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aor guitar.
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1n=urument iz

LS'. It's comrosed
srecizlly for recerd




guitar rlaver. Mo
zizter and I used

te sing eld tunes

in parallel thirds
and sixths in the
Kitchen when we were
Kids, I loved the
old mountzin modal
tunes bestr and some
of the sharenote
musics but I rarelu
plaved snuthing
unaltered. [ made
things ur 2 lot and
never bothered with
the words te sonds,
Jehn Faheu's rlaving
was & revelation

to me when I first
heard its and

it ewerted the
strondest influence
on me for vearss
uptil I discovered
A1i Akbar Kshns Bach
(the ultimate)s

and Shostakevichs
Rimsky-Khorsakovs
Stravinskus
Schoenberss Corlands
and Dowlands all
sort of cne risht
after another (I
later switched to
the luted., I've
2lways imrroviceds
but a3t & certain
stader when I was
living in 8 trailer
near the Mississirpi
Rivers I felt I was
in a rut: rlaving
the same things

ovar znd overs so

I decided to teach
musalf to read
notes. I sot the
Bach Inverntions and
tried them on the
guitars The first
measure took 3 whole
daus but & vear
latery I could rlav

sevaral of them. As
seon as I could read
notess I started
writing thems too.

I haven’'t been in 2
rut since.

LS I=n‘t it
rather an extreme
switch from bandos
or even lutes to
sunthesizers and
comruterst

LG 41} media in
which vou can work
directle with the
sounds have more

in common with

any other than
with traditienal
Eurorean technisues
of working with
sumbels on Farer.
Can wou imagine
painting @ ricture
by having te write =
set of instructions
for someone else
to raint it? But
the problem with
sole improvisation
iz that what wou
can realize is
limited by wour
technisue and the
nature of wour
instrument. You
can’'t do anuthing
bevend what uou

can plav wourselfs
no matter what

vou hear in wour
imadination, Non—
sele improvisation
has ether rreblemss
like finding other
reorle with the same
musicel visions

and sensitivities.
flse the problems
of communication
and of who's
musical tendencies

deminate. Ifve
alwaus been @ loner.
I kave clear ideas
of what I wants

and I don’t want

to comrromise them
irn erder to hear
them. Technolegy
has permitted me

te inderendently
rezlize concertions
I could never rlaw
soeler or reaslize

in any other ways
and te do this in
complete rrivacus
so that I can
experiment and
make mistakess

and hear thems

and learn_mores
faster. Traditionsl
scering deesn’t
wierks economicallus
politicallus or

as a technisue for
learning to make
music. I rarely
gotten to hear
rlaved anu of the
Fieces I've written
for instrumental
ensembles, fnd that
Kind of writing was
3 maJdor focus of
me formal musical
education.

LE! Do wou think
other reorle will
begin te make music
onr computers for the
same reasons?

LSt I den’t think
it's a8 ceincidence
that there seems

te be a relatively
higk percentage of
womens and other
compesers who the
musical mainstreamn
might discriminate
againsts workind in

electronic media.
You gzin & let by
being

able to g0 all

the way frem ides
to rlaving the
riece for peorle
without having

to get support

from established
organizations, I
started using
computers during

a2 peried when it
wWas necessary te
have seme sort of
sponsership in
order to det access
te them throush
large institutionss
but &t this roints
computers are
chear encugh for
almost anwones and
thew' re likelu to
become @ drassroots
medium carable

of great musical
sorhistications

and accessible te
composers whe for
nen—musical ressonss
may be unable to get
an arreintment with
& conducters let
azlone 3 rerformance
bty one. Much Ilarger
numbers of reorle
than before will

be able to realize
musical cencertions
of considerable
complexity or
subtletys and in
rerlicable forms,

LEY It seems odd
thet wou speak

of cemruters

a5 @ rotential
grassrootss almost
a folk medium., A
lot of reorle

tind computers

and electrenics
intimidating.

L6 A lot of reorle
tind music rrettw
intimidatings toos
uoy Know.

L5§1 As 3 matter of
tacts manw recprle
consider comruters
as celd and
dehumanizings the
oprosite of musical.
L81 Computers

had a nesative

and dehumasnizing
imade as leng as
they were only seen
a5 imaccessible
threatening tools of
larde buresucratic
ardanizations.

Thew were rorularly
imbued with the
characteristics of
those creanizations.
Now that computers
are incressingly
becoming the
rersonal teols

of erdinare
individualss this
imade is changind,
A mador focus of
comruter develorment
has been making
them easier to uses
toos develoring
more human—oriented
landuades and

uses. I was lucky
in that when I was
8 or 9 and might
have dotten music
lessens or & dolls
e father gave me

a8 soeldering iren
instead. I never
studied computers
ar alectronics
formally.  Hundreds
of thousands of



small computers

are out there by
rows lardgely in the
hands of reorle who
have also never
studied computerss
Just like the many
instruments rlaved
bu reorle whe never
studied music. fs
sets there iz still
rot the ease of
musical interaction
with these little
computers whick
Feorle will needs
unless thev are as
chstinate ahout
getting music out
of them as I have
tended to be, But
ultimatelus these
little cemruters
will make it easier
te comroses a5 well
as to rlavy music.
There are far too
few reorle creatind
their own music
compared to the
rumber of recrle
whe really love
musice It's 3 much
worse ratio than
amateur painters

or writers te
censumers of those
medias I susrects
and it’s because
until nows there
hkas heen only a
very difficult
technicue for
composing.

LS8! Can wou
explain 3 bit
better that
distinction between
composing and
improvising music?
find how computers
affect it?

LE? A sdreat
advantage of
comruters is that
not onle can thew
be rlaveds like
instrumentss but
they also have
memoryy like rarers
but infinitely more
#lexible, What
comFuters excel at
iz the manirulation
of ratterns of
information. Music
consists of ratterns
of sound. One of
the computer’s
dreatest strendgths
iz the orrertunity
it rresents te
intedrate direct
interaction with
an instrument and
its sound with the
ability te compose
musiczl exreriences
much more complex
and well desisned
than can be done
live in one take.
With & cemruters
wou can record what
gou improvize in
such 3 way that it
can be edited with
comrlete freedoms
which isn't true
far tape recerding,
That’s the advantase
af compasing aver
improvisation which
I mentioned before.
You Just can’t de
the best werk if uou
are limited to what
wou c@n de with woup
own perfermance
means in the moment
as it passes. Could
the ART 0OF THE FUGUE
r the B miner MASS
have been compeosed
in one take in real

time? But many
cemposed rieces de
start with sounds
srontaneousliy made
ur at an instrument
and then written
down and rewerked.

LEY What Ied wou

te start using
computers?

LEY I was verus
luckys in that

after I'd heen
Flaving with various
kinds of anzlos
sunthesizers for a
few wearss and was
discouraged by their
simplistic ratterns
of controls the fact
that thew drift and
can't be adiusted
finely or the same
way twicer so that
evervthing has te

be done in one takes
I was diven access
te @ sustem called
GROOVE, by Dr. Max
Mathewss who has
been a rioneer in
the use of computers
in musics and has
develored a variely
of imrortant
aprroaches, This
recerd was composed
entirely on that
cempPuter sustem.

LE! Since weu still
haven't revealed
much about the music
itselfs will wou

at least tell us a
bit more about the
computer instrument
vou used to make it?
LE8! The computer
rlaved the

actual sounds by
centrolling analoes

sunthesis esuirment.
Thiz was depe usinsg
the GROOVE hubrid
sustems which was
developad by Max
Mathews and F.R.
Moore at Bell |
Labs, EGROOVE i=

an acranum for
Generating Realtime
Orerations On
Yeltzge—controlled
Ezuirment, It's
designed for the
compFosition of
functions of time.
What it did was te
rermit the creations
sterages editing,
and manirulation
of & piece of music
gz Fure ratterns

of chandes over
times parameter bu
rarameter., This
rather different
from conventional
musical notations
whick recerds

music on parer as
descrirtions of
individual eventss
one by one,

L5t It seunds
rretty abstract

te Just describe
ratterns of chansge.
LEY  fActuallus
rlaving the

sounds was the

way I denerallv
"described" them.

I used a Kesboards
g drawingd tablets
rushbuttons and
knebs which the
comFuter monitored
and recerdeds and

I wreote complex
algerhuthms (in
FORTRAN) to process
the data from these

devices and derive
from it much mere
complex music than

I actually rlaved,

I listened directly
to the resultant
seunds all the times
which iz definitelw
ret abstract. I
would enter music by
Flavind or computing
its and then do a
let of editing and
revision., I misht
start with an_idea
for an "intellident"
irstrument and

then rplav it 8
whiles rossibly

an instrument
incorrorating a
set of rules for
meledic evolution.
Bome of the levels
of the music whick

I "plaved" were
rretiy abstract.
Even on 3 bandos deou
den’t consciously
select every

note. Sometimes
Fitches or rhethmic
suncorations whick
uvou would never havae
thought of writing
onr rarer det inte a
tune because of the
right hand picking
rattern wou are
using.

LBl Uhat kinds of
Frocesses did weu
explore in these
"algorhuthmst"

LE! I've beer
very interested in
complex instruments
on which ratternss
rather than
individual notess
can be rlaved.

I've used & Knob to
centrol the dedree




clear one-time—cnly
concert which
wanted to hear and
hadn't found alreadu
composed, Relative
to some of my
colleagues: I have
tended to use more
continuitys less
literal reretitions
rot to derend on
structures whick had
to be studied to be
heard. I surrose
the rates of chande
within and between
me pieces are about
haltway between

the atoenzlists and
the minimalists,
Ive tried to find
2 balance between
predetarminstion
and spontaneitus

and the compose
simple materials
inte comrlex
relationshirs.

I like te find
relationshirs amond
things which are not
ebviously relateds
such as scientific
and artistic methods
and toolss or
classicals folks and
ethnic musicss or
images and sounds.

LE: It Iooks like
wou've finally

been tricked

into bedinning

to describe wour
music aftersll.
Would veu be mere
spacific about these
1nd1v1du31 pleces?
LE! Wouldn't it
Just be 3 lot easier
for wou to listen to
this record?

75 IPS Magnetic Tape Transport

About These Recordings

In preparing these recordings after transferring
them to computer from the original reel-to-reel
tapes, | decided to err on the side of doing less
audio signal clean-up instead of more. While it
would have been possible to optimize parts of
the signal further in quite a few places, it is less
effective to try to restore audio components, once
removed, than to leave them there. As audio
technology continues to evolve in the future there
are likely to be such fine tools for optimizing the
cleaning up of sound recordings that today’s
techniques will seem as primitive as the splicing
block and razor blade now seem to us. So | have
intentionally left in bits of tape hiss, distortion or
buzz from a leaking sampling rate oscillator, to
minimize any compromise of the more desired
sonic content. In the future perhaps someone will
do an ultimate clean-up of those minor artifacts.
My apologies if these bother you. Hopefully the
music will carry you past them with hardly a
glance.



Context and Tech Overview

To set up some context for you to get an
understanding of the limits and nature of the
technology we had available for use at Bell Labs
during the period when | composed all these
pieces, here is what we had to work with:

Room 2D-506 at Bell Labs, Murray Hill contained
the computer console, where we did most of our
work. There was a video display that showed the
time-varying functions we composed. All music in
GROOVE was represented in digital memory as
abstract functions of time, parallel series of point
pairs, each point being an instant in time and an
instantaneous value. The sampling rate for these
functions, which would be used mosily as control
voltages, was clocked by a big old-fashioned
analog oscillator that was usually set to 100 Hertz,
each cycle of the oscillator pulsing one run through
the code, the computer reading all of the real time
input devices and playing of all of the samples

at that time point in each of the time functions. (|
would set it to 60 Hz when sync’ing with video.)

There was a music keyboard with 3 octaves of
piano-style keys that was really just a bank of on/
off switches (no sensitivity to how the keys were
touched). There was a large 3-D joystick, housed
in a floor-standing red box from which a rod with
a knob protruded that could be moved around
and would remain at any position, the result of

a clever assemblage of what looked like bicycle
chains and counterweights. We had a small box
with 4 knobs, 4 set switches (toggles that stay
where you put them) and 2 momentary-contact
push buttons on it. We also had a little keypad of
3x4 buttons, suspiciously similar to a normal Touch
Tone phone’s keypad. There was a then-state-of-
the-art computer keyboard for text eniry with an
alphanumeric visual display on which we could

see what we were typing, and a card reader we
often still used for entering data, for example In
situations where we might want to reenter the data
repeatedly, despite the card punch machines being
a good walk down the hall and a couple flights
down the stairs away if we needed to change what
a card encoded.

Through a glass window we could see the room-
sized DDP-224 computer, which had to be kept

al 58 degrees or cooler. Its console had been
mounted through the wall next to the window, so
we could control it. It was one of those wonderful
old consoles where every bit in every register was
displayed and manipulatable as a push-button-
containing light bulb that turned on when the bit
was set to 1 and went dark when the bit contained
0. Pushing the button toggled that bit on or off, so
if you got caught in an infinite loop, for example,
you could just enter a halt instruction at a memory
location in the data register that stored the loop
counter and then change the data register’s data
to escape from the loop. Obviously when one or
more of those light bulbs burned out it could get
very confusing. You wanted to fix things while they
ran because you didn’t want to have to reboot

this computer any more often than absolutely
necessary. Rebooting was such a long complex
process that | don’t think any of us ever memorized
the whole sequence of actions no matter how
many times we had done it. You would have to
press the little light bulb buttons to turn the bits on
and off to enter an opcode and operand and put
data in the various registers and then manually
execute that instruction for each step of the whole
boot-strap process.

Down a long hallway from the computer room
that contained the above was the analog room,
Max Mathew’s lab, room 2D-562. That room
was connected to the computer room by a group
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Periodic Function Generator with notes by Spiegel




8446 (4

_22202(22222222222222222222222%22222222122222222211212
333333)3333333333333333333333333333 g
AR08 4444444 440444444444 B

5555550 5 sl sEoslIsss55E50555555555

JTC 22533

.lﬁﬁ_EEESBSBEEiilliiiiiBGiEEEHSGEE
'.'J._]H'lh'l'l'llTLTTLHHHlHHH]ii’}?”?”?l]ﬂHii’
80886038 888.8888__ 88008 0, BB883380006000BBEERE888EE

121

99993/sjo9of 9 9999999 999899999999999999999889959999
12a4slih

AA
BB
cc
DD
EE
FF
66
HH
N

Jd
KK
LL
MM
NN
00
PP
Qe
RR

1
SS
TT

uu @é

vv
WY

XX ??

Y,
7

L.S. Git 2543
GHANIRmUBET BN

IDENTIFICATION
pooooong
11111111
222222212
33333333
da44d4444

a
3
3
@
z
=
#
£
&
|
£
w
=1
b

@

66666666
8

o
en
en
en

vhirring

7
AFIIITIT
99999099

R A S e LN L EEE iolil.hlbl”ﬁ!ﬁlill"()“Uliﬂ“‘iqlsi‘4Nééiseg!lﬂullﬂl“ﬂllES:EEHIKHHHH!JII! EREET]

BELL TELEPHONE LABORATORIES, INCORFORATED

One of Spiegel’s 1973 Bell Labs punchcards, carrying a line of FO
and encoded in the pattern of punched holes. On the back the hi

drawing, “Hollerith Castle”.

0 CHARACTER

of trunk cables, each about 300 feet long, that
carried the digital output of the computer to the
analog equipment to control it and returned the
analog sounds to the computer room so we could
hear what we were doing in real time. The analog
room contained 3 reel-to-reel 1/4” two-track tape
recorders, a set of analog synthesizer modules
including voltage-controllable lab oscillators
(each about the size of a freestanding shoe box),
and various oscillators and filters and voltage-
controllable amplifiers that Max Mathews had built
or acquired. There was also an anechoic sound
booth, meant for recording, but we often took
naps there during all-nighters. Max’s workbench
would invariably have projects he was working on
on it, a new audio filter, a 4-dimensional joystick,
experimental circuits for his latest electric violin
project, that kind of stuff.

Because of the distance between the 2 rooms

that comprised the GROOVE digital-analog-hybrid
system, it was never possible to have hands-on
access to any analog synthesis equipment while
running the computer and interacting with its input
devices. The computer sent data for 14 control
voltages down to the analog lab over 14 of the long
trunk lines. After running it through 14 digital-to-
analog converters (which we each somehow chose
to calibrate differently), we would set up a patch in
the analog room’s patch bay, then go back to the
computer room and the sofiware we wrote would
send data down the cables to the analog room

to be used in the analog patch. Many many long
walks between those two rooms were typically

part of the process of developing a new patch

that integrated well with the controlling computer
software we were writing.

So how was it possible to record a piece with
those rooms so far apart? We were able to store
the time functions we computed on an incredibly
state-of-the-art washing-machine-sized disk drive

that could hold up to a whopping 2,400,000 words
of computer data, and o store even more data

on a 75 ips computer tape drive. When ready to
record, we could walk down and disconnect the
sampling rate oscillator at the analog lab end, walk
back and start the playback of the time functions

in the computer room, then go back to the analog
lab, get our reel-to-reel deck physically patched

in, threaded or rewound, put into record mode and
started running. Then we'd reconnect the sampling
rate oscillator, which would start the time functions
actually playing back from the disk drive in the
other room, and then the piece would be recorded
onto audio tape.

We didn’t have a lot of the structures that are
assumed today. There was no concept of an
“instrument” in the sense of a single or polyphonic
voice. There was no such thing as an envelope
generator. To make an amplitude envelope you
would write a FORTRAN IV routine that would
compute a time function and send it to the analog
lab as one of the 14 control voltages and patch

it to a voltage-controlled amplifier. So the 14
control lines got used up pretty fast, a major
limitation of the system. The 14 trunk lines and
DACs were typically used as either 5 frequency
(pitch) controls and 5 amplitude controls (including
envelope generation, overall levels, fades eic.,
one amplitude line for each pitch line, totaling

10), leaving the remaining 4 lines available for
controlling the amount of reverb, a global filter cut-
off and Q, and maybe sending a sharp click (on/
off bit toggle) to pulse one of the beautiful resonant
filters that Max built a series of. | ofien patched
the system with the 14 control lines used as 4
frequencies, 4 amplitudes, 4 filter cut-offs, reverb
and filter Q. That used up all of the 14 control lines.
Timbral control was by subtractive synthesis only,
by patching sawtooth oscillators through low pass
filters and plate reverb.



As to the computer itself, it was a 1965 DDP-224
General Purpose Computer from “3C” (Computer
Control Company) that came standard with 4096
(4k) of 24-bit words of ferrite core memory, but
had been expanded to 32k words, installed in
banks of 8k of core, each bank the size of a filing
cabinet. The memory was so stable it was possible
to remove a core memory board, walk down the
hall to 2D-520 (an identical computer set up for
computer graphics instead of audio), plug it in
and then use the data stored on the board. The
identical computer in room 520 had a rand tablet
(an early drawing surface with stylus) for input
instead of the music-style keyboard, but most of
the rest of the /O was the same, except that a
rudimentary frame buffer had been set up that
could be output to a 16 mm movie camera. That

{« was the room where | did my computer graphics

il and animations and the VAMPIRE system (“Video

And Music Program for Interactive Realtime

i } okl 8 / /" Exploration/Experimentation”).
' / ;' This 32k DDP understood FORTRAN IV and
‘ / DAP Il 24-bit assembly language. It could do an
i integer add in as little as 3.8 microseconds but
‘i SAMPLING I a floating point multiply could take up to 115.9
‘ microseconds. You can bet we all wrote the tightest
1 smallest fastest code we could. GROOVE could

compute up to 200 functions of time but because
we only had 14 channels of usable output, we
rarely needed a small fraction of the 200, although
in addition to values to output to the DACs, we
used time functions to store internal computational
variables used in computing the music.

There was nothing like what we now know as an
“operating system” or “user interface” other than
typing in code and whatever use of the various
input devices we each programmed in our code,
but there was a file management system that was
designed to negotiate data transfer between the 3C DDP-224 General Purpose Computer




A fape and disk drives, as
Digital Data Loop (a.k.a. “the
| printing via a remote IBM
elsewhere. We used a text
Simple Little Editor”) that was

h smaller and less powerful.
Feedback loop for B

composing functions

: | was the GROOVE system
of time

of software and hardware
FUNCTIONS 960s by Max Mathews
QF TIME hat provided a unique
d use to read input devices,
COMPUTER ANALOG functions of time, and output
s The whole design of the
GROOVE b———— ol CONTROLLED unigue, ambitious in its
-and though it was not easy

ievably useful.

SENSORY
FEEDBACK

attracted to this (amazing
that | had been working
log modular instruments

, Moog and lonic/Putney) and
d with the relative simplicity
their complete lack of
llime interaction with sound
processes were major factors
e with in elecironic music

s themselves of course),

uter music didn't atiract
medium had both of the

uch wanted, But it was not yet
all in real time with digital

| Max’s Music V were inputting
‘computer running over the

| back Monday to get their 30
of the buffer. | just didn’t want

ferent. It was exactly what
ead of calculating actual
/E calculated only control

voltage data, a much lighter computational load.
That the computer was not responsible for creating
the audio signal made it possible for a person to
interact with arbitrarily complex computer-software-
based logic in real time while listening to the actual
musical output. And it was possible to save both
the software and the computed time functions to
disk and resume work where we left off, instead of
having to start all over from scratch every time or
being limited to analog tape editing techniques ex
post facto of creating the sounds in a locked state

on tape.

What GROOVE had that no analogue synth

did back then was a bunch of physical input
devices, a way to hear sound, and in between,

a programmable general purpose computer. We
could write computer programs that connected

the numerical values that came into the computer
from the input hardware to the output lines. And
we were not limited to any specific way of connect
them. We could do whatever we wanted with the
incoming values, from using them directly to writing
whatever ways to use and interpret those numbers
we could think of. Those transfer functions, the
logic we wrote that sat between input and output,
was the heart of the power and freedom of the
system. And it was in that nexus that composing
was free to take new forms.

The trade-off for being able to do these things was
that the GROOVE system had exiremely limited
orchestrational variety or timbral control. | had
available up to 5 sawtooth oscillators, voltage-
controlled amplitiers, and filters plus one reverb
and a mixer, but with only 14 control lines, that
was already more variables than the system could
control. (I also had the ability to create pitched
percussion sounds by sending a sharp transient to
one of Max's analog filters if the filter Q were set
high enough that it would resonate, and the ability

to do this in multiple channels as in “Clockworks”
and “Drums”.) Because of the limitations in
timbre, it seemed to me that creativity could most
productively manifest itself in the domains of such
parameters as pitch, motive, rhythm, counterpoint,
harmony and in the design of the processes by
which a person could interact with these and other
aspects of musical material.

For all pieces on this album, all envelopes (the
amplitude contours of all individual notes), the
stereo placement and the pitches were computed
in real time for each voice. Above the level of mere
parameters of sound were more abstract variables,
probability curves, number sequence generators,
ordered arrays, specified period function
generators, and other such musical parameters as
were not, at the time, available to composers on
any other means of making music in real time.

Along with the direct control parameters for the
analog hardware, such abstract variables could
also be stored as sampled time functions on the
DDP 224’s disk pack and on digital tape. Because
GROOVE was a system for creating and editing
functions of time in the abstract, it did not presume
the division of sound into events, nor the use of
point pair series nor the use of any kind or source
of data in any particular way. Number was to the
computer what voltage had been to the analog
synth, but with numbers, all the musical potential of
logic and math opened up.



Notes on the Pieces
CcD1
1 Patchwork (Dec 1974 / Apr 1975 / Mar 1976)

The 4-voice piece”Patchwork” consists of
relationships among four short melodic motives
and four rhythmic patterns. In the interactive
program | wrote to compose this piece, |
programmed the computer to read the buttons on
a standard telephone-style 4-by-4 keypad so that
the keys switched between 4 melodic motives,

4 rhythms (4 different sequences of 4 loudness
levels) and to toggle some standard compositional
manipulations on and off (retrograde, inversion,
augmentation, and diminution), while other
computer input devices allowed me to control
reverb mix, low pass filtration and envelope

decay rate. | composed each of the 4 voices in
the piece independently, laying down the set of
time functions that define it one voice at a time

as a piich-and-amplitude pair. This multitrack-

like method was unusual for me, as | almost
always through-compose, developing all voices
simultaneously from the start to the end of a piece.

“Patchwork” was inspired by the structure of the
isorhythmic motet and the spirit and modality

of banjo music. During the period when |
composed it, the post-Webernite atonal pointilist
aesthetic was dominant in contemporary concert
music. So | composed this piece in reaction
against an overdose of arhythmic, non-melodic,
often academic sounding, overly cognitive
“contemporary music”, and against the way it often
feels to get up in the momning.

2 Old Wave (July 1975)

This was a first skeich for the first movement of

my ballet score “Waves”, commissioned during
the summer of 1975 by the American Dance
Festival for the Kathryn Posin Dance Company,
for performance with instrumental ensemble at
the American Dance Festival. The full 19 minute
ballet is scored for 9 instruments and computer
generated electronic tape, and takes the form
of a rondo, alternating 4 electronic sections with
3 instrumental insets. Per the title, an organic
undemarcated feeling was wanted, so | made the
electronic sections in such a way as to minimize
any sense of metric constancy. The four “wave”
sections contain, in fragmented form, the musical
materials out of which the “duet” sections were
constructed. Each successive “duet” was {o

feel more childlike in its musical material than
the preceding one, early childhood - primal and
innocent - musical reminiscences reformulating
themselves briefly before they are washed
away again in a continuing sea of fragmented
experience, waves washing over each other as
a primordial sea of not-yet-formed and already-
dissolved experience.

3 Pentachrome (1974)

Max Mathews had built several wonderful resonant
filters with voltage-controlled cut-off frequency
and Q that could be triggered to oscillate by a
sharp transient pulse, an easy form of signal for

a computer to produce. For the 5 voices in this
piece, | used 10 of the 14 control voltages for the
amplitudes and pitches of the 5 sustained tones.
The remaining 4 control lines gave me reverb mix,
overall loudness, and the frequency cut-off and

Q of one of Max’s filters. | produced the bursts

of notes by having the computer hold back what

it calculated that it would have been playing in
steady rhythm had | not thrown a toggle switch, in
which state it would store up the series of notes

it computed, so that when | threw the swiich it
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musical material forward nor tended to focus on
harmonic or chordal progression as a basis for
deriving melody, but conversely: harmony tends
to turn up as a byproduct of melodic line, or
sometimes of the intersection of multiple lines, the
lines being primary.

“Appalachian Grove” was the first piece |
completed using a computer. It embodies two
breakthroughs of the early 1970s: composers
breaking our art free from the post-Webernite
atonal aesthetic, and the first use of digital logic
systems for realtime interactive music-making.

| wrote this on the back of the 7” tape box at the
time | composed this:

= Ap Grove | “From greatest simplicity grows the
greatest wonderment.”

= Ap Grove Il “The primordial musical sound, cyclic
eclipsed, cyclicly reemerges.”

= Ap Grove lll “Whenever any one man plays, the
entirety of music is reborn.”

9 The Expanding Universe (Feb-March 1975)

Although the term “minimalist”, borrowed from
the visual arts, was commonly used for the style
of the slowly changing music that began to gain
prominence in the early 1970s (think Terry Riley,
Steve Reich, Phil Glass), and | have often been
grouped with them in being called “minimalist”,

| differentiate “minimalist” music from what we
used to refer to as “slow change music”. The
latter, represented here by the title work of this
album, instead of being built by accretion of many
individual musical events to form a texture, works
by allowing the listener to go deeper and deeper
inside of a single sustained texture or tone.

The aesthetic aim is to provide sufficiently
supportive continuity that the ear can relax
its filters, no longer on guard against sudden

change, which so much of today’s ambient sound
and much music puts our sensitive ears on hair
trigger to safeguard against. The violence of sonic
disruption, disjunction, discontinuity and sudden
change desensitizes the listener and pushes us
away so we are no longer open to the subtlest
sounds. But with continuity and gentleness, the ear
becomes increasingly re-sensitized to more and
more subtle auditory phenomena within the sound
that immerses us. Instead of being swept along, as
with cascades of many running notes in suddenly-
changing blocks of time, such as “minimalist”
music so often consists of, we open up our ears
more and more to the more minute phenomena
that envelope us. This is also not “ambient music”,
a term that came into use some years later. This

is music for concentrated attention, a through-
composed musical experience, though of course it
also can be background.

Technically, the title track of the Philo LP was one
of the longest single tracks to be cut onto vinyl at
the time. So putting this work out on an LP, the
only recorded music distribution medium in use
then (before cassette, 8-frack, cd or internet),

this track faces unusual technical problems. The
longer the music recorded on a side of a vinyl

LP is, the narrower and closer together the vinyl
grooves have to be cut and the worse the sound
quality tends to become. A certain amount of LP
surface noise works itself into the piece really well,
aesthetically, but it was not clear at the time when
Philo pressed the original LP if we’'d be able to pull
off a good-sounding record with the full dynamic
range of this piece without the needle jumping the
tracks. The thing is to get the exact best balance,
for the cutter, specific vinyl material that will be
used, efc., between it being a hair too loud so the
loud grooves are too wide and the needle skips,
and it being too quiet so the signal-to-noise ratio
is too large if the amp is turned up to a proper
listening level.



CD2
1 East River Dawn (September 1976)

This work used basically the same interactive logic
as Patchwork, but with more highly developed
computer controlled filiration and reverb, and

I must admit to some overdubbing and analog
post-processing to produce the richness of

texture | wanted. It was choreographed by David
Woodberry for a beautiful outdoor dance concert in
Union Square Park in New York, blaring out over
big speakers on a sunny summer day.

As to my inspiration for this work, the title tells it.
Picture coming to the East River’s edge, with the
breath-taking sense of spaciousness, light and
energy there compared to the dense crowded
rectangular small spaces we normally inhabit

in New York City. Picture the feeling of having
stayed up all night on the Lower East Side before
it became known as the “East Village”, then
looking out through the hazy dawn air at the river.
Things are already busy. There are tug boats and
freighters, a Fire Department boat, and seagulls
flying around looking for their breakfasts. The day
feels full of potential.

2 The Unquestioned Answer (June 1974)

This work is structured by a first increasing then
decreasing probability that notes in the basic
melodic cycle will be replaced by the computer
with notes | played on a keyboard. This piece used
fundamentally the same logic that | wrote to make
“Appalachian Grove”, and which later evolved into
the basis for the logic | used to make “The Orient
Express”. In it, each beat of the rhythmic cycles is
weighted for loudness according to its position in
the metric cycle (a recursive hierarchy of strong
beats with quieter weaker beats between them).
Pitches from the predetermined fixed pitch melodic

cycle are replaced with pitches from a second pitch
array to varying degrees depending on the knob-
controlled variables that | adjusted while listening to
the algorithm’s output.

A more in-depth explanation can be found in my
paper “An Information Theory Based Compositional
Model” in Leonardo Music Journal, Vol. 7, 1998,
MIT Press, online at
retiary.org/ls/writings/info_theory_music.html

My dogs found this piece very relaxing even though
they had no idea that information theory was one

of the major innovative contributions to come out

of Bell Labs.

3 The Orient Express (June-July 1974)

| figured that every improvising musician, like many
who played blues, bluegrass or jazz, should do at
least one “train song™.

| thought of this particular train because during one
of the long winter breaks between terms at Oxford,
four of us students decided to go to the Gare du
Nord in Paris and to take whatever train would pull
out next. It happened to be the Orient Express
bound for Istanbul. The several-day ride was both
fascinating and grueling, introducing us to many
people with whom we spent extended time, bringing
us awesomely rhythmic Bulgarian folk dance music
at some stops and scary border guards at others.

In this somewhat-programmatic work, the train
moves between colors of harmony and ways to
make music, alluding to various grassroots ethnic
musics and emotional moods, though overall the
feeling is of continuing forward motion and of
moment to moment attention and discovery.

The illusion of perpetual acceleration heard
during the first several minutes came from Dr.
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