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peing marketed under the name VERSATRACS by v

advanced ariginat software The compuiing hardwara chosan was the
humble Apple { computer. The Apple ]l had the advantage of available
peripherat electronics for music synthesis, reliable and elegant
construction, and the accessibility of technical information. The musi
systermn was designed using software to implement most of the awtwardly

gase of experimentation and modification made sofware contral a big
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{z» MEMORY EXPANSION cont.)

lsr- 0

The Legend card can be expanded to contain up to 1 Mbyte of

rermory by ewapning the 64 K RAMS on the card with 255 K BAMS,
Each of the sixteen main banks oooupy the addressing range

i -

thexadecimaly $D000 tn $FFFF, and the sub-banks aooupy 0000 to FDFFF

The Apple sysiem ROM's aleo occupy the range RDOO0 1o SFFFF, =0 the
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memory space 15 detailed in the sofiware section of this paper

tel nature of the memory allocation is giver in the diagram

JRR \

s comprenensive music system, a standard plano-style keyboard is

vary important to allow for conventions! composition, experimentation,

and perfoarmance. Several keyboards manufactured by Prati-Read and Co.

'l',
ot
--
el
ey
g
K
I
P
s
o
—
o
Q
r..v
—';
Z."
e
I
[y ,_1
iy
LI‘
LI'
s
——t
[w
o
—
"D
[
ol
-
Lam
LAl
[
X}
oot
s
£
ot
[

cost of the mechanical epparatus and case. Al use the same diods matriz
Jetection scheme, so 8 besic software algorithim can be used, with minor
nodifications, to scan any of the kegboards for key press/relesse events
The matrin is shown Delow.

Severs! types of mechanicsl switch contacts are used on the
Fratt-Fead keyboards, One type uses g series of goid-nisted bus oers Tor
the output columns, and a smatl, flexiole wire under each key. The wir




$FFFF -
F8 ROM
FO ROM .0
$F000 e
E8 ROM
E® ROM
SEm jasadhnd v &0
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ADDRESS (HEX) (12 K) (4K)
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H}**ar tnosurnmary, each oscillator may be independently controlle

The wayetable iz 9 sagential st of the samples of the waveform 1o

be produced, or i other words, 8 digitized representstion of the

wayeshape, in the VERSATRACS system, 5 single cycle of the digitizes

waveform is ususlly used. The wavetable 15 2538 entrigs fong, and sach

nd memory cucle to get g new

e sofiwars ru

implication of DMA is that no disk accesses can be made during the time

functional diagram below,




Wavetable (in Memory)

Sample
from Table
Y
SUM H i SUM L
|+ | DAC
FREQ H :' FREQ L AMPLITUDE
PAGE POINTER
from other
Z oscillators
Output

Oscillator Summary



Riz s the theoretical masimum if an tdeal low pass 1

the wavetable, and these hits are pia

Althn

g wavetable by simply pointing more L

“f'i

sillator is accomplished o

specifuing g 2 byte freguency indey value in the freguency o




Eventually, the sooumuistin

to begin scanning the table again
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done by specifying & higher freguency indew, but Nittle of conventional

l"[x

misical value can be

x‘]:n

ghtained

Gnce the sample from the table has been fetohed out of the Apple's

rmernary, 1 is sent toan 8 it digital to snalog converter, Tre reference

yoltage provided to the DAC 15 actually the output of another DAL whose

innygt 15 the oo

scillator amphitude register. This amplitude
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e other mlace of hardwars

T

kS

one expansicn slot, instead of the three required by the Dwo Mountain

for program code because no wave tables need to be stored permanently.

The Genesys card has severs! other features not Tound in the Mountain

Hardware cards, but the new card can be ﬂDHr‘afwd in 8 somewhat “oriopled”

mode and used with a stightiy modified version of the YERSATRACLS

software. The Genesys version of the YERSATRACLS software 15 now

runnhing, and contains all the features of the Mourtain Hardware version

Both versions appear the same to the uger
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than clears the sorgen s desired, @ word can be defined Yo do this

SLCL BELL €LS

Now wheneyer the word BLEL 13 typed in from the kegboard or

fa]
t
N

included in another definttion, the comouter will ring the bell and

(=31

i

i,

T, WHILE-{F-RPT, and

wousaes. Additional structures

i 1

can e formed using the s
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" tanguags are i
structure, hash tabie address fookup, and £@SY 8CTESS to
assembler code.

The stack organization means thet anthmetic formulas are entered
in reverse Folish” form, and intermediste results may be stored on the
stack itself. For example, using the words + {additicn), *
frmultiplication), /£ (division), the formuls

{(3+2)x6+52/7(5+2)

v normal notation is represented oy

2+ 6 * 529 2+ / +

o

Mote that the order of the operands 15 not changed, but no parenth

required due Lo the inherant priority properties of the stack algorithm,

Most stack operations are performed on the top two elements of the stack,

But *FIRST* includes various swap and rotate instructions for different

ORI Ui

raripuiations, snd others can be defined divectly by the programmer, if

weed for Yinear

rogram code, This

to fe compited as it 1oads. Inmost cas

required to read the program of f the disk and compile 11 is

zarme g5 the time required to read the dizk ondy. The hash ¢
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(>3 *FIRST* -~ AN INTRODUCTION cont.}

by pacforming an arithmetic maripulation on the characters of the word

Access to assembly language programming is vital for optimum
ST

language contains

orovdision for inclusion of an efficient 6502 assembler. 113 oossible 1o
defing words thet are entirely or martially constructed of assembly

ne egse with which the programmer can fume

kes resi-time programming rmuch Tess trouble: Tundaments! programs
requiring speed and memaory efficiency may be written in 0502 assembly

tanguage, while complex structure

floating point cards for the Apple are avaiiable from First is Fast, inc

2401 Schuetz Road, Maryland Heighis, Missourt 63043 (314) 432-15999
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OF ANDOVOHICE CONCEFT cont.

fdifferent numbers of oscilistors at different fimes. inttial

aitempls to impiament this 1des revesied 1110 be oo demanding of bot
memory snd computing power. 1 was spparent that g fiked number of
pscillators ner voice would have 1o be the method of allocation

aninformal check various archestral
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wiorks, and & Tew popular vocal pieces showed that eight voices (2

oscillators/voice! would be more useful that five or less voices § 3 or
oscillators/voice) Thus, the solution adopled was to assign @
musical note to two of the sixteen available ascillators In this waly,
ane gsciliator could contain the attack waveform found eariy in the
gvolution of the note while the second osciltetor could contain the
steady-state waveform. By ramping down the volume of the first
ascillator white strmultaneously ramping up the volume of the second, s

n

central "Dlurred” region with both oscillators on could syccessfyl
the sttt from inttial timbre Lo final timbre
tnosummary, YERSATRACS can produce up to eight simultaneous

use of two of the sixteen oscillators

.,..-
(||

voices, whers esch voice ma
rovided by the hardware, For example, if each part of a5 etant part song

requires noomore than one note sounding at g given ‘nstant, VERSATRALD

riz simuitanecusly and indepen

> AMPLITUDE ENYELOPE

The ampliiyde verigtion of a note 82 ' ages 1z referred 1o a5 the

1‘ g
st
'E
.y
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~k
s
g
P

amplitude envelope of the note. Many electronic synines
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AMPLITUDE

TIME

A few other ADSR examples...

4

4

=Q)

=S

(D

R=0)

(D=

4

4

(A=0)

:@)

=S

(A=D

ADSR Representation
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AMPLITUDE

Envelope Contour

I s

y 2 256 time increments ——mFo———4

A few examples...

VERSATRACS Envelope Representation



Tas ENVELOPE AND DECAY RATES contl)
which new vatues are felched from the tabie iz fixwed uzing sn g

:.: 1-"::;' nu)""l! }'- T}) qrg-‘

4 to increment

Thiz tirme would be too

-t 7 (R LER R

-tatn sounds, More importantly, the computer would be

starg with 21 the other control tasks. Instead, the oscillator amplitudes

read Trom the tables every fourth interrupt, giving a maximum tabde

zcan time of more than eight seconds,
raccomodats music with notes of shorter duration, 8 rate number is

Y

sed for each oayr of oscillators. The rate number, called the envelope

'--
“—
19y

rate, iz simply the number of peints added Yo the Tast envelope table

cate of ane means that every point in the 256 byte table 13 used, while an
ervelope rate of two indicates thet anly the first, thardg, fifth, elc points

are used. Thus, when g number greater than one 15 used for the envelope

rate, the duration of the envelope pattern is cnmpresaed by that amount,
The envelope rate contral allows quick adiustment of the smplitude

characteristics of a voice, Envelope rates from 1 through 20 have been

used with good results, but this simple skipping technigue results inan

understandable 1oss of resclution of the details of the envelope teble

The rate gt which the amplitude of an cscillator is ramped down Lo
zero when a note iz reteazed {5 controtied by a number calied the decay

rate The decsy rate s subtracted from the current amolitude of the

22
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ways, many informal experiments have shown t
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At thiz point, the discussian has covered the wavetable, the envain

table, the envelope rate, and the decay rete. Two other ascillator and

wiice contrels are used.

dnce two oscillators are essigned 1o each yoice, various Interasting
gffects can be oltained by exploiting the independence of the oscitlators
Alresdy rmentioned above, s the sbibiy o provide & timbre sRift over time

ofs frequancy difference. Small affsets give & "fat” and "resonent

result that can help produce a plessing sonority. 1t is also possible 60
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Sorme trial and error reveated that vibrat

CL

conventional music, and experiments] music may uze aneven wider range.

TRALS sccomodaies vibrato rates from about five

rm
-
LI
o

For this reason W

Wy

pumbar 48 was chosen because 48 250 byte tebles cooupy exactiy one of
be) i - i

the 12 Kbyte matn memory banks, and all <

hine, on the Appte's 24 Yine text display. The weaves and envelopes can e

particular timbre and amplitude characteristic For egse of oneration, |
means of saving confiourstions of weves, envelopes, and various other

e}
i

=t
[RTuaN

instruments.

memory, and up Lo 40 instruments are accessible st any time. Furthar,
each of the 40 instruments 15 actually made up of four separate timbreal
definitians, catled Jevels, or sub-instruments o level containg |
nair of waves and envelopes, and the required parameter dats Thiz meihod
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Once s woice has been defined with waves, envelopes, offseis elc,
sorme means of starting and siopping notes in sequence is required to make

music. in the YERSATRACS systern, one of the reguired Testures was to

produce music in real-time in response 1o key presses on g mano-styls

keyboard. The keyboard mechanism, described above in the hardware

currently i use occupies b

rnosttions of keys being pre

hen compare the
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cording studio technigue of recording different parts
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he profler of how 1o map the eight tracks snd
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2x SYSTEM TIMING AND SEQUENCING
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r[s
.:
o
g
-
=
=
!Z:
'—‘i
-
s
]
ITK
'D
J....
D‘
x )]
l"‘x
«»—
[ax]
.
o
P
)
%
P
13
-+
L9y}
2]
s
—
-
i3
=
—
o
o
o
o}
-
ey
LU |
)
(%]
1
(%1
-
()
[ x]

the clock "ticks” are not affected by any temporary delags in

[ y)
-
-
.
o
jax]
—
—
]
-
=

i nc s

tirme indicator, this gave about ning minutes of recording time before the

clack "rolied over”. Nine minutes was considersd zatisfactory, but the

- - T i - 3 -t =11 -~ i (R P S P
zingle -par-interrunt scheme 4ig not allow for yarying the clock rate

Wartable clock rate capability was considered tmportant, becauss

-
e
w1
%

LT
o
[y
[ax]
e,
o

ul recarding techniques require entry of notes at g comfortat

slow pace, with the fingl result somehow sped up to the desired tempo

I
Lt
L=
D)
-
I
o
-
[x1)
[
=
[y
Jusee

L
[y ]
(%]
|_..
l"[:

r time could be used for scoelersnde (gradua)

recording the music a5 a sequence of note events enatd

a tape recorder at the wrong speed: the andy dots gzed are tne starting

The olayback speed canh be changed in two ways: a) change a1l the

starting times and durstions by changing the actust dats values stored
with each event record, or B) wary the "tick rate” of the clock used for

tiring the events For resl-time changes, it 15 not desirable to 5top the

re-calculate g1l the event timing dete whenever g speed

)
ey
wil

o
[5x]
—
[y
,_..-
et
T

d for. instead, anadiustable clock rate 15 used by varying
the number of interrupts per clock tick In YERSATRACLS, it

deterrined that a useful range of rate changes would De from one half as

fazt to four Limes as fast a5 the origing! rate used. Choosing a base rale

2 mittisecond event time rasolution

o

32




23

g

T

i

P

=3

hardware

i
"

[EARTE

.

:

]
g

=

gy

& A

i

1
i

th

-}

o

)

i,

Ln
gin

|

P
he

1
5

0

51

uots

o

i

3

H

ey

[k
=
:

e
.

0
£

b
.

H

Tilg

SRS TIE B
i
N

S
oon

¢

2fnen

b

[




decoded and the syntresizer hardyrare s directed to start playing the note,
The duration value abtained from the event record 15 placed in & countdawn

for the oroper duration, and 4 12 terminated. Even as the duration

withaut change.

For track-on-track recording, the softwars must siy

:‘i
pons
et
—
i}
=
"D
L:

he new k

e
[xu}
i
il
3
L
i

volumme, instrument sssigned 1o each track, envelope and decay rates, and

s0on. For maximurm versatility, YERSATRALS can record ¢

St dthizs ;—;mr';" with the note events, an

1,
et
[woe d
-
o
[yx]
)
)
i
[wt)
e
uy
fan)
peon
T
A
o
¥ vy
Dl
.
o)
o
o
—
e
-
oy
o]

orofer Ume seduance. A

34




35

i

Y

i

Ty
b
o
L.
[aAl
s
g
Lo
ad

ot

.
-

Ex¥)
1

-
P

0

et

i
!

h

irack, global, and system markers

o o
¢ a3
[ £
— [
1.
—

Lime.

mh

igy

it o

o oapare b

LR

1y

ooarmn

~
RN




A simplified flow diagram for the treck-on-track cverdun functic
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the Huto-Sequencer module contains the Live Keyboard system, snd

used because the software sutomsaticaily executes the recorded sequence
of events inreal-time. The Auto-Sequencer requires the user Lo plsy g
pariicular track with accurate pitch and rhythm, although editing
features are avaitabie for subsequent modifications, The
auto-Sequencer module has the most comprehensive disolay of (he
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press events with the new ones, and the recording process continues as

real-time editing
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The Envelope Creator module 15 similar to the wave Crestor evoept
that thizs module uses game paddies to "draw” the desired amplitude

srvelone on the CRY display. Like the waves, up to 48 envelope tables
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The 6502 and System Bus 59

Fig. 6-1.

6502 Microprocessor.

p—g —_—
GND g+ 40 b RES
RDY d2 39p ¢ 2 (0OUT)
$1(0OUT) 43 38f SO
jRQ 4 37p ¢0 (IN)
NC 5 36 NC
NMi s 35 NC
SYNC (7 3app RIW
+5vds 33p DO
A0 do 321 D1
A1 g0 6502 31p D2
A2 11 30p D3
A3 12 29b D4
A4 q13 28p D5
A5 14 27p D6
A6 15 26 D7
A7 16 250 A15
A8 d17 24P A14
A9 18 23p°A13
A10 g9 22 A12
A11d20 21 GND




82 Apple Il Circuit Description

1 COLOR REF
™

Q3
d1

26
27
28
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USER 1 39

¢0
DEVICE SELECT
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D7 42
D6 43

D5

44

D4 45
D3 48

D2

47

D1 48
DO 49
+12V 50

|
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A00A000000000000000000000

L
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FRONT
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+5V
DMA OUT
INT OUT
DMA

RDY

/O STROBE
SYNC 1
RIW
A15
A14
A13
A12
A11
A10
A9
A8
A7
A6
A5
A4
A3
A2
A1
A0
/O SELECT | 2

NOTES:

1 | SLOT 7 ONLY

2 | SLOTS 1-7 ONLY

Fig. 6-17. Peripheral connector pinout. (Courtesy Apple Computer, Inc.)
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The 6502 and System Bus 83

Table 6-1 The Apple 1l Bus

Pin Signal Mode 2] Description
Number|Name
1 /O SEL | INPUT/OUTPUT SELECT. Seven individually decoded
lines for slots 1-7. 1/O SEL at any one connector goes
low during ¢2 when $CNOO-$CNFF is accessed; N =
slot number.
2-17 |ADO-AD15 B 16-bit address bus. Address becomes valid during ¢1
and remains valid throughout ¢2.

18 RIW B READ/WRITE. Becomes valid during ¢1 and remains
valid throughout ¢2. High for read; low for write.

19 SYNC | Video synchronization signal (C13-8). Connects to slot
7 only.

20 70 STB [ INPUT/QUTPUT STROBE. Common select line that
goes low during ¢2 when $C800-$CFFF is accessed.

21 RDY B READY. Taken low during ¢1 to insert wait states. The
6502 recognizes low on RDY only during read cycles.

22 DMA o) DIRECT MEMORY ACCESS. Taken low at the begin-
ning of ¢1 to halt the processor and make the address,
data, and R/W lines high impedance.

23 INT OUT 0 INTERRUPT OUT. Daisy chain té lower priority slots.
Normally driven high if used; connects to pin 28 if not
used.

24 DMA OUT o) DIRECT MEMORY ACCESS QUT. Daisy chain to lower
priority slots. Normally driven high if used; connects
to pin 27 if not used.

25 +5V + 5 volts

26 GND Ground

27 DMA IN I DIRECT MEMORY ACCESS IN. Daisy chain input from
higher priority slots. Normally high.

28 INT IN I INTERRUPT IN. Daisy chain input from higher priority
slots. Normally high.

29 NMI o] NON-MASKABLE INTERRUPT. Taken low to start a
6502 non-maskable interrupt.

30 IRQ o] INTERRUPT REQUEST. Taken low to start a 6502
maskable interrupt. Recognized only if interrupt dis-
able flag is not set.

31 RESET B As an output, taken low to reset the 6502 and other

peripherals. As an input, goes low during resets from
the keyboard, on power-up, and from other peripher-
als.
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Table 6-1—cont. The Apple |l Bus

Pin Signal Mode Description

Number/Name .

32 INH o] INHIBIT. Taken low to inhibit the ROM address space
($D000-$FFFF).

33 -12V — 12 volts

34 -5V -5 volts

35 COLOR REF; | COLOR REFERENCE. Connects to slot 7 only.

36 ™ | 7MHz. 7.15909 MHz clock.

37 Q3 I 2.040968 MHz (average) clock.

38 P I PHASE 1. 1.020484 MHz (average) system clock.
Used on bus in place of 6502 ¢1.

39 USER 1 0 Taken low to inhibit the I/O address space
($CO00-$C7FF).

40 ¢0 I PHASE 0. 1.020484 MHz (average) system clock and
compliment of ¢1. Used on bus in place of 6502 ¢2.

41 DEV SEL ! DEVICE SELECT. Eight individually decoded select
lines, one for each slot. DEV.SEL at any one connector
goes low during ¢2 when $C0X0-$COXF is accessed;
X = N + 8, N = slot number.

42-49 |D7-DO B Eight bit bidirectional data bus. Data becomes valid
during ¢2 and remains valid to the end of ¢2.

50 +12 V + 12 volts

Notes: Unless otherwise specified, all signals appear on all eight connectors.

I: Input
O: Output
B: Bidirectional

With respect
to peripheral
card.
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OPERATING INSTRUCTIOS

To start up the FIRST system, insert your FIRST
diskette in the floppy disk drive.

Powering on the computer causes a bootstrap-~
read from the disk. The indicator light on the
disk drive will come on, and you will hear a
few clicks and scraping sounds, indicating that
the read-operation is in progress. FIRST will
type a copyright message, then display its
prompt-symbol #. Now its ready and waiting for
your typed input commands.

To transfer from FIRST to the APPLE MONITOR,
enter MON, followed by a return. The prompt
symbol changes from # to *. To re-enter FIRST,
hit RESET key. To reboot from the monitor, type.
6, then CTRL P followed by RETURN (the control-
key is held down while P is typed). To reboot
from FIRST enter COLD. To do a warm restart,
which resets FIRST back to 'the startup
condition but does not reload from the disk,
enter EMPTY.

To list the directory lines for all the screens
on your disk:

#20 139 DIR

(each line of the typed input words is acted
upon when a RETURN key is pressed).

You <can alter the startup actions of FIRST by
editing Screen 20, which 1is automatically
loaded (compiled and/or executed) after the
initial FIRST vocabulary is fetched from the
disk. You may compile new words and also
directly execute words by editing them onto
screen 20. You might, for instance, alter the
startup message, Or you might execute 20 30
DIR, which would 1list part of the disk
directory.

When FIRST starts up, try these words:

DW Lists all temporary words.
DPW Lists all permanent words.,
D Lists all words, showing their

memory locations,




NOTE: The ©previous 1list-words pause after
filling the screen. To continue the listing,
hit any key (except ESC, which aborts the
listing)

DST Displays the contents of the 1loop
stack and the aritmetic stack.

MON Breaks out of FIRST, back to the
Apple monitor system.

COLD Reboots FIRST from the disk (works
with auto-start ROM),.

EMPTY Erases words «created since boot-
load, then loads screen 20, the

startup screen.

20 LIST Reads screen 20 and shows it on the
display screen.

20 L 20 L lists screen starting at 20.
~> pages forward
<- pages back.
“E enters editor, RETURN terminates
L.
ESC shows the help display

2 3 + I. Adds 2 and 3, then displays the sum,
In detail, this means: Push 2, Push
3, ADD, POP and display the result
(16-bit integer arithmetic).

2. 3. F/ F. Floating point arithmetic execise.

CLS Clears display screen,

Now try a small exercise for creating a new

word POSTMAN., Type 1in as follows:

#: POSTMAN BELL BELL ;

#DW You will find the new word you
created at the top of the
vocabulary.

#POSTMAN Executes the new word. Whenever

POSTMAN is executed, the bell will
always ring twice.




H

To power the system down, open the disk drive,
remove your FIRST diskette, then turn off power
to the computer and the display.

RESET key Hitting RESET stops whatever the
computer is doing and restars FIRST.
For instance, to return from Apple
monitor mode just hit RESET.

If you accidently write a perpetual program (an
easy mistake to make), you can break out of a
loop by hitting RESET, which resets both
arithmetic and loop stacks and signals
readiness to resume by printing the PROMPT-
sign.

COMPILING NEW WORDS

NNNN 000 PPP QQQ ; means, create
the new word NNNN as a command
equivalent to the sequence of
exsting words 000 PPP QQQ.

(colon), followed by the new word,
is the start of a compilation.

; End of compilation of a new word.

Warning! It is easily possible to redefine the
meaning of a word which is in common wuse. It
would be dreadful, for instance, to redefine:

#: + BELL BELL ;

We have now lost the ability to add!

SPELLING RESTRICTIONS

New words can have 1 - 255 letters or symbols,
with no interspersed spaces (the space is what
seperates one word from the next).

Word spelling should avoid <conflict with
numerical <constants. Here 18 a disastrous
example:

14 BELL BELL ;

This really does have the meaning that 14,
instead of pushing 14 on the A-stack, now
causes bell to ring twice. No warning is given



when one redefines a number as a word!. Another
pointless and misleading definition:

14 15 ;

Now both 15 and 14 will push 15 on A-stack!

Each new word created by : has this form 1in
memory:

Previously existing words

(PREVADR) ADDR of prev. name

NAME => TEST Spelling of new name
0 Null-termination
CODE => JSR XXX

JSR XXX For immed-mode words
: the first OP in the
code-section is NOP

Empty (available) Memory

ALLOCATION OF MEMORY IN FIRST

$0000 - $OOFF Constants, pointers
$0100 - SOLFF 6502 JSR-stack
$0200 - $02FF Keyboard buffer
$0400 - SO7FF Text-screen buffer
$0B00 - SOBFF Disk-screen buffer
$0C00 - SOFFF Hires graphics code
$1000 - $13FF L-Stack

$1400 - $17FF A-Stack

$1800 - S$1FFF Hash-code table
$2000 - S$3FFF Hires-Graphics buffer
$3C00 - S$3FFF Line-save buffer
$4000 - S$XXXX FIRST (restart addr

[}

$B800 - S$BFFF RWTS disk I/0 code
$C000 - SCFFF I/0 device addresses
$DO000 - SFFFF ROM addresses

10
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FREE Displays amount (in bytes) of remaining
available memory.

TOP Shows amount of memory used. Top of
used memory equals start of availabe
memory.

SIZE Displays the current size of

vocabulary (total program size).

While writing procedures which have sizeable data-
arrays, it is prudent to type FREE occasionally to
avoid running out of memory. If you do exceed
memory limits, fatal error messages will result,
indicating either excessive array size or too many
new words.

SHOW XXX Disassembles the word XXX

FIND XXX Finds XXX, 1if it exists and types
its address. If XXX does”nt exist,
an error message results.

LOAD NN LOAD compiles and executes the
words held on the disk screen’ NN.
The <effect is the same if a robot
were entering the same text as 1is
written on screen NN. (Text 1is
written on a screen with the aid of
the text editor). '

LLD MM NN LLD compiles screens MM
through NN. Example:

: PROGV 25 29 LLD ;

creates a word which creates a vocabulary of
words from definitions on screems 25-29,

11
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