to-high transitionl

bit. '-3 •• ainca CAl and CA2 ar. not u••d1
Sand data to an output davie. that raqulr•• a brId

OUTPUT or DATA RIADY atrob. for aultlpl•• lng or
control purpo.... The data h •••UIlad to b. on the
ahck.

1-14

'etch dlt. fro••n input davice that require. In
active-high START pulae. The device produces In
active hlgh-to-Iow DATA READY atrobe. PI Ice the da

on the ataCk.

Rere bit 2 of the Peripheral Control Regiater I,
to I to .ake CA2 a level with the velue glvan by bl~

of the Peripheral Control Reglatar. Thla ~a can
uaed to produce pulaea of Iny length and p"L"dtYI 1
i. ceUed the .anuII output .ode becau•• the" 1& no
auta.atlc pula. Infor.ltlon.

In • typicil application, .n analog-to-dI9Ital
conver~er or data acqulaltion ayet•• uaually
START CONVERSION pul.e to begin operationa.

•

_.



I-II

•• Inabl. CAl lnt..rrupt., di ••bl. all oth.r••

'-17
.1522 Interrupt In.ble Regi.t.r (IIR)

78543210

ITTTTTlTl

~
~ILJ~,~ CA2'n'"""p, Enob'.-~ CAl Interrupt Enable

r
SR Int.,-rupt Enable
C82lnt.,-ruptE~.
CB1 Int.rrupt Enable
T2 Int.rrupt Enabl.
11 Int.rrupt Enable
IER setiClur Control

INTERRUPT ENABLE REGISTER (IER), LOC.IFFXE

UPT ENAILE IITS (IERo-el
= 0 Olsablelnlerrupl

Enlblelnterrupt
/CLEAR CONTAOl/lEA7i

= 0 For each data bus bit Ht to logiC 1, clelr corresponding lEA bit
= 1 For each dall bus bUHt 10 logic 1, sel correspondIng lEA bit.

IER7 I, ICtlV. ani.,. when RIW = L; when A/W =H, IER7 will reid
6ogil: 1.

I Put Byte'
I In lilt)

I IlIR
"AI CI ,

Zeroe. in bit. po.itlon. alw.y. l ••ve t.he
they _reo

Th. fir.t operation cl••r. all the interrupt en•
••c.pt CAl. Th•••cond op.ration ••t. the rll
int.rr~pt enable.

If 11.7 - I, ••ch 'I' in a bit po.ition
bit .nd thu., en.ble. t.h.t int.rrupt.

I IX13
7D II" 12 Ilia ,

If I1R7 • I, each' l' In • bit poaition
bit .nd thu., di ••bl•• th.t int.rrupt.

Por ••a.ple. of how to .et up the·VIA'. Int.rrupt Enabl.
R.g1at.r, the word IIIR i. defined to .ake thing...s s1
•• po••ibl.. Th. word t.ke. an .rgua.nt fro. the ~t .. ,,~

lite the previous ••••pl••• I••n I-bit p.tt.rn to atnr.

Int.rrupt Inable R.gl.t.r.

1.5 VIA IMTIRRUPTS

'.5.2 I.a.ple.

'.5.1 Con.iderationa

You c:an •••Uy u.e t.h. RI522 V.r.atU. Int.rfac:. Adapt... r 1
int.rrupt-driven -od.. Pigur. 1-2 abow. the Int.rrupt

lII~i.t.r 111111). Any of the various int.rrupt .ourc:•• "In

.nabled by ..ttlng the c:orre.ponding .nable bit. lot. ttli

.c.t .ignific:ant bit control. how th. oth.r .nabl. bit••,

.ff.ct.dl



CA2 Interrupt Flag
CA' Interrupt Flag
SR Interrupt Flag
CB21nterrupt Flag
CB11nterrupt Flag
T21nterrupt Flag
T1 Interrupt Flag
IRQ Has Occurred

Clur.cllly
Reading or writing the ORA
Reading or writing the ORA
Reading orwrltlng the SR
ReadIng or writing the ORB
Reading or writing the ORB
Reading T2Cl or writing T2CH
Reading T1CL or writing T1l·H
Cle.rlng IFRO-IFR6 or
IERO-IER8

Set lIy
Active transition on CA2
Active transition on CA1
Completion of eight shifts
Active transition on CB2
Actlvelransltlon on CBl
Tlm.-out of TImer 2
Tlm.-out of Timer 1
Any IFR bit set with Its
COfTespondlng IER bit
&110 Nt

'l<;l~r" 8-3. R5522 Int.rrupt Pleg R.ghter urR)

INTERRUPT FLAG REGISTER (IFR), LOC. 'FFXD
76543210

ITIIIIII:":

~

,ANY INTERRUPTS ON THIS VIA?
INO, LOOK AT NEXT POSSIILE SOURCe
,IS INTERRUPT PROM TI
,YES, GO SERVICE Tl INTERRUPT
,IS INTERRUPT PRON T2?

,YES, GO SERVICI T2 INTERRUPT
,IS INTERRUPT PROM CII?
,YES, GO SERVICE CII INTERRUPT

1-18 8-19

EXU
18 IIIR ,

c. Dheble CAl interrupt, le.ve others e. they 'oIue

I !XU
57 IIIR 98 IIIR ,

Note that we could dl••ble .11 Interrupte in the
sup.

were.
d. Di.able CII and CI2 interrupt., leave others 4e

: IXl5
I IIER ,

LOA UIPR
IPL NXT
ASL A

IMI TIMl
ASL •

IMI TIM2
ASL A
IMI CII

A typIcal poll1ng ..qu.nc. In reguler R6512 •••••bly 141\9
would bel

The proce.sor c.n deter_lne whIch Interrupt ha. occ~rr'4

eU_inlng the Interrupt rleg Reghter (r19ure 8-3). Note
ex•• inln9 bit 7 deter~lnes If .ny Interrupt. h.ve ocrurrl
the VIA. Note elso, the condItion. for cle.ring the I~t.r

flegs.



( Fro. VIA)

cal Int.rrupt on1)

'011 for VIA Int.rrupt.)

I Any Int.rrupt. on1)
-( Tl-lftt.nupt-on7·)

8-21

, true or f,l •• v.lu. d.pendlng on th. ,tat. of
Ira. Th.n, dlr.et fora of the polling ••qu.ne•

THEN
THEN

TH!N
DROf

TIIF~

: 70W
OV£il .....D

POLL-VIA
?lRO IY

IIPR 41 70N_'L-
<Tl Int.rrupt.>
<•• rvie. FORTH>

- <cod.>
ILSI 21 70M
n

<T2 Int..rrupt>
<..rvlc. PORTH>
<cod.>

ELII II 10N
n

<cal Interrupti
<•• rvle. PORTH>

I <cod.>

t

I ?IRQ
!IFR II AND I

PORTH e••&abl.r cod. viII do •••etly vb.t. t.h. r ..uler
but Iv.n polling of Int.rrupt. e.n b. don. on , high

in fORTH. U.ing the vord 'In d.flned for IX] to
til contents of the Interrupt. Fl,g R.gi.t.r w. th.n

cal Int.rrupt on7)
T•• )

Tl Int.rrupt on7)
Yn)

"B,"0 VIA Int.rrupts}

ELSI,
.A Ail.,

1< IF,
<cal Int.rrupt>
<••rvle•••••ably>
<eod.>

ELSI.
(Et.e.)

THEM,
THEN.

THEN,
THEN.

8-21

BEX
rrAD LDA,
1< ..OT IF.

<••••ably eod.>
<to look for n••t>
<soure. of posslbl.>
<int.rrupt>

ILII.
•A ASL,

1< IF.
<Tl Interrupt>
<s.rvie••••••bly>
<cod.>

ILSE,
.A ASL,

1< IF,
<T2 Int.rrupt)
<•• rvle••••••bly>
<cod.>

Th• •••• freg••nt of ••••abl.r cod., .hown ebov.; i. ~od

belov u.lng the PORT••••••bl.r. Mot. th.t thi. eod. is

.truetur.d end ther.fore do•• not r.qulr. lebel••



BBCTIOII ,

HotES OM STILE A.O PROGRAH OEVILOPHIMT

progr...ing 1&"9U&9•• PORTH ia not p.rticutarly
h ttl aOlleone who h not f_Uhc vith it. Becau•• PORTH

ue ~~on9 progt...ing languag•• avan ••~ri.nced

.r~ have difficUlty at firat __ PORTH t. unlite thair

p.rle~~e. Aftar r.~tn9 this ••nual roaTH should b.
ndabl& and 8011. practice in coding viiI sharpen the

key to ••• i1y r.a4.bl~ lORYH coda 11•• I.D 1091cal
D9 fit tal' word. and In choosing approprhta n_a for

PORT~ cod. should r ••d in an at_oat natural &ngliah way

bi9her laval k.L~~d. i Ltb.... pr.ac,tfc•• a.t. fol.lo..s.•

eaas vrtting a word a•• colleetton of lower laval
it .ctuily n_. the functions pectoraed by thh word.

"e 'laval word. to turn ar••ada up of other atill
*ord. which .ora preci••ly dafina the ta.k

.h~~ by the word. 'inally, you will arrive at a l.v.l
s tlloatly ,r.gular rORTH worlh an4- h the .Olt

tv lev.l, not parHeular1y obvioul to anyone but the
i..-pt, and th.n only Vb.n codiog the word and for a

.r~,nec••lary to und.rltanding the operation of wor~a.

"perfectly cl••r to you today will not be n.xt aonth
the~ aqually qualified progr....r at any ti•••

111 alap1"t-...!!at!!!!otl ud'!9 tbe appropriate roaTH word
jlc.Qtt) wh.r. you ean. Be a bit aor. d.tailed than

Geeessary wh.n you writ. th.., line. th.y will b. a
Ob.c~[a latar if you don 't. Ho_var, c_.nt. Ira not
• til h. novie. or non-proqr....r. TOO .ueh v.rbaga

tha 'pr09r.. flow in a ••• of t.xt. Co ntary
tlnJ that aUlt lpe•• to the non-pr09r r ahould b•

• 1••:h~r~ in a eo-pan ion docua.nt.

'-1



t.2 EXAMPLE PROGRAM

e. ProhL.. Definition

tor centa/gallon

'-3

I__ )k

apg. 1 .' <i.liP) tor cents/gallon

.... -....,......-

.u•• • (M1-_,)k " . hat oda.atar r ••dln,

" eurrant odo••ter
ra.ainq

• • correction tactor

therefore c

... . (M1--.lkp •• pr;lce
0 0 _cunt

Bul: -Ptic• ...J. __ ai_thar io_ caota-pe~9~J.00_or canta par

liter, and .inca you are probably intere.ted in miles
per gallon you will have to aoltiply any cents per

Hr.,,>:: pricea by 3.785 to correct to cents per gallon.

Scdlng

To be efficient when doing aore than onega••ileage

check, the current ado-eter reading .hould be .aved aa

mp for the nest caleulation.

T~ eorrectly acale the calculation for integer

computation, you .uat firet decide the precision i.

desired .in the anawer. If you want apg to a tenth of
I .lle per gallon, distance in aile., price to a tenth

of a cent .nd .aount. in cent., then

0'

HO"''''''lI ••u •• ta not the 04~.t.r r~.dinq. it h th,

~ll"c traveled, and the od~.t.r will raquila a
~nTrp~~lnQ factor, 80

'-2

• aU"(price>
_ount

aUe. traveled
galions u.ia

aUe.
_ount
price

...

....
00

Por be.t accuracy you should accumulate mil~aq.

ga,oline uaed ovar .everal fill_upa. Thi. ~ve{

your error in filling the tank "nn-unifotmly a

by recording the da~a carefully you can

accurate picture of your ga. aileage.

Start with the detinition

which i. tine it you record _ll.age and o~l'on.

you aren't particular about accuracy.
auto-obila., an error of a tenth ot a

an error ot '.5 _pg in the re.ult.

CO".nts given at the start of a PORTH word should

ai_pl. atat...nt about what the word tak•• fro~ and
the atack.

To illustrate the atyle and co~ent forma described ~bov

at the ••ny axampl•• el ••what_ in this Illanual .nd you ...U

the top-down approach in u•• , and r•••onab1e ~nmment8 tb

ba Inclooed on a fll colUiln pIlntel:. Thia aection taklll

a•••pla ai_pIa prcbl.. of figuring the .il••• car tray
gallon of fua1 trOll data kept in a co_on ... "tomobile a
book.



.-,

*••0*
-(oJ

(51
AIM 6S! ~ORTK VI ••

lOOWCI < TURM> IM-H
00..
O.

(I)
101"1' PROM-2.11 TO-JPPP IN-<RETURN>

t HPG PROGRAM )

t CONST , VARIASLIS
III CONSTANT II:

• VARIABLE OLD

."PC I MPC * 1. • DISPLAY MPC )
'->0 <•• ( 1 DIG.
., HOLD ( OIC. PT.
ts .> I PUIISH IT)
Cl "PI •- "PC -
CR .- DOME-
rUlIs

Enter the progr.. aource cod. into the AIM 6S!•• Text
.nd cOlpil. fra. there. If .ny .rror occur'
text entry, it will be e••y to correct the
cod. and reca.pil.. ~tic. that blank lin••

(.n~qr <SPACI> followed by <RETORM» .id in .ourc.
nad.bility.

~'.~I witb tbe word ."PG and u.e tbe nor.al rolTH

output fora.tting word. e.cept include a deci.al point
in tba output te.t .tring with the pbra.e 46 HOLD
an<t·a.ballhh the reault with the .ndi"9 -MPC-

It i. Got nee•••• ry but. convenience to uae two
...ory ator"e locationa in tbia calculation, on.
cnn•••nt for k and a yariable where _ can .tor. th.

current odoaet.r reading (IL) to uae •• the hat
od~etet reading (I,) for tbe ne.t c.lcuL.tion •

aOT

the 'top' l.vel .tructur.,
level worda TROE-MILIS ~

aOT
aOT

7MP"I'

...•

Given the data on the atack a. de.cribed
oda.ater correction and price adjuatNent
tbe principle word looka (without any ro~ent'l

tbh:

If tbe data are recorded ill a data book a. ~;1•• ,

price, and ..ount, it ia cOllvallient to ellter t
written, therefore tbe atack would look lite tbi

wbere the aOT worda brIng the at.ck valuea up
oper.ted on by the fairly obvioua correctioll and
adjuataent worda. The *! ca.putea tbe f;n.1

operation

and tbe word .MPC printa the an.war out in • n
f_o_~t with. de.claal poio.t wbere _ e.pact It.

and they would all be 16-bit nu.bera.

Wow th.t _ h.ve

define the lo_r
.nd .MPG

It _ ellter p witbout tbtt deei.al, _ vet p ti •

aut~tically and the reault will coae out ill Lt'
• ile per Vallon a. deaired.



7he te.t of .HPG put. a t.w nu.ber. on the stat_
betor. the te.t nu.ber 456 and then e••cute
alon9 vlth .1 to .ee that the .tack cont.nt. lI,v

not been alter~.

1 Z 3 45' .HPG •S
45.6 HPG,
2
1 .,

With ."PC working corr.ctly, detln.
which u... ./ a•••ca1lng oper.tor.

(d.rlv~ for each odoaeter and .et ot tlr•• sep.l
ly) I••ultlp1led by the .11•• tr.vel~ ( M
.nd then divided by 1... 7he deci.lon point

C.-T.7GlL~-'1~1~~eprice tor a ,a110n or
fl ••• and .ho.1d be correct for a Vblle yet.
adju.c.ent for liter prlc•• I.

I.cape .nd re-enter the Text Iditor.
.nd re.d In th. re.t of the progr...

the .ourc. code entry, .xlt the Text Idltor, enta

65/4' rOITH and coapila. You can quickly enr~r

cOllpll. the progr_ I f you do not code the coaa

but don't forg.t tha tar.inatlng ; tor aach word.

'-6

(IIC)
(I'C)
(.)
I ttPG PROGRAM
-tal
1'111111
-(01/1
CI •• 00'11·
-(I) IM·(alTORH)

I 'IOI-MItIS I ODOMITI: ADJUST MILIAGI
OLD f I OLD fI
ovn OLD I ('11M.)
- ( MILU)
I ( COIIIC'l'IOIf )
111 ./ I ADJUST)

: CINTS/GAL ( paICI COIIVII' paICI )
DOP ( 1'01 COKPAII)
1••• ( ( 1 ( fl.")
II' I CBfts/tanaJ-

3115 111 ./
THill I

I 1MPC ( ODD PltICI AMT .• DIIPU.Y "PC
ROT ( GIT ODOHITBI)
TIOI-MILIS
ROT ( GB'I' PRICI)
canS/GAL
ROT ( GaT AMooIIT)
./ I ·COKPIlTB MPC)
."PC ( • PIIlIT)
(UTORlI)
CI •• 00111·

·{oJ
(,)

AIM 65/4' I'ORTH V1.4
SOIlRCI (IBTU.II) III.'"
00".,

II any arror. occur during cOllpl1.tlon, check the
lInnrr:e code for entry error.. co.pUe e.ch vord
lepar"t.. ly, if needed, to verify proper coding by
brllc'W_t.inl_••.ch vo.r.d b.e.f.o.r.e tblt wor.d (before tbe :
11I1l nCI the Monl tor C c~and to .ove the top at the
"•• r Buffer, and after the word (after the, 1 vlth
rUBS

'-7



h. and

COtt'UTI HPCI

.-.

OLD 1 HS1 01:

119. OLD I 01:
3457 11'.' 8.41 1HPC

17.9 HIG OX

-(0)

IS}
AI" 65/tl POlTK V1.t

SOURCE <RITURM> IM-H
1H,G NO'l' VIlIIQUE
DONI
0'

<I.C>
IIICI

'0'( "PC PROGRA"
-(a)
rHIIS
-.(U)/l
CI •• OOME-
-(I. HI- <U'!'UIUI')
: 1MPC I '00 CI.TS $ -­
010' , V.OSID WO.)
SWAP ( OTKII OMI)
DROP ( IT TOO)
1HPG ( un IT OVER)
I
<liTO"'>
Cl •• OONZ·

Check to be .ure OLD va. updated.

lin", t ••t it witb .il•• , cent. and a t
(In)l "~'iiI.

.-.

'inally, it yOIl want to put the dad••l point. La

input nu.bara, r ....b.r that AIM 65/•• rOatH
interpret. this a•• 32-bit nlabat. '0, for avu

nlabar with. decl••1 point in it, you will ~.v.

16-bit "labara on the ataek.

3198 OLD I Ok
3457 11" •• 1 '"PC
31.9 "PO 011;
3"5 11" 1138 '"PC
H.I "PC Olt
3119 11" 116) ?"PC
21.1 "PC Olt
••17 1339 1151 ?NPG
2'1.3 "PO Olt
42.. 1329 ", '"PC
25.' MPC Olt
OLD 7 42.. Olt

You can redelina word 1KPG which _111 tat. &u
nu.bera and r••rrang. ttl.. to b. accaptable to

01:191n81 '"PC thl. U •• the input 1& ill "bo
_11•• , cant. and • tenth and dollar.,

The 32-blt nu.bere 90 on tbe .tack witb
ei9nificant part on top. Since none of

ere ..en clo.e to oein9 tbe .oet significsnt 1'_
part, .i.ply drop tb.. off tbe etack at tbe «ppr

priat. place and uae tb. old version of 1HPG

!be t •• tlDg of 7MPG involv•• entatift9 .o.e )~O

value. into it and ob••rving tb. r.ault••
forget to •• t the OLO value for tbe 04_tal: uN'

firat, a. shown belovo Tban antar t ••t

at.aell: for the currant odoaetar raa41no;1. tbe pdce
the .il•• tr.v.l~.

•



SECTION 1.

APPLICATION PROGRAM rOR PROM INSTALLATION

often d•• ir.d to In.t.ll an appllcstlon proqrs. wrltt.n
~ Into on. or -are PROM/ROM devlc.. for I...dlst.

tic." upon .Icroco.put.r po".r turn-on, I •••• without
tlnq antry Into 'ORTH undar operator control fro. the

or co.pllatlon of tha application PORTH .ourc. cod••
lactlon da.crlbe. a •• thod to dev.lop • 4K-byt.

Cltltln proqu. wrlttan In PORTH high lav.l lcoda-
tlonsl and/or low lav.l l•••••bly l.ngu.g. CODE-
ti<'ll'l$} ualng beIItch COllpUstJon, how to loc.t. It for
Ion fro.-.S-th-n-RAJror PR-CliVJiOlll on the AIJI 15/".

to In.t.ll ••t'rt-up drlv.r progr•• for

drlv.r. ar. Illu.tr.t.d. E.ch driver

65/4. PORTH ROM. be In.t.ll.d. on.
o~r4tes with both the I/O .nd JIonltor/!ditor ROM.

let and tst., advant'g. of the u•• r t.y dacodlng provld.d
~"ltor Ilnk.g.. Th••econd .x••pl. drlv.r ope rat••

n1~ t~a I/O ROM In.t.lled. 80th of tha•• drlv.r. provld.
cold and w.ra .tart Inltl.lls.tlon •• well a. coaaon

Hut10n path.. A third drlv.r oper.t•• with n.lth.r the
nor Nonltor/Edltor ROM. In,t.llad. Thl. l.'t conflgur­
bId be approprlata only for .n appllc.tlon progra.

llc th. tot.l Inltl.llzatlon, ra,at and I/O proce.,lng.

I. Illu.trated for ana of the driver••

a••lly aodlfl.d. to acco"od.t. lsrger
, by changing addre.' boundar I•• of the T.xt Buff.r In

(aource cod'l, and/or the o~jaet cod••nd by co.pliing
,ator.g•• If n.c•••• ry. Sinc. co.pll.d 'ORTH obj.ct

• very co.pact•• fairly l.rq. applic.tlon pr09ra. c.n b
ad til 4K byt•• of object cod••

11-1



KERE • D.
UrtRsT f • D. ULIMIT • • D. CR

C'!lilngl tb. addu•• of tb. diction.ry pointer (in u•• r

'IiIrhhle Dr ) to point to th. fir.t addr••• of the
PRQM./lUlIoI ar.a (now RAIl):

to,
".

u want to vlrif changing of

during coaplla on:

4•• typical value)
$SA, $105 - do auto.tlrt}

1'-)

ULUUT I

UP1RST , and

nA' DUP UPIRST

IIX "" DP

AU;O-START IIYTtS)
4. C,
nC,ASC,

this point, th••tart up driv.r tor thl Ippllcation

f to r •• id. in the PROM/ROM I. r.ady to be Intlr.d __

tlrtin~ at $"". Tbl. can bl Intered ualng the 'ORTH
.'Dhler aa deacribed below In .tep. , and ., or u.lng

• AI" 65/41 As••abler a. de.crlbed in S.ctlon 11.2. If

to be progra~ using the AIM 65/41

the Ent.r Mn• .cnlc Inatructlon function In

• AI~ 65/4' Monitor (••• Section 4.5.1 In the AIM 65/4'
Ua.r'a ManuII), stlp to atep 9.

I/O ROM la Inatill.d, Includ. conatant. to Identify

• PROM/RO~ (at '8"'1 and to c.u•• auto-atart proc••alng
It $Be~l1 and $81.21 -- ••• Siction '.2.2 AIM 65/41 Syat..

that th••• la.t two .t.pa ..y, alternatively, be don.

in illl int.r.ctiv. "nn.r In PORTH prior to c_pU.tion,
bovev,r, includin9 th•• with the lOurc. code .ave. re-
IOt-.. r1ng the .t.p. during d.veloPilent.

Cbilnqe th. fir.t and lI.t .ddr••••• of the dati buff.r

1lI,'" variable. UPIRST and ULIMIT ) to vdu•• equil
gre~t@r than, $10. lbov. the ll.t Iddr••• of the

H/Rn~ ar•• , to aUow co.pU.tionl

CAUTIC*

Thi. proc.dur. cb.ng•• the dictionary linkage

variabl•• froa d.f.ult AIM 65/4' PORTH value.
to applic.tion d.pend.nt vllu... correct

diction.ry linklge i. vital to the proper
operation of PORTH, thus the procedure to
chang. it au.t b. c.r.fully follovad. Should

the diction.ry linkag. b. i.properly Ilt.r.d,

• cold r ••et .Iy b. n.c•••• ry to r.cov.r
proper operation.

1'-2

IE)
toIT PROM-I'" TO-)'P' IN-<RETURH)

( TEXT 'ILE~OR PROM-'ORTH PROCEDURE)
PORGET TASk CR

• SP' Pa91 •
nil ,UP '-9- 1
$21. $7" Sy.t•••nd PORTH Varhblla
$81. $8110 TASIl: du_y m'

$UII ",,, Applic. o. Sour, • Cod.
$8111 $B.n Appllc. 00 Obj., t Cod.
$810 '8rr, Applici 00 Objl' t codl

1. Verify that IWI 1. in.tlll.d Ind .ellcted froa •

2. If th••ourc. cod. i. to be co.pil.d fro.

to .t.p 1•• Othlrwi•• , ent.r th. Editor. Sel.ct!Kl

.ntry fro. thl k.ybolrd (illultrat.dl or fro. sass I

-]~ 'lOw Crlate tbl tlxt fl~. thlt will be coapllad.

forg.t TASIl: to allow .ubslqulnt linkagl froa

the la.t applic.tion wordl

The 9.neral procedure i. illu.trated for the Ixa~ll ~'~.I

de.cribed in S.ction 1'.2.1. Th....cry ..p for tbi...

11.1 CENERAL PROCEDURE



of

.nd/or COOl

rlfy r ••toratlon
valu•• during

of th. d.t. buff.r

.TION PORTH PROGR-'"
:T WORD 1- CR I
:T WORD 2- CR ,

the addr••• of u•• r variable DP back to th. Inlti.
allow TASK to be r.d.fln.d in low ••aory. I ••••

!VJlPLE APPI
WtllX CR
ND2X CR .-

the application .ourc. cod. ~lo

TASK ,

CR HER!: • D.
UrIRST , • 0 ULI"IT" D.

•••• DUP UFIRST I ULIMIT

1'-'

• Wtl2X NPA OUP" D•• 1•• U/
IIIP CI 811A CI

... DP I

Initlons'

.....

~.fln. TASK at $8.1:

1 the na•• flald addra•• (MPA) of th. la.t appllc.tlon

rc (r.f.rred to a. LSB and MS8) Into the TASK LPA
lP.ld. Nota that th. LSD and MS8 ( La •• $IliA and 8lJ1P

Jr thl. a...pl.) d.p.nd upon the drlv.r •••••bly languaga

de (a_ Stap B).

In~lud. th. followln9, If you
UrIRST • and ULIMIT.

Ch""'lO the flr.t .nd la.t .ddr•••••
ck ·to-th..-I'nl,t'I·..l-vaiu••• -------

TASX LSI)
IP LSI)

STORI
STORI

STORt TASK MSB)
STORE IP MS8)
IMIT PARAfIlfTER STACI)
TO PORTH COLD START Do'!
RITURM TO PORTH VOCAIiU

DRIVER POR AIM 65/4' PORTH)
( ASSIMBLY VOCABULARY).
( IN IT PORTH)
( IMIT PORTH)
( IMIT TASK LrA)

-LSB -

{ START-UP
ASSEMBLER
0293 J8R,
0201 JSR,
••• LOA.
DP , 1- • D.
8.5 STA,t, STA.
II • LOA.
DP , 1- • D.
816 STA.
A' STA.
n • LDX,
C.6P JMP.
PORTH

Not. that tho C'6P JMP. can be r.plac.d with a
to 1...dlat.Iy b.gln .ppllc.tlon .x.cutlon.

11-4

If tho drlv.r la to be aerg.d lat.r, roo. au.t

the drlvar cod. ah.ad of lb. a llcatlon
ct onary pointer (1n the u•• r variable DP) II

th.r.fora chang.d to wh.re the application code v11+

('B'" In thla exbpl.). Word. to varlfy th. lIa1U,

co.pllatlon .ay al.o b. InclUded.

)lot. th.t a valu. oth.r than $5A, ••9., 77 In thIs e
h u••d until th. pr09re. h fully d.bu99.d. ot.h.~"l

RISIT .ay cau•• laproptlr AIM 65/4. and/or PORTI Optrl

8'4' DP J I START OP APPLICATIOM WORDS
CR HlR! • D.

t. Includ. th••tartup drivar •••••bly cod.. Th.

cod., in PORTH a••eably for.at, i.pl•••nt. th.

d••crlb.d in S.ction 1'.2.2. T1'lla driv.r .nt.n tb,

co_and .od. i •••diat.ly upon coapl.tion of ilIuto-,u

proc••atng (I •••• without returnl"9 to the I/O Ilfloll).

value to load Into the TASK MFA fl.ld I. l.ft

aft.r the application word. ar. caapi led I•••

t. It the atart-up drlv.r I. cod.d In PORTH, th.

application word. will be locat.d I ...dlat.ly
.nd of th. drlv.r ..chin. cod.. In thl. ca•• , ~klp

.tap 11.



17. Return to the Monitor and entar PORTII

11-1

<RESET>
AIM 15/4' PORTH VI.4

rlt~ o~r.tlon aftar • cold r •••t, althar at the 'ORT

"An~ or run-ti •• laval

.n~~ the value of $8••1 to SSA to anabla driver aut
,tHt proc••• tnll (a•• St.p 711

NDlX <RnURil'>
TlST WORD 1
O.
VD2X <RETURN)
'!1ST WORD 2
O.

IJU./ItPI" START-UP DRIVERS

1M).'" ~. 77 AS 2. 9) 02 2. 01 ,[
(JII ••• 4. SA <RETURN)

S.ve the object cod_ at $••••- ••", on .... ator'/j', ualn9
tho Monitor 0 co-.nd, for pr.~r.t.ion of a PROfl/ROl'l.

S, ... p the .ourc. cod. in t.he T'Kt. Buff.r on .....t.oraq.,

u.lnq the Idit.or L co..and, for fut.ur. upd.t.•••

• J'-l .how•• co.pilation and t •• t of the 'K••pl. protra.

J~ thl. proc.dure. Th. li.tlng include. the .ppllcation

,... sour... " cod., the cOllpilstion, co_and of the t ••t

I, .~ • cold r •••t, follow.d by .uto•• t1c .xecution of the

.P~llcltlon word. Thi. llatln; •••u..a proper operation

b4.~ prevlou.ly v.rlfi.d ao th.t auto-at.rt conatant (I ••• ,

11 co.pUld nthlr th.n baln; ch.nq.d l.tlr.

.1 IWlth I/O and Monitor RONa In.t.ll.d

.tlrt~up drlv.r U.ta<l In Plqun 1'-2 illu.trate. a ahrt·

d .... r for 1,1•• with both the I/O and Monitor flr."ar.

taUecl... During .uto-atart, th'la driv.r ch.cka for the

8164 N02X
D9DC .5
{ <SPAce> bar pr••••dl

"'END·

CR .- DONI:­
fINIS
<IlETURtO

-(oj

(5)
AIR &5/4. PORTH Vl.4

VLIST
819 TASk

aU9 NOlX
0901 MON Ok

<esc>
( ISC)

SOURCE <RETURM> IN-"
SI•• 91'" 91A1
8••,. -LBa 8'" -MS8
'14'a.. 4'" 4'" 8.58 DONE

Add ••••••9. to indlcat. coaplatlon of compl1Atlon
Include PIMIS to Indicate end of worda to co.plla
tarainata text input 1

..

1.. Co.pll. froa the Text Idltor or .... stor'9' (illuaU

fr~ the Taxt Idltor wltb uaar variable chan". varl

It. Run a VLIST t.o v'rify co.pilat.ion {.hown .ft..r ~~

"ord.)I

20. T<y the application word.:

WDIX <ReTURN>
tesT WORD IO.
WD'X <RETURN>
TEST WORD 2O.

21 eacap. to 'h. Monitor



,_ RtSEf u>
,CHtCI( FOR _nOR PRESENT
,YES _>

.llle<: 1'1£1..0 lIlOOll£SS OF TflSlC
• FORnI VNUAa.£ INllIllLTZRlION
,FIN) FORIll VNlIIIlll.£ tlU'fU..T VAl-llIES
,I'OINTER TO lJIlSl IW'l"LICAliON IClIltl (J#1II)
, __ICAliON _ STMT

, L II« TO USEJl t:OI'WRCl t>£COO£lt'FOR __ IClllION RT __

• D/llI;V TO FORTH
,IKlIlt£CT CUT FOR STI'JlT O£COOE

'IlUTO-STNtT _ 10
'lIIJlo--STAftT It£V Pf'lTTElltl

SCIt'E CClOE IS cor.ooN TO _ lIND ClJU)
, __IUlTION DV'EHDENl
'RETllRN TO 110 _

THE FORTH 1lPf'I.1CllTiON COO£ IliLl. 9£G1H
•, 1MIS
~

10-9

Startup Driver with I/O and Monitor ROMS Installed

•
, Fl)II1M IHlTllLllflllDH ORI\IUI
Fl)IIINT JSR INT'1M .~ _ VNlIFllll.LS

JSlIl FIClTC;P 'S£f .... O€F.......T~
I..Ofl lKl..IlST .IHlTllLllI: lI'lSloC LFA
SlI'l TSKU'A
~.~

STR TSKU'Ael
U»C U:92 ,SET .... ~EJt STflCII:
_.~

,
• R _ITOR t:OI'WRCl CAN STI'JlT Fl)IITH 11IT14 IW'l"LICRTION YOtIlIIOJUllIlY
CI€CllOI: OP .'9 .I(£V TO O€COOE

Ell FORINT .¥l:S ._)
".. <£X2fOoI>

• _£llUIIru;
TSKU'.....­
INT4TM-~

FlCHC;P--0201LAS'/_,_STNn__
~__:u

~-'II:D"t
1'tIltDIl_SC345D<2IOON__i1:D"4

·_STI'JlT
~ ,ti
8Vl _51\. tR5

,
, ON COU> IlESET. P£IIF0RI'l TI£ IlEQUIRU> IlPPI..ICIlTIDN CODE
COLO _ ,I'IPf'LICRflON~
• ILSD SotT UP TIE FORTH LINKAGE TO THE; I'IPf'LICRTlON PROGItRM

lOIC .CD€COOE 'HIiTILI.... llt toDtllTDR DECODE LINKROE;
LW .)Otcooe
JSR SETLNIC
STIC Ra01.~

STV R8ilL-NIC.l
Jl'P COIft:lN

ON _ IlESotT. F'ERI'ClRfl THE APPLICRTION lIE"'-lIRED CODE
_ _ ,N'f'LlalTION DO'D'lDEHT

lB-8

FORGET TASK CR
HEX aaoo OP I

9BAB OUP UFIRST ' ULIMIT
HERE 0 0
UFIRST tao ULJ"IT i a 0 CR
~8 C,
:5A C, A:5 C,
( START-UP DRIVER FOR AI" 6:5~~a FORTH)
ASSE"BLER
029:1 JSR,
0201 JSR,
aa • LOA,
OP • 1- 0 0 • *TASK LSB ­
sa:5 STA,
9F STA,
aa • LOA,
OP • 1- a 0 - *TASK "5S"
S66 STA,
Ae STA,
92 • LDX,
ca6F JMP,
FORTH
( EXAMPLE APPLICATION FORTX PROGRAM)
~D1X CR • TEST ~ORO 1" CR

: WD2X CR • TEST WORD 2" CR
see OP ,
~eee DUP UFIRST I UllMIT
CR HERE e D
UFIRST , a D ULHUT @ a o.

TASK ;
# W02X NFA DUP a 0 e 1ae U~
S811 C' seaR C'
CR "DONE·
Funs

"'ENO.
-(Cl)

'"AI" 6:5~4a FORTH Vi 4
SOURCE IN*"
SU0 9aRe 90Re
seaR -TASK LSS S811 -TnSK "sa
sae ~Bee ~0ee 8039
DONE

WD1X
TEST WORD 1
OK
WD2X
TEST loIORD 2
OK

rlgure 10-1. Example Driver Compilation and T.lt



,LIt« PlnD _ 01' TIlIK
,rtlR'nI _1-": IWITI .... IZlnION
,PiNEl PlIItTH _1-'" Dll'IlUI..T~
,I'OINTllt TO LMT -.1Cl'f10N .- <M'1l
,-'larTl. _ STMT
,~ TO I'OIIITK

Startup Driv.r with I/O ROM Inatall.d

11-11

........._~

.....,.--

'Pl:Im! STIIIlt1U' W11IVDl l'OIII III" At... WITK Ito _ CN-Y..~

~ -.- ._~->

~L. <:c:Ul MSn, __ ". -.larTl. "'l-.D ClXI€

"'.In () _ ,-.larTIGlIIl~
1Il_' ..~

"I, 011 _ ~, _". -'U::WUGN ••II-.D~

':- _ ,-'larTIGN --..

: GN _~, _ CCIOII IS~ TO __ COUl

, I'OIIITK lIun....1ZIITIGN III:IVDl
CiOl'I'ION .,. 11IT4TK '-.oIlD __I-.u

J'At 1'lCI1lP ,.,. tP DU'lU.T YI'ILWS
Ulfl ..aJIlST 'IMIT1.... ID: ~ l.I'l'l
~~.... ""'"
~-I.Olt _ ,.,. tP ..w.... 'lT1lCX
M' I'o-DIT ,caw tP 1M rtlR'nI~ .-

: TKIS II .... ". rtlR'nI -.larTlGN COOC WIU .aIM
,111:& ......

1'-1'

pr•••nc. of the MonItor ROM. In the cold r ••• t ~th.

pr•••nt, , polnt.r to a k.y-down ch.ck in tb. drlv.r
th. Monitor k.y d.codlng 1lnka9. I••• SectIon &.2.2 Ie the
&5/f' Sy.t•• U••r'. Man~al). Link.g. 1. alao .hown tnr ~

w,~ r•••t proc••alng In auto-.tart. The MOP instruction
In the li.tlng ahould be r.plae.d with .ctual ~ppli~,tlon

d.pend.nt Inatruetlon••

Any tl•• , k.y I. pr••••d (wh.n In the "onltor co..and ltv
driver w111 check to ••• If It la the' key. If It Ia the
rORTH will be Initlalh.d at tbe co_.nd level with tht Ip
tlon worda linked to the dictionary.

Thi. driver, ahown In rlgur. 1'-), I. alall.r to the one
In Pigur. 1'-2 .xc.pt that n.lther Monitor llnkag. ~or ke
decoding la provid.d.

Tbl. drlv.r, Illu_trat.d In Pigur. l'-f, Inltl'llae. ~ORT

including 11nkag. of the app11caUon worda to the dictlo
th.n jUlp' to NEXT to aurt .x.eutlon of the appl1c<lt
progr'., I •••• of the l,at PORTH word co.pil.d. Wo ~nld

r ••• t Int.rf,e. with the I/O ROM i' provld.d. therefort,
drlv.r aneSlor ·th. app11catlon pr09r•••uat provld. all. U
Int.rrupt and I/O handler functlona.



Insufflci.nt •••ory
ld obj.ct cod. co-

SBCTIOli 11

fro .. audio ca"
l. to have both
, .......

USIMG All AUDIO CASSITTE RBCORDn

.vera1 r.a.on. to r.cord tb••ourc. coat of a
rolm!,

INC; PROGIlM SOURCt: COOt: PILlS

pee-anant file of the .ourc. cod. for
ttll'lIne Into th. T.xt E41tor for .diting in ca.a of

.ccldent~l AIM 65/4. powar turn-off or inadv.rtent

of tha .ourc, cod. In RAM.

to .ay. and load pro9r••• or data at ••p.rat•
• ~t only on. r.cord.r. Conn.ct two r.cord.r. if you

ra.~ tro. on. r.cord.r and writ. to .noth.r one. Ref.r
on <;I I1n· the AIM 65/4. Sy.t•• U••r'. Manual for .udio
r~~~r~.r connection infor.a~ion .nd gen.ral o~rating

~••criba. the proc.dur•• to u•• audio c••••tt.
e. AI~ 65/4' PORTH al.o includ•• function. to
• vlth 9'n.ra1Is.d .....toraga. Th••• function. ara

'Sactlon 12.

c.aaette recorder provid.s • low co.t .ethod of
tl~ .aving progr... writt.n in PORTH •• vell e. data
du.rt1l9 progu• .x.•cution. All' 65/41 PORTH, in

Ulln..!1th tb. AIM 65/41 h.rdwara and AIM 65/4. Monitor
110ws both .ourc. an4 obj.ct cod. to be .av.d .nd

audio c••••tt. r.cord.r.

• -..cJIID __1-.0

• II[T ~ IlG'lIU..T -.l.a'
.llllTlilL1Zl: TfIIIK I.nl

,II[T ~ ;,Ai. ,lit ITI'laI:
,~~ .....1.. _ ,,,,,riG!

11-12

Startup Drlv'r Without

F..-nI STNtt\P c.tl.... I'Gt lUll .",.... WlnDJT 1"'lI I!GlI

""'".- ........-INT..~IIOatJ-­""'0-
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To tranaler protr••• bat•••n the AIM 65/4.
AIM 6S FORTS.

The procedura to record aoure. coda fr~ the ,..t '41tor

Recorder r••cta control _ust be u••d
it •• tended PORTa a.ecution Ja per­
for.ad bet•••n block••

e. Poaltlon the tape and •• t up the
control co..and••• d••cribed In Sactlon 9.3
AIM 65/4. 5yat•• U••r'. Manual.

b. Ent.r the T.xt Idltor and r.ad the
the T.xt Editor •• d.acrlbed In S.ctlon 4.5.

If the file to be r.cord.d i. to be rn~plled

.udio t.pe .nd cont.ina the co.pl.te pro~ra••

• a the l.at word In the T.xt Buff.rl

PIMIS

d. Poaition the Lin. Polnt.r to the flr.t
cod. to be r.corded.

e. Llat the aourc. cod. to tha r.cord.r u.lA9 the

(Li.t) co...nd.

-eL)/. OUT-T UNIT-<r.cord.r no.)
PILI-<fll.n••• ) <RETURN) XX W

-END- XX W

oor.
•• aura to ..nually start the recorder

"before pr••• ing <RETURM). if ..nusl

r.corder control 1. u••d.

Proqr.~ Source Coda

of • progr•• wrlttan In PORTH can be r••d tnt
using the AIM 65/4' Monitor I co...nd (Intar
AIM 65/4. Ta.t Iditor R co..and (R.ad Lin••

t EdItor). rollow the procedur•• d••cribed In Seetle

the AIM 65/4' Byst•• U••r'. Manual,
Alao ratar to Section 9.3 of that ..nual for

to u•• the audio tapa racordar.

CoapJl1ng Pr09ra~ Sourc. Cod.

c. ~. can b. co.piled fro••n .udlo c••••tt. r.cord.
• word SOURCE .I.il.r to the proc.dur. d.acrlbed In

Th. proc.dur. lal

Pr.v\ously r.cord tb. aourc. cod. on an .udio c••••tt.
tJ1. u.ln9 the AIR 65/4. T.xt Idltor L (Liat) co...nd •

If r.cord.r r'-at. control i. uaed. turn the r.cord.r
f uain9 tb. AIR 65/4. Monitor 1 or Z co...nd.

Int•• or r.-.nt.r PORTH.

Co.pl1~ ualng tbe word SOURCE •• follow.l.

SOURCE <RETURN> IM-T
UWIT-<r.cord.r no.) rILI-<fil.n•••><RETURM>

11-)



,t code which h.a baan
,Ion 11.2.1.
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Object Code

ID)
'RO...·.7.. TO-.77, O"SET••••• MORE1Y
PROM-.e.. TO ••7. O'FSET·•••• MORE?N
TYPE-<A.8> OUT-T
UNIT-<r.cordar no.> 'ILE-<fil.na.a><RETURN>

7•• - .tart of the PORTS variabl•••
77' • end of tha 'ORTB v.ri.bl•••
• " - .t.rt of tha pr09ra. dictionary.
17. - .nd of th. progra. diction.ry

(froe .t.p b, typical v.lue shown).

Alan, ba .ura to ••v. any u•• r v.rl.ble. that hev.

be~... alter.d.

Jl in PORTS, perfora , cold .t.rt ualng COLD to

Inltl .. lj~~ 'ORTH. then e.cape to the AI'" 65/f'
lilonJ tor

HEX HERE • <RETURN> LAST

r.~e .. p~ to the AIM 65/f' Monitor.

vh.r~ LAST i. the valua to be u••d in .tep d.

Du~p the PORTH v.ri.ble. and progr•• obj.ct cod' to
th••udio c••••tt. r.cordar uaing tha Monitor 0 (Duap:

dl.et,,,,, .. r,,·

ou-plng 'rogree Obj.ct Code

following .tapa to dwap the dictionary obj.ct cod.,
.n' r ....ntry v.ri.bl•• ,

tt,,· following .tep. to loa~

'Crnr~ln9 to the procedure I

11...

11.1 KAMOLIMG PROGRAM OIJ&CT 0001 PILlS

11) If a t.pe r.ad .rror occur., .n
.rror •••••9. i. di.pl.yed .nd
control i. returned to the AIM
U/4I 'klnitor.

(2) If the word PUliS ia not r.ad .t
the .nd of • fil., PORTH r ...in.

in the r••d -ode .nd will not r.­
turn control to tb. k.ybo.rd. In
tbi. c•••• pr••• the .IIBT button
to gain AIM 65/•• MOnitor control
th.n r.-.nt.r PORTH. Run a V~IST

to ••• whicb word. _ra coapiled .,'
If only the word PIMIS .a. ai•• i09.
all the word••hould h.v. c~piled;

After tbe coapilation ie fini.bad. control ret
tbe PORTH c~nd level.

YOTBS

Lo.~UD9 • pr09r_ writtan irI PORTH in obj.c:t
d••irabl••ince tha fil •••r••bortar .nd co=pilatio~ i
required. Vbil. AIM 65/•• PORTH doa. not h.v. word. to
and load obj.c:t coda. tha AIM 65/.' 'klnitor do... b'i
AIM 65/•• Monitor du.p .nd load function•• tba AIM ~5/4

v.riabl•• and diction.ry object coda c.n be ••ved ~nd r.
to allow a pr09r...ntry c.pability.

Mot. th.t PORTH obj.c:t coda i. ~ coap.tibl. between

65 .nd AIM 65/f' aicrocoaput.r.. Tb••ourc. pr09r.• 10

word••r. coapatibl•• hovev.r ••xc.pt •• d••cribed in Ap

L.



11.3 ~DLIMG DATA rILlS

AI" 65/.1 Audio Tape ••ndling Nord.
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( TAPE RECORDER CONTROL ROUTINES
(

( TURN RECORDER 1 ON )
n-oN SVSJlC. EF FIND SItlAf' C! ;

TURN RECORDER 1 OFF )
T1-oFF SVSBCI 18 OR SWAP C! ;

TURN RECORDER 2 OH )
T2-oH SVSBC' OF AND SWAP C! ;

TURN RECORDER 2 OFF )
T2-QFF SVSBCI 28 OR SWAP C! ;

TURN RECORDERS 1 ~ 2 OFF )
T-o'F SVSBCI 31 OR SWAP C! ;

TOGGLE RECORDER 1 CONTROL
T1 SVSBCI 11 XOR 20UP SWAP C!

J.I AMI> IF OFF ELSJ: ON THEN DROP;

TOGGLE RECORDER 2 CONTROL
T2 SVSBC' 28 XOR 2DUP SWAP C!

28 AND IF OFF ELSE ON THEN DROP i

( )

( AI" "/.I-FORTH AUDIO TAPE DRIVERS )
( )

HEX FFBI CONSTANT SVSORB

I VARIABLE DRJVENO .
I VARIABLE NAMf • ALLOT

SVSBCI SVSORB DUP C' i
ON - OH- ;
OFF • OFF- ;

loading in AIM 65/4. PORTH fnrmat
and WRIT! .word. I.......pl".ndl .. B

Monitor, lir.t typ. 5 to .nt.r ~~TB

FORTH variabl•• , tb.n ••c.p. back tq

•

IL) OPPSET••••• IV·T
UVIT-<r.cord.r no.) PILI-(fl1.n•••)(RETU~

If in tb.
initiaUl
Konitor.

Run • VLIST to v.rify th.t the .pplication vor

in the diction.ry.

Type , to re-.nt.r rORTH •

R.ad the r.corded rORTH varlabl•• and Obj.C~ cod
the .udio c••••tt. r.cording u.ing the Monitor
(Lo.d) co_.nd.

Du.ping .nd
PORTH RUD

Duaplng and lo.ding in PORTH .cr.en lor.at I.'
S.ctlon 12).

nu.ping and loading in AIM 65/4. Monitor For..
S.ction. 4.' .nd Ap,.ndi•• of the AIM 651', S
U•• r· .....nu.1).

•
•

Dat. til•• c.n be VTltt.n to .nd r ••d fro. an aUdio C.l.

record.r In .ev.ral diff.r.nt ways. Th••• inclUd.v

Th. progra. Ii.ted in rigur. 11-1 contain. .ev.re} word
c.n be u.ed to toggle or turn on/olf t~. record.r r.-ct.
control lin••• du.p and load data fil•• In AIM 65/4' r
for..t und.r keybo.rd or progr•• control. and to dll"'p "
d.t. lUe. In AIM 65/41 Monitor for•• t und.r It.yl)(l"rd c



.r k.yboard or
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n 1'0991. a.cord.r Mo. lOn/Off., T0991. R.cord.r Mo • 2 On/Ott
1'1-0" Turn R.cord.r Mo. 1 on
tl-Orr Turn R.cord.r tlo. I Off
T2-0tl Turn R.cord.r Mo. , on
T2-0r, Turn R.cord.r Mo. , off
T-orr Turn Both Record.r. Off
PDUMP

"""-
In AIM 65/U 'ORTI Por•• t.

'LOAD Lo•• In ... ,stu PORTa 'or_t
TDUMP

"""-
In ... 65/U "onUor Po,--t

TLOAD Lo•• In ... 'Stu l'toni tor por_t.

.1.0 includ.d tb.t .r. u••d by t.b••bov. _rd.

proc;Jr.a.m into th. AIM ,stu T.,:t &dUor .nd COlJpU. it

R,,'l .. VLIST to v.rify co.pihtion w•• co.pl.t..d .nd

r~ locat.ion••r. th••••• a. liat.d. )lot. th.t
~~~ple pr09r•• th.t c.n b. u••d •• i •• or •• a b•••

Th. fl.xibility of PORTH allow. th•••
b' altered OJ oth.r word. to be d.finad •••ily to ••• t

applic.tion r.quir•••nt••

t th, word CLOSI i. u••d in th. progr.. to r.t.urn

to the k.yboard upon co.pl.tton of t.~ fU. r.ad.

ul\nc aacord.r ••-et. Control---
YLIST.9C nOAD ••• TOU"P974 FLOAD ••• FDU"P!Me SETJIr~ OJ. SETOUT To turn • r.cord.r oa, u.. Tl-OII 0< 1'2-011 ._ T' ... T1 a r.cordar off. u•• Tl-orr 0' T2-orr8CE T-oFF .., T2-oFF To turn

89F T2-oN ••• Tl-OFF To turn both r.cord.r. off, ,.. T-orr878 Tl-OH ... OFF84F ON ... SYS8C• To toggle. record.r cont.rol lin., u•• n 0' .,
82P MattE ." ORIVENO8:16 SYSOR8 ••• TASk

11-8

( LOAD AND DUKP DATA ONTO TAPES
(

( SET OUTPUT DEVICE. T )
CO~E SETOUT )<SAVE STX, AE89 JSR,

( WHEREO) XSAVE LDX, NEXT J"P, ENll-CODE

(--- SET INPUT DEVICE _ T )
CODE SETIN )<SAVE STX, AE9S JSR,

( WHEREI) XSAVE LOX, NEXT J"P, END-rODE

a.dr no --- DUMP IN AI" 6'~.0
FDUNP CR SETOUT WRITE CLOSE ;

••dr no --- LOAD IN AI~ 6,~.e
FLOAD CR SETIN READ CLOSE

--- DUMP DIRECTLY FROM THE ~n~lTn~)
CODE TDU"P XSAVE STX, A976 JSR,

( DUMP) XSAVE LOX, NEXT J"P, Fr.!.-I"'ODE

( LOAD DIRECTLV FRO" THe ~ONITn~)
CODE nOAD XSAVE srx, AB87 JSR,

( LOAD ) XSAVE LOX, NEXT JNP, EN~_rnn~

FINIS
-END_



<RftUR)l>
rIU;-OWERTOP:
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2. 'LOAD <RITURN>
UNIT-I 'ILE-QUIRT <RETURN>
.. R

11••,...
QUIRT
OR

Ent.r th. input d.vic. cod. (in thi •••••pl., the
audio tapa d.vic. cod. - T).

S.t up tb. r.cord.r for r ••ding.
r.cord.r r.-ot. control word•••

1111 28 rDUMP
OUT"" UNIT-I

OR

6\ Oil: vill be di.pl.y.d upon lo.d co.pl.tion.

the following ••••pl.. .\9.in. u•• the rILL and
pUMP co...nda to initialis. and cb.ck tb. RAM

cont~nt9 b.for••nd .ftar lo.ding.

lnlIT- <lor 2>

'ILI-<fil.n...> <RftURN>

"'..
<.tartinq .ddr••a> <no. of byt••> PLOAD <RETURN>

14; Int.r th. record.r no.

()

.'

(5" Inter the na.a of the fU. a. r.cord.d.

!h. r.cord.r viII be .t.rt.d .utoaatic.lly.

(2' Int.r or lo.d the .t.rting .ddr••• and the nu.bar
of-byt••-to r.cord and initiat. the lo.d.

fOI .aa.pl., du.p 2. byta. "fro. location. $1••• through
SillY to r.cord.r no. 1 a. a fila na••d OW!RT. U••
th~ rILL and DUM' word. to initialia. and ch.ck the
RA~ cont.nt. for t •• t purpo••••

:b. • ta r t1 ftCi

:ord .nd ini
lCI Inter or Ie

of byte. te

(21 Store th. output d.ta in

<.t.rting addr•••> <no. of byta.>

(1) I.t.bli.b .n output data buff.r in R~.

(6) Int.r the r.cord.r no.

'ILl_ <filana••> <RETURN>

The racord.r will b. atart.d

(5) Int.r the output d.vic. cod. (in thia
tb. aUdio tape d.vic. cod. _ T ).

OUTeT

(3) S.t up th. r.cord.r for r.cordinq u.lnq

d••ir.d r,cord.r r'.ot. control word.

UNIT- <lor 1>

11-11

(7) Int.r the fU. na•• (all 5 ..h"r"'cterll);

(8) Oil: will be diaplaY'd upon du.p compl~~lon.

o.

AIM 65/41 PORTI provid•• a d.• ta fU. forut consisUng 0
date bytea .. oppo••d to the AIM 65/41 Monitor AaCU fo
whicb includ•• oth.r infor••tlon in .ultipl. r.cord••
65/C' Monitor r.cord .1'0 includ•• th. nw-ber of hyt•••
.t.rtlng .ddr••a, and. cb.ckau.. Sinc. the PORTH d.t.
for.at cont.ina only data, ~r. data can be .tor.d In •

• pec. r••ulting in f••t.r r.cording .nd r••ding. Sine.
d.t. file do•• not includ••ddr•••••• tb. r.cord.d d.t.
•••ily be lo.d.d wh.r. n••dad In .'.ory vithout aklopi
proc••• ing tb. 'ddr... lnfo~.tion.
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TLOAD <RETUIUl>
O"SET..... IN-T UNIT·} 'ILI.OAT22 <RETURN>
O1oT22 18 R
Ql)HIOk

'or ••a.pl.;

11-12'

(l) Type TLOADI

~"8IT-<addr.aa) IN·<T> UNIT-<l~or 2>
'ILI-<tll.na••> <RETURN>

TDU,.p <RETURN>
PRO"-l••• TO·12" O"SIT••••• MORI?W
TYPE·A OUT-T UNIT.l FILE-DAT"<RETURN)
DONEOk

(31 A block count will be dlaplayad durinq rtca

and oa will be dlaplay.d upon dUilp en.pIttt

TLOAD <RETURN>

'R~_ <addr•••> TO- <addr•••>
MORI?<Y.N>

TYPE-<A.8> OUT·<T> OVIT-<} or

(1) Type TOUMP:

TOUMP <RntlRN>

U.lnp AIM 65/4. Monitor 'or.at

e. Ou.plnp a Data 'II. U.ln9 TOUMP

b. Loadinp a Data 'II. ualnp TLOAD

11.3.

It 1••o••tl••• d••lrabl. to du.p and load a data Lilt

that la co.patlbl. with the AIM 65/4. Monitor ASCII or

lor.at ld••crlbed In App.ndb H of the AIM 65/4. "ystea U
Manual). Data lll•• r.cord.d In PORTH In thl. mllnn_r c.n

be r.ad by the AIM 65/4' Monl tor L (Load) co_and lind d.
lll•• r.cord.d by the AIM 65/4' Monitor 0
r.ad und.r fORTH control.
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IIIUUAcU.G 'fO MASS S'fORAG!

•4'1~.TK include••11 of tbe fund...nt.1 word. needed to,
~. witb, .nd effectively u.e, •••• storsge device••
pf&~ provide. direction••nd gUide~ine. on bow to

tc • floppy di.k, bovever, the procedure ..y be
if'Pd to iDelude otber peripher.l••

yoc begin, you .u.t h.ve a .....torage device in
t functioning order. You .Q.t know how to goat d.ta to
oa the 4.vice'. cont%oller, and wh.t 4ata tbe controller
to f'uu;tion cot"rectly. Pin.ny, you .uat h.ve enough
in the &1" 65/4' aict"ocoaputer to hold a PORTH .creen.

i.~ lAM t"eqQir..ent i. 2. byta., but a pr.ctical

1. 1'. byte'. If you hava 8Ot"e tban 1'. byte. RAM
la, tban .0 .uct! tha bettar.

~torage Terminology

.cc,sses .... atorage In uniforaly-.ised piece. c.11ed
, ,1>1' k_p. data, or .ource codie, in RAM In 1I24-byte
called .cr_n.. If the block i. 1.26 byte., then the

'bln~\' or '.cr.en' are oft.n u.ed interchangeably.
t. block .i.e. ara coaaonly the .i.a of a floppy di.k

of 128 or 256 byte', there .re noraa1ly eight or four

P4' ,ac.J:een. re.pectively.

U-1



<-- EoI"I'!

<- waIT
Block Buff.r 1

Block Buffer 2

Block Buffer 3

Block Bufflr n

--~-----

....
Stor.g.
Buller

ser..a 8ill.

12-3

Dat. Buffer

~nv.ntlon.lly, when I .creen of .ourc. code i. ll.ted

on a caT 4i.pl.y, it appear. a. l' lin•• of t4
charact.r••ach. Th. lin•• Ir. nuab.rad , to 15 on
~th. left of the text. If the diaplay will not par.it
'67 or '8 charactarl on I lina, other format. can ba
••dopted.

~fh. lAM are. re.erved for u.e by •••• ator.ge,
,e~only c~lled the d.t. buffer, or the •••••tor.g.

'buffer, .uat contain .ore th.n two of the block
'buffera deacribed .bov.. The fir.t byte of the 'atlre
t--••• toralJe buff.r area ia r.ferenced by the word
-Pl••T aDd i••tOted ill the vari.bl. UWIa.t The
la.t byte of the .ntir. buffer ar.a i. loc.ted .t
LIMIT -l.nd th. v.lue returned by th. word LIMIT
il k.pt in OLIMIT the layout of the buff.r Irea
I ..

,--

<-
<--

....
I
~I

Block 10.

LOW IWt

Block Buffer

A p.rticul.r block i. r.ferenc~ by the PORTH ~o14

BLOCI which t.ke. the block nuaber aa the arQu.'Q
If tbe block of dat. fa in UK, BLOCI p-t"ln,

i-..diately with the .ddr••• of the bufftl Wh_l,
d.ta ia to be found. If the block ia 1I0t iD RAK,

BLOCI u.e. a/lf Ide.cribe4 below) to fetch It ft

•••••torag••Dd put it ill • buffer in lAM, tnen
returD. the .ddre•• of that buffer. BLOCI ~l.o

check. to ._ if the d.t. in • particular b"ffeI

to be written out to •••••toralJ' before it """.
buff.r for new dat••

•••• etor.ge block .i.e.

• t the end of the buffer

lacb block buffer in UK ia four byt.. largar t~D

'I'wo of tbe•• e.tra hyte•
.Dd botb cont.in ASCI t II

ch.r.ctere If") to ••rk tbe .nd of dat.. !he at

two byte., locat~ et the at.rt of the bUff'I, eQ

th. block nuaber (byte 1) .nd • ana-bit fl.g (byte
th.t indic.te. whether or not the buff.r containe
that .uat be written to •••• ator.ge before the b

c.n be u.~ for n.w d.t.. Th. l.yout of • bl"j~
buffer 1a:



tba block

Hold' a value to b. added to th.
hln~~ n~ber glvan to BLOCK

Hnld. the a44r••• of tb. block

buffet .oat r-e.ntly ~.f.r.nced.

Holda the location of tba and of tb.
rlat.a buff.r plua on••

12-5

IHold. the add~••• of
nllffpc to lola. na)lt.

none

•

•

•

128 Holdl; th. nuabar of byt•• of data in

p~~h block buff.r. Thi. i. oftan a
powec of two In the ranq. of 121 to

1&7•• Th. actual buff.~ ala. la four
bytes larg.r than tbl. valu••

• wnlt\a tb. location of tb••tart of
t.h. ~.t"T"lSQn.r.

8 Holda tba n".be~ of block buff.r.
Ipel PORTH .c~••n. Typical valu••

Default

v31ue De.crlption

LIMIT

rlRST

B/SCR

B/BUF

Acceas

Word

.tart, AIM 65/" PORTH VI.4 ••t. th••• varlabl•• to

to~.of 16& of aM p1u. on. byte (un•• 16384).

a .pacial .cc••• verd to fatch tb. value

tra.ted 1ik. any otb.r PORTH ,ari.bl.. Ua. • to f.tch
dato ,fra. It. addra•••nd to put d.ta Into it••ddr••••

~.r1.bl~ c.n b. acc•••ad in thl••ann.rl the .pecl.1
• words .r. only fo~ conv.nl.nc••

1. sat tba top (high RAMI of the data buff.r area
ULIMJT •

2. Sat tha .i.a of the block buffar. into UB/aor
). eo.put. and .at the nuaba~ of block buffar, p~~

into UB/ICIl.

4. Co.puta and .at tha .tart of the
U.IIST •

5 Sat USE and PREY to PIUT.
, Cl.ar th. data buff.~.

7 Initiailla tha block off,at value.

12-4

12.1.2 .utt.~ Va~iab1••

12.2 S.TTIMa UP BLOCK A_O PATA BOFFIRS

Th. alae. n~b.~ and location ot th. block and data buffal,
AJM 65/4' PORTH i. controlled by four """r variabl., uBI
UB/SCR. U.IRIT. and DLIMJT). Th. logic of which on.
101 •• at any ;ivan ti•• i. controlled by thr•• oth.r v.rl~bl

Pl.V. UII, and O"SIT·). The n..... da.crlpti~

acca•• word. fo~ thaaa varlablaa ara qivan in Tabl. J'_l,

aIW i. tha prl•• ry word that inta~faca. PORTH to .... _to
All of the PORTH logic which auto-atically bandla. tb.
locatln;. ~aadin; and w~ftinq of .....toraga data ultt

wincl. ""p "".Inq R/lI. Ikt_var, befo~. R/W c.n work pro
It ."".t hay. a ••t of data buffara to u.a. As ezplained
aarlia~. AIM 65/4. PORTH naed••o~a tban two buffara ii 0
or the boff.r rotation logic to wo~k corr.ctly.

Th. ganaral at.p. in the procaaa of ••tting up tha block
data buff.r. i. a .i.pla p~ocedura a••u...riaed below, t

d.tall. ara ;Ivan in the following ••ction.



In ••ny c•••• , .t.p. 1, 2 .nd 3 can b. ~itted.

value of the top ot RAM for VLHUT is a good choic., 1\011

special circ...tance. dictat. that .nother value shnnld b.­

used. Th. d.f.ult v.lu•• tor CB/BVP .nd VB/SCa
valu.s tor floppy di.k .y.t.... but ••y h.v. to be ~hanged

••paci.lly for .agn.tic tapa, or fixed di.k, •••• Gtnrag••

In step. 3 .nc! ., it is conv.ni.nt to us. PORTH to COl1lput.
actu.l value to .tore. St.p 5 provid•• the .t.rting y~llJ

the buft.r pointer., and at.p 6 ••t. up the buff.r. to u••

cl.ar. th.. ot prior data.

Step 7 i. n.c•••• ry as PORTH .44. this offaet value t4 elO

block nwab.r requeat.d via R/w. Th. utility of OFFSET
in ••tting it to the firat block nu.b.r in an .xtr. mass
ag. d.vic.. Th.n the block nuab.r. of .edi. in••rted io
d.vie. will b. the .... to the u••r a. when OPP~I~__IR ,.
.nc! the lIedi. is in the pri••ry d.vic••

IZ.3 CalATING SCalENS

T~ia aaction illustrat•• the cr••tion .nd t.ating ot two
dift.r.nt butf.r .rrang".nt.. As.... you have .n AI" 65/
lIicroco.put.r with 1611: byt•• of RAM conn.cted to a ~i.k ~1

typic.l a.ctor .i •••

Sourc. 004. Intrx

Int.r the following .ourc. cod. into the AIH 6<;/U T.
Miton

( SITTIHG VP OISII: BVPPERS)
HIX
PORGET TASk ( POC RAM $.AI-f55P)
1 COHSTANT S' ( OMLY 1 SCRIIN)
8' OB/aVp I ( lZ8 rOR SINGLI OINSITY)
~ VB/SCR I ( 8 BLOCkS ARI A SCRIIN)
LIMIT a/BVP 4 + B/SCR *
S' • - vrIRST 1 ( aVPPIRS AT TOP or RAM)
, OPPSIT I ( NOT NIIOEO RIGHT NON)
PIRST USI 1 I SIT VP PIRST POINTER)
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FIRST PREV I ( AND ALSO PREV POINTER)
IMPTY-BVPPIRS ( CLEAN OVT THE BVPPERS)
1 ••• ca • • • ; ( R/w WORD POR OIMO)
I CPA vR/w 1 ( S&T VP R/W WORD POINTER)
CR .- DONE· ( PUlISHlO)
PIlUS

S~tS the input/output b••• to h.x.d.ci~.l, •• it i. lIuch
~ vi.ualis. ~..ory layout. in this forll.t. Lin. Z

l''''J of the 4...y word TASII: to avoid piling up
L~ions. Th. constant S, in liD. 3 i. the n..b.r of

creen'. worth of buff.r. d•• ired.

on the .i •• (5 l/._inch .ini_floppy or
.nd r.cording d.n.ity (.ingl.- or

\I-der\!,l.ty) of the disk driv.. The v.lu•••hown (8',8) are
• single-d.n.ity lIini-floppy, which h•• 128 byte. par

~••• v.lue••r. the .... for a aingla-d.n.ity

Irc floppy. Por. doubl.-d.n.ity lIini-floppy or • double·
Ity "tandatd tloppy, thare ar. 256 byt•• par ••ctor, ao

..< $111 byte. p.r buff.t and four buff.r. par .cr.an.

6 neglns the .otu.l c.lcul.tion by putting LI"IT and
on the .tack, .dding tour to .llow for the e.tr. four

I~ a.ch block buft.r, th.n multiplies this true block
I ~i~B by the nUNb.r of buff.r. in ••cr••n. Lin. 7 th.n
pl\~s this by the nuab.r of .creen. d•• irad. With two

IS,~n the .tack, LIMIT and the COllputed .i~e of the
~. ~;~k buft.r .r•• , a .ubtr.ction l ••v•• the botto~ of the

which i. placad in the v.ri.ble VPIRST

9 and II .et the r ... ining buffer v.ri.bl•• , .nd in
EMPTY-BVPPERS compl.t•• the bufter g.n.r.tion by

all the RAM buff.r. to $11.

p.finition word ••• (dot-dot-dot) on lin. lZ h

~nedrto t •• t the PORTH •••• stor.ge proc••• ing .nd buffer
N~lo th.t •• ide frOll the con.t.nt S" this i. the only

vetil _a.fined and that .11 the oth.r word••r. int.rpr.ted
.ncount.rad. Th. word .i.ply do•••
then print. the top three it... on tbe .t.ck.

i. to print the three par•••t.r. th.t .r.

U-7



Th••••••tora9••y.t.. i. nov re.dy to vi.ually te.t for

correet operation u.ing p.r...t.r. appropri.t. for. dl*k,'
Lin. I' i'. only to ahov th.t the buff.r cr.ation .t..- la '1'0

'0
tho

12-'

NEW-2 <RE~URN> /<RI~URN>l"<RETURN>....
U UB!BUP
-/0"

(Tl
-(Pll CON
1 CON"''!'~NT

-(el DLD-:"
J CONSTANT
! CONSTANT

UIi'OATE 3' LOAD <1&1'URM>, '" 3BB2
1 111 le••
1 '" len
1 '" )06&
1 ... 30r2, 115 lB76, ,.. lBrA
•," 3rn .tit. out upd.ted block),
'" un o. ...d in n.w block I

SOurce COd. Entry

• tbe valu. of St to 2 in lin. ) of the .oure. code
Tp~t Buff.r and r.cr.at. the di.k buffer. by ea.pl1lnq

• &!I"I'1.

UPDATB ••t. the upd.t. bit in the buffer th.t PRBV
l~tln9 to .nd indic.t•• th.t the huffer .u.t be writt.n

tn •••••torag. before being ov.r-vritt.n. Thi. oper.tion
I ••~ in tb. 1•• t two lin... It i. the r••pon.ibility of the
t to u.. UPDATB in any word th.t .odifi•• the cont.nt. of

buffer. If a di.k buff.r i. not •• rked a. updated vh.n
~v data, it vil1 be over-vritt.n .nd th. data vill be

LOAD to te.t tbe buffer oper.tion i. conv.ni.nt a. it
.ntire .cr..n, .110vin9 the ov.r.l1 oper.tion of

butter ••1.ction loqic to be ob••rved. &ach lin. printed
.how. the r ••d/writ~ flag (1), the block nu.b.r (I',

etc.) .nd the buff.r .ddr.... • ....ber that the .cr••n
r get. aultiplied by 8/SCa and that buff.r••r. four

., 1&r9.r th.n 8/BUr

th. ta.t word

load two

aho.- th. oper.tion of
and UPDATI Pirat,

( R.ad .cr••n 2', overwrittinq

( 5)
AI" 65/4' PORTH VI.4

SOURCE <RBTURM> IN-"DO.'O.

1. LOAD <RETU.M>
1 If 3B12
1 n )C"
1 12 3CIA
1 13 3Dn
1 U 3012
1 15 lB16
1 " lBrA
1 n -31'1& OK
2. LOAD (RETURN>
1 I" 3B12
1 1n 3C66
1 lIZ lCU
1 11l lOU
1 114 )orz
1 1.5 3U6
1 116 3arA
1 111 un OK

'I'll. interpretation of the buff.r ct••tion cod. la don. "Ii

SOURCB vith " .pecified fot ~b. location of aOutce end_,
'OOME' ia dl.played wh.n tb. buff.r••re t.ady to u.e.

Th. fo110wi09 ....p1.
with the worda LOAD

.upplied to 1/", to .llov vieving of the overall ope~4tion

buff.r .election .nd U... Lin. 13 .how. how to in.tall ~.,

into the •••••tOt.g. v.ctor of UI/" The rORTH word :'
(tic), fetches the p.r_etet field of the word fo110llin9 it.

(1. •• , ••• ), CrA chang•• that addr••a to th. cod. fi.ld o,dd­
r... , .nd the phra.. ull/. 1 .tOt•• it in UI/M' Lil'illil\l2
.nd 13 .re only .hown to t •• t the buffer oper.tion withou\ a
.....tor&9. devic.. rOt ptoper operation, the•• line. ~ould

be replaced vith the •••••tor.ge int.rf.ee word. C... Sec



•
After a04ifylog the source cod. in the 'hillt Mitor, the ,)111ft

operation can again ba .taul.ted by firat antering ro~ 1n4
co-piling •• followa:

(s,
AI" 65/ I rOUH vi."

SOUReI ( STORM> IM-"
00..

Ito., t.atlnt IIsing LOAO .bo_ that two acr••na ••y be 1 is

before a buffar ia ov.r~~itt.n.

1. LOAO <RBTO.M> « ...d acr••n 1. ioto the butter)
1 If 37C2
1 U 314'
1 12 lie"
1 13 3U.
i 14 190Z
1 15 lU'
1 " )ADA
1 17 3Bn OJ[
2' LOAD <.STURM> I •••4 acr.an 2. into the buffar)
1 III lnZ
1 1'1 leu
1 112 leu
1 a3 lOU
1 114 )Ol2
1 115 ,.76
1 III UPA
1 117 lr71 OJ:
3' LOAD (RITURK) I 1••4 acr.en l', over.ritting the b
1 III 37CZ
1 111 )1416
1 1'2 lIeA
1 III 3UI
I 1U 3902
1 115 US6
1 116 JAD"
I 117 lB5B OJ(

IN'I'F.RFIIlCJ' WORDS

t ,In of avanta that r••ult. in a particular block of data
tr'Qsfe:red to, or troa, •••• atorag. b~tD. with. blgh
word, auch a. LOAD for prQ9r... , or .LOC~ tor d.t•.

thr ussr, or • word, e.ecute. LOAD or 'LOC~ , the
'1,1 l09ic d.dd•• it the d.t. h in RAM, .nd it not, wblch

u to u•••nd wh.ther or not a write i. n.c•••• ry. This
atlon, .long wittl ttl. block nlab.r, h p•••ed ala,.,. in

I/W

IU' .tap i. tlandled by the u••r wrltt.n int.rt.c. word.
tr~nslate tb. PORTH p.r...t.r••upplled to a/W Into
.t~t, .ccept.bl. to th••••••tor.g. d.vi~.. Thi.
(~e ttl.a .aecut•• protr... th.t do the .ctu.l work of
. or writing d.t.. Th.'e progr.....y be p.rt of the

(.~~ it.elt, or ••y be loc.ted In tl~w.re .upplied with

1y the .tatos of the operation is returned, .04 control
D' ato the word tollowing the original higb l.vel POlt'I'H

t be9an tb. tr.n.ter. Ybe .t.tus resulting tru. ttle
fer ..y, or .ay Got, be .cted" upGn, .t ttle option of

pro<;Jr...

intertace .ettlods depend on ttle b.rd.ar., but a fe.
t. ~r~ applicable to .o.t devic... Try to do .o.t of ttle

in FORTII until you get to the point wher. you .u.t call a

outln~ in ttl. driv.r fir-••r., or where you need the .peed
~hlne cod.. u•• the PORTH .....bl.r for ttl••e tlnal
, thea t.k. advantag. of PORTH'. p.r..eter .tack to pa••

ql~.nd a.nae Infor~.tlon b.tw••n the Interfac. word ••

"9nptlc dl.k-••••--.tor.9. dn' ca., you u.ually h.ve to
UlaH the tr.ck and .ector, then pl.c. th••• value. wher.
cl.v\cQ, driver expact. to find th... Th••ct of reading Ot

tln,lla oft.n a matter of calling the apptoprlat. sub-I!. For llIa9n.tic tapa you .ay have to alao ke.p track of

T~~nt location on the tape to know which way the t.pa
poaitioned in order to acce" the de.ired block .

.11-r;
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.I,ur. 12-1

11" 65/41 -- 'ORTH DOtIBLJ-DIIIStTY DISit IlOUTUlJSI
fOIGlT TAS~ I 'OC ~ 'fA'-'55')

CON"A.' S. I OIlLY 1 SCRIIIl MIIOIO I
I UBVIc. I I 256 'OR DOVILI DJIlSI'Y )
lJlI/SCR I ( t 'OR DOUBLJ: DIMSITY )
IT B/Bor t + a/SCR * s. * - UrIaST I (TO' or RAM )

OrrSET I ( MOT IlUDID WITH OMLY 1 DRtVJ )
lIST 00' USI I 'IlIV I ( SJ' u, rIRST Bu,na I

·BOrrIR8 ( CLEAR 001' THJ aOFrl1l AREA I
IMIT11LIII 'OC • Toatl 011 OlIVI tlO. 1)

1~IT1 XSAVI 51'1. a,., JSR, I CALL 11111' ) ReOIIl
StT OltVl PA~ITIRS III SReORV, SRCSIO•• S

• f LOA u.s 8TA, ( OIIVI 011I UlTO SacORV )
LD ' tAr STY (StOE 0111 1111'0 SRCSIO )

: : LDi: 481 ni, t OOUBLI DEIlSITY IIITO SRCDIM I
JU JSR ("0'1'011) XSAVI LOX, nIT J"', .1I0-eODI
.-. INITIALIZE 'OC • AI" 65/f'. TURM ON ORIYB MO. I)
1.11' FOt6 UB I ( OIROB" > 110001')
IXi 'la I ( SIT 0' IRQHMI) IIlI!'!1
UJEO~ OVER 231 < I ( 16 SICTOI * 35 TRAC~ I

UJ' 00' Ul I RDaOF I I .,3 I WIlTSC' I I I
'" nA' 11 /MOD I ( LJAVI TUCX • SSCTQI )
SOH!: O. THI 'oc 'RIHITIVJSI I
t Sll~ ISAVB 51'1, TO' LOA, 811t JSR. ( CALL SII~

SAVE LOI 99' AMO. PUSHIA JMP. IMO-COO!
Of DRIAO'XSAVE STX. TO' LOA. 8ta. JIR. ( CALL ROSse )

AVE LOX, BO , AND. 'USHIA JM', BII~-eOOE

r: ~aITB lSAVE STX, TOP LOA, S5.. JSR. I CALL WRTSEC
Ave LOX '0' MID, POSHIA Jft" JND...cOOE

ST DISiaLI ALL OTHIIl INTERRUPTS ,oa PRIMITIVES)
IMTDIS •• "'I Cl ; ( MAStl: OUT ALL aUT aM 65 IRQ)
IIl'tl1B .. "" CI ; ( RJSTOIlI THI IRO MAU)
DfRRoR ( RISTORB 110 MAStl: , PIlINT BRRORI
IIiTEIB CR • - DISX IRROR - - I

DAT" ( '!TCH A BYTB ) ROT BBU' US nu DUP IMTOI.S BLU ORO'Ir OEaROR •• SEIIt A-- ( sntl: BRROR )
THEN ORO' 1+ (START WITH SICTOR 1 I SMA' I

Ir DREAD 00' I' OERROR •- READ A--. (RtAD BRRO
tLS£ 010' THEM ( 00 NOTHING I

tr~1 PWRITI OU, I' OIRROR .- WRITE A.-. (laROI
ILSI 010' THIN ( DO MOTHING I THIM ORO'

DISI SIIJO~ I' IMTOIS DATA INTINa
ELl. CR •- BLOC~ 1'00 LARGE IlaOR - ABORT THEM

Dtf'l· CPA UR/ll I ( STOlZ INTJRPACB NORD I
DE IORMAT XSAVE STX, 8195 JSR, ( CALL 'ORHAT 1
S~VE LDX. NBXT JM'. BMD-eOOI
'OIlHA' INTDIS FORMA1' INTBNB ;
nSIl: I ( 1'HROUGH WI1'H CODE) FIMIS

•

The .ntire di.k Interf.ce I. includ~ in the progr.. If~ced

'Igur. 12-1. As typical of 'ORTH, e.ch word ,.rfo~. I ,.

tunction,-wlth e.ch new word building on previou. one••

fir.t nine lines .et up the •••• stor.g. butter. for u~ ••
previou.ly described In section 12.3. Ther. i. one ae(~n

buff.r cre.t~ with tour block. ot 256 byte•••ch.

ror ....pl., con.id.r the tloppy di.t .y.t......pl. I' 'I,
12-1. "'is .y.t.. is cOllp,lUble wltb the ... 65 ,loppy IH.

Controller I'OC) .cdule 1'"65-51'1) with progr.. 'IOMj"
dated 1/f/'2 In.talled. Thl••y.t.. 1,1••• the loc~tl SO
'oe and 'tAl to '55' to t ..p the hutter point.rs and v l.b
data. S.eting. reading and writing are done by C.l~~~
aubroutlne. In the disk driver tinware located In .jY'
.tartlng at , ••••• with par..eter. pa••ed In the A. X,~

registers. Data is paned In the RAft butters pointed i by

ROIU, and WRTaup, each which return a .t.tu. byte I til.

regl.ter. The Interhce driver'. ta.k Is to t.ke the' tl

given to IlIw. cOSlpute the traek and .ector, loa<! tbaj
bufter addre.s Into the bufter pointer., and call the ~'~r

with the proper par..eter. In the regl.ter.. fbi••y.t

• standard dOuble-den.llty .Inl-tloppy. wIth 35 track. ~nd
.ector. per tr.ct.

11111' iaiU.lhe. the aodule by •• tUng up the Int.rrup v
.nd then calling the code INIT1. Which in turn call.

65 'OC .odul. ioiti.ll'.tlon routine. then turns on t~
driv•• SIZIO~ cheet. that tb. bIDCt nu.ber i. villd, I.
1••• th.n the nu.bar ot .ector. tl.e. the n~b.r of tr
BBU' .tor•• the RAM block buffer Iddre•• into the I.ad
Writ. butter polnt.r. tor the 'OC .odule. ,..S take. t
number tro. the st.ct, and leave. a track and a ••ctor

12-12

bit tor error conditions.

-fb~Uif.. WIOra••re ba. c prl.ith.••
dl.k .ector to be r.ad or written. The code word

the di.k head to the tr.ck n~bar on the at.ct Ind
non-aero .t.tu. byte tor .n error condition. The

OWaIT. word. r.ad or write batw.en the RAM block

the dl.k .ector l.ft on the .t.ck, returning 1 non_••ro
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IQI& STOIlAGI

....
" .

Stot"e 'nd ..tri.v,l - the Virtual RAM

121 /MOD 25 + aLOCl IWA, 2 • •

If'~u want to proce•• .!n array of 25. 16-bi t n".bera
wisla tb. data to .tart .t block 25. If the cH.k u•••
by,te block., • word tbat would .upply tbe RAM addra••

array .l_ent n.-ber C.-2.9) would look like:

alue in4e. -+-
Ul OAT~ I ePDA". I
iadell: --+ v.lue )

10' OAU f ,

~d[p.ss produced by DATA can th.n be u.ed li_e any other

hbl~ addre... '!'he nor.al PORTH word a , and I would

fetc~ Ind .tore dat. a. if it ~re Ilway. in RAM. one
I ~ihcat1on would be .ppropriate bere -- the word
d a~tomatically in4ieate thlt ~.ta w•• put into. di.k

tit ~a tbat the buffer will be written out auto-.tically.
i •••• Uy done by redefining I and @ .s Ul and U@ 1

tn~.ge .nd r.triev.l u.ing ••••••tor.g. d.vic. i. quit.
Juat think of the d.t••••n .rr.y of noaber., .nd,

a thf' el.ent nuab.r of a dat. it_ in the .rray, coaput.
l t th t block hOwinguquiu,~ block noabar .nd off••t n 0 a •

block nuabar, all that i. left to do i. to ac:e••• the block

off.et to the addra•• r.turned by BLOCK

• pl,,..'.y of the diek interhee and rORTH'. ability to
Q.i7~ to • partieul.r .pplication .llow••••••torag •

to be e••ily u.ed in po~rful way.. Two .ueh way. ar.
in thia .eetion. ...aaber .11 .....tor.ge opar.-

us~ u.e di.k.tte. th.t are firat for••tted with .ither

t • ai.ilar word.

Th. 'OIMAT word prep.re. new di••• for u.e with tha fORTH
di.k. Thi. word foraat. the ••lected diak C.elected by INlT)
by writing track and .ector identitier. tor every .ector of
dhk, and tilling e.ch .eetor w!th byte 4:a5 pattern. !'lou t
interrupt. abould be di.abl.d during PORMAT.

u-u

Th. word DATA, wh.n giv.n a block n..-bar, raad/write Stlt
and I lAM block boffer aMr••, on tb. atlek, perforatl th.. di

tr.naf.r, or r.turn. with .n .rror indic.tion if an error i.

d.teeted. Pirat, the diak buff.r••r•••tup .nd tb. bloe~

n..-bar i. eonverta4 to a track and a .eetor. A •••k to< ttl.

tr.ek i. parfo~, with a di.k a..k .rror ahown if tb. ~••k

not auceaa.ful. Tbi. ia followed by • read or • writ.,'
dapending on the .tltUI froa tb••tlek. Por. r.ad, tb.

requ•• ted dia~ leetor i. trendened into th. 1M bJ.~...Lbut!
with I di.k r ••d error .bown for .rror.. Por a writa, the

block buff.r i. trln.ferred into tha requa.ted di.k sector,
witb • di.k write error ahown for .rror•• ,
The word DIS. integrlte••11 of tb. dilk .an.g_ent stJuct
to be Uled by the PORTH .....torage d.vice. DIS. first d,
a liae cheek, it tb. block h out of rInge, a diek erro~. occ
Ind the oper.tion terainat... Otherwi.e, interruptI Ire di-.
abled, the di.k acce•• i. partoraa4, tben the interrupt. are
re.tored (onder an error condition they will already be (1St

If acre than ona drive, or diek .ide, h ."ailable. Doa c
.00itied to .el.ct the appropriate ~i.k an~ .ide. Thi. wo,d
al.o turn on and off tbe drive .otor, but tor this px~mpla,

actor continue. to run. Pinally, the di.k interfaca wo~d

ia ._tora4 into the .....torage redl write vee-tor URI.

fie POC priaitive. C.peeiflceUy DIDO , OVIITa I are YU

t~ critic.l bec.u•• th.y .u.t b••ynchronised with tb.,
di.k.tt. aov...nt and .uat not be interrupted, or .la. ~~ .r
• ay occur. Sine. tb. AIM 65/4' aicroeoaput.r ua.a intet.upt

alao, all otb.r int.rrupt aoure••••e.pt for tb. POC ~o~ul.

.u.t be di.abled Whil. the pri.itiv•• ar. being pe'fo~.

word IWfOIS .a.k. out all lao .oure••••eapt for th. ~ ~5

bu.. I.Taws r.ator•• the 110 Priority ~teh to th. col~ rl
1

value Cf") with no int.rrupt••••ked. Th. word 0IR.O~

r •• tore. the interrupt .aak .nd print. out .n error ~essRg••
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LEVEL

tlla thr_ ov.rl.y progr... , II/PUT ,PROCISS and

. .hould hav. the phr•••

oceBS of ov.~laylng c.n be •••nu.lly directed on., or If
ed, the n••t ov.rl.y can be c.lled •• the l ••t .ction of

rr.nt ov.rl.y. The proc." of ov.rl.ylng can th.n

, ind.finlt.ly and un.tt.ndad.

first .cr••n to ~ 10adH. Thi. phra•• di.card. th.
ouI,o••rl.y aDd ••It•• rooa in the dictionary for the n.xt
'yo' Th. proc••• of ov.rl.y. I. at.rtH by Int.rpr.ting

rQr I.POT In th. load .cr••n. Mot. th.t the tbre.
y words ar. d.tined~ th. d_y word LIVIL This
I' tb.t th. oy.rlay word. will not be torgott.n by the

y. tll....lv•••

fOIGE' TAU : TASK i (CLBAIIS DICTIONUYI
112 LOAl) In LOAD I DATA WORDS I
I INPU, 12 LOAD 1) LOAD 14 LOAD I
I PROCESS 3t LOAD 31 LOAD 32 LOAD
OU"PU~ 3l LOAD 34 LOAD 35 ;

&VEl I I.POT

,conl'~r",..t wh.t i. c.llH • lo.d .cr••n, which cont.in.

Jtectlcft!o for 10.dinlJ .nd .x.cuting tha antir. pr09r...
• the aourc. cod. of th. input p.rt of the progr.. ia in

12, 13 .nd 14, the .ourc. cod. for the proc••• ing p.rt
3', 31 and 32, and the output aource code i. in

I II to 35. Purth.r .uppo•• th.t ac.. d.t•••nipul.ting

u~in .cr••n l'Z .nd 1'3, .nd th.t the_ worda ar.
~ uasa by th. thr•• ov.rlaya of th. progr... Th.

t!1Ill..-10.0 .cr••n .ight loolt 11t. this:

tho~' outlin~ .bov. for .nh.ncad u•• of •••• ator.g••r.

uleful In actu.l pr.ctic••v.n though th•••thoda ar.
limple. FORTN i. c.pahl. of .uch aor.. By u.ing the d.­

ng words <BOl~OS and DOBS>, diff.r.nt cl••••• of n.w
wo:::a~ c.n h. cr••t~ to t.lt. adv.nt.g. of oth.r ••••

I or .xt.rn.l f.cilitle••

writ•• aU upc!l.ted buft.ra OOt

i ••hown by. :oupl. of ,~~mol_.

daply ty~:

.t the and
d.vic•• )

Th••ctu.l u•• of DA
print the l53rd nu.b.

153 lJI •

~ cl••r out th••nti

(Th. word PLOSH

th......torag.

CLEAR 25•• DO • I 01 LOOP PLOSH

with. di.t connected to .n AI" 65/4. alcrocoaput.r wit~

l61t_byt•• of RAK, you can run quit. larg. progr..a In F~R~K

by dividing the ptogr•• into conv.ni.nt_.ised pi.c•• and. ull
progt.. ov.rl.y.. Th. t.chniqu•• for u.lng progt.. Oy.tr~y,

ar. -- lilt. the d1.t data Itor.g. __ quit••tr.1ghtfn~d.

Ua. the PORTH word. FORGET and LOAD to ov.rlay r[OarA~I.

Progr..a of .or. than on••cr••n ••y be cOllpllH hut onli if

tha acre.n. ar. contiguoua. KIIcb .cr..n, e.c.pt for th. "h.

au.t .nd with the word --> • and the la.t .cre.n auat ~. t

nated with ; S eo.pUation at.rt. wi th a LOAD of th_ fi
acr••n In the ••qu.nCe.

12.5.2 PrOjr.. Loading .nd OVarlay.

Once a ,cr..n ba. be.n writtan with a PORTH progr.. , It i.
n.c•••• ry to coapil. the p~ogr.. into the dictionary. Thl.
don. with LOAD ,which t.t•• the acr••n nu.b.r froe t~ •

• na-5agln. coaprrlng th.t acr••n, st.rting .t lin•• and

continu•• untll a is i••ncount.rH. '!'b. ,S te:::=ioatQr

be placed at .ny p(j.ition, .Dd any nuabar of ;5 word••~y

ap~'r on a ,cr••n, but POR~ will alway••top cnanil,nq .t
fir.t ;5 .ncount.rH.

"
SUppo•• you hay•• progr•• th.t con.i.t. ot thr•• p.rta,
input, proc.·•• ing .nd output. if th••• thr•• part. do no: n.

to h. r •• ld.nt tn RA" all at the .... ti•• , th.y c.n b. l~~d
and run '.qu.ntl.lly.



be placed on line 3, and tha reat ot line 3 will
ca•• th.re w•• old text on it.

text, u.e • like tbi.:

this.

THIS LINB 01' TEXT GOES O~ LI~E 3•

LIST

WIPI take. the .creen nu.ber left on the .tack and
of it. block. with .p.ce., thus preparing the acreen

iting. Becau.e NIPI overwrite••nythiDg written in the
,'it auat b. u.ed with caution.

fa ~nvlQ9 tbe following text .tring into it. Tbe pbra.. ,
r~Lses out the following text to the oarriage return and

HBRB with the character count in the fir.t
tio~. The phra.e HBRI COUNT ROT SWAP get. the .ddre••
COUQt of the taxt, po.itioned correctly along with the

IIG'of the de.tin.tion, .0 th.t CKOVI c.n be u.ed to aove
onca the taxt i. in the proper buffar, UPDATE

buffer a. having new d.t. in it, .nd th.t d.t. will
t,~~11y be written to •••••toraga if the buffer ia needed

r to plac. t.xt into Icreen. to ••ke a siapla editor.
thf'~cr. tiy-'oiCJinq the .cnan-. aftC! "ttyl-tl-g th-.- ·ClQt.
U.~ the .i.pl. editor to .ake a anhanced editor that tak••

antao'l of any featurea that your particular ••tup h•••

AND SAVEl
LOOP CR

LISTS SCRIIN , S I
SCa , - • { PRINT SCRIBN
.R SPACI I sca, .LIN!

I WI PI BLA~KS ~ WRITIS SCRIIN , S.
B/ICR • B/ICR BOUNDS ( SCRBIN , TO BLOCK RANG
BLOC. B/Bur BLANKS UPDATB LOOP rLOSH I

S --- S LIST
LIST DUP CR .­
l' 'DO CR I 3

13
IOHI PRI"ITIVB WORDI TO PUT TEXT IN SCRIBNS.)
BAn, SAVB CORRINT BASB, OacIMAL ( I'oa THIll sc
L --- fUT TIXT INTO LINB , L VIA: L IDIT TEXTTEX

P sca, (LINII oVla SWAP BLANKS ( CLBAR LINI) 1
, WORD ( PARI. TEXT) HIRI COUNT ,. "IN { ,. CH~ Lli
ROT SNAP CMOVI ( "OVZ TIXT) UPDATI;

I - __

WIn
DO I

BASS I ( RESTORE PRBVIOUS BASI.) ;S

12-18

12.6 IOORCS COOl SDITIYG

ICR ,·(1, (,
•5•7
••..

11(
12,
13
14
15

Tha ••ny different •••••tor.q. device., ter.in.l••04 IJlet

prefarance•••ke it iapo•• ible to provide .ora th.n
puttinq .ource code onto rORTH screeo.. Two useful
••nipul.ting ch.r.cter data are .lre.dy supplied in
rORTH, n..ely (LINI) and .LINB The following code

define. two u.eful words that t.ke adv.nt.ge of (LI111
.LIMB , .nd a third word useful for initialising SCIeens
for text. '!'ha.e thr.. worda ( P, LIST, and WIPI aU

d.t. to be typed into a line of • acreen .nd .how the
technique. involved in cre.tinq .n editor appropri.t~

p.rticular aetup. Tha ex..ple .CIean foraat .hOWD ' ...."itl

u.ing the.e word••

... word. LIST .n. P work togeth.r in that a
ba lbted before t.at I. phced in it with P Th. willtE'~1

li.ting ••creen .ake. that .craen the current .creen
oper.tion. are directed to It.

Th., word LIST u... .I,-YRI to ou-t-put ~-6 lin•• of U .C,hII

ter•••ch. LIST al.o print. the .creen nuaber and the n
of each line, for reference when pl.cing text in that ~cree

Given the line nuaber a. a par..etar, the word P fpt~he.

tha current .creen number then place. blank. in that line



12-2'

will do thia, with the n".ber being the n".ber of charaet.u

per 11_.

AUt 65/41 PORTI IP\JMCTIOMAL SUMARY

.-,

APPlMOIX A

li-blt signed nu.b.r
l2-blt aigned n~.r

Ii-bit unllgn.d nu.b.r

l2-bit un.igned nuaber
addr.a.

I-bit byte WlA.....-._IJJM'.-b...~bbits ...rR)
7-bit ASCII eharact.r value (with nln. hi9h bit.
z.rol

8001••n fla9 (z.ro - fala., non-z.ro • true)
800la.n f.l.. fla9 (valu. - z.rol
8001.an true na, (valu•• non-zero)

.ppendl~ containa a a~ary of tha AIM 65/4' FORTH word
Itl~ns, grouped by ar.a of pri•• ry function. Conault
t_ • for tha datailed d.finition of each word.

lUck operation ia d.noted in the ~r.nthaaea. Tha a)"lbol.
I l,ft indicat. tha ord.r in Which input par...tara .uat

he,'" on tha ataell: prior to FORTH word a~acution. Thraa
I' .,---) indicataa tha PORTI word .~acution point. Any
Iters laft on the ataell: aftar .~aeution ara liat.d on th.

t. ,fta'top of the ataell: 11 to tha right.

input bufhr
Th. phraa.

II De/L

Befor. you u.. P with. TTY or CRT, the
ahould be a.t to the dilplay lin. l.ngth.

Aft.r a acr.en haa been created or edited, th. n.w .nfor
.uat be writtan to th. diall: before that acr••n il co~pll

Thla can be don. with a PLU'H before the LOAO.



STACK NAMIPULATION

Add tvo 16-blt nuaber ••
Add two J2-bit nuaber ••
Subtr.ct {nl-n21.
Multiply_
Divide (nl/n2).
Modulo (i •••• re•• lnder

fr_ divhlon).
Divide, giving r••• ind.r

and quoti.nt.
Multiply, th.n divide

(n1·n2/nJ), with
double int.r.edi.te.

Llk. ./MOD, but glv.
quotl.nt only.

Un.lgned aultip1y le.v••
double product.

Un.igned r...lnder .nd
quotient fr_ double
divid.nd.

Signed .u1tip1Ic.tlon
le.vlng double
product.

Signed r ... lnder .nd
-quorte~~froa-doub~e

dlvld.nd.
Un.igned divide leaving

double quotient Ind
r...lnd.r froa double
dlvid.nd .nd sing1.
divisor.

M•• i.ua.
Miniau..
Set .Ign. nJ - nl tl.e.

the 819n of n2.
Set .ign of double

nuaber.
Ab.olut. v.lu••
Ab.olute v.lue of double
nu.b.r.

Chang. 81gn.
Ch.nge algn of double

nuaber.
Sign •• tend single

nuaber to double
n..-ber.

Incr_ent by 1.
Incr_.nt by 2.
Decr..ent by 1.
Decr_ent by 2.
Loglc.1 AMD (bitwl.e).
Loglc.l OR (bitwhe).
Loglc.l exclu.lve OR

(bltwl ..) •

u2 uJ

a •• I
ain )
n3 )

.- ).- )
d1ft )
prod )
quot )
,_ I

n2 nJ

.)

abaolut.
.baolute

-n )

-. I.)

nl n2

nl n2
nl n2
nl n2

, nl

n,
n,

....,

( n

( 'Ud1 u2
uJ Udl )

n1 n1+1 )
.(~n~I:-,;~--:nl+2 )
TJU llit=l-r-
( nl nl-2 )
(nln2 and)
I n1 n2 or )
( nl n2 .or )

A-3

AIfD LOGICAL

I n1 n2
I dl d2
( nl n2
( n1 n2
( n1 n2
( nl n2

( nl n2
re. quot )
I nl n2 nJ
--- r_ quot

dl n --- dJ )

I nl n2 nJ --­
quot )
(11011102 ud

IW<
'If
~

"

NtGATE
DNEGATE

l-> D

"'00•

,.

"'10,.
., '1'100

'"s" ...

~.

~~
2­
"'0D'
iXOR

Duplicate the 1M
t.h. at..cll;.

D\.Ipl1eata the ~ "
" ..ber (or th top
nuabera) on I

Oalate the top '1UJ1b,
the atack.

Dd.t. the top'doUbl
nu.bar (or the top
" ..bara) on the I

!ll:chal\9. the top t
" ..bera on the It

Copy ••cond "!)aber
the ateck to the

Rotat. t.h. tblrd n
on the at".clt to
top.

Duplicate tb. top II
on the ateck only
it I, non-••ro.

Move top I t_ ~ R,
Stack.

Ratrlava It•• ,t~9.

-Return-aU·Ck";""']
Copy top of Ratytn

onto atack. ~

Copy the nth It
top. ~

Raturn addr••• of IJ

top position•.
R.turn .ddr••• of

r.turn .t.ek ill
Conv.rt st.rt dr

count to .t.rt..,a
stop .ddu•••• .!

Dhpl.y .t.ck conten
without aodlfyln
.t.ck.

S.t d.clasl ba.e.J
S.t h"••d.cl..J1 b It
Syat_ v'rhbh

cont.lnlng n~r
b••••

Conv.rt ASCn to bl
Th. nuab.r .ero.l
The nlaber one.
The nu.ber two.
The nu.ber three.
The nu.ber four.

1'2 "1 )

A-2

nl

n --- nth

n I

n --- n n

._- )

n ---

" --- n 7

I d --- d d )
or I 1'1 ,,2 --_
"I "2 1'1 1'2 l
C " --- )

( d -- )
or ( 1'1 "2

{ 1'1 1':1:

I "1 1'2
"1 n2 1'1 I
( 1'1 n2 nJ
n2 nJ .1 )

( addr n
addr r + n Mdr

( I
( )
( --- addr

( I(-. )
( 1 )
( , )
, 3 I, .)

200P

OVER

ROT

lOROP

DROP

SWAP

DUP

>R

R>

R

-DU'

PICK

Spt

RPO

BOUNDS

NUMIRAL REPRISI.TATIO.

.s

DECIMAL
",X
BASE

DIGIT
0--­
1
2
3

•

A.l

A.2



Raplac. word .ddr••• by
content.••

St.or••econd word .t.
addr••• on t.op.

r.t.ch one byt.e only.
St.or. on. byt.. only.
Print cont.ant. of

.ddr••••
Add ••cond nuab.r on

.t..ck t.o cont..nt.. of
addra•• on t.op.

Move n byt.•• In ...ory.
Beginning at addr. fill

n byt.e. In ...ory with b.
8e91nnlng at. addr, fill

n byt.•• In ...ory wlt.h
z.ro•••

Beginning at. addr. fill
n byt•• In • .-ory wit.h
bhnll••

11Iclu.ivaly OR byt.a at.
addr wit.h byt.e b.

A-5

III:J((ln

, addr --- n

n ..ddr ---

" addr -- b
CI b adde ---, adde --- ).. n adelr ---

c"ovr. tro. t. • --
III.T addr • b ---
lAA!':F addr •
8U.NK~ addr • --- ) f

'roGeL' addr b

'fru. If
True if.,.
Tru. if top two ~~

ara aqual.
True if top numhar

negative.
True l-f top n_ber

(1 •••• rever!1~' tr
value) •

True if 1,11 h .. tb'll
Raver•• 8001••n nlu(··_··.·1·
Sat up loop, glvall 1

ra",,..
Lilt. DO ••• LOOP •

and at.clr. VII lUI
(Jnat.ad of olv.y.

---J."~o-t·rnhY;
Place currant Incl...

vA1uP on St4Clt.
Tar_1nate loop at a.

LOOP or i-LOOP.
t.oop back tQ lIECTN
true at U1l'TIL •
Loop Vblh true u

WHILE, REPEAT 1
unennrlltl.,n"llv to
alCIN •

Uneondlt.lon.l lol'lp •

It t.op of .t..ell vu.,
allacut.a. .(

B•••• a.cept. t.hat. If
.t.acll f.l •• , elleCllU

aLB I chu... 1
Alb. for UWTIr..
Alia. for TRIN ~

A-'

,

lnde.

I and+l atart
••• loop I
I and+l atart

n +loop )
DO •

+LOOP

DO LOO~

COItTROL STRUCTURIS

1

LeAve

BEGIII BEGIW f una... UNTIL
BECIN ... BEGIN ,

WHIL! ... WHILE RIPEAT
••• REPEAT

UGIII ...
AGA'N

It THEN If. ,
IF ELSI: if 1
••• THEN

END
ENOl'

A.' COMPARISON OPERATORS

.1 ., f., ., f

.1 ., ,
I< III --- , )

to ·(_a____._)_

U< .1 1,11 --- ,
""T f --- t' I

A.5



Conv.rt. .t.rlng .t.
.ddr••• t.o doubl.­
pr.clalon nu.b.r.

St.art. out.put. at.rlng.
Conv.rt. n.xt. dIgit. of

doubl.-pr.cl.lon
nu.b.r .nd .dd
cb.r.ct..r t.o out.put.
.t.rlng.

Conv.rt. .11 .Ignlflcant.
digit.. of doubl.­
pr.clalon nuab.r t.o
out.put. at.rlng.

Ina.rt algn of n Int.o
out.put. .tring.

T.nln.t.e out.put. at.rlng
(r••dy for TYPE I •

Inaert AsCII ch.r.ct.er
In~o out.put. .t.rlng.

Rold polnt..r, ua.r
v.rt-ble •

Suppr••• t.r.IIlng
blenka.

DI.play lIn. of t.•• t.
fro••••••t.or ••••

Count. and .ddr.as of
•••••g. t..xt •

'rlnt. nuab.r ASCII
string.

'rlnt. nu.b.r ASCII
.t.rlng rlght.-just.lfl.d
In field.

PrInt. double nuab.r
ASCII .t.rlng.

'rlnt. double nu.ber
ASCII .t.rlng
rlght.juat.JfI.d In
field •

Addr••• of nuaber of
digit.. t.o t.he right. of
d.cl_al point..

B;

.-,

Idl It,

{ -- .ddr I

d fleId.ldt.h

d --- )

.ddr --- d

( .ddr nl --­
.ddr nZ 1
( 11n. SCR ---

(, .ddrl ---
•ddr+l n ).
( n --- 1

( n fleld.ldt.h

( nidi _.- Idl )

( Idl --- addr u )

(c---)

( --- adCIr

.LIMe

rOllwr

~U'

_1'R.l.lI.TNC·

KOLf

,

"

NII"IU'.11

I.•

..R

OUTPUT fORJIlATTUIG

OUtput .. carrhga ut
••d line reed to ~

"1/11 65/49 printer,
not to the display.

OUtput .. carr1age ttt
and 11n. feed to th,
AU' 65/... petnur
dhphy.

Ty~ on••~C••
Type n .pac•••
OUtput .. CTRL • to

AIIII 65/4. printer
dhphy.

Print •••••g.
ltar.luted by.• I.

n,,",p n '"'Ord,; startlnq
• 44r••• u.lng cun,b.... .

Type atrlng of n
charactara starting
•ddc.... Q

Tru. It any kay b'
".pr••••eI. ,

R.ad: kay. put ASCI.!
Value on ataclt. 1

Output ASCII value fr
• tack.

R.ad n 'Chancten '(or
until carriage (etll
fro. Input. to ..dd"

R.ad tb. naxt text
charactar string.

u•• r ..... r ••bl. contain
currant olf•• t witb
Inpl,lt buffer.

Put. • $PACY. "h.IIr/lclu
(ASCII $Z'I on lb.
• t..ck.

ttaxl_u- nuabar of
ch.ract..r./llne_

Tenln.l Input. Bufbr
.t..rt. .ddr.

Input. t.ext. fro.
t.er_Inal.

prInt. <n_.> given II

field I"I"rus (NUl.
walt. for k.y str~k~.

adde n

odd'

n -

A-'

c ---

, ,
c )

c -- I

addr n-

--- )

--- n

.dde

I' .dde n ---

( addr

(

TYPE

EMIT

UPICT

?TIRMINAL

IMPUT-OUT'UT

-CR

SPACE
SPACIS
CLRLUIE

CR

DU"

1M

BL

NORD

"y

QUERY

ID.

HAWG

CIL

T18

A.



U.er vari.ble cont.lnlng
tbe the dictionary
polnt.r.

Ca.pl1•• byte Into
dictionary.

Co.pl1•• nuabar Into
--th.-dteti'on.~
'olnt.r to t ••por.ry

bUffer.
Porce. e••cutlon whan

ca.p1111\9.
The Test Int.rpreter

••ecute. or co.plle••
Le.v. n..e field .d4re.,

(.PA) at top word In
cuunT •

Plac, II-bit 1lter.1 on
the .teck.

,l.ce byte Ilt.r.l on
the .t.ek.

Co.plle a 16-bit
literal.

TOlJIgle n_e SMUDGE bit.
U.er varl.ble containing

co.pllatlon .tat••

Cre.t. • dlctlon.ry
h••d.r.

PQRGET .11 definition.
fra. <n..e>.

R.turn. .ddre•• of ne.t
unu.ees byte In the
dlctlon.ry.

Le.ve • 9'P at n byte.
In the 41ctlon.ry.

A dlctlon.ry ..rker null
word.

Pind tbe ,PA of (n...>
in the dictionary.

Saarcb dlctlon.ry for
(n..e>.

A-'

n _---'-_

•

(n..a>

-- addr

<n..e>

( n --­

I --- I

( <n..e> ..sdr

found: ( <n..a>
"A b tf ) (n..e>

not found~ ( <n..e>
--If )

( n .4dr

IIftIR,RET

UTIST ..., I

LIT --- n

crtlT •
US'IRAL n ---

SI'.UOGE I
S'tATI --- addr

IU,CTIOMARY CONTROL

Interpret n.llt e::r
Stop Interpretation
Porce co.pU.tlM \I

IMEDIATE word­
Co.plle a nu.bt~n
literal. ~l

Co.pll•• doubl.
into a literal

Ellecute the def&oltl
CPA on tor of It

Su.pend co.p hdon,
.nt.r execution.

Re'la. co.plhtion.

A-'

--, ( --- I
,S ( -- I
(COAPIU) ( (n••e>

LIT&RAL n --- • I

OLIT&RAL • •
IXECUTE ad4r --.

C'"

A o
'

MONITOR , CASSlne I/O

COLO AIM 15/41 POn!:l. col

"0" .tert. t~
Idt to AIM 15f •

CLOst Monitor. ~

?1M Clo.e .ucUo t.pa U
10UT S.t .ctiv. input 4,

S.t ectiv. outp~t

GIT • I
davie••

Input. ch.racter !
the .ctive 1ltput

PUT ~.
device. ~

OUtput. ch.ucttr
the .ctive au PII

'C.. .ddr n
d.vic••

Input n ch.ract •• ctiv. Input d,...

WRITE addr n
.ddr.- ) Output n ch.racter.
.ddr to .ctive Oil

SOURCE davie.. .:
Interpret input Ir

• ctive lnput"11....1
t.brougoh AU '~/4I

'IMIS ( -_. ---tton-tto •
Ind of tne

Input via

A.1' COAPIL&R-TEXT IMTERPRET&R



Increment buffer
."ddress.

Fetch next mellory
buffer.

user re"d/wrlte llnk.,ge.
v."ri."ble cont.,inlng

address of next
buffer.

variable containing
addres. of l."test
buffer.

Leaves ."ddress of first
block buffer.

User v."riable block
offset to mass
stor"ge.

Load editing screen into
buffer and compile or
execute. Automatlc.,lly
savel> prior buffer
contents if necessary.

Load editing screen into
buffer and compile or
execute. Automatically
stores prior contents
of buffer if necessary.

System constant living
lIass storage bock
size in bytes.

Number of blocks/editing
screen.

Syste. variable
cont."ining current
block n\Wber.

Systell v."rlable
containing current
screen nUlilber.

M."rk l."st buffer
accessed ."s upd."ted.

write all upd."ted
buffers to disk.

Er."se all buffers.

addr2 f)

addr

0'
addr)

A-ll

o I

addr

--- addr)

--- n

screen --- )

(addrl

(n --- IIddrl

(addr blk f
( addr)

( block --- addr )

STORAGE

Returns addres~ of
pointer to CONT!
vocabulary.

Returns addre•• of
pointer to CURRZliI
vocabulary.

Main FORTH vocabuhr
(execution of PORTi
sets CONTEXT
vocabUlary) •

Asselllbler voc..buhrn
sets CONTEXT

Sets CURRENT
voc.. bulary to
CONTEXT •

Create new vocabuluy
named <name>.

Frint names of all wo
in CONTEXT
vocabul."ry.

Most recently
vocabulary.

Begin Colon def1nltl
of <name>.

End colon def1rlitlon
Cre."te a variable

nallled <n"me> with
initial value nj
returns addre.s ..,
executed.

Create a constant n
<n"'lIle> with value
returns value wheG
executed.

Begin definition of
",sselllbl y-l."n9uage
pri.itlY, optlratl
nallled <na.e>.

Used to create a ne
defining word, wi
execution-ti.e •
routine" for thh
type in asse.bIy.

Used to create a oe"
defining word, wi
execution-ti•• ro
for this data type
higher-level fORTI

Create a user vari

( ---
( --- l
CompIlation:
( n --- <n"lIIe>
Execution:
{ <nallle> --- addr

CompilatIon:
( n --- <n"'lIIe>
EKecution:
( <n"'lIIe> --- n
( --- )

( ---

: <name>

,
VARIABLE

CONSTANT

CODE <name>

:CODE

A.12 DEFINING WORDS

<BUILDS .•• COllpihtion:
OOES> <BUILDS

EKecution:
OOES> ---

USER Offset user <nalle>

A.l3 VOCABULARIES

CONTEXT addr )

CURRENT add rl

FORTH ( --- I

ASSEMBLER --- I

DEFINITIONS <nallle>

VOCABULARY <name>

VlIST

VOC-LINK ( --- addr)



A.15 MISCILLAIlIOUS AMD SyaTU

( <co...nt> )( --- Run-tl.a procedura
co.piled by •

Run-tla. procldur.
coapilld by ,COOl

Run-ti.. proc.dur•
co.pll.d by +LooP

Run-tl•• procedure
cOllpiled by ABORT

Run-tl.. procedure
co.plled by 00 •

S••rch•• the dlctlon.ry

Virtu.l .tor.o;. lin.
prl.ltl",••

Run-ti •• proc.dur.
co.pil.d by LOOP.

ConYlrt. ASCII to
n~.ric.

Run-ti•• condition.l
br.nch.

Run-ti•• uncondition.l
br.nch.

Indic.t•••lngl.
ch.r.ctar lit.r.l.

T.xt .c.nning by WORD

Loc.tion of R.turn St.ck
b••••

Location ot p.r•••t.r
St.ck b••••

Initl.li ••• Rlturn
St.ck.

Initiall••• P.r_.t.r
St.ck.

a.-11

c
1 n2 n])
.ddr )

.ddr

I

(

I a"
.ddr
I

, --

( --- )

( n ---

( U.lt+l
• tart --- )
( addrl .ddr2 ­
pt. b ff )
( .ddlrl addr2
ffl
( nl n2 --­
addr count)
( --- )

(NUHBER'

(LINE'

Store .tack posItl
into ch.ck ""Ilck.
polntar.

Error if not cOllplll
Check .tack oolltlo
OUtput••rror llIu"'g
Not •••cutino; "rror.
Conditional noto pair

.rror.
Stack out of t>"1Ind..

.rror.
U•• r y.rhbl. for: e

.uclt polnt.r. (
Error •••operati,Qn

t.r.ln.t•••
I ••cut••rror

notific.tlon ~d

r••t.rt .y.t...
Display•••••aq.'.II

". .
'1.0; for to ~es~9'

routin••
Puy.nt. POAGIT b&

this point.
Contr"l .. ~lte nu.bu 0

signlfic.nt "hane
of <na••>.

'.gln c~.nt. ta
by rlo;ht !l.a.rentb
on ._. lin••

Alt.r par_.t.r Btl
• ddr••• to colla f1
.ddr••••

Alt.r p.ra••u~ Ua
.ddr... to :1411. U
.ddr••••

Alt.r n_. field Md
to p.r_.t.r fl,ld
.dddr••••

Alt.r p.r_.t.r fl.
.ddu•• to link (
.ddr••••

Top of • .-ry.
Cl•• r R.turn Suck

r.turn to termln.

In bllt)

Dh)

pta)(nta

(ph --- Ua)

(n --- )

.dde)

addr)

.ddr)

A-12

( -- )
<---I
I I
I I
( I

I -'- .). -- )'

(ph

(ph

(lIne

?STACIl:

LIMIT
QUIT

ERROR

WARN INC

PlNCE

WIDTH

?CO""
lCSP
?ERROR
11XEC
1PAIRS

ABORT

SECURITY

ICSP

CrA

CSO

.rA

".

A.16



Al'PE)lDIX B

AIM 65/4' PORTH GLOSSARY

0-1

_ory addre••

a-bit (with high .ight bit••erol
7-blt ASCII character (with high nine bit.
sera)

32-blt .Igned double integ.r••o.t
.lgnl~lcant portion with .Ign on top of
.tack
8001.an flag ('-fal•• , non-a.ro-true)
800lean fa 1•• flag (value _ '1

l6-bit .Igned Integer nu.ber
l6-blt un.lgned Integer nu.ber
32-bit un.lgned nu.ber

800l.an true flag (value - non-zerol

dr:

Oefinltion

flrll lin. of eacb entry .hov. a .~bolic de.cription of
of the procedure on tbe par...ter .tack. The

lion the left indicat. the order in Which input

atera bave be.n placed on the .t.ck. Thre. da.he. ----­
c.te tbe .x.cution point, any par...t.r. left on the .tack
r necutlon ar. li.ted on the rigbt. In tbla notation, the

the .tack i. to tb. right.

• 910eeary contain. tbe dafinition of all word. in the AIM
•• 'OR~~ vocabulary. Tha definition. are pr•••nt.d in ASCII



I

1. A di9it
, if otb.r the

lin. colon-d.Unl
waory .cdr••••• u

0-3

St.Ck ",nipulatlon
Mua.rlc R.pr •••nt.tlon
Arith•• tic Ind Loglc.l
Co.plrl.on Op.r.tor.

Control Structur••
M...ry
Input/Output
Output Por..ttln9
Monitor Ind C••••tt. Input/Output
Co.pll.r - ?axt Int.rpr.t.r
Dlctlon.ry Control
D.tinlftg WOrd.
voe.bul.rl••
M••• Stor.g.
Mhc.ll._oua
S.curity/Error oat.ction

,d.itlva.
A••••bl.r Dictlonlry
Plr•••t.r U••d in rORTH

ATTR

Int"n........ for .x.cution only.
Indl~llr.. s th.t the word i. IMMEDIATE and wll~ •••cut.
dllon<;, co.pll.tion, unl••••p.ci.l .ction i. t.k.n
H4S pr.c.d.nc. bit ••t. Will .x.cut••v.n wh.n coapllin9 •
J u•• r v.tlabl••

00'

,USC

SECURTT'

PUMITIVf
,l,SSEMBLER

P...RAMETER

vor... f1l1' .... AV

"a: only b4 u••d
lndlcllt.flS nu..bar

ARITHMETIC
CClI'1PARPiO"

foll~wln9 k.y word. id.ntify the functlon.l group C,.,
tbat .ach_wend i.--....t-r-.1aud to _

au lI:ey IIIord. (GROUPI

Pronunciation

0-2

Tba natur.l l.ftg~. pronunci.tion of PORTH n•••• i. qiueD
double quoU. I·).

Capiull..tlon

Unl••• oth.rwi•• not.d, .11 r.f.r'nc•• to nu.b.r. ar. fnt

16-bi t a19n.d lnt&9.n. Th. bJ9h byte of • nu.b.r h on to
the .t.ck, with the .i9n in the l.ft-ao.t bit. ror 32-blt

• i9n.d double nu.b.r., the ao.t .ignific.nt patt (with the
• ignl h on top.

All .ritba.tic i. lapllcitly 16-blt .Ign.d Int'9.r ..~.
.rror .nd und.rflow Indlc.tlon un.paclfl.d. ~

Nord na••••• u••d within tb. vlo'•• ry .r. cnnupn,lonally
writt'n In uppar e ••• ch.r.ct.r.. Lov.r e ••• i. u••d whlA
raf.r.nc. i...d. to the run-tla...chin. cod•• {not dlract
.cc•••ibl'l, ••g., VARIABLE i. the u•• r word to cr••t. I

v.rl.bl.. E.ch 1,1.' of th.t v.ri.~l•••k•• 1,1,. of • cod~

••qu.nc. 'v.ri.bl.' which .x.cut•• the function of the •
p.rticul.r v.ri.bl••



c

c

c

00 , which
the r.turn

PRIMITIVE

+LOOP , which
tests for loop

PRIMITIVE

PRIMITIVE C

PRIMITIVE

PRIMITIVE

vhen WARNING Is -1. This
ABORT , but .ay be altered
alternative procedure. See

co.plled by.", which
In-lIne text to the selected

B-'

The run-tt.e procedure, coaplled by
aove. the loop control para.eters to
stack. S.e 00 .

E.ecute. after an error
word nor.ally executes
(with care) to a user's
A80RT .

The run-tiae procedure co.piled by
Increaentl the loop Index by nand
completion. See +LOOP .

MISC

The run-till. procedure, compiled by ,CODE, that
rewrites the code field of the .ost rec.ntly defined
word to point to the following Machine code
s.quence. See ;cooe.

The run-ti.e procedure,
transmits the following
output device.
See ." .

Accepts and Ignore. comm.nt characters from the
Input stream, untIl the next rlCJht parenthesis. AS
a vord, the left parenthesis _ust be folloved by one
blank. It .ay be freely used while executing or
co.plling. An error condition exists If the Input
strea. Is exhausted be for. the right parenthesis.

STACK NOTATION/DEFINITION

( cccc)

·paren"
used in the fora:

FOMAT

FORMAT

OICTIONAJlY

CSP .
CSP .

efter a search of C
an error a.ssage Is

••

<nallle>

Is not found
vocabulerles

addr

Stores the stack position in
the coapiler security. See

-stora csp·

d add r n FORMAT
"sharp-CJ rea te r"
Teralnates nu..rlc output conversion by dropplA
leaving the text address and character count n
suitable for TYPE.

SECURITY

n addr MEMORY
"stora"
Stora. l6-bit no-b.r n Into addr.

STACK NOTATION/DEFINITION

If .xecuting, leaves the pera.et.r [1eld add"..
the naxt word accepted fro. the input strea•.
compiling, coaplles this address as e literel,
execution viII pIece this value on the stack.

ud1
"sharp"
eenerates the n.xt ASCII character placed
output string froa udl. Result ud2 Is the quo
after division by BASe, and I!II .alnulned
further processing. Use betwean <. and
IS.

"tick"
Used In

ud
·sharp-.­
Converte all digits of a ud addinl eech to tbe
pictured numerIc output t.xt, unt 1 the r.aal
:r.ro, A single :rero Is added to the output alr
If the number was initially :rero. u•• only betw
<t and f>.

If the vord
and FORTH
d1.splayed.

ICSP

t>

IS

,



,Ie

ARITIUlETIC.3

.3

of n2 to nl, which i. l.ft •• n3.

.,
to n2 and leav•• the arithaetlc .ua n3.

DO nl +LOOP

nl (run-ti••) CONTROL
addr n2 (co.pU.-tl••)

·plu.-loop·
U.ed in a colon-d.finitlon In tb. for.1

.-1

At run-tl•• , +LOOP ••l.ctlv.ly control. branching
back to the corre.pondlng 00 ba.ed on nl, the loop
Inde••nd the loop li.it. The .igned incr...nt nl i.
added to the Ind•• and the total co.pared to tha
li.it. Th. branch back to DO occur. until the n.w
Inda. i. equal to or 9ra.tar than the 11.lt (nl >
'1, or until tha n•• inda. is equal to or 1••• th.n
tha 11.lt (nl ( '). Upon a.ltl~ tha loop, the
par..atar. ara di.carded and a••cution continu•••
Ind•• and li.lt ara .i9nad intager. in tha range
(-32,168 •• 32.161> •

addrl .ddr2 n.g MASS
·plu.-buf·
Advance. the virtual .torage buffer addre•• (addfl)
to the next buff.r addr••• (addr2). Bool.an fla9 i.
fal •• wh.n addr2 i. the buffar pr••ently point.d to
by variable PRIV

nl n2
·plus_lnus·
Appli •• the .i9n

n aMr MEMORY
·plu••tor.·
Adds n to the If-bit value at the addr••• , by the
convention 9iv.n for +.

.,
·.1118·
Mds 1'1.1

STAC~ NOTATION/DEFINITION

ni n2 n3 n4 n5 ARITHMETIC
·~I•••-dlvide-aod·
Multlpll•• nl by n2, dlvld•• the r••ult by n3 and
l ••v•• the r..alnd.r n4 and quotient n5. A 32-blt
Int.r.edlat. product i. u.ed •• for */. Th •
r ..alnd.r ha. the .....Ign a. nl.

PRIMITIVE

PRIMITIVI

pll.lInT1~
tf lokll

lb.tl) ~

ARITHMETIC

GROUP AT.!!!

ph byte
If

d2 addr2

adelt count

.)

by n2 and leave. the product n3;

nl n2

en addtl

.ddtl addr2

.ddtl addr2

STACK NOTATION!OI'IMITIOM

.-.

'RunnY!
Th. run-tla. procedure, co.plled by LOO., vb
incr•••nt. the loop Ind•••nd t ••t. for loop
eo.plation. Sol. LOOP.

Convert. the lin. n..-bar nl .nd the .cr•• n n ,
to the dl.t butfer .ddt••• containing the d4ta
count of 64 indicat•• the full lin. text l~q~
Sol. •LIM I • •

Convert. the ASCII t.xt beginning at .ddtl+1 wit
regard to BASI. The n.v valua i. accu-ul.t~d

dl, b.ing l.ft a. d2. addr2 i. the .ddr••• Of'
fir.t unconvertabl. di9it. s.. NUMIER.

nl n2" n3 --_ n4 ARITBMnIC f
~tl.e.-divid.· l
Multipli•• nl br n2. divIde. the r ••ult by n3 nil
l.av•• the quot .nt n4. nt 1. rounded toward ZIf
Th. product of nl ti••• n2 i ••alntain.d •••
Int.r••dl.t. 32-blt value for • gr••t.r pr.ci.loa
than the otherwl.e equiyal.nt ••qu.nc.t

nl n2 * n3 /

S... tch•• the diction.. r)' .tatting at the n•• •y..
• ddt••••44r2, ••tching to the text at .ddt1
aeturn. ~r...t.r rl.ld .ddt•••• laBgtb of ftaR.
field byte .nd 800lean true for .. good au.cb. I
•• tcb 1. found, only .. 1oo1••n tal•• 1. 101ft'
-'IND i

nl n2
·ti••••
Multiple. nl

('IND)

(NUP'lBER)

(LOOP)

0'

II



FORMAT

INPUT/OUTPUT

form:

nl n2

.- cccc"

-dot-quote"
Used in the

-dot-R-
Displays number nl right justified n2 places. NO
trailing blank is printed.

Accepts the following text from the input stream,
terllllnated by " (double-quote). If executing,
transmits this text to the selected output device.
If compiling, cOlllpiles so that later execution will
transmit the text to the selected output deY Ice. At
least 127 characters are allowed in the text. If
the input stream is exhausted before the terminating
double-quote, an error condition exists.

nl n2 FORMAT
-dot-line-
Displays a line of text frolll JIlass storage by its
line nUlllber nl and screen number n2. Trailing
blankS are suppressed.

--~-

n INPUT/OUTPUT
-dot-
Displays the number on the top of a stack. The
number Is converted froJil a signed 16-bit two's
COlllpleJilent value according to the nUllleric BASE
The sIgn is displayed only if the value is negative.
A trailing blank is displayed after the n~ber.

Also see D••

addr nl addr n2 FORMAT
"dash-tra ili ng-
Adjusts the character count nl of a text string
b,ginning address to suppress the output of tr"iling
blanks. The characters at addr+nl to addr+n2 are
blanks. An error condition exlsts if nl is
negative.

STACK NOTATION/DEFINITION

ARITHMETIC

MASS

STACK

DICTIONARY

with the next virtual

(if zero)
(non-zero)

(found)
(not found)

0'
nl nl

01

0'

nl n2 nJ
-minus-
Substracts n2 from nl and leaves

"next-screen"
Continues interpretation
storage screen.

STACK NOTATION/DEFINITION

ph b tf
ff

-dash-find­
Accepts the next text word (deliMited b
the input strealll to HERE d Y blanks)
CONTEXT d ,an searches the
matchi an then CURRENT vocabularies for a

ng entry. If found the dl 'IparaJileter f1 ld dd ' Canary entry'.e a ress, its length b t d
boolean true is left Other i lye, an a
false is left. • w se, on y a Boolu.n

8-'

-.inus-dup­
Reproduces nl only if it is non-zero This
~~~a~ly used to copy a value just before IplS

• nate the need for an ELSE clause to dr~p

o-co_,,- DICTIONARY

Stores n into the next available dlctionar
cell, advancing the dictionary pointer. y

At compile-time, H.OOP compiles the run-tl.,
(+LOOPJ and computes the branch offset
to the address left on the stack by DO
used for compile time error checking.

-carriage-return­
Is~ues a carrlage return and line feed to the
pr nter but not to the display. Calls AIM 65
Monitor subroutine CRCK.

+LOOP
(Cant.)

-->

-CR

-DUP

-PIND



AR.1t'IIJlITIC

MUMr:RIC

ARl11UlETIC

A.R111Uln1C

0+2

by on. .ccordl", to the oper.tlon at

0+1

n by two .ccordlng to the operation of

n by one .ccordlftl to the operetlon of

- .

n n-1 ARITBKCTIC
-two_Inus-
Decr...nts n by two, .ccordln9 to the operation 01

-threa-
The nu-b.r three I. pl.c.d on top of the st.ck.

-four-
The nu.b.r four on top of the st.ck.

4 MUMBRIC

d STACK

or nl 1\1 ---
-two-drop-
Drops the top double nuab.r on the suclt •

1 MUMERIC

d IS IS ST"'C.
or nl n2 --- nl n2 nl n2
-tvo-dup·
Duplicate. the top double nu.bar on the st.ck •

n
-two-plus­
Incr_ents
+ •

2

n
-on.-.II\I:I.­
Decr_.nt. n

n
-on_plu.­
lncre.ents
+ •

-on.-
The nu.ber on. Ie plec.d on top of the .tack.

STACK

~ATTI

AElITHl'ltTfC

ARITMITIC,

l'.YI the quotient nJ. ~]
Ttle r_dnder h loat.

n3 nt

n2 and 1.,Y.. the quotient n4 and
n3 h•• the •••• 119ft I' Rl.

• MUNIRIC

aero 1. placed on top of tn, Itlck.

STACK MOtATla-(DlrIMITIa.

nl n2
·cllvld.-~·

Dlvld•• nl by
r_alnd.r n3.

nl n2 n]
-41vid.-
Divid•• nl by n2 and
rounded towlrd a.ro.

-dot-S·
Di.playa the content. of tba Itlck without ,ltar
the lUck. Ttlh word 1. vlry u••ful in dctera1tll
the Itlck content. durlnf d1bu9glng pr09'''' lAd
harnin, POA11I.

8-11 11-11

n flat COMPAIUIOII
·a.ro-l••••
L.,Y••• true nlg III Jt tn, nu.ber h le.. than
alro (n.._tlv.), othlrwl•• 1••v••• tal•• flag II
The n~r I, lost.

n n~ COMPUtSOll
- •• ro-.quIl.-
L••y••• true fl., (1) If the nu.b.r 1. aquII
••ro, otberwi•• l ••v••• til•• fl •• (').
h IOlt.

11., PRIMITIVI
·slro-branch-
Tha run-tl•• procedure to conditionally br,nch.
tb. rla, i. rel •• (a.ro), the followlft9 In-lin.
par_.t.r h added to tb. Interpr.tlve polnur to
brench aheed or beck. Co.plled by I' UNTIL
• nd W1II[.E •

s<

·s

I

s

'OOD

• BRAMell

s·



than nl,

COMPARISON

COBS>

(1) if nl h .qual to n2,
hI.. n.g (').

COMPARISOM

• -13

(1) If nl h le"
fal •• flag (').

nl nl
·.qu.l.·
L••v••• true f~.9
oth.rwi.. l ••v•••

••ch ti•• <n..e> i••x.cut.d, <BUILDS dafin•••
nev word with. high-l.v.l .x.cution procedur••
Ix.cuting <n...> in th. for.,

<na••> <n...X>

<BUILDS to cr••t •• diction.ry .ntry for
~~::.x> with. c.ll to the D018> p.rt for <n...x>
Wh.n nnnn 1. lat.r ex.cut.d, it ha. the .ddr••: of

it. p.~~:~.r~~~ o~nt~:,:~~~k :;~I~:cu:~~ t~18>
~r:: run-ti•• procedura. to writt.n i~ ~9:-l.V.l
r.th.r th.n in ••••abl.r cod. I •• r.quir y

,COOl I.

DErIMniG

d d FORMAT

",•••_th.n_.h.rp· ,, , ."••ric output for.at u. ngIniti.llsa. the p ctur. ,,~

the word.l

<t t ts BOLD SIGM t>

~.pecifl•• the conv.r.lon of • doubla-preci.i~n
n_bar into .n JOSC:1TCh""iYRn-ratrlng noTw---tn
righ~-to-l.ft ord.r, producing t.xt.t ,AD.

U••d within a colon-d.finitionl

nl n1 --- fl.g
·la••-th.n·
~.va. • true flag
otharvl.a l ••va••

COMPILER

• ...i-colon-S· S h .1.0 tho
Stop. intarpr.t.tion of ••craan. ,
run-ti.a word co.pil.d .t tha .nd of • colon­
dafinition which raturn••xacution to tha c.lling
procadura.

STACk NOTATIOM!DlrINITIOM

DarUIUlG

DEPINIIIG

DarUIIICi

STACk MOTATION/perIMITIOM

8-12

1 <n..a> •••• JCODE <a••_bly coda>
!liD-CODI

Stop. co.pU.tion .nd t.r.in.ta•• naw d.Uni.,. war
<n•••> by co.piling (,COOl) • S.t. the CONTeXT
voc.bul.ry to ASSEMBLIR, •••••bling to machln~

cod. tha following .n••onic••

If • vord i. not found .ft.r ••e.rch of the
CONTeXT .nd roRTH vocabul.ri•• conv.r.ion .nd
co.pil.tion of • lit.r.l nuaber i ••tt_pted, witb
r8"ll.rd to the current tASl, th.t faUing, an err
condition .xi.t••

·colon·
A d.fining word u••d in the for.,

S.lect. the COMTEXT vocabulary to be identical
CURRBMT Create•• diction.ry entry for <na.,>
CURRUT , .nd ••t. th. co.pU. ~.. Words thu.
d.fined .re called 'colon-dafinition.'. Th.
ca-pU.Uon .ddr••••• of .ub••qu.nt worda frc. tb.
input .tr... Which .re ~ot i..edi.te word. ar.
• tor.d into the diction.ry to b••x.cuted vb,n
<n...> i. l.t.r .x.cuted. I""IDIATe word. are
.x.cut.d a• • ncount.r.d.

to daUna -the n.v <n..ax>, the coda Uald ad""" Q

<n..ax> viII cont.in tha .ddre•• of the cod.
••qu.nc. fOllOwin! the ,COOl in <n...>. Ex.cutl
of .ny <n...x> wi 1 c.u.. this ••chin. cod. 8eQue~

to ba axacutad.

·._i-colon-cod.·
U.ed in th. for.1

·._i-colon·
T.r.inat••• colon-d.finition .nd atop. furth.r
co.pU.tion. If co.piling from mass storage and til
input .tr••• i. a.hau.tad b.for••ncount.ring I

.rror condition axi.t••

,CODE



MIJIOItY

IllPUT/OUTPUT

nCURITY

SECURITY

(CONDITIONALS NOT PAIRED)
The •••••9. Indic.t•• th.

not .atch.

•

fl.g

addr

• u ARITHMnlC
-abaolut.-
L.av•• tb. ab.olut. v.lua of n a. u

..., • (co -tl.al CONTROL
-a9ain-
U.ad I •• :olon-d.flni in th. for.1

BIGIll AGAIN

At run-ti•• , AGAIN fore•• a••cutlon to r.turn to
the corr••pondl"!i9 llCOn'. '"r«n-n-'l:O-.-tt.Ct<l~

the .t.ck. E••cution cannot l.av. this loop (unla.
R> DROP I. s ••cut.d on. l.v.l b.low).

SECURITY

I-IS

At co.pils·tl... AGAIN co.pll.. BRANCH wlth.n
off.at fro. HERE to addr. n I. u••d for
co.plls-tl•••rror ch.cklng.

-f.tch-
Leavs.'th. 16-blt contant. of the addr••• on top of
the .tack.

-.bort-
Cl.ar. ths .t.ck. and ant.r. th•••scution .t.t••
R.turn. control to th. AIM 6S/t. k.yboard.

Te.t. th. t.r.lnal k.ybo.rd for actu.tlon of any
kay. G.n.r.t•• a 8001.an valua. A true flat (11
indica~ •• actuation. wh.r•••• fal •• f1a9 (')
Indlcata. non-actuation.

I••u•••rror ••••ag. '7 (PULL STACKI If the .t.ck I.
out of bound••

III n2 ---

I ••u•••rror •••••g. '19
If nl do•• not .qu.l n2.
co.pll.d condltlon.l. do

ST~GK NOTATION/DEFINITION

SICURIn ·d

SECURITY

COMPARISON

.t.ck peal Ion differs ft

if nl
(II •

SICURIn

n STACK
-to-I'-
R..ov•• a nu.b.r fro- the co.putatlon .tack and
plac•• It •• the .c.t acc•••lbl. nuab.r on tha
r.turn .t.ck. U•••hould be b.lanced with I>
the .... d.flnltion.

addr STACK
-qu•• tion_ark-
Dl.pl.y. the value cont.lned .t
top of the .t.ck In fr.. fo~.t accordln9
curr.nt 1AS1. U••• the fo~t of

I••u•••rror •••••9. U (STACK E....TYI. if the
Bool.an fl.g I. tru••

STAC~ NOTATION/DEFINITION

MONITOR

nl n2 flat
-,r.at.r-than-
L.av•• a true fl.9 (11
oth.rwl •• a tal•• tla,

I ••u•••rror ".1
v.lu. ..ved In (

MOliITOR

C.ll. th. AIM 6S/41 Monitor .ubroutln. WHIRIO
the .ctlv. output d.vlc••

C.ll. the AIM 6S/tl Monitor .ubroutln. WHIREI
the actlv. input d.vlce.

I ••u•••rror •••••g. If not eo-piling.

I ••u•••n .rror •••••g. If not e••cutlng.

?ERROR

710

1CSP

1COMP

10UT

1EXEC SICURITY



IMPUT/OUTPUT

REPEAT

MAS•

COMTROL

l ••v•• it.
ch.cking.

na, U.TIL
AGAI.
nag WHILE

• ddr

alGIM
BIGIM
UGHI

ch.

STACK MOTATIOM/DIPIMITIOM

At run-tl•• , BIGI. .ark. the _tart of a
••qu.nc. for r.petitlv••••cution.

A BIGIM-UWTIL loop will b. r.peat.d until fl.g I.
tru.. A aIGIW-WBILE-RIPIAT loop will be r'pe.t.d
until fl.g i. fal,.. Th. varda .ft.r UVTIL or
REPEAT will b. , ••cute4 wh.n .itb.r loop i.
fini.bed. fl., I••lw.y. dropped .ft.r b.ing
t.,ted. Th. BIGIM-AGAIM. loop ,.,cut.,
Ind.finitely.

.ddr n MIAORY
·bl.nk.·
Pilla .n ar•• of ...ory b.glnnlng .t .ddr with the
ASCII v.lu. for ·blank-, the nuab.r of byt.a
apeclfled by count n will b. bl.nk.d •

n .ddr fllASS

·block· 00-;:"'"'"'-;-----
L.av., the fir.t addr••, of the block buff.r
containing block n. If the block I. not .lr••dy In
•••ory, It I. tr.n.f.rr.d fro••••• ,tora,. to
whlch.v.r buff.r w•• l •••t r.c.ntly .cc••••d. If
the block occupying that buff.r h., b••n .ark.d ••
upd.t.d, It I. r.wrltt.n onto •••••tor.g. b.for.
block n I. r ••d Into the buff.r. If corr.ct ••••
• tor.g. r.ad or writ. I. not po•• lbl., .n .rror
condition ••i.t.. Only d.t. within the l.t.at block

·begin·
OCcur' In • colon-d.flnltlon In for.1

·b-l-k·
Le.v.a the .ddr••• of • u.ar varl.bl. cont.lning th
nuab.r of the •••• ator.g. block being Int.rprat.d
a. tha input .tr.... If the contant I, •• ro, the
Input atr.a. ia t.kan froa the t.r.in.l.

-blank· '
A con.tant tb
·bl.nk·, i •••

At coapile-ti•• , alGIM
.nd n for coapil.r .rror

STACK NOTATIOM/DEPIMITIO~

n COMPILIR
-allot-
Add. the .igned n~b.r to the dictionary p010t,r
D'. ~y be u••d to r ••• rv. dictionary .pac. nt
re-origin ...ory. n i. the nuab.r of byt•••

8-16

addr

nl n2 ARITKlttTIC
·and·
L••v•• the bit-wi •• logic.l AMD of nl .nd n2 .s

• b.a...

L.av.. the addr•• , of the varlabl. containI",
cu~r.nt nuab.r b... u••d for Input and output
conv.r.ion. Th. r.ng. of aUE i. 2 through 71.

• MAS.
·block. per .cr••n·
L.av., the nuab.r of block. (d.f.ult v.lu.
PORTI.cr••n. ay conv.ntlon, .n ..i1I,I"g scr••n 1
1.24 byt., org.ni ••d •• 16 lin., of 64 eha~ar'~r.
••ch. -

ALLO'

USEMBLER VOCABULARY
• •••••bl.r·
s.t. the voc'bulary to ASSEMBLER

All.

B/SCR

a/aup n fllASS
-byt••-per-buff.r­
Leav•• tb. nuaber of byt•• (d.f.ult value • 128)
d.t. buff.r, the byte count read from mass _torf"
by aLOCK. Th. actual buff.r .i.. i. four byt••
l.rg.r than thr. ~u••

lAS.



'TACIt

IUSC

eddn.. Ipfa) of a
addr... (cfal.

field
field

S.ta the .ctlv. Input driv. to
,. output d.vic. :0 Di,pl.y/

cfa

• par...t.r
to it. cod,

b

·cod.·
A d.fininq word u••d In the foral

CODE <na••> ••• <•••••bly cod.> ••• END-COOl

To •• t CONTIXT to the ASSEMBLER vocabulary and
to cr.ate a aTcflonar-y uhy for- <na••>--:- lift\.n
(n•••> i. l.t.r .x.cut.d the .achln. cod. in this
para••t.r field will .x.cut••

B-19

ASSEMBLER

MONITOR

INPUT/OUTPUT

·c-aov.-
MoV•• n byt•• frc. ...ory .r•• b~inning at .ddr•••
.ddrl to ...ory .r.a .t.rtinq at addr2. Th.
cont.nt. of addrl i. aovad fir.t proc••ding tow.rd
hlqh •••ory. If n i •••ro or n19.tlv., nothinq i.
aov.d.

·~r-Uhe~·
Output•• CTRL • to the AIM 65/4' print.r and
di.pl.y to cl.ar to the .nd of the lin••

STACK NOTATION/DE'INITION

·c-lit·
Co.pll.d within .y.t.. obj.ct code to indicate that
the n.xt byte i•••Ingl. ch.ract.r literal II ••• ,
In rang. 1-255). Uaed only In 'y,t.. cod. (not by
.pplication pr09r.., i ••• u.er). Appllc.tlon
progr... u.. LITERAL, Which u.e' CLIT or LIT
., approprhte.

.f.
·c-f-a·
Conv.rt:
d.finit

Ith
atop

ARITIlMITIC

CONTROL

INPUT/aUTPUT.c-

MEMORY

the byte at
• low ord.r

• LOCK 1. v.Ud by byte .ddu•• ,. dlle
the block buff.r.. n 1. lin unlllCjrlld
••• BUPPER, R/W, UPDATI Ind

8-18

byte

I-bit cont'nta
)f the .tack I
)yt. 1••• ro.

ufer.nced by
to .h,ulnq of
nuaber. Al.o
PLUSH •

-branch­
Th. run-tl•• proc.dur. to unconditionally brllnch.
An in-lIn. off•• t i. add.d to the Int.rpr.tive
polnt.r IP to br.nch .h.ad or b.ck. BRANCI II
cc.plled by ILSE AGAIN, .nd RIPIAT

.ddr n --- .dd +n .ddr
·bounda·
Jound. I••qulv.l.nt to OVER + SWAP.
to conv.rt addr and count to a .tart and
addr... for • loop.

STACK NOTATION/DIPINITION

n addr MEMORY
·c-.tor.·
Stor•• tb. l.a.t .iqnific.nt I-bit. of n Into tbe
byte .t tb••ddr••••

n .ddr No\SS
--buttn
Obt.ln. the n.xt block buff.r, a•• lqnl"9
n. Th. block i, not r.ad fro..... Itor"••
pr.vlous cont.nt. of the bufl.r i•••rked a.
UPDATED, It I. writt.n to tb••••• atoraq.. If
corr.ct wrltinq to •••••toraq. I. not po••Ibl.,
.rror condition .xl.t.. Th. addr••• l.ft is the
fir.t byte witbin the buff.r for data .toreq••

--- n
·charact.r./lln.·
L",·,v'·'~·al'iuats.rof cliaract.r.
per Input Un••

n DICTIOIIAJl.Y
·c-c_.·
Stor•• I bit. of n into the n.xt avallabl.
dictionary byt., .dvanclnq the dictionary pnt~ttr.

ad.c!
·c-f.~cl1
L.av.. t
on the t
hiqh orell

BOUNDS

BRANCH

aLOC.
(Cont.

BurrER

<I

<.

CIL

c,



tou.

101 right

ro....

DIC'fIOIIMY

seCURITY

AAITiUtlTIC

n to the double pr.clsion nuab.r
doubla pr.cl.lon nu-bar 1012 •

1-"

.Igned double-pracl.lon nuaber
a fl.ld n cheracter. wid••

addr

• n
-d-dot-r­
Display. a
• 11gn.d In

•
-d-dot- 1 I b frOll.DI.pl.y. • algned doubl.-pr.c a on nu-.r d 1&
l2-blt two'. co.pl..ant value. Th. high-or .r
bits ar. ao.t .cc••••bl. on the stack. Conv.r.lon
ts-,.-rfoc.ed-.ccordlng to tha curr.nt IASI. A
blank follow••

dl n 1012

Applie. the .Ign of
1011 .nd laav•• It ••

.ddr
-c~rr.nt-

L••vas the .ddr••• of • u•• r v.rl.bl. pointing
tha vocabulary Into whIch n.w word d.flnltlon.
to be ent.red.

DICTIONARY

1011 d2 dl AAtT8IIETIC
-d-plus- • nO 1 •••Add. double pr.cl.lon nuabar. dl.n d2. ••
the double praclslon nuabar .ua dl.

-cre.t.-
A d.flnlng word u.ad In tha for.

CRtAT. <n..a)

Cr•• ta•• dictionary antry for (n...> wI~:~t(n..a)
alloc.tlng .ny p.r...tar flald • .-ory.
I••ub.equantly ••acutad, the .ddr••• of tha flr.t
b ta of (n...)'. per...t.r field I. l.ft on the
'~.Ck 'ftla coda fl.ld cont.lns the addr••• of th~
word'; per..atar fl.ld. Th. new word I. cr••ted r
tb. CURAIMT vocabul.ry.

!!_ACIt NOTATIOH/D.PUIlTION

KOMITDR

GROUP ATTR
~-

COMPILER

DIPIMING

DICTIOMAlY

IN'UT/OUTPU1

u••d in the foral

(n...) (eo.pile-ti••)
n (run-ti••) -

addr

STACK NOTATION/DEfINITION

-cold­
The cold .tart procedure to adju.t tha dictionary
pointar to tha .ini.u. .tand.rd and r••t.rt via
ABORT. Kay ba c.ll.d fro. th. t.raind to u"
.pplic.tion progr... and r••t.rt. '.rfora. the
function••• ent.ring PORTS froa the AI" 6S/••
Monitor vi. the S kay.

n
(nna>

-con.t.nt-
A definln9 word

n CONSTAMT (n..a>

-coapUa­
Nb.n the word cont.inlng COMPILE e.ecuh., the
coapU"tlon "ddr••• of the n•• t non-l_edlau r
followln9 COKPILI Is copied (co.llpned~- IiitOtb
dictionary. Thi••llow••pecific co.pil.tlon
.Ituatlon. to b. h.ndled In ~~~!tior. to s'.ply
eoaplll"9 .n ••eeution .ddr••• (which th.
int.rprat.r alre.dy dO"I.

to er•• ta • dlctlon.ry .ntry for (n...>, leav!
In it. par"et.r fl.ld. Wh.n <n...) I. lat.r
••ec~tad, It will pu.h the v.lu. of n to the ata

-cont•• t­
La.v.. the .4dra•• of a u.er v.riabl. polntlnw
the voc.bulary In which dlction.ry
••d., during Int.rpr.t.tlon of tha

8-n

-c.rrl.g.-r.turn­
Tr~n••lt•• carrlag.
to the .ctlve output

• ddr a44r+l n fORM!
-count-
L••v•• the .ddr."••ddr+l and the ch.ract.r
of t •• t bS9lnninq .t .ddr. 'ftl. fir.t byte at eddt
.u"t contaIn the ch.r.ct.r count n. Th. act~al tl
.t.rt. with the ••cond byt•• Th. r.n9' of n I,
'=2557 TYPlc,UyCQWT -is follo_d by n'l.

COLD

COKPIL

CONSTANT

CONTEXT

COUNT

CR



I

DO
.n4 n

CONTROL

colon-d.flnltlon,
th. follovlng .ddr

(BUILDS,
<n••••>•

lrun-ti••)
lc~plh-tl••

vlthln th.
.nd l ••v ••
ch.cklng.

I <n_.>
DOES>

• nd th.n <n•••>

DO LOOP
DO +LOOP

nl n2
• ddr n

-do••­
Defin•••
d.flnlng
U••d In t

At c~pll_t-Ia.

c~pU.. (DO)
for l.t.r .rror

8-23

M.rk. th. t.r.ln.tlon of the d.flnlng part of the
d.flnlng word <n_.> .nd b.gln. th. definition of
the run-tl•••ctlon for word. that viii l.t.r b.
d.flned by <n_.>.

DOES> .It.r. the cod. fl.ld and flrat par...t.r of
the n.v word to ••acut. the .aql.l.nce of cOlaP-U.d-­
word .ddr••••• follovlng 0015>. U••d In
eo.blnatlon vlth <BUILDS. Th••••cl.ltion of th.
DO£S> p.rt b.gln. vlth the .ddr••• of the first
par•••t.r of the n.v vord (n....> on th••t.ck.
Upon •••cutlon of (n•••> the ••qu.nc. of word.
b.tv••n DOES> .nd I viii b••••el.lt.d, vlth th•
• ddr••s of (n••••>·. p.r•••t.r fl.ld on the .t.ck.
Thl••llov. Int.rpr.t.tlon u.lng thl. ar•• or It.
cont.nt••

At run-tl•• , DO begin. a ••qu.nc. vlth r.petltlv•
••ecutlon controll.d by .. loop 11.lt nl and an Ind••
vlth Initial valu. n2. DO r"ov•• th••• fro. th.
.tack. Upon r.achlng LOOP the ind•• I.
Incr...nted b9 on.. At the .LooP th. Ind•• I.
-o4lfi.d by • po.itlv. or negatlv. v.lu.. Until th.
n.v Ind•• equal. or ••c.ed. the 11.lt, •••cutlon
loop. back to ju.t .ft.r DO, oth.rvl •• the loop
,.r...t.r. oil'. dl.c.rded and •••cutlon contlnu••
ah••d. Iotb nl and n2 .1'. d.t.... ln.d .t run-tl••
.nd ••y b. tb. r ••uult of oth.r operation••

Loop•••y b. n••ted. Within. loop I viii copy tb•
c\lr-rent va,l~ of tM Inde. to th••uek. S.. I
LOO', +LOO" LIAVI.

STACK NOTATIOM!DErINITION

COMPILJR

ARITHMETIC

~m!1
ARITKMITIC 1

'0.010 n=b'l'
NUMIRIC

to d.cla.l ri,"
VOCABULARY J

voc..bul.ry .0
cr...t.d In the
• t COtfTJXT

(•••cutlnq)
(coapillng)•

• ud
-d-.b.-
L••v.. th••b.olut. v.lu. ud of •

STAC~ NOTATION!OErINITION

-d.cl_l-
S.t. the nu..rlc conv.r.lon BAS!
11) for Input-output.

ecce DlrIWITIOWS

S.t. CURRIMT to th. COMTEXT
• ub.equ.nt d.finltlon. viii b.
voc.bul.ry pr.vlou.ly ••l.cted

••-d-llt.r.P
If eo-piling, c~pll.....t.ck double nuab.r I~t
lit.r.l. L.t.r •••cution of th. d.flnltion
cont.inlng the Ilt.ral viii push It to th. ~t~rk.

8-22

dl -dl
-d-neg.t.-
L.av•• th. two'. co.pl•••nt of •
nuab.r.

DA8S

DICIMAL

DI'INITIONS
-d.finition.­
U.ed in the foral

DLITJRAL

DN!GATE

..DICIT



COIlTROL

,.nUTIVI
addr nl n2 nladdr cb.r

.ddr n {coapil.1
-.nd-if-
An ali•• for THIM s.. THIM

COWTROL

1-2S

-an4·
Thia i. an '.lla.' or duplic.ta daflnition for
UMTU••

.ddr n NIMORY·.r•••·
Cl••r•• r.,lon of • .-ory to •• ro froa ad4r ov.r n
.ddr••••••

-.nclo••-
Th. t.xt .c.nning prlaltlv. u.ed bI NORD. rro& tha
taxt addra•••ddr .nd .n ASCII d.l .Iting char.ctar
I, d.t.ralned th. byta offaat to tha flrat non­
d.l1alter cb.ractar nl. tha offa.t to tha flrat
dall.itar aftar tbe t.xt n2••nd the off••t to tb.
flrat ch.ractar not includad nl. Thl. procedure
will not proc••a paat an AlCII 'null', tra.tln, It
•••n unconditional d.ll.it.r.

char
- ••it­
Tr.n_it••n
d•• ic.. Sa,

ITACK MOTATIOM/DI,tMITtOM

At coapile-ti.,. ILBI ..pl.c.. lRAMCH r••• rving
• br.nch off••t, l.av•• the .ddr••• aOdr2 .nd n2 for
.rror t ••tint. ILSI .1.0 reaol••• the panOint
forward br.nch fro. I' by c.lcul.tint the off•• t
froe addrl to Blal .nd .toring .t .d~rl. I.. I'
.nd TUII

•

-lurrlRS MSS
-..pty-buff,r.-
Aar_. all block-buff.r.....pty, not n.c••••rily
.ffacti", th. cont.nt.. Upd.t,d block••r. not
writt.n to th••••••tor.,.. Thi. i••1.0 the
required initi.li••tion procedure bafor. fir.t u••
of th......tor....

PD.......

CDII'rIlDL
.ddr2 n2 (coapllintl

lLa.

ddr

lP

At run·ti•• , ILBI •••cut•••ft.r the true p.rt
followln, I'. ILSI loren u.eeutlol"\ to skip 0....
th. followlnt f.l.. p.rt .nd r••ua•••••cution alt.
the TRIM. It h.. no .tac_ .ff.ct.

n ITAeJ:
-drop-
Drope th. n~be:r on top of th. at.c_ froe

COMPILER

Occur. within a colon-d.flnition In the foral

STACK MOTATIOM/DI'IMITIOM

addr n IMPUT/OUTPUT°4-roDi.p .y. th. cont.nt. of n • .-ory loc.tlon.
batlnnln, .t addr. loth .ddr•••••
• hown In the curr.nt nua.rlc b••••
byt•• on • lin••

-d-p­
lAsvas th. addra•• of u_r variabl•• the chetlolluy
point.r, which point. to .ddr••• tha n.xt fr.a
-..ory .ddr••• above the dictionary. Th.
b. r••d by 81RI and .It.rad by ALLOT.

-d-p-l-
lA•••• the addra•• of u..r v.ri.bl. contalni", th.
nu-ber of digit. to tb. rl,bt of th. d.ci..l on
double intat.r input. It ..y al.o be: u.ed hold
output col~n loc.tion of • d.cl•• l point, 111 u••r
,.n.r.ted for..tint. Th. d.f.ult ••lu. on alno1.
nu-bar input i. -1.

Typical u••• includ. the PORTH .....bl.r.
.ulti-di••n.ional .rr.y., .nd c~pilar 9~n.r~tl~n.

lLaI

DOaB>
lCOnt.1

DUMP

DP

DPL

DUP



to 'ORTH,
'cont.in.d'

MONITOR

----- --

~axt avallabl. 'ictionary

ch.r

.ddr
-har'-
La.v.. tha addra.
loc.tion.

U.ar voc.bul.riaa conclud. by -Chaininj"
ao it .hould b. con.ldarad th.t 'ORTH ,
within aach u.ar'. voc.bulary.

-hang-
Wait. until • kay i. dapra••ad than continua.

ItlPUT/OUTPUT

.....,

- forth-
Th. n... of tha prl•• ry Yocabul.ry. Ix.cutlon ••t ••
roATH tha CONTIXT vocabulary.

Maw d.finition. b.co.' a p.rt of PORTH until a
dirfaring CUARINT voc.bul.ry i, a.t.blt.h.d •

OICTIOMARY

-gat-
L••va. tha ASCII v.lu. of tha naxt ayail.bla
cb.r.ctar fro_ the activ. input d.viea and output.
tb. ebaractar to tba act iva output davica.

FORGET <n_.>

Dal.ta fro. the dictionary <na.a> (which i. in til
CURRINT voc.bul.ry) .nd .11 word••dd.d to tha
dlction.ry aft.r <n••a>, reg.rdl••• of thair
vocabul.ry. An arror •••••g. will occur if tha
CURRINT .nd CONTIXT voc.bul.ri•••r. not
currantly th. ..... ,.ilur. to find <n...> in
CURRINT or roRTH i••n .rror condition•

- forg,t-
Ix.cut,. in th. fO~1

-flu.h-
Writa. all block. to .....tor'9' that have b••n
flagged •• U'DAT&d. An .rror con4ition r••ult. i
writing to •••••toraga i. not co.platad.

STACK NOTATIOM!DI'INITIOM

nCURITY

...."

C~PIL&R

• cod. Ueld addrtss I
addr••• i. alao r"lh

n

.ddr

add I
-.:lacuts'
Ixecut••.he ctaUnltlc
on the at .ek. ".. c:04.
th.. co.pl at Ion addra.

~OIllITOR

111'1. in blk SICURITY
-.rror-
Ix.cut•• error notitic.tion end c••tett. of ~ystt••
WARIII1tG 1. Urat ••_in.d. If WAJUlU'G • I, tJ\t
text of Un. n, ralolt.lve to act••n 4 of drive • 11
print.d. Tbl. lin. nuaber ••y b. posItive or
n.;atlve, and beyond just acr••n 4. If ~ARNING

I. n 1. just printad .I 9. nuabar (non-dl,k
inatdhtlonl. If MAUn'G • -I, the ~eflnltlf1.n
(ABORT) 1. a••cut.ct, whIch •••cut•• the .yat..
ABORT. The u•• r ••y eeutloualy ~odify thi~

."cutlon by dtering IABORT). AIM 65/40 FOllTH
••v•• the contant. of IN end BLtc to •••1at In
datar.ining the location of the .rrot. ph,.l ..etl
1. a.ecutlon of QUIT.

B-26 8-27

STACK WOTATIOM/DIPIWITION

- f.nc.­
La.va. th••ddra•• of • u.ar vartabl. contalnlnq ,
addr••• balow whtch rORGITtin9 i. trapp.d. To
for9.t b.low tht. potnt tha u"r .u.t altar tba
contant. of '1Me1

addr count UIPUT/OUTPUT
-.xpect-
Tran.ftr. cbaract.r. fr~ tht t.r.inal beginning,
addr, upward. until a -rtturn- or tht count of n
ch.racttr. ha. bt.n raetlYed. T.tt. no .ctlon fOf
• ... ro or 1.... ona or ~ra null. 'ra addad at til
.nd of the t.xt.

-flnl.-
"ark. tha and of th. Input d.t••tr... into the
co_pilar.

addr n b ~E~ORY

-uu-
'Ill. n byta., b'91nnin9 .t 'ddr with tb. byt.
patt.rn b.

-fir.t-
Lalya. tha fir.t (lowa.t addr••• of the data lot
•••••tor.ga buff.r.

EXPECT

IXICUTI

FENC!

.....

PILL

'IRST



CONTROL

COMPILIR

field .ddr...
vocabulary.

.ddr

COMPILER

INPUT/OUTPUT

COMPILER

-lata.t-
La.va. tha na.a
In tha CURRENT

srA=~ NJrArrO~/DzrINITIOW

INPUT/OUTPUT

...29

-i_adi.t.-
Mark. tba .o.t r.cantly ••d. diction.ry .ntry a••
word whicb .,ill ~ .xecut.d wh.n ancountarad rath.r
th.n b.ing co.pil.d •

-kay-
La.va. the ASCII valua of tha naxt .v.ll.bla
ch.r.ctar froa tha actlva input davica.

-in-
Le.v•• tb••ddr••• of u••r v.rl.bl. cont.lning tha
byta off.at witbin the currant input t.xt buff.r
(tar-inal or di.k) fr~ whicb tba n••t taxt .,111 b.
acc.pted. NORD u••••nd .ov•• tha value of IN.

-intarprat-
Th. out.r taxt int.rpr.t.r which .equ.nti.lly
.x.cut•• or c~pil.. t.xt fro. tba Input .tr•••
(t.r-In.l or •••••tor.g.) d.pending on STAT!. If
tb. word n... c.nnot b. found .ft.r ••••rch of
CONTEXT .nd th.n CURRBMT it I. conv.rt.d to a
nuabar .ccording to the curr.nt BASI. Th.t .1.0
f.ilinq, .n .rror •••••g••Cbolng tb. <nea.> .,itb a-1- viII b. giv.n •

T.xt input .,ill b. t.k.n .ccording to th. conv.ntion
f~r ~. If a d.cia.l point i. found •• part of
• nuab.r •• double nu.b.r v.lu. will b. laft. Tha
daci••l point b•• no oth.r purpo.a tb.n to forca
thi••ction. Saa NUMBER.

-l.av.-
'orca. tar-ination of. OO-LOOP at th. naxt
opportunity by .attlng tha loop li.it aqu.l to th.
currant v.lue of tba indax. Tha indax it.alf
ra.ain. unchangad, .nd axacution procaed. nor••lly
until LOOP or +LOOP I. ancountar.d.

•••
foUo
ILaI

NUMlRIC

nIPUT/OUTPUT

CONTROL

......

COMTROL

......
to in••rt .n ASCII

nua.ric output .tring.

THEN

(run-U.e)
(c~pll'l

THEN
!LSE

in a colon-d.finition in for-I

"IF

...

-h.x­
Set. the nu..ric conver.ion BASI to .ixt.en
(h••ad.ci.all.

-hold­
L••v•• the addr••• of u.er vari.bl. Which hold.
addr••• of the lat•• t cbaractar of t ••t during
nu..ric output convar.ion.

ch.r
-hold-
U.ad b4it.,.en <t .nd .>
cb.r.ct.r into a pictur.d

","
u.ad .,itbin a DO-LOOP to copy th. loop indu
the r.turn .tack to the .t.ck.

-i-d-4ot-
Print. dafinition'. n... fr~ it. n... fi.ld
.ddr.... S•••'A.

B-:28

At run-ti... I' ••lact••xecution ba.ed
1001••n fl.g. If fl.g i. tru., tb. word.
I' .r. ,x.cutad .nd the vord. following
.kippad. Th. ELSE p.rt i. optional.

If flag i. fal.e, th. word. b.twe.n I' and ELSE,
or b.t.,••n I' .nd THEN (.,h.n no ELSE t. uU4l.
.r••kipped. I'-ELSE-THEN condition.l • •• y b.
n.at.d.

At co.pil.-ti... I' coapll.. 'BRANCH .nd
ra•• rv•••pac. for .n off.at .t addr. Addr .nd n
.r. u••d l.t.r for r"olution of the off••t .nd
.rror t •• tlng.



SECURITY

ARITBltETIC

ARITHltlTlC

CQMTROL

operaUon whicb
r..alnd.r 1,13, fro.
divisor 1,12.

(coapUing)

LOOP coapil.. (LOOP) .nd u.ea
.n off•• t to DO. n i. u••d for

LOOP

n

n2 .a.

• colon-d.flnltion in for.:

~. gre.t.r of two nusb.r••

n

DO

udl 1,12 1,13 \Ide
·~lvid __aod·
An un.igned .ixad ••gnitud••ath
l.ave. a double quoti.nt ude .nd
a double dlvid.nd udl and .ingl.

..........
Oi.play. on the ••l.ctad activ. d.vice the text of
lin. n r.lativ. to acr••n e of drive t. n .ay b.
po.ltiv. or nagativ.. MESSAGE .ay b. u.ed to
print Incld.ntal te.t auch a. r.port b.ad.r.. If
WARNING ia •• ro, th••••••g. will .i.ply be
di.play.d •• a nusb.r (no •••••torag.).

1-31

d nl n2 n3 ARITilltlTIC
·.-dlvid•••
A .I••d .agnltude •• th operator which laav•• the
.igned r ..alnder n2 .nd aign.d quotient n3, fro••
double nusber divid.nd d .nd dlvi.or nl. The
r..alnd.r tak•• it••ign fro. the divid.nd.

At coapll.-ti•• ,
.ddr to c.lcul.te
error te.tilV,l.

At run-tl.e, LOOP ••l.ctiv.ly control. br.nching
b.ck to tbe corr••ponding DO b•••d on tb. loop
Inde••nd li.it. Th. loop index la incr...ntad by
on. and co.pared to tbe li.it. The br.nch back to
DO occur. until the ind•••qu.l. or e.c.ed. the
ll.i~, .t th.t ti•• , th. p.r..eter•• re dl.c.rded
.nd ••ecution continu.e .he.d.

STA~K YOTATIOM/DCrIMITION

MISe

DIC'fIOIlUY

on......U.ble In
Usually tbh I..

COMPILeR

addr... (phi of a
link flald 4ddre~~

LITlRALc.lcul.te

par_at.ar f
-Unit.lon t.o

H.

n.

L••v.. the h19b•• t addr••• plus
data (or •••• ators,.) buffer.
hlth•• t ayat•• a.-ory.

n

ST"C~ NOTATION/D1FINITION.,.-I-f-.­
Conv.·eta tl
dietlonny
(1ta) •

COMPILER

-lit"
Within a colon-definition, LIT 1.... l1tc".... tlcdly
c_pU!'d befora ••ch 16-blt litaral n~b.r encolUl
arad In Input taxt.. Latar •••cutlon of LIT calis
tbe content. ot the naxt dictionary addr ••• to b.
pushed to the atack.

8-31

·llteral­
If c~pllln9, than c_plla the atack ...alue n as a
16-blt literal, which vhan latar executed, will
l ••va n on the atack. Thl. deUnitlon is IIl1lledla
so that It. viII a.ecuta durin, a colon deflnitloa.
The Intended u•• lSI

C~pil.tion i ••u.pended for tbe co.pil. ti••
c.lculatlon of a valu.. C~pll.tion ia then
.nd LITIRAt co.pil•• tbia v.lu. into the
dafinition.

n MSS
·load·
Begin. intarpr.t4tion of acr••n n by .aki",
input atr••• , pr•••rv.. tb. locatora of the
input atr... (fro. 1M and BLl).

:f. i~t.•!p_r.Utio~ ia ~tar.lnatad n~llc..ll!Y.. It
.,lll b. ta"'tIlllfil:ll ¥tien tfi. Input atn_ Is exhlU,
Control tban r.turna to the input .tre•• cont"lnlni
tOAD , d.ter.in.d by the input .tre.. loc.tor. IN
.nd BLl.

LPA

LIMIT

LITERAL

LI.



u

MONITOR

INPUT/OUTPUT

MASS

STA.CK

ARITHMETIC

DICTIOH~RY

to the active output

nl n2 nl

n3

ASCII character
10UT ).

addr

addr

nl n2

nl n2

c --- )

"put·
Transllllts an
devlce (see

"prev·
Leaves the address of a user variable containing the
address of the disk buffer Dost recently referenced.
The UPDATE co~and lIIIarks this buffer to be later
~ritten to lIIIass storage.

"query·
Accepts input of up to 80 characters of text, (or
until a 'return·) from the keyboard lnto the
terminal input buffer (TIB) WORD may be used to
accept text from this buffeer as the input stream,
by settlnq IN and BLK to zero.

B-33

n --- nth STACK
"pick·
Returns the contents of the nth stack value, not
counting n itself. An error conditions results for
n less than one. 2 PICK is equivalent to OVER.

Leaves the address of a scratch area used to hold
character strings for Intermediate processing. The
lIIIaximum capacity is 64 characters.

STACK NOTATION/DEFINITION

nfa pfa DICTIONARY
·p-f-a"
Converts the name field address (nfa) of II
dictionary definltlon to Its parameter fleld address
(pfa).

·over·
Copies the second stack value, placing it as the ne~

top of stack.

·or·
Leaves the bit-wise logical or of two 16 bit values.

ts equIII
Slime "".

ARITHMETIC

MONITOR

"'RITHMETIC

MASS

COMPARISON

DICTIONARY

field address (pfa) of
field address (nfa).

if the nuaber
a false nag.

n3

nl.

.ddr

nl 02

ph

01 02 1\3
".od"
Leaves the re.ainder 03 of nl
the sam. slgo as nl.

STACK NOTATION/DEFINITION

B-32

~.ln~

L~~y.s the smaller number oj of two ouabers, 01
n2.

-.on"
Exits to the AIM 65 Monltor, leaving a re-entry
FORTH.

fhq
"not"
Leaves II true flag (1)
zero, otherwise leaves

Converts the parameter
definition to its name

n -n ARITII.METIC
"neqate"
Le",ves the t ....o·s complement of /I number, I.e.
difference of 9 less n.

lIddr d FORMAT
"nuaber"
Converts II character strlng left at addr with.
praceedlng count, to I signed double precision
nuaber, using the current nuaber BASE. If a
decll111al polnt is encountered in the text, its
posltion ~fll be given in DPL, but no other af
occurs. If numeric conversion 15 not possibl.,
error lIIIellage ~111 be given.

·offset:
Leaves the address of user variable ~hich

block offset to mass storage. The content
ls added to the stack number by BLOCK •
by MESS~GE are independent of OFFSET.
BLOCK and MESSAGE.

MOD

MOM

NECATE

MIM

MOT

OFFSET

NUMBER



PRIMITIVI

ARITHMETIC

PAIMITIV1

STAO<nl n3 nl

•
.I,n of .ln91. nueb.r n to for. double

Iddr

nl n3

t.h. top t
rd to th.

-r-p-.tor.-

addr MASS

n d d FORMAT
-.I,n-
In••rt. th. ASCII --- (ainu••I,n) Into the plctur.d
nue.rlc output .trln, If n I. negatlv.. n la
dl.c.rd.d, but double nueb.r d I••alntaine4. Mu.t
b. ua.d b.tv••n <' and '>.

..."

-.-••ro-
L.lva. th••ddr••• u•• r v.rlabl. that cont.ln. th.
initial Y.lu. for th. par...t.r .tack polnt.r. S••
SPI

DICTIOMARY
- ..udg.-
U••d during word d.flnlt.lon to tog'll. the - ••udg.
bit- In a d.flnltlon. n... fl.ld. Thl. pr.v.nta an
uncoepl.t.d d.flnltlon froe b.ln, found durln9
dictionary ••arch•• , until coepilln, i. coepl.t.d
without arror.

-.-c-r-
L.av•• th. addr••• of u•• r vlrlabl. contllnln9 th•
• cr••n nuan.r .o.t. r.c.ntly r.f.r.nce4 by LIST •

•-.-to-d­
Ixt.nd. th.
nuab.r d.

addr STACIC
-r-p-f.tch-
L.av•• th. addr••• of I vlrlabl. cont.lnlng th.
r.turn stIck polnt.r.

Inltlall••• th. r.~urn .t.ck polnt.r froe u•• r
varlabl. ao.

aTACIC VOTATIOM/DlrIVITIOM

CONTROL

STACIC

STACK

PRIMITJ II

Yarlabl. conul ,i"9 tn,
, .tack point.r. a.. RI

RIPIAT

rc•• an unconditional
)rr••pondin9 81GIN

. 'co.pil.. BRANCH Ind tilt
'r. n I. u••d for r~~"~

•

•

addr n
- r.peat­
Ua.d within

BIGUl WHILI

8-34

addr

At run-ti•• , AI
back to juat 1ft

At co_pi I.-tie.,
off••t froe HI'
t ••ting.

"USC

• ddr n MONITOR
-r.ad-
Input. n charact.r. froe th. act Iv. Input
ator•• the ASCII v.lu. atartin, at addr.

-r-•• ro-
L.ay.. th. addr••• (
initial value of t.h,

-r-froe-
a.aov.a t.h. top yalu. fro. t.h. r.turn .t.ack and
l.av•• it on the co.putation .tack. S.. >R ~ftd

STACie MOTATIOtl!DlrItltttOti

-quit.-
Cl••r. the r.turn .t.ck, .top. co.pil.tlon, and
r.turn. control to the k.yboard. tlo ••••ag. i.
9iv.n.

.ddr blk fh9 MASS
- r-.l ••h-v)
Th••••••tor.9. r ••d-writ. linka9.. .ddr Sf.Clfl
the .ourc. or d••tln.tlon block buff.r, blk • th,
••qu.nti.l nuab.r of the r.f.r.nc.d block, .nd fll'
.p.clfl.d r.ad or writ. Ifla, •• i. writ.••nd fll'
• 1 I. r.adl. R!W d.t..r.ln•• t.h. location on II

• t.or.,., p.rfor•• t.h. r.ad-writ. and perfor•• any
.rror ch.ckin,. R!W •••cut.•• t.h. cfa found In
URJ'W. On cold .t.rt t:lfla1a the adara.a of ' .... ROR'l

.,.
copl•• th. top of t.h. r.t.urn .t.ck t.o t.h. c~~
t.tlon .t.ck.

RSAO

REPeAT

R'

R'

QUIT

R



INPUT/OUTPUT

at .ddr to the
take. placa for n

PARMnCR

yarlable cont.lnlng
U-CR orph.n word.

THIN or

ba9lnnin9
'10 action

IMPUT/our.UT

.LS.
TO••

point wh.r••x.cutlon r ••we••
(wh.n no ILSE I. pr•••ntl.

Is the
or IF

IF
IF

un1 un2 nag ARITHMETIC
-u-le••-than-
L.aya. the flag repr••entlng the .agnltud.
co.p.rl.on of unl < un2 where un1 .nd un2 .r.
tr,at.d a. 16-blt un.19n.d int.g,r••

1-37

addr n
·typa.~ .
Tr.n••lt. n charact.r.
actlY' output deylce.
Ie•• than one.

-th.n·
U••d within

COMTROL

unl un2 ud ARITIUIITIC
·u-ti••••
Par for .. and un.lgn.d aultipllc.tion of unl by un2,
1••yln9 the un.19n.d double nueber product of two
un.19ned nusb.r••

THIN
KLSS

addr
·u·da.h-c.rri.g. r.turn·
L••v.. the addr... of the u•• r
the coda field .ddre.e ol the

STAClI: NOTATION(DEPINITION

ud u1 u2 u] ARITHMITIC
·u-dlyide·
'erlor•• the un.19n.d dlyl.lon of double nu.b.r ud
liy u~. .ay-In9 h. une'gn•• r ... lnd.r u2 and
un.19ned quotient n3 fro. the un.19n.d double
dlYldend ud and un.ign.d dlyl.or u1.

addr b MIMORY
·t0lJ9 l ••
Co.pl•••~t. the cont.nt. of addr by tb. I-bit
p.tt.rn byt••

·t-i-b·
Leay•• the addt••• of u•• r y.rl.bl. contaltlng tha
.t.rtln9 addr••• of th. tar.lnal Input buft.r.

STACK

DICTIONA.R~,
can .ark the "nllntfacy
forg.ttlng TASK ~lld c
c.n be dl.carded 111I tn
laITASIC,.

M, co.pUaUon .t.rt••t th,
Editor T.xt buff.r. Coaoll

rINIS i••ncount.r.d.

STACk

n2 nl

B-],

nl n2
-avap·
Exchan9.. the top

MONITOR

COM'ILER

INPUT/OUTPUT
Tran••it. an ASCII blank to tb••ctiy. output 4e

n
·.p.c•• -
Tran..lt n ASCII blank. to the actly. output

-.-p-.tor.-
Initiali••• the .tack point.r fro. S'.

If the d.yic. code •
top of the AIM 65/4'
tion continu•• until

-t••k-
A no-op.ration word which
betw.en application.. By
co.plling. an application
entlr.ty. It. d.flnitlon

STACK NOTATION/DlrINITION

-.ourc.-
A procedure which identifi•• the .ctly. input
for batch co.pilation. Th. proc.dur. i.1

SOURCE <RI1'tlAal> IN • [UI.UT Dn-ICI CODtl

·.tat.-
Le.y•• the addr••• of u.er variabl. ront.lnlnq
c~pil.tlon .tat.. A non-•• ro valu. indJc.t••
co.pilat Ion.

addr STACK
·.-p-f.tch·
R.turn. the addr••• of the top of the .t.ck ••
w•• before SPI wa••x.cut.d. (••9 •• 1 2 ""p,

would tyPe 2 2 1)

TASK

S.ACI

SOURCE

STATa

SPACES

SWAP

'PI



",nd an
error

MASS

08RANCH
used for

(run-tl.•• ) CONTROL
(compile-tille)

6-39

UNTIL compiles
~ t.o ",ddr. n Is

eeently refereneed block (pointed to
teredo The block will SUbsequently
utomatlcally to mass stor",ge, should
quI red for stor",ge of '" different

UNTIL

'lag is true, the loop 15 terminated.
; execution returns to the first word
8EGIN - UNTIL st.ructures may be

:olon-deflnltlon in the for.:

PARAMETER U

ss ot ". user variable containing
"<iress of ". EMIT output word.

PARAMETeR U

, o' "he user variable containing
• the data (or mass storage)

PARMETER U

, of ". user variable containing, of ". ". KEY input word.

PARAMETER U

, of ". user variable containing
plus 00' ot t.he dat'" (or ."'55

·update·
Marks th
by PREy
be trans
its huff
blo(

At cOlllpi
o((set f
tests.

·until·
OCcurs w

BEG

At run-t
If fhg
after 8
nested.

·u-li.it'
Leaves tt
the last
.torage)

·u-key·
Leaves tt
code flel

STACK NOT TIO'------

·u-first·
Leaves th
the first
buffer.

·u-emit"
Leaves th
the code

T£

PARAMETER

PARAMETER

PARAAETER

PARAMETER

PARAMETER

variable contalnl
ABORT word.

variable containing
UCR orphan word.

addr
~u-question mark-in~

Leaves the address of the user
the ,code field address of the

addr
~u-question mark-out"
Leaves the address of the user
the code field address of the

STACK NOTATION/O&FINITION

addr
~u-abort"

Leaves the address of the user
the code field address of the

addr PARAMETER
~u-bytes-per-buffer"

Leaves the address of the user variable
the number of bytes per buffer.

addr PARAMETER
~u-bloCks-per-screen~

Leaves the address of the user variable
the number of blocks per screen.
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"u-close"
Leaves the address of the user
the code field addre•• of the

addr PARAM&T&R
·u-characters-per-line"
Leaves the address of the user variable
the number of characters per line.

addr
"u-carrlage return"
Leaves the address of the user
the code field address of the

U?IN

U70UT

U7T&RMINAL addr
~u-que5tion mark-terminal"
Leaves the address of the user
the code field address of the
word.

UABORT

UB/BUF

UB/SCR

ue/L

UCLOS&

UCR



u

RIPEAT

VOCABULARY

Thl. h, whan •
voc.bulary i.

WIlLE ltplBlGUl

"whU."
Occur' In • colon-d.finition in tb. foral

~i=-.......-I'"

SlCURITY

flll9 (run-ti•• ) COIITROL
.ddrl nl -> .ddrl nl .ddr2 n2

At run-tl•• , WHILI ••l.ct. conditlon.l .x.cutlon
6ii'HonBOOl-..rtl-.y;--t-t-ttii!!.'l 1. tn.-(rtOn-_...o..--===¥
WHILE continu•••••cutlon of tb. true part tbrouqN
to REPEAT, vhlcb tb.n br.ncb•• b.ck to BIG 1M •
If n.g i. fal•• (uro) ...acution .kip. to ju.t
aft.r REPEAT, •• itlng th••tructur••

At eo.pil.-ti•• , WHILE ••pl.e.' (IBRANCH) and
l ••y•• addr2 of tb. r••• rv.d off••t. Th••tack
v.lu.' viii be ra.o1v.d by REPIAT •

"v.rnln9-
LaIlVII. th. Iddr••• of u•• r v.rillbl. cont.inlng II
v.lu. controlling ••••ag... If vllu•• 1 ••••
.tor.g. I. pr•••nt .nd .cr••n 4 of drlv, • I. tb.
b••a loc.tion for •••••g... If Yll1u•• I, no d1.k
i. pr•••nt .nd •••••g•• viiI be pr••antad by nwab.r.
If ",111,1•• -I, •••cut. (ABORTI for. u•• r
.paclfl.d proc.dure. s.. "ESSAGE .nd ERROR

N.v voc.bul.ri•• 'cb.in' to PORTH.
III of dlctionlry .aarch thrOU9h a
••hlu.t.d. PORTH viiI b••••rcb.d •

·v-ll.t"
LI.tl th. n•••• of tb. daflnltlon. In th. CONTEXT
voc.blil-~~pr ••Ii~n-of-.ny-k.y-.~~l-t.r.inlt.
tb. U.tilVl'

B-41

VOCABULARY

to cralta lin th. CURRENT voclbul.ry) a dictionary
.ntry for <n..,>, whicb .pacifl••• n•• ord.r.d
ll.t of word d.flnltlon.. Sub••qu.nt ••ecutlon of
<n..'> .111 -ak. it the CONTEXT Yoc.bul.ry. Whan
<n...> beco... th. CURRIMT voc.bul.ry I".
DEfINITIONS ), n.v d.finltlon. w1l1 b. cr••t.d In
th.t a.t.

&TACit tlOTATIO~DIPItlITIOM

·vocabul.ry·
A d.flnln9 word u.ad In th. forat

VOCABULARY <n_a>

,

DtrUIIMa•·u•• r·
A daflnln9 wor' u.ad In the for.,

n U8CII <n..a>

Which cr•• t ••• u••r v.rl,bl. <n...> Th

~::;'t: f t~:-::: con~dn. n ••• flx.d off:.r';~:="
varhbl WIt r po ntar r..,htar UP for thh u"r

a. .n <n..,> 1. btar allICutad It hcn
tha 'u. of It. off•• t .nd th. u••r .r.a b••• :~d!'~
in the .tack a. tha .tor"••ddr••• of th.t partlco

• r varlabl.. Off••t. of $6. to '7' ar. avallabl.
saa Appendix C. •

.....

STACK MOTATIOM(Dt'IMITIOM...,
.u-r.ad-wrlt.. PARNt&1'SII
Leav•• tha addr••• of tha .--, I"., .. var a • contalnl..
~ • cod. fl.1. ,'dr••• of th.Inltlall to , ••_) " tor..,. I/O """ .-. col' .t.rt.

n --- <n...> (ca.put.-tl•• , DtPIMIMC
<n...> --- lrun-U.a)

·varlabl."
A d.flnln, word ••acut" In tb. for.,

n VAAIAaLS <n"a>

to cr.at•• dictionary .ntry for <n...> and allot
two byta. for .tor... In .~.< > 1 .... par...ter Uald. "an
n... • later a.acut". It will pbc. the .tor...

.ddr••• on tha .t.ck.

.ddr
~.oc",llllk. VOCMULAAY
LeIva. the addra•• of ular vlrlabl. contalnl
'ddr••~ of I fl.ld In the d.flnltlon of the ::.~h'
r.c.nt y cr•• tad vocabulary. All voc'bulary n••••
ara llnk.d by tba.a flald. to Illow control for
PORGt?tln9 through .ultlpl. wocabullrl •••



[COM.PILI] C~PILtR

-br.ck.t co.pll.-
U••d In a colon-d.flnltlon in for.l

-

1 O.finitlon

"IT .......bly-ti••

RlT Run-ti••

1/1 High-byte

L/I Low-byta

• ddr, • ddrl, •• Addr•••

OP-CODIS

ROC. DEC, LSR, SIC,
XIlO. DIX. NOP, SID,
RSL. DEY, OOR. sn,
lIT, lOR, .... STA,
IRIt, INC, PHP, STX,
eLC. INX, • LX. STY •
eLD. INY, PLP, TXX.
CLI, JM.P, ROL, TAY,
CLV, JSR, ROR, TSX,

• CIlP.. LOA • RTI, TXX.
C,X, LOX. ..S. TXS,
CPY, LOY, SBC, TYA,

APPENDIX C

AIM 65/4' PORTH ASSEMBLIR fUNCTIONAL SUKMARY

t at.ck opar.tlon I. denoted In par.nth.ala. Tha ayabol. on
l.ft Indlc.t. the ordar In which Input p.ra.atera .u.t b.

~l;ed on the at.ck prior to PORTH word ••acutlon. Thra.
,~.a 1---) Indlcat. the PORTH word •••cutlon point. Any

~t.ra l.ft on tha .tack .ftar a••cutlon .ra llstad on the

~it. The top of tha stack I. to tba right.

t~ appendix contalna a .u..ary of tha AI" 65/4. PORTH
'..oler word d.flnltion. groupad by ara. of prl.. ry function.

?lult appendix D for tha dat.II definition of a.ch word.

nl n2 n3 ARITHMETIC
-.-or-
Leava. the blt-vI.e logIc.l a.clualva or of twe

C~PILIR

8-42

C~PILIR

srA:~ N~TArIO~/~~FINIrION

-left-br.cket-
Inda the co.pllatlon .cda. Th. te.t fro. the
atraa. I. aub.equ.ntly e.acutad. Se. J.

-right brackat-
S.ta tb. co.pllatlon .cde. The ta.t fro. the I
atr.alll h .uba.quantly co.pU.d. Saa (.

char COMPILER
·word·
R.c.lv•• ch.r.cter. fro. the Input atr.a. until
non-.ero delI.ltlng cbar.ctar In the .tack I •
• ncount.red or tb. Input at rea. la .~b.u.t.d,

Ignoring lee41ng d.ll.ltera. The char.ctara ar.
.torad aa • pack.4 atrlng wIth tbe ch.r.ct.r couq
In tbe flrat char.cter poaltlon. Tha .ctu.l
dell.lt.r .ncount.red (ch.r or null) h atored at
tha and of tha t.~t but not Includad In the count.
If the Input atraa. wa. e.h.u.ted aa NORD la
c.lled, then •••ro length will re.ult.

addr n M.ONITOR
·wrlt.- .;f

Output. n cbar.ct.ra to the active output d.vlc.
atartln, .t .ddr.

addr SICURITY CU
·wldth· 1
Laavee the addre.a of u.er varlabla contaIning t~

••~I.u. nu.ber of lettera ••vad In the coapll.tl
of • deflnltlona n.... It .u.t be 1 through 31,
with. d.f.ult value of 31. Th. na.a ch.ract.r
count and Ita natur.l ch.r.ct.ra .r••av.d, up t
the value In NIDTH. Th. v.lu...y be ch'ngad
any tl.e within the abova 11.lta.

---!-COMPI¥"J- (n...~--

Porce. co.pllatlon of the following vord.
allow. co.pllatlon of.n I~EOIATI word
would otherwla. ba ••ecut.d.

WORD

WIDTH

WORD

XOR

WRITI



jumps to
poInt.

At R/T,
BEGIN,

At A/T, assembles a
condItional branch
Instruction to the
instruction followln9
REPEAT, based on the
condItion code cc •

At R/T, condItional
branches to the poInt
following REPEAT, if
cc Is f",lse, or continues
",head if cc is true.

At A/T, .",rks the con­
clusion of '" conditIon"'l
structure st",rted by IF,
and resolves the forward
conditional br",nch from
IF, (If ELSE, is not
present) •

At R/T, m",rks the conclu­
sIon of a conditional
structure started by I IF,

At AIT, ",ssembles a JHP
InstructIon to the
BEGIN, poInt

At A/T, cre"'tes an
unresolved forward
conditional branch
based on cc and le"'ves
addr for resolution by
El.SE, or THEN,.

At R/T, conditIonally
branches to the ELSE,
point (or THEN, point
If ELSE is not present)
If cc is false, or continues
ahead if cc is true.

2 At A/T, ",ssembles a
forward JHP instruction
to THEN, and resolves
the forward condItional
br",nch froa IF,

At R/T, ~arks the st",rt
of ",n assembly sequence
condition",lly br",nched
to froJ! IF, if cc i.
false.

2 --- addr2

",ddr 2

ee

R/T:

A/T: addr 2

A/T: addr 2
R/T:

C-3

R/T:

A/T:

R/T:

A/T:

R/T:

A/T: addrB 1

addrB 1 addrW 3

R/T:

A/T: addrB 1 addrW 3 ---

jumps to the
point.

At AlT. l'''ves the
dictionary pointer
address and the VII
1 for hter testing
conditional pairing.

At A/T, Iss.lIble. "
conditional branch
instruction to IddrB
(BEGIN, point)
based on condItion c
ee.

At R/T•••uks the
beginning of II
repeatedly executed
IS',"bly .equence.

Branch on neg.tlve
(N-I) •

Bunch on zero fZ-!}
Branch on overflow

(V-I) •

Branch on carry (C-I)
Revlrse the condlt!
code.

AeCUIiUlator llddn..
1I0d••

l_ediate
Indexed X
Indexed Y addre.s
Indexed Indirect
addr ••• lIode.

Indirect Index.d y
Iddre.s 1I0d.,

Indirect Absolute
• ddra•• Ilodl.

At R/T, conditIonally
branches to the SEG
poInt (I f cc is hI..
or contInues ah.ead (1
cc is true).

At R/T,
BEGIN,

At AIT, aSSembles 4 J
instruction to addrS
(BEGIN, point)

C-2

addrB 1 cc -_

/IddrB 1 ---

A/T:

R/T:

R/T:

A/T:

R/T:

C.2 ADDRESS HODES

••
•,X
,2
Xl

lY

C.3 COHDITIONAL SPECIFIERS

" A./T: ee

,- A/T: ee
V, 1I./T: ee

C' A/T: ee
'OT A/T: eel ee2

C•• CONTROt.

BEGIN, A/T: --- addrS 1

UNTIL,

AGAIN,



c-sc-.

c.s RETUIUl STACk

PUSH A.fT: .cScSt At AlT. 1••v•• the AlT • •• AI 1••"1111 th.
• ddr••• of the R/T addt • of II raturn
return point Which "". .1 n2 -- pol. ""leh, .It R/T,
will add th••ee~- will u11 tWII l6-bll;
lator 'II/B' and tb. valu fro. l:ha at_l:k

"" top ..chin. atack byt. ••• ab tb. aceu.u··
(L/II to the dati suet. lato (B/I) lind the top

..eb • atael: byte (L/I)
PUT AlT. --- addr At A./T, 1••"•• the to t' data ntack.

addr••• of the R/T
raturn point which AlT' 111 Ibn) At. AIT, ....d to addr•••

R/T: "' will wrlta ttl. aeCllllll· th. botl:•• of the
lator (H/B) .. nd the top Raturn IItaek •
••chlna ataek byte (LIB
to raplace the exlstin\! • At AIT, u••d to addr•••
top data atack 16-blt the top it•• on the
yalu. (nl) • data at.aek.

PCP ~ adeSr At A/T. 1••v•• th. At It/T. u" to .ddr•••
.ddr••• of th. ~ th•••eon( t •• on the
raturn point which data atacll

R/T: will pull a l'-bit
valua fro. tha data

--.ucr-.mrc~rrt1llur- REGISTERS
interpreteUon.

A/T; addr Laava. the .ddua. of •PUSH,A 'IT .ddr -At.-A/T , r••va. the nin.-byt. work .pec. In
.ddr••• of the R/T J>8ge •• ro.

RIT r.turn point which
will pu.h •••ro OVBI A/TI addr Leave. the addre•• of a
• nd the accu.ulator utility rout in. to !IOV•
(L/BI onto the data it... fro. the .t.ck to
.tack. the N .r•• on .-P.9••

PUTIA A/T: .ddr At A/T. l.av.. the A/T: addr Le.ve. the addr••• of
addre.a of tha R/T the pointer to t.he n.xt

R/T: .1 • 2 return point. which FORTH .x.cution .ddre••
will wrlta •••ro (H!B) in a colon-d.finition
• nd t.h. acc~lator to be int.rpr.ted•
(LIB) to replace
th. ui.tift<j data ,tick AlT. addr Leave. the addr••• of
U-bit Value (nl) • tbe pointer to tbe ba••

of the u.ar .rea.
PC....O AIT .ddr At a••e.bly-U.a. lfo,"vtI

the addre•• of th. AlT. addr Laava. tha .ddre•• of
RIT .1 .2 run-tl•• r.t.urn point tha polntar to tha cod.

which will pull two fl.ld of th. PORTH word
----rf=ll-tt valu•• t (011I tht ~1ft9 •••cuEea.

data .t.cll .nd conttnut
interpret.tlon. AIT .ddr L••v.. the .ddre•• of •

t ••~r.ry buffer for
NEXT 'IT .ddr At •••••bly-ti••• l""vtl ••v n9 the X r*9l.t.r.

the .ddr••• of the
rORTR Inn.r-l n~ .. ~p~ .. ttr



c.• IlITIRRUPT

U'TPLAG A/T; .ddr

R/T:

UITVECT A/T: --- .ddr

RlT.

C., MISCJ:LLAIlEOUS

"[)-COOl A/T:

'EM AlT.

C-'

At. AlT. 1...... til,
IdeS,... of the
interprettv. fh9
byte on p,lg, 2:ero.

At AlT. 1••••• file
.IdeS,.,. of the Int.1t
pretlv. lr>h.rrupt
vIctor.

"'-rk. the end of II

ddlnltlon..

hta MODI to dlclC
.'.ory IId<lr~.... lnq
a-plgl.

APPPDIX D

AIM 6S/U PORTH ASSIMBLIR GLOSSARY

11 glo••• ry contalna the definition. of ,II words In the AIM

fil FORTH ASSr.:N8LER vocabulary vith I.ceptlon of the
odes. The definitions ar. pr•••nte4 In ASCII lort order,

fir~1 line of ••ch Intry show... Ir-bol!c d••criptlon of
of the procedure on the par...tlr Itsell. Th,

1. on the l.ft indicate the ordlr in which Input
fllllters hIve b••n pllced on the It..ck. Thr•• d••h•• ----­

e~te the Ixecution pointl ~ny per~.eter. left on the .t.ck

\lr Ixecution ~rl li.t.d on the right. In this not~t1on, the

the .t~ck i. to the tight.

__ory Idr•••

condltj , code

16-blt 19n~ nu.ber

n.tural 1'091,1'9. pronunci.tlon of PORTH n.... i. 9iv.n in
It quot•• (-,.

rd n•••••• u••d within the 910••~ry ~n conv.ntlon.llr
l,tun In up~r-ca•• charact.u. [;o1I'et c~•• Is u••d tItl"lll'l

t.rtfl"" is .~d. to the run-ti•••~chin. cod•• (not directly

cesslhl"l, ••9., VARIABLE i. the u•• r word to cr.~t. ~

E.ch 1,1•• of th~t v~ri~b1••~k•• 1,1•• of ~ cod.
uenCf 'v.riebll' which IXlcut•• thl function of the

It!,."l"" v.riab11.



ADDRESS

ADDRESS

ADDRESS

ADDRESS
addr••• ing .od. for

l.xed Y' .ddr••• ing
,n.r.ted •

0-3

ADDRESS
-ind.x.d x-

Specifi•• 'ind.xed X' .ddr••• ing .od. for
the n.xt op-cod. gen.r.t.d.

STACK NOTATION/DI'INITION

--- cc Cn...bly-ti••) CONDITIOIl
• •• ro-.qual.·
Specifi•• that the I ...di.t.ly following
conditlon.l will branch b•••d on the proc•••or
zero fla .t.tu. bit ~lnl...Bua1 t~ oA. I~JJ.
~•• aqua to ••ro. • l.g ee I. 1. t •

•••••bly-tl••, th.r. is no run-ti•••fhct' on the
.tack.

--- cc (.....bly-ti••) CONDITION
·:&.ro-l••••
Sp.cifi•• that the i..edi.t.li following
condition.l will branch b•••d on the proc•••or
neg.tiv. fl.g .tatu. bit b.ing negativ. IN-II,
i ••• , 1••• than •• ro. Th. flag cc 1. l.ft at
•••••bly-tl•• , th.r. i. no run-ti•••ff.ct on the
.taCk.

·ind••ed Y·
&peciU•• 'il

th~ n.xt op-cod.

·indir.ct ind.x.d Y·
Specifi•• 'indir.ct indexed Y' .ddre•• ing

~. for the n.xt op-cod. g.n.r.ted.

·accu.ulator· •
Sp.cifi•••ccu.ul.tor addr••• ing .ad. for the
n•• t op-cod. g.n.rat.d.

·indir.ct·
Specifi•• 'indir.ct ebsolute'
the n.xt op-cod. g.n.rated.

·i-..diat.· ADDRESS
Specifi•• 'i_ediat.' addn.a1ng .ode !or the
n.xt op-code g.nerated.

Addu.a1ng Mod.
Opention Cod.

Control Structur••
Stack Addr••• ing

Aa.eably R.gi.ter

Conditional Specifier

R.turn of Control

Interrupt Proce•• ing

ADDRESS

O'-CODI
CONTROL

StACK
REGISTER

CONDITIO"
RETUIUl

INT!RRUPT

Group K.y Word. CGROU.)



CONTROL

ILSI. • ••eabl••• forw.rd
THIM. Ind rl.olv•• a pend in,
branch fr~ If. • Th. v.lu.
ch.ckin, of conditional

.ddr 2 (••saably-ti••)
addr 2 ltun-ti••)cc

.ddr 2 (•••••bly-ti•• )
(run-ti•• )

-.nd-if-
Anoth.r n... for TRIM,

cc If, <true part> ILSI, <f.l•• part).....
At .....bly-ti.. If. cre.t•••n unr••olv.d
forw.rd br.nch b••ed on th. condition cod. cc.
Ind l ••v•••ddr and 2 for r••olution of th.
br.neh-by-th.-eorr••pon4int ILII~ or TaIM.
Condltlon.l•••y b. n••t.d.

At run-ti... IF, branch•• b•••d on the
condition cod. cc I 1< or I- or CS). If the
.peclfl.d proc•••or .t.tu. i. tru., .x.cutlon
contlnu•••h••d. oth.rwl•• br.nchin, occur. to
ju.t .ft.r ILSI. (or TRIM, wh.n 11.11, i.
not pr•••ntJ. At 11.81, .x.cution r ••ua•••t
tb. corre.pondln, THIM, •

.....

-if-
OCcur. within. cod. d.finition in the for.l

IUSC

cc IP, <true part> ILSI, <f.l•• part>
TaD.

-.nd-cod.-
An .rror ch.ck word ••rkin, the .nd of •
COOI-d.finltion. Succ•••ful .x.cutlon to .nd
Incl-udl:nq-INO-COOI w111 un_u4,.-th.· _at
r.c.nt CURRINT voc.bullry d.finition•••kin, it
.vlil.bl. for .x.cution. IMO-COOI .1.0 .xit.
the ASSeMBLIR ••kln, CONTEXT th. •••• ••
CURRDlT •

At run-ti••• if th. condition cod••pecifi~ by
cc i. f.l.~, .aeeutlon will .kip to the ••chin.
cod. followin, 11.81,.

At •••eably-ti•••
juap to just aft.r
forw.rd conditional
2 I. u••d for .rror
pdrln,.

.4drl 2 addr2 COtlTROL
2 I....ably-ti••) (run-ti••)-.1••·

OCcur. witbin I COOI-d.finition in the for. I

STACX 1i00ATIOIi!DIPIMITIOIi

"

,

to<
• ••.-bl•• a J ....

nuab.r 1 i. i ••uld

cc UMTIL,

AGAIM,· branch•• unconditionAlly to
BIGIM, •

BIGIN.

At run-tl•••
it•••tchin,

At •••aably-ti.a, AGAIM.
in.truction to .ddr. Th.
.rror c:h.ckinq.

STACK 1i00ATIotI/DI'IWITIotI

--- addr (••aaably-ti.e
nl n2 --- InJ (run-ti••)

-bin.ry·
At .....bly-ti•• const.nt which l ••v•• th.
••chin••ddr••• of • r.turn point which ••t
run-ti••• will pull two 16-bit valu•• fr~ tne
.t.ck .nd push th. accuaul.tor (high-byt.) ~nd

the top ••chin••t.ck byte (•• low-byte) to ~hl

d.t••tack.

~ •••••bly tl•• , BIGIM, l ••v•• the t\lr.tlonary
poffthr .aan...-aarana-th. value 1 for later
t •• tln, of conditional p.irin, by UMTIL. or'
AGAIM, •

At run-ti•• , BIGIM, ••rk. th••t.rt of .n
••••ably .equ.nc. r.pe.tedly .x.cut.d. It &lrVI
•• the return point for the corr.spondin,
UNTIL, • When rs.chin, UMTIL. • br.nch to
BIGIN. will occur if the proc••sor .tltUI ~tt

,iv.n by cc ia f.l •• , oth.rwi•••xeeution
contlnu•••h••d.

.ddr 1 --- I....-bly-ti••) CONTROL
--- I run-tl•• ,

-~.in·

OCcur. in • COOI-d.finition in tb. for.t

BIGIIi•••• IoGAI.,

--- .ddr 1 (•••.-bly-tl••) rnN'I'ROL
( run·tI•• ,

OCcurl in a CODI-d.finition in th. foral

cs

BEGIN,

BIMARY.



REGISTER

.,1<:
II t.o the
,•• lnlj on

.bl.r to ••t. I
r.ct •••ory H'

will br.nch b•••d on -not .qual to •• ro- •

ccl --- cc2 (••••~ly·tl••) CONDITION
-not.-
Nban •••.-bllng, r.v.r•• t.b. condition cod' for
the following CGndltlon.l. Por ....p1.1

I- NOT IP, <true part> THD.

D-1

U••d In • COOI-d.flnltlon In the tor. I

N 1 - STA. or N 2+ It ADC,

A con.tant which l.av•• the addr••• of • 9 byte
work.pac.ln,:I-p.g•• Within •• lngl. COOE­
d.flnltlon, tr •• u•••ay b••ad. ov.r the r.ng •
N-l thru .+7. sa. SETUP.

--- .ddr (.....bly-U••) RETURN
-n•• t-
A con.t.nt which l ••v•• the .'chin••ddr••• of
tb. PORTH .ddr••• Int.rpr.t..r. All CODE­
d.flnltlon••u.t r.turn •••cut.lon to NIXT. or
lnclud. cod. th.t r.turn. t.o NIXT
{I •••• PUSH, PUT PUSHIA. PlITIA. BINARY
PO. 'OPTNO I.

"n"

STACK NOTATION/DIPINITION

--- .ddr (•••••bly-tl••1 RITURN
-..... (fli~f'I.i1_

-pop-
A con.t.nt which l ••v•• (during •••••blyl th.
..chln••ddre•• of th. ret.urn point. which••t
run-tl.e. will pull • 16-blt v.lu. tro. th. d.t.
.t..ck .nd continue Interpr.t.tlon •

-••IlOI'r"
U••d ./ tbln the
d.fau;,t. velu. f,
:I-Pi'g'l •

--- .ddr ADDRESS
-~.-
By.t.. v.rl.bl. u••d to d.t.r.ln. t.h••••••bl.r
'ddr••• lng ~ ••

"

,nIIIUSt
lo'ora

REGTST£Il

IN1'£fl~UPT

•• of tb.
••ro ,...

th. fonl

(•••••bly-t.l••
(run-ti••),

I v.lu. 1. tb.
:.rrupt n.g by
cod.-d.Unltlo

.da,

...

-lnt.rrupt fl.
A con.t.nt wh.
lnt.rpr.tiv.
It is u.ed In

IVTPLAG LOA. (MeVI Ttli IVTPLAG IYTE TO 'I

lit 7 of IVTPLAG is the lnt.rpr.tlv. Interrupt
bit. 1 •••n. Int.rrupt. lit' of INTPLAG 1~
the lnt.rpr.Uv. Int.rrupt •••k bit. If bit' 1s
on, bit 7 I. not t ••t.d for .n lnt.rpr.tlv.
Int.rrupt.. If bit' is off .nd bit 7 is on. the
word who•• cod. fl.ld .ddr••• 1. In INTVICT
wirl b••••cut.d on r.turn to NEXT. Aft.r t~t

word flnl.h••• regul.r PORTa word •••cution
contlnu•••

-I-p-
U••d In a CODI-d.flnltion In the for.:

•ddr (•••••bly-tl••1
( run-tl.'1

-Int.rrupt v.ctor-
A con.t.nt who•• v.lu. I. the .ddr••• of the
Int.rrr.t.lva Int.rrupt v.ctor. Thl. v.ctor
cont. nth. cod. fl.1d .ddr••• of the PORTH
to •••cut. on Int.rpr.tl•• Int.rrupt.

STACK NOTATION/DEPINITIOM

It STA, or It)Y LOA.

lo.d. t.he third byte .be.d In the colon.
deflnltlon being Interpreted.

I' STA, or It If LDA,

At .....bly-tl•••• con.t.nt which l ••v•• the
.ddr••• of the polnt.r to the n••t. PORTH
•••cut.lon .ddr••• In • co10n-d'flnltlon to be
interpnt~.

At. run-U•• , NIXT IlOV.. It .h.ad within Ii,
colon-d.flnltlon. Th.r.for., It point. juet
• ft..r the •••cutlon .ddr••• b.lng Intarpr.ted.
If .n In-lin. d.t.. structure bas been compl1e~

(1 ••••• ch.ract.r .trlngl, Indadng .h••d by I'
c.n-aCGa•• this d.t.,

INTVECT

INTPLAG

..



STACK

STACK

" REPKAT,

unconditIon.lly br.nch••
BEGIN.

cc WHILE,BEGnl,

Iddr (u.eably-tI•• ) STACK
-••tllp·
A con.tInt who•• v.lu. i. th. addr••• of •
utility rout In. to acv. it... fro. the .tlck to
the N .r•• of •• ro pag.. Th. nuab.r of It••• to
.ov.-U,-t,.-3-or 4 only) 1a In th. A relJ1atar-.

• ••cond·
U.ed In • COOE-d.fInltion in the foral

SEC LOA. or SIC 1+ STA.

Addr••••• th•••cond 16-bit it.. on the d.tl
.t.ck by ••l.ctlng th. , X.X addr••••04••nd
1••vIng 2 on the .tack.

0-'

--- 1.1 (.....bly-ti•• )
-r.turn-point.r-
U••d In • COOI-d.fInition In the for.1

RP) LOA. or RP) 3+ STA,

Addr..... th. top byte of the r.turn .t.ck
(containing-th. lov byt.) by-••l.ctlng-th. .X
aod••nd l ••ving n-$l'l. n ••y b. aodifI.d to
.noth.r byte off•• t. '.for. oper.tIng on the
r.turn .t.ck th. X r.gI.t.r .u.t b•••ved In
XSAVE and TBX, •••cut.d. Bafor. r.turning to
MIXT, the X ragI.t.r .u.t b. r•• tored.

At run-tia. RIPKAT.
b.ck to It••ltcbIng

At •••.-bly-tI•• , R&PIAT. • ••.-bl•• I. JMP
In.truction to th. In.truction I..edIat.ly
folioving the BEGIN. word •

IddrB 1 .ddrW 3 COMTROL
(••••ably-tl••) Irun-tI••)

- r.pe.t·
OCcur. In • co4. d.fInition In th. fO~1

STACK MOTATIOM{DBPIIiITIOII

unIT

JU:Ttl

IU""..

(••••iably-tI••'
(run-tI••)

(•••••bly-tI••)
(run-U••)

• ddr
n

.ddr (•••••bly-tI••)
n2 (run-tI•• )

.ddr (....-bly-U••)
n2 (run-tI•• ,

--- .ddr (.....bly-tl•• )
nl n2 --- I run-U••)

·pop-two·
At •••.ably tl••• con.t.nt whlcb l ••v•• g4chine
addr••• of tb. r.turn poInt whlcb••t run-time
vIII pull two 16-blt valu•• frc. the d.t. stack
.nd contlnu. Int.rpr.tation.

0-1

STACK MOTATIOM!OErIMITIOM

·pu.h·
At .....bly-ti••• con.t.nt whicb l.av•• the
••cbln••ddr••• of tb. r.turn poInt whIch ••t
run-tI•• , 11111 .dd tb••ccllaulator '(4S hlg:h-byta)
.nd th.' top •.•.cb,In••t.c,k byh ,I •• low-byt.) to
the d.t••t.ck.

addr
n

·pu.h-I-.·
At .....bly-t1••T conat.nt whIch laav••~th•
• achin••ddr••• of the r.turn poInt whIch •• t
run-U•• , will add •••ro I •• hIgh byte' .nd tha
.ccllaul.tor I•• low byt.) to th. d.t••tack. 1

nl
·put­
At .....bly tI••• con.t.nt whicb l.av•• tb.
••chin••ddr••• of the r.turn poInt WhIch. at
run-tI••• wIll wrIt. th••ccllaulltor (••
high-byt.' .nd tb. top ••chin••t.ck byte la.
low-byt.) ov.r th•••I.tIng d.t••t.ck 16-bit
value lnl).

nl
·put-•• ro-.­
At .....bly-tl••• con.t.nt WhIch l ••v•• the
••chin••ddr••• of the r.turn poInt Which, at
run-tl•• , wIll wrIt. I •• ro I •• high-byt.) Ind
the accuaul.tor I' low-byt.) ov.r th••• i.tlng
d.t••t.ck 16-bit v.lu. (nll.

POPTWO

PUSH

PUSKIA

PUT



REGISUR

fl.E'E"T.cc WlIILE.BEGUI,

2 • LOY. W)Y LOA.

wlll f.tch th. flr.t byte of th. p.r...t.r fl.ld.

"t •••••bly-tl... WHILE, •••••bl••• condl­
tlon.l r.l.tlv. br.nch In.tructlon to th'
In.tructlon I•••dl.t.ly following the REPEAT.
b•••d on the condition cod. cc.

.ddr (•••.-bly-tl••)
U••d In • COD&-d.flnltlon In the for.1

W 1+ STA. or W 1 - J"P, or W)Y ADC.

At .....blr-tl•• can.tent which l ••ye••t
• ••.ably-t •• th••ddr••• of th. polnt.r to th.
cod. fl.ld (.x.cutlon .ddr.") of th. PORTH
dlctlon.ry word b.lng .x.cut.d. IAd.xlng
r.l.tly. to W c.n yl.ld .ny byte In the
d.flnltlon. per...t.r fl.ld. for .x••ple, th.
In.tructlon.

.ddr. 1 .ddre 1 .ddrW 3 CONTROL
(•••••bly-tl•• ) (run-tl••)

·whll.·
'oectlr.-tn • CODE-d.Un'l,tlon ln the for••

HEX 12' LOY, UP)Y LOA,

will lo.d tb. low byte of th••Ixth u•• r
y.rl.bl., 0'.

ce (•••••bly-tl••) CONDITION
·oY.rflow ••t-
Speelfl•• th.t th. I...dl.t.ly following
condltlon.l will br.neh b•••d on th' proc•••or
.t.tu. oY.rflow fl.g b.lng on (V-I). Th. fl.g cc
I. l.ft .t •••.ably-tl••; th.re I. no run-tl.e
.ff.ct on th••t.ck.

.ddr (•••.-bly-tl••)
-u•• r polnt.r-
U••d In • CODI-d.flnltlon In th. foral

U, LOA, or UP)Y STA.

A con.t.nt which 1••Y.. th. .ddr••• of th.
polnt.r to th. b••• of th. u•• r .r... Th.
In.tructlons

STACK NotATION/DEfINITION

lU'

,

CONTRnl(•••••bly-tl••)

cc UNTIL.BEGIN,

.ddr 1 cc
I run-U••)

-until-
OCcurs In • CODI-d.finltlon In th. for.1

.ddr:l (•••••bly-U•• ' CONTROL
(run-U••)

-th.n-
OCcur. In • COOE-d.flnltlon In th. for.1

cc Ir. <tru. p&rt> ILS•• <hI•• p&rt> TH£N,

At •••.-bly-tl... THEM. ..rk. th. conclu.lon of
• conditlon.l .tructur.. Tb. condltlon.l branch
instruction. qsn.rat.d by II. and th. J"'
In.tructlon g'n.r.t.d ILSE. point to th.
In.trucUon I_.dl.tsly followlnq THEM. • Wh,n
•••••blinq••ddr .nd 2 .r. u••d to r ••olv. th.
psndlng forw.rd br.nch to THEM, •

At run-ti.. THEM. ..rk. tb. conclu.lon of a
condltion.l .tructur.. Ex.cutlon of .Ith.r tb.
true p.rt or fal •• part r••u... following
nIH, •

1>-1.

STACK NotATION/DEfINITION ~D

--- I (.....bly-U••) STACK.
-top-
U.t4 during c04......bly In th. for.:

TOP LOA. or TOP 1+ X) STA.

Addr••••• the top of the d.t••t.ck (cont.lnl"9
the low byt.) by ••l.cting th. .X ~••nd
l'.Ylng B-1••t .....bly-tl... Thl. v.lu. of n
••y b••04lfl.d to anotb.r byt. off•• t Into th.
d.t••t.ck. Mu.t b. follo..-d by ••ultl-.od.
op-cod••n••onlc.

At •••••bly-ti... UNTIL, •••••bl•••
conditlon.l r.l.tlv. br.nch to .ddr b•••d on th.
condition cod. cc. Th. nu.b'r 1 i. u••d for
.rror ch.cklng.

At-r~tl..) UNTIL. control. th. conditlon.l
br.nChing b.ck to BEGIN,. If th. proc.a.or
.t.tu. bit .p.clfl.d by cc la t.l••••x.cutlon
r.turn. to BEGIN.; oth.rwi•••x.cutlon
continu•••h••d.

THEN

UlITII.,

TO.
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APPEMDIX E

ROCllfELL AI" 65/41

( ,)
AU' 65/41 'ORTH VI. 4

QUIRTY
QUERTY 1

ABC
'BC 1

BEX O.
ABC OK
DICIItAL <RETURM> 2748 O.

ERROR "ESSAGIS .u.D RECOVIR

at.nd.rd PORTH .rror •••••g. i. -1-. Thi. qu••tion .. rk
! output .long vith the .cat r.c.ntly int.rpr.t.d word wh.n
It word c.n not be found in th. diction.ry .nd viii not
nV8rt into a nu.ber in tb. curr.nt 1AS1. Por ••aapl.,

~I. STAliDARD IRROR "ISSAGE

n initi.lix.tion, OUIRTY .nd AIC w.r. not in the

dlrttonory, tharafor., the 1 .rror •••••g. w•• di.play.d wh.n
tb.~ w.r••nterad. After tha nuabar ba•• of th. I/O wa.
cbJil1ged to HIX, ho_ver, ABC beca.e. v.lid n..-bar. ABC
VI~ then accepted •• a valid nuaber upon the r.cord .ntry
Itttcpt, convert.d to intern. I two'. co.pl..ent bin.ry for••t,
'P~ .tor.d on the stack. The nuabar wa. th.n re.cved fro. the

r~~k and di.pl.yed in deci••l.

ADDR.l:S&....
AFr.Tl:Tl.1l.ddr l •••eably-tl•• ,

CODI-d.finition in the for.,

STACK MOTATIOM!DI'IMITIOM

I)-j-2

-ind.xed indir.ct X-
Specifi•• -ind.xed indir.ct X· .ddr.a.ing
for th. n.xt op-cod.· gen.r.t.d.

At r~n-tl.. WILl, control. th. conditional
branching to ju.t pa.t RlPIAT,. If the
proc•••or .t.tu. bit .pecified by cc i. true
WILl, continu•••x.cution thro~b to RIPsA,
whicb_th.n br.nch•• back to IIGIM, If cc 1~
f.l •• a ju-p i •••de to ju.t .ft.r RlPIAT, .nd
.xecution continue••

XSAVI BTX, or X8AVB LOX,

A con.t.nt which l ••v.. the .ddr... .t assembly
ti•• of • ; ••por.ry buff.r for ••ving the X '
regi.t.r. Sine. the X regi.t.r ind•••• to the
d.t••t.ck in x-pag., it .u.t b•••v.d .nd
r••tor.d wh.n u••d for oth.r purpo••••

Xl

WILl,
(Cont.)

XSAVE



Use a correct
address llIode. See

R65e2 Programming

Manual.

Increase space for

dictionary by
FORGETing entrIes

or .ovlng FIRST.

Oon't pull 1II0re
items off of the

stack than are

there.

DefIne the named

item. Check nu~ber

conversIon base.

wi 11 be to the

new entry (often

an advantage).

ences to <name)

Not assigned

The address lIIode
for that assellbler

op-code Is

incorrect.

The dictionary

space is used
up. FIRST HERE

is less than $A6.

The dIctIonary entry Be aware that the

(nallle) just created new definitIon of

is not unIque. <nalDe) obscures
the old one and

all future refer-

Table E-1. AIM 65/40 FORTH Error Message

NOT
UNIQUE

HAS

INCORRECT

ADDRESS

MODE

DICTIONARY

FUll

5

2

!::!.!.~!.!. ~!!!~'1! Definition----------
, ? Echoed word ..,,.. last 0"" inter-

preted. Name ,. ""
'" ,," dictionary.", ,."0' • number.

STACK Parameter stack
EMPTY ,. e..pty.

If WARNING is greater thanprinted as an error ..essage.

If the Boolean Is false, nothIng happens; but If It Is true,

one of three things happen dependIng on the value of the user

varhble WARNING. Ii WARNING is :tero, the number n I!II

'-2

where t is Boolean and n Is the desired error number.

t n ?ERROR

whIch takes two items from the stack,

E.2 STANDARD ERROR MESSAGE WORD

E.3 AIM 65/.6 FORTH ERROR DEFINITIONS

?ERROR

AIM 65/40 FORTH has a standard error message word

The last actIon of error messages processing Is to clear the

stacks and execute QUIT. However, the warning message 'NOT

UNIQUE' is simply output, It has no effect on the stacks and
execution continues normally.

Error message number 3 is slightly different 1n that It print.

the name of the code word being defined, the name of the
assembler op-code word being interpreted, and the message
number or message.

The error conditions detected by AIM 65/46 FORTH are listed In

Table E-I. For increased utIlity the two most co....on errors

are given in English. These are error lDessage I, STACK EHPT't
and warning message 4, NOT UNIOUE •

:tero, a disk Is assumed to be in use. Then n becolles the line
number relative to line 6, screen 4 of drive 6 and that line

number Is dIsplayed in ASCII. The line number Ilay be negative,
:tero or positive and greater than fifteen. The lIne number is

siMply an offset frail line e screen 4. If WARNING is less
than :tero, the word ABORT Is executed.



Use the word

--> only while

lo.ding.

Cease trying to

FORGE~ a protected

word or move FENCE.

Incorrect use of

the word -->

'-5

The word In question

is below the FENCE

Definition

USE ONLY

WHEN

LOWING

Message

IN
PROTECTED

DICTIONARY

Table £-1. AIM 65/4" FORTH Error Mesuqe (Continued)

Remove some st.ck

item. DROP or

output.

Action

This is avallabh

for the user to

put in 1'115

definition of R/W.

for the user's

definition.

This is avalhbh

,-.

The p"rameter

stllck Is full

(.Ilore thlln 6S

ite.l» •

The disk block

asked for is out

of range.

Definition

There has been II

disk error.

DISC

RANGE?

DISC

ERROR I

FULL

STItCK

Tlble E-1. "1M 65/4" FORTH Error MeSSllge (Continued)

7

•

•

~ Message

9-16 No< assigned

17 COHPIL"TION The word just Don't use co.pll.-
ONLY interpreted must tlon words Int.r-

be used '0 • pretively.

definition.

19 EXECUTION The word just Don't use interpu-
ONLY interpreted must b. tlve words '0 •

used outside of a definition.

definition.

1. CONDITION"LS Olllitted word or PaIr condltlon.ls
NOT PA.IRED Incorrect nestIng correctly.

of conditionals.

" DEFINITION The current deflni- Finish definition.
NOT tion is not yo<
FINISHED finished.



Par...tar D••cription

Staek overflow.
'ar...tar Stack.
Irror storage for
.LX •

Error stor_v_ for IN
N Ar.. t ••porary
bufter.
Interpretive Pointer

initIalIsed to STRTU'
Op~Cod. for Indirect

JMP •
Norkin9 addr••• tor

j..-p to nn:t roRTS

word.

U•• r ar•• pointer
X r~l.t.r t ..porary

ator.,••
Interrupt nav.
Interrupt vector.
InitIaII ••d to AlORT

Unu••d by rORT8.
U••d by AIM 65/4. I/O

ROM and tIonitor
'ORTH and R65(2 return

stack.

'-1

INT'LAG

UITVlCT

•

War.

Start

au
Value

'AGE ZZRO and ONE '''''ORY MAP

"'UMOIX r

w

6C 6C W-l

It

45 02

1,.7 II '7 UP
XSAV!

U C2 98 C2 IP

Cold

Start

au

~

1

•

•
1

.56

...
Byt••

-0ET 6t

16

i-lAo)

...

IM-'AS

1\'

t9~-'''1

",-en 16
Ill-M. 13'

In-I'H



UPlMDIX G

USIR VARIABLI8 RAM MAP

Cold War_

o., N•• St.art. St.art. Para••t..r

:d, ."" 8xU. Y!!.!!! ~! _.J!!.~ P.re•• t..r D••crlpt.ion

14-111 ,.- 'OCr UHN erA of U1IM orphan word.

2-713 , .... e' U10UT C'A of U10UT orphen word.

4-115 , '2 C) UCLOSI CPA of UCLOSI orphan word.

b-717 , 3l C) UI.IY CPA of VIIY orpban word.

8-71t , 21 C) UUIT CPA of UIMIT orphan word.

'."-/IIR ; PD Cl U-e. CPA of u-ca orph.n word.

IIC-71D , Ja C) U1TIAMINAL CPA of U1TIRMIMAL orphen word.,
'IE-liP , 47 C) .c. C'A of UCR orpban word •

10-711 , IP .. WIDTH No. of 1.t.t..r. in n....

12-713 , .... WARN INC Irror •••••, ••ct.lon .wltch.

14-715 , .. " PlMCE 'ort.t. protect.ion point..

16-'717 ,
"" D' Dict.ionary Point..r.

'18-711 , 2A 17 VOC-LINK Le.t. VOC field.

tA-/1R '. .... UC/L Mo. of cherect..r./lln••

tC-71D , .... UI/aup ~. of byte./di.k buffer.

IE-·f iF , .... UI/SCR ~. of buff.r./.cr.en.

21.-721 , 81 AI FORT. chein head.

22-12) , .... 'ORTH voc.bul.ry point..r.

'24-125 ., .... 'ORTH voc.bul.ry line •

'26-727 , 01 AI ASSIRILIR chain he.d.

28-731 , CJ DP ASSUILER voc.bul.ry point.er.,
'2A-121 ,! 1411 ASSEMBLER voc.bul.ry link.

'2C-UO • 45 D2 UA80RT CPA of UABORT orphan word.

ll::-72P , 45 D2 UR/N CPA of UR/N orph.n word.

)0-731 , 92 .. !U .. S' P.ra•• t.er St..ck b••e .ddr••••

Jl-73l' , "11 "11 .. R.t.urn St..ck ba•••ddr ••••

H-7)5 ~ II .7 SlI1 TIB T.r.in.l Input. Buff.r point.er.

J6-131 , .... USE ~•••t.ora,. buffer to u•••

18-139 , .... PRev Ma•••tora,e buffer juat. u.ed.

.-,



APPllIDIX It

ASCII CIlAJtAC'T11I sn

- D.u Link ••c.p.
- o.vlcl Control
- .... tlv. Ac:knovlo4,•- aY"C",__IU- __

- Ind of Trln.. lo.lon Sloe"
- CIneol

Ind of ,..dl_
- Subat I lute

lac.",
Pit. '.punol

- Grollp ••pilutor
IlIc:or4 ••p.rator
Unlt 'Ipnltor
5,.0;:. 111&nk)
o.1&to

0'"DC...
.YO
.n
e....
'""C..
O...
"..
0"

.ox ~ AScrr !!! ~ !:!£.!!. .ox ill ~

" " " .. .. • .. ..
)l " • U .. • U " •
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Pore r.ed
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- Shift O"t
- Shift In
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Col. ".r.
S.. ••• St,ut. St,ut P.r.... t.r

Addr ••• Brt•• !!!!! ~lu. _Naa_ P.r•••t.e D••crlptlan

HA-Ha .. .. UPIRST St.lrt. of •••• • toug. buff
?X-no .. .. ULIMIT Cnd of •••• • toug. bllffn
7J1-7)P .. .. aLO Muab.t of current block .
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752-753 > SLD Addr••• ot current oU'put.
11 ou7541-155 ,

MOD! ASSEMBLER .ddr•••l~ ~od•• " DC'.. DC>151-77P U U•• r avallebl•• ,. oe,
" DC',It-UP 121 Teraln.l Input. Buthr U ...
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Detlne a strlnlJ
Inter te.t
Store enttra string
Subatltute part of atrlng

Get. cbaracters of string
Get left-aoat n cbaracters of

strtn9
Get rl9bt-aoat n cbaracters ,of

strln9
Convert atrlng to nuaerlc value

Convert nuaerlc to atrlng
Get current lengtb of atrlng

Cet ... I.u. lengtb of atrlng
Add atrln9a

Co.pare strlnlJs

runction

s·

•

VAL
STU

L'"
"LIN

s.

IlIGHT$

FORTH Word

PORTH STRING WORDS

APPENDIX I

Thl eaaleat way to I.ple.ent tbese functlona Is to enter tbe
col~n-~eflnltlons abown In Table 1-1 Into tbe AIM 65/4. Te.t

(11 t", and to batcb co.pUe.

Thl follo~!ng_ atrlng handling vords can be lapla.entad using

~. colon-d.tlnltlona llated In Table 1-11

j~ ep~ndl. defines PORTH words thet een be cree ted to bendle
ar~~~.r etrlng dete. The rORTfl worda defined ere al.l1lar to

.trinQ bandllng functions provided In AIM 6!)/4. IIASIC. Ttle
~ef1n.1' words ere based on, and e.tend, funetlona desc:rl~d by

lpt Deane In an article entitled -A Proposal On Strings for

fORTH,- publiabed In Dr. Dobba Journal of Coaputer Callstbenlea
IOftbodonla, Move.ber/Decea~r Itl. (See Appendix MI.



T"ble I-I. FORTH String Words

SRCH
DUp BEGIN OUP
C@ SW"p 1+ SW"p
e- END SW"P - 1-

STRING
<BUIl.OS "BS
255 MIN 1 MAX OUP
C.
9 DO )2 C. l.OOP 9 C,
DOES> 1+ OUP SRCH

e VARI.r.BLE IB
254 "nOT

CO)
R COUNT OUP 1+
R> + >R

)4 ST"TE @ IF
COMpIl.E (~) WORD
HERE C@ 1+ "l.l.OT
ELSE WORD HERE COUNT
IB SW"P ROT OVER IS
SWAP 1+ CMOVE 2DUp
+ 9 SW"p Cl THEN ;
U1MEDI"TE

VAL
OVER + Sl. SW"P
CI 1- NUMBER

STR$
SW"P OVER O"BS
<t ts SIGN t> ;

MLEN
DROP 1- C@ ;

51
DROP OUP 1- C@
ROT MIN 1 M"X 20UP
+ 0 SW"P Cl CMOVE ,

LEN
5W"P DROP ;

Table I-I. FORTH String Worda (ContJnued)

MIOS
SWAP >R ROT
MIN 1 MAX SWAP OVER
MAX OVER - 1+ SWAP
R> + 1- SWAP OVER
SRCH MIN

LEFTS
>R >R 1 SWAP
R> R> MIDS

RIGHT$
>R >R 256
R> R> MIDS

S+
ROT >R ROT R>
SWAP OVER IB SWAP
CMOVE SWAP OVER +
255 MIN DUp >R OVER
- SWAP IS + SWAP
CMOVE R> B OVER IB
+ Cl IS SWAP

SUB
ROT MIN 1 MAX
CMOVE

S-
ROT OVER
- IF 1 SWAP 0 DO
DROP OVER
C@ OVER C@ - IF 1+
SWAP 1+ SWAP 1 ELSE
9 LEAVE THEN LOOP
ELSE DROP 9 THEN
SWAP
DROP SWAP DROP ;



put on
TYPI •

'-S

]I STRING ...$

STRING cr.at•• a word in the dictionary up to 255

character'. The .tring i. inltlalla.d to all apac••
with a s.ro at the end and the ..siau. length at the

be91nning. -ror .xa~le.

•
- enter. text into an int.raedlat. bufler called II
If used in the i..ediat. aode. In the co~ile 1Od.,
the text is put into the dictionary. In either ca.e
the lengtb and text addre•• i. left on the .tack.

Text i. ter.inated by another -

current length and the addr••• of the text i.
the .tack in the ord.r requir.d for tbe word

Create. a string na.ed 1.$ which h•• roo. for 3.
character.. Vben the na.e 1.$ i ••xecuted, the

,.,., t h .....

eb of the string words are de.cribed below. Not. that th.r.
art two word., SACS and 1-), and a varlabl. ar.a, II,
,t ar. u.ed Internally by the .tring lunction. and ar. not

tz NORD DesCRIPTIONS

(E) llnt.r fro. AIM '5/41 Monitor
IDIT PAOM-Z." TO-4... IM-(RETUAW
I SACS

·PD-
-(0)

(Sj
AIM 55/4. PORTH Yl.4

SOURCE (RETUFUI> IN-M
00..

S- •••• I
• CR DOME­

PIMIS
(RnURI!>

1.1 COMPILATION PROCIDURI
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<return> )AS LEN

LEN returns the current length of a string, such as

Ie AS RIGHTS BEST SI

- 128" VAL O.

LEN

BEST TYPE

makes the string AS equal to -567.~.

567. STRS AS SI

Conversely, STRS converts a double-precision number

Into text. The sequence

gives

128

VAL converts a string to a double-precision number,

for exalllple,

makes the string BEST now contain the word CORN

verUied by

In like manner RIGHTS gets the right-most n

characters of a string. The sequence

4B STRING BEST

AS BEST 51

) BEST LEPT$ TYPE

6 J AS "IDS TYPE

" COWS EAT CORN~ AS S1

will print the word COW.

LEPTS gets the left-most n characters of a string,

for elearnple,

will print the word EAT.

puts the text ~COWS EAT CORN- into the string AS .

MIOS gets the ~ characters of a string starting at

the nth Character position, for example,

Also as an example, define another string BEST and

lIIove AS Into it

SI moves the entire string text from one string to

another, for example,



J-I

APPIWDIX

USER 24-HOUR CLOCK PROGRAM IN 'ORTH

r. PORTH ha. be.~ ant.r.d, the proqra. coapll.d and

ln1ualh:ed with a tI•• valu., control aay ba return.d to tha
~I~ 65/4. Monitor. I ••ura to r.-.nt.r 'ORTH with the 6 k.y.

w.v·e, or the proqraa viII h.v. to b. ra-coapllad.

Th. 24-hour clock proqrl. I. co.pilad into PORTH word•••

~eser!bed in thl n••t ••ction. One. co.pil.d you .uat b. in

'O~TH to co...nd th. 24-bour clock functiona. One. inltiatld
wever, the clock will continua to run a. long I. th. U••r

'ilL h not n •• t_. th. U••r R6511 TI_r 1 oPfiutlng lIOda h no
dUro!d, or the IRQ Priority .... tch _ak (PRIRTY It addra••
$'PlIe; h not alt.nd to inhibit th. IRQ int.rrupt fro. the
~.r VIA (YROl on th. AIM IS/4. sac Modul. --raf.r to S.ctlon

In tha AIM 65/4. Syst•• Usaf'. Kenual).

fbtl app.ndl. d••crib•• a 24-hour clock progra. writt.n In
,n~T~ using .Ith.r .achin. l.v.l or Int.rpr.tlv. Int.rrupt
~n"",lng. Th. 24-hour clock I. _intalned und.r Int.rrupt

control. u.ing TI••r I In th. AIM 6S/4. sac Modul. Ua.r RIS22
T~ Th. progra. Illova you to Inltlalls. th. clock, .nt.r a
.tS5~ge that ~ill be display.d with the ti.. , Ind display tha
[' •• alth.r upon co..and or contlnuou.ly.

1'* TO OPIRATI THI PROGRAM

h. 24-hour clock func~lona ar. antar.d froa 'ORTa ualng any of
"",. k.y.. Tha•• four kay. Ira d.fln.d a. PORTH worda and Ir.

nu~e" Into ~"'R.!d...UUay•• thair functiona
.n~ the a.soclatad--oparatlng procadura ia,

th.y art .qu.l in
• r.turntd on the

I-a

Ing. to •••
If .0, a

A$ MLEH • <RETURN) J.

COWS EAT CORM- A$ 51

- ATK· I ) A$ MID$ sua

BIST TYPI

• AND RAY- lEST 51

A$ BIST S+ BIST 81

r.plac.. EAT with ATE in .tring AI.

s+ a4d••trinq. tog.th.r and put. the r••ult in II.
for ....pl.,

sua allova aubatitution of ch.r.ct.rs in • string.
for ••••pl••

cows IAT COIUll AND BAY

Ind g.t

s- co.par•• I

l.ngth and t.:
.tack., .1•• a



.1.2 HOW TO COMPILE THI PROGRAM

'E)
IDIT 'ROM-2'" TO-3P" IN-<RETURN>

C<RETURlI>
'ORTH TtMI 16:.513.

Caua.a the •••••9••nd tl•• to be contlnuoualy
dlapl.y.d. 'or ••••pl.,

Pr•••• k.y to t.r.ln.t. the dl.pl.y (.lthough)
the clock will contlnu. to run). Th. k.y will
.lao b. Int.rpr.t.d •• • PORTH co...nd or d.t.
ch.r.ct.r.

3-3

-(oJ

I')
AIM 65/4. PORTH Vl.C

SOURCE <RITURN> IN-"
o NOT UNIQUE
DOH.
D'

D
CR 0 QUIT I

• - CR DO)!I­
PINIS
<RETURN>

( 2C-HOUR CLOCIO
HEX
COOl DISABLE

to.d the provr.a liated In ,Igur. J-l or Pigur. J-J
Into the AIM 65 T.xt Iditor and coaplle It. Th.
progr.. liat.d In 'Igur. J-l cont.ln. • ..chine l.v.l
interrupt h.ndler (••• S.ction 7.2) while the provr••
liat.d In Pigur. J-3 cont.in••n int.rpr.tlv.
interr~pt h.ndler (a•• Section 7.]). The lo.d .nd
coapll. proc.dure i'l

Run. VLIST .nd v.rify th.t the co.piled word••r.
.nt.red Into the PORTH voc.bul.ry •• liat.d in ,lvur.
J-2 or J-4.

b.

C K.y

16 ••5."<SPACI>T<RETURN>Ok

Por a•••plal

J~! Typ. In th. ti•• In the for•• t
BH.MM.SS (~BBIMMISS).

121 Pr••• <SPACE>.
lJ) Typa T.
(Cl Pr... <RETURN>.

Allow. the Inltl.l tl•• v.lu. to b••nt.r.d.
Ent.r It a. follow.1

<MESSAG!>HHIHH:SS

M<RETURN> AIM 65/C. PORTH TIME
<RETURN>Ok

(1) Typ. N.

(2) Pra.. <RETURN>.
(]) Typ.. •••••g. up to 3. ch.r.ct.r. 1

long. .,i

(4) Pr... <RETURN> (do not pr•••
<RETURN> If .x.ctly 3. char.ct.r••r~

.nt.r.d). An .xa.pl. i'l 4

D<RITURN>
AIM 65/41 PORTH TIME 16'1.511.

Th. tl•• I. di.play.d I...dl.t.ly .ft.r the
•••••V•• for .xa.pl••

C.u••• the .....V••nd U •• to b. dlaplay.d..
(.nd prlnt.d If the prlnt.r i. ON) one•••ch
tl•• 0 I. typ.d. Th. dl.pl.y for.at 1'1

Th••y.t•• r ••• ln. In the PORTH co...nd 80d••

Allow. • •••••V. of up to 3. ch.r.ct.r. to be

diapl.y.d pr.c.dinv th. ti•• v.lu.. ent.r the
•••••V. •• follow.

o I.y

T ley

N Key



, ." ( PRINT l£SSAOE)
PAD COUNT 3e "IN l'l'f'E

SET IRQ VECTOR)

'lgure J-I. 24-Hour Clock 'rogra.
a Machine Level Int.rrupt H.ndler (Cont'dl

J-'
Using

U'ROM

T ( SET TlI'1E & 00)
T! INIT ;

: c. ( CONTINUOUSLY I)ISPLR'o' I1SO & TlI1E)
eEQIN '<4 EMIT ( BLfN( CURSOR )

1.~ EI1IT ( STf'iiii"""ON LINE) I) ?TERMINAL
UNTIL 2~ EI1IT ( RESTORE CURSOR ) QUIT

D ( DISPLAY I'tSO .. TlI1E ONCE)
CR D QUIT

: T! ( SET TII1E)
1ee UI ( GET SEC)
188 It100 ( I1IN MRS)
TICKS C! ( LOAO HAS)
TICKS 1.+ C! ( I1IN)
TICKS 2+ C! ( & SEC)
e TICKS ~ + C! ( ZERO 1eeTHS) ,

•
DECII1AL ." . T ;

FORTH
: INIT ( INITIALIZE THE USER YIR)
<48 UACR C! ( SET n FREE -RUN 11OOE)
P£RIOO un (LOAO TJ. VALUE - 1/1ee SEC
ce UIER C! • ( ENABLE USER YIA T1 INT)

DECII1AL
: :00 ( TYPE " OR S)
s-:>o <__ • !S8 ( :) HOLD _> TYPE J

: ,T ( PRINT TlI1E)
TICkS CI ( 1«5) 2 . R TICKS 1.+ CI ( ")
:00 ( SAVE & PRINT SEC. )
TICKS 2+ CI [)l.f> :00
BEGIN ( WFIIT1NQ)
TICKS 2+ CI
OYER - NlT UNTIL 0R(p

: " ( ENTER 3e CHAR I1ESSAGE)
PAD 1.+ [)l.f> 3e EXPECT PAD
BEQIN

1+ [)l.f> CI e­
UNTIL ( ~ FOl.N»
PAD 1.+ - ( _ CF CH'¥U'lCTER$)
PAD C! ( FOR l'l'f'E) •

.lgure J-l. 24-Hour Clock .rogr••
U.lng a Machine 'Level Interrupt Handle

J-'

ASS£tlOL£R
HERE PHA.. ( SAVE IRQ VECTOR)
cu:.
!S _ LOR. (sa l'IS)

TICkS ~ + AOC.
TICkS ~ + STR.
604 • CI1P. ( AT 188?)

CS IF. ( ;>- 1.88)
•• LOfI.
TICKS ~ + STft.
TICkS 2+ INC.
TICKS 2+ LOR.
:JC • CI1P.

CS IF. ( >- 68)
•• LOfI.
TICKS 2+ STft.
TICKS 1.+ INC.
TICKS 1.+ LOA.

1C • CI1P.
CS IF. ( >- 68)
•• LOfI.
TICKS 1.+ STft.
TICKS INC.
TICKS LOA.
1.8 • CI1P.

CS'IF. ( >- 2<4)
•• LOfI.
TICKS STR.
DAY_ INC.
e- IF,
DAY_ 1+ INC.
THIEN.

THEN.
THEN,

THEN.
THEN,

UIFR LDA, ( CLEAR USER YIR IRQ)
UIFR STA.
Pl.••
IRQRTN JMP. ( RETURN TO 1/0 ROM)

( 2<4-HOUR CLOCk USING IRQ INTERRUPTS )
HEX 8220 CONSTANT UIRClAt'I
FEM CONSTANT lRQRTN
FFfM CONSTANT UTi.
FFAB CONSTANT UACR
FFflI) CONSTANT UIFR
FFFE CONSTANT UIER
C~<4F CONSTANT PERl00

e YARIABl..£ DAY_ ( 2 BYTES)
e YARIABLE TICkS ( <4 BYTES) e •

CODE DISABLE ( DISABLE USER YIA IHT)
11' • LOfI.
UI£R STA.
NEXT J".
EHD-COOE.,......



Figure J-3. 24·Rour Clock Progre.
Osin9 en Interpretive Interrupt Hsndler

J-7

( SET IRQ VECTOR)u......

FOIl,...
; IN IT ( INITIALIZE THE USER VIA)
40 UACR C! ( SET n FREE-RUN HOOE)
C34F UT1 ! ( LOAD Tl VALUE • 1/100 SEC)
CB UIER C! ; ( ENABLE USER ~IA T1 INT)

DECl~:--:::-.:===--,-==:-::-:c::::=-::::=::­:-"TL ( INCREMENT / STORE 7 t.UrrT CHECK)
OYER +! ( ADO INC. )
SWAP OVER C. < DUP
IFBROTC!

ELSE SWAP DROP
THEN j

( MACHINE CODE INTERRUPT SERVICE )
ASSEI18LER
HERE PHA, (SfWE IRQ VECTOR)
ee • U>A. ( SET INT REQUEST>
INTFLAO ORA,
INTFLAQ STA.
UIFR LOA. ( CLEAR USER YIA IRQ)
UIFR STA.
PLA.
IRQRTN JHP, ( RETURN TO I/O RaM)

CODE ARM ( RETLRN FROt1 FORTH INTERRUPTS)
BF • LDA. ( RESET INT REQUEST BIT )
INTFLAG AND,
INTFLAO STA.
, ;S JHP. ( RESTORE INTERRUPTED IP )
END-CODE

( 24-HOUR CLOCK USING FORTH INTEIilRUPTS
HEX 0220 CONSTANT UIRQAtl
FEAe CONSTANT IRQRTN
FFA4 CONSTANT UT1
FFAB CONSTANT UACR
FFAO CONSTANT UIFR
FFAE CONSTANT UIER
C)4F CONSTANT PER I 00

e ~ARIABLE OA~. ( 2 BYTES)
o YARIABLE TICKS ( 4 BYTES) 0 •

CODE DISABLE ( DISABLE USER YIA INT)
7F • LOA.
UIER STA.
NEXT JI1P.
END-CODE
DISABLE

Figure J-2. V~18T of 24-Clock Progre.
Us1ng e Mechine Level Interrupt Hendler

J-'



; T+ ( FORTH LEVEL INTERRUPT SERVICE·)
" TICkS 1 + S +!L ( 1/188 SEC COLN'f)
IF S9 TICkS 2+ 1. +!L ( SECONDS )

IF S9 TICKS 1+ 1 +!L ( "INUTES )
IF 23 TICkS 1 .!L < HOl..RS )

IF 21 TICKS 1. +!L ( HOURS )
THEN

T,","
T,","

THEN
AFm [SI1UDGE < SI"ILAR TO ; )

'.
I T+ CFR < PUT ADORESs ON STACK )
RSSEI1BLER INTYECT ! < SAYE IN'T YECTOR)

FORTH
: :00 < TYPE " OR S)5->0 < 58 ( :) t«:ILO 0 TYPE I

: . T ( PRINT TuE)
TICKS ce ( HItS) 2 . R
TICKS 1+ ce :00 ( "IN)
TICKS 2+ Cf DUP :00 < SAVE & DISP SEC)
BEGIN < WRITINQ FOR R SEeot«> DIANQE)

TICKS 2+ ce
0YEft • NOT

l.NT1L DROP I

: " < ENTER 1e CHAR I1ESSAGE)
PfI[) 1+ OUP 18 EXPECT PRO
BEGIN

1+ OUP ce e­
l»fTIL ( M.U.. FClU«»
PfI[) 1+ - < _ OF OlARACTERS)
PfI[) C! ( FOR TYPE) •

.... ( PRINT I'tIE:SSAGE)
PAD COt.I(f 1e "IN TYPE

o
DECII'tRL ." . T j

Iiiute ~-J. 24-SOur Clock pr09r..
en Intetptetlve Intetrupt .andlet (Cont'dl

J-'

T! < SET TUE)
1.88 lV ( cj£T SEC)
188 <"'1'tOD < "IN HR$)
TICKS C! < LORD MRS)
TICKS 1+ C! ( LORD "IN)
TICkS 2+ C! ( LORD SEC)
e TICKS 1 + C! j ( ZERO leeTHS SEC

T < SET TII'tIE: & QO)
T! INIT j

. C < UHTINJOUSLY DISPUW PfSQ & TII'tIE:)
IJEQ I N 24 Otl T ( BlJ'N( CLRSCIt )

13 OtIT < STAY ON SAtE LINE) 0 ?TER.UNfIL
UNTIL 21 DtIT < RESTORE CURSOR ) QUIT ,

: 0 ( DISPUW JtSG & TII'tIE: ONCE)
CR 0 QUIT •

CR .• DONE­
FINIS

'ENO*

r19ure ~-4. VLI8T of 24-Bour 'r09r••
US1n9 an Interpretive Interrupt .endlet

J-'
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APPEtlOIX

UTILITY EXAMPLES

"A4 I ,
f 128 + OUP CR
DMEGATE O.
TBItl ,

HU

011 ""0" PPA4
IP ""ILSI

If the •••cutlon tl•• of a PORTH word d.fln.d In high lev.l,
I ••• , colon-definition., 1. too long, r.d.fln. portion., or
all, of the word In •••••bly cod., I ••• , colon-d.flnltlon.,
th.n r •••••ur.. Co.p.rlng the •••cutlon tI•• of the word

M.ny probl••• c.n b. progr...ed In PORTH u.lng dlff.rent

co.bln.tlon. of PORTH word. with differIng r ••ult.nt e••cutlon
.pe.d. If .pe.d I. I.port.nt, ••••ur. the •••cutlon t .. of

.ach .ppro.ch to d.cld. which .olution to u•••

U.lng thl. t.chnlqu., the •••cutlon tl.e of ao.t AIM 65/.1 or
oth.r rORTH word. d.fln.d u.lng colon- or CODI-d.flnltlon. c.n
be ....ur.d. Set up .nd run .1.111.r colon-definition word•••

needed for your .ppllc.tlonp

DECIMAL 01:
f TDUP ON DUP orp 1
01
TOU>
76 OJ:

Th. word OM Inltl.lt.e. ~nd .tart. Tt••r 1 In the AIM 65/4.
SBC ~ule U••r 6522 VIA. Th. word OPP dl.pl.y. the nu.ber
of eycle••l.peed fro. the .t.rt of the tl.er .Inu. ON .nd
orr word ov.th••d. U.e the.e word••••hown In the following
colon-4.flnltton ••••pl. to ....ur. the •••cutlon tl•• of •

PORTH word, In thl. c... OUP.

It I. oft.n d•• lred to know how long It take. for a PORTH word
to e••cute, e.peclally In tl.. critical .pllc.tlon.. The
followlD9 word.....ur••uch •••cutlon tl.. In AIM 65/4' clock
eycl•• , I.e., .Icro••cond••

1.1 MlASURIYG PORTH NORD EXECUTIOtl TIME



·Skip AIM 65 SBC Module I/O (SFF811-$FFDF)

K.2 AIM 65/41 ROM CHECK-SUM PROGRAM

,-,

APPENDIX L

AIM 65/41 PORTH VERSUS PIG-PORTH

Words in AIM 65/41 FORTH VI.4 that are not in

PtG-FORTH 1.B,

-CR
.S
1-,-
2DROP
2DUP

•?IN
?OUT
ASSEM8LER
BOUNDS
C/L
CLIT
CLOSE
CODE
CURRENT
DNEGATE
PINIS
PLUSH
GET
HANG
NEGATE
NOT
PICK
READP.'
SOURCE
U<
UABORT
UB/BUF
UB/SCR
Ue/L
UEMIT
UFIRST
UKE¥
ULIMIT
UR/W
WRITE

Word Name

••

This table is a comparison of AIM 65/41 PORTH VI.4 and the

PIG-PORTH model from which it is deriyed.

PRINT SUM)
BASE ADDR.)

32-bit CHECKSUM)
ACCUM.)
GET COUNT)
COUNT TIMES)
GET 8ASE)
FORM ADDR.)
]2 8ITS)
SUM IT)

(R32U5-11 Monitor RO"')

(R32U6-11 "'onitor ROM)

(R32PI-ll FORTH ROM)

(R]2PI-ll FORTH ROM)

(R32T3-12 I/O ROM) •

(R32TJ-12 I/O ROM) •

•• Definition

AIM 65/41 FORTH VI.4
0'

CHECK-SUM ( AIlOR COUNT
I 5-)0
ROT
'DO
J PICK
I •
Cll 5-.0
0.
LOOP
CR D.
DROP I

b. Execution

HEX OK
AUIiI 10BI CHECK-SUM
73740 OK
81BB !BU CHECK-SUM
6EAB6 OK
CUB !BBB CHECK-SUM
82647 OK
D09B !BU CHECK-SUM
8CID] OK
FUB IiIF7F CHECk SUM
145118 OK
FFElI elIlF CHECK-SUM
117B OK

defined in assembly code Yersus FORTH will show the performance
improyement. For cases where the execution time exceeds the

16-bit counter capacity, other timing words can easily be
defined to accumulate the tIme.

The object code bIt pattern in the AIM 65/40 Monitor and fORTH

ROMs (8S well as other PROM/ROMs) can be easily verified by
perfor.ing a check-su~ on the~ using the fORTH word CHECK-SUM

described tielow. The check-sum value is displayed on the
second Ii ne.



b. Th. following word. ar. In PIG-PORTH I •• but ar. not
in AI" &5/4. PORTH VI.4 (how.v.r, '0•• of the word.
ara in the AI" &5/4' PORTH A••aabl.r vocabulary) I

"-,

n ---

Claar••cra.n n by filling it vith null charlctar.
(Sll).

n ---

Llat••craan n a. 16 nu.barad lin•• (' to P) with
64 charact.ra .ach.

Inltiali••• tha diak In tha .al.ct.d drlva. A

for..tt.d dl.k viII bav. III aactora filled vlth $E5

which on the AI" 65/4••Icroco.put.r II diaplayad a.
a blinking ••••• and print.d a•••••

LIST

NIPE

IlII•

Turn. opr the .al.ct.d drlva

APpnDIX "

Turn. OM thl drlvI fro. SRCD6It, .ida froa SRCSID, and

d.nsity fro. SRCDEN.

PORTH DO TRI: lUI &5 POe MODULE

po.......

Initiall.a. the POe aodula and turna ON drive one,
.Ida on., in aingle-den.ity aoda.

MQTOROH

JIQTORorp

Thl. app.ndix d.acrib•• the actull cod. u••d to int.rfac. the
1M &5 POe aodul. vith AI" &5/4. PORTH. Thi••xaapl. u.a. a

Iingi. 5-inch dl.k drlv. with one .Id. Ind doubl.-den.ity
racording and oparat•• vlth the lUI 65 POe aodule PRO" R)ZN5
(dated 1/4/82). The .xa.pl. i. antarad Into tha Taxt Editor
and coapilad u.ing tha SOURCE word. Por a datallad da.crlptlon
of tha coda word., raf.r to S.ctlon lZ. Th.r. ar. s.v.n .ajor
words craatad ¥bicb .uppla..nt tha u.a of tha POe aodulal

(NEGATE)
(word addr••aing
co.putaral

(null)

(VLIST)
(DMEGATE)

Word Ha•• Wh.r. Usad

+ORIGUl syat••
7LOADIHG syat••
lAC. ayat••
8LOCK-READ usar dlak vord
lLOCIt-wRITE u•• r di.k _,d
DLIST duplicat. na••
DMUIUS n.v na••
D" dlak
DRI dlak
PLO not u••d
INDEX dlak
LIST dlak
•nNUS n.v na.a
"0.' "IX

NUT AI" 65/41 PORTH
......abl.r

DU. not us.d
pop AI" 65/4' PORTH

.......bl.r
PUSH AUt &5/41 PORTH

As••abl.r
PUT AI" &5/41 PORTH

As••abl.r.. .y.t••
TRAVERSE .y.t••
TRIAD dlak
X ay.t••



Oth.r word. th.t ar. pr•••nt in PORTH and are al.o u••ful in
th. cr.ation and .x.cution of aourc. coda include,

( RI" 65.o'4e-FORTH DOUBLE DENSITY DISK ROUTINES )
HE>< FORGET TFlSK ( Ft>C Rflf"l $4A8-$!5Y )
1. CONSTANT S_ ( 0tI-Y 1 SCREEN NEEDED )
180 UB/BUF ! ( 256 FOR OOUBLE OENSITV )
4 U8/SCR! (4 FOR DOUBLE DENSITY)
LI"IT B/BUF 4 + B/SCR * S_ * - UFIRST ! ( TOP OF Rflf"l )
9 OFFSET! ( OFFSET NOT NEEDED WITW 1 OR[YE)
FIRST DUP USE ~ PREY! (SET UP FIRST BlFFER )
~TY-9UFFERS ( CLEAR OUT THE BUFFER AREA )
CODE INIT1 XSAYE STX. eeee JSlL ( CALL INIT )

( SET OR[YE PFlRRIETERS IN SRCDRV, SRCSID, & 5RCDEH )
9 _ LDA. 4f'O STA. ( ORI\IE ONE INTO SRCORY )
e _ LDY, 4fIF STV, ( SlOE ONE INTO SRCSIO )
9 _ LDX. 481 STX. ( 00J8LE DENSITV INTO SRCOEN )
83Ee JSR, (P«>TON) XSAYE LDX.o NEXT .1,.. END-COOE

: INIT Ft>46 4F9 ! ( UIRmWt > IROOUT ) B3C9 228
( SET UP IRQHAN) INITl •

: S I ZEOK OYER :De <; ( 16 SECTOR * lS TRACI< )
; BIllF 0lP 4Fl ( Rt>eUF ) ! 4F3 ( WRT8l.F ) ! ;
. TlS SWAP 18 ..-...00. ( LEAVE TRA::I( & SECTOR )
CODE SEEK XSAVE SlX. TOP LDA. 8184 JSR. ( CAU. SEa: )

XSAVE LDX. 99 _ fNJo. PUSH8A".... END-COOE
CODE DREAD XSAYE STX, TOP LDA. 848F JSR, ( CALL ROSEC )

XSAVE LDX. eo _ fNJo. PUSH8A".... ENO-COOE
CODE [)WRITE XSRYE STX. TOP LDA. 8SIle JSlL (CALL WRTSEC

XSAYE LDX. FD. AND. PI..ISHeA Jf'P. ENO-COOE
INTOIS FF FFae c! ( PRSK OUT ALL IRQ BUT Ft>C )
INTENB 80 FFae C! ( RESTORE n£ IRQ I'lA9:: ) J

DERROR INTEtm CR ... DISK ERROR - ~ • ( RECOVER & PRINT
DATA ( FETCH A BVTE ) ROT BIllF TlS SEEK CUP
IF DERROR . ~ SEa: Roo". (SEEK ERROR) ELSE DROP

T1EH DROP 1+ ( SECTOR 1 TO 16 ) SWAP
IF DREAD [)Up IF DERROR . ~ READ A-oo. (READ ERROR .)

ELSE DROP T1EH ( 00 NOTHING )
ELSE [)WRITE DUP IF OERROR ... WRITE Roo"' • (ERROR )

ELSE DROP T1EH ( 00 NOTHING) T1£N DROP J

DISK SIZEOl< IF INTOIS DATA INTEtm
ELSE CR • ~ BLOCK TOO LAROE ERROR "' ASORT THEN

DISK CFR IJfVW ! ( STORE INTERFACE WORD )
( UTILITIES THAT I'IJST BE AYFIILfB..E TO USER )
CODE FORrIAT XSAVE STX.o 8895 JSR, ( CALL FORl'W\T )

XSAYE LOX. NEXT JI'lP. ENO-COOE
CODE l'tClTOROFF XSFlYE STX. 8478 JSR. ( CALL I1OTOF'F )

XSAYE LDX. NEXT .J1'lP. ENO-COOE
CODE MOTORON XSAYE 5TX. 8478 JSR. ( CALL I1OTOFF )

4AS LDA. ( SRCOSK ) 4AF LDY, ( SRCSID )
481 LOX, ( 5RCDEN ) 83E0 JSR, ( CALL MOTON )

-XSAYE U»(.-- NEXT Jf1P. ENO-CODl!
: EDIT SCR' (LINE) OYER SWAP BLANlCS ( CLEAR OUT LINE
e WORD ( PARSE TEXT ) HERE COUNT 40 "IN ( 64 CHAR LINES
ROT SWAP Cf'tOYE ( MO"'E TEXT ) UPDATE ( f'lRRI( BUFFER ) I

LI ST OUP CR ."' SCR • "' . (PIl: I NT SCREEN AND SfWE ) SCIl:
19 e 00 CIl: I :3 . R SPACE I SCIl:. . LINE LOOP CR j

: WIPE 8,SCIl: * e,SCIl: BOUNDS ( SCREEN • TO BLOCK RANGE )
00 I 8LOCK e,BUf' BLANKS UPDATE LOOP FLUSH j

; TASK I ( THROUGH WITH CODE ) ( FINIS )

1

11 RAN block buff.r. a...pty and fill. tb..
ll. lU').

Pi9ur. "-1. AI" 65/~' PORTH Ploppy Diak I.a.pl.

11-2 "-3

n ---

Co.pile••ourc. cod. Into tba dictionary .tarting
at .cre.n n. lin•• and continulnt until a ,8

i••ncount.red. The ,S ahould be witbln four
lin•• of th. 1a.t lIne of aourc. cod.. Mor. tban
on. .equantial .cr••n I. loaded by u.Int --> to
poInt to tbe next .cr••n.

Writ.a out any updated RAM block buff.r. to tb.
diek.

n ---
Plac.. the t.xt following IDIT (up to 6~ charact.r.,
into lin. n on tbe current .cr.en (i •••• tbe l ••t
.cr••n acc••••d with LIST or WIPE).

E"PTY-! PPI:RS
"arka
with

LOAD

PLUSH

IOU'
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