HASSACHUSEITS IWSTITUTE OF TECHNOLOGY

PROJECT MHAC

Artificisl Intelligence Memc. Ho. 129,

EUTERPE: A Cowputer Language for the
Expressicn of Musical Idess.

Gtephen Smoliar.

April 1967,



The electronic medium hazs vastly increased the amount of material
avallable to the contempeorary composer, The warieus pieces of electronic
equipment available today allow one to produce any conceivable sound; yet
because of the complex nature of their output, these devices are generally
difficult to control and the composer of electroniec music may take several
hours to prepare but a few minutes of his creaticn,

EUTERPE was designed during the summer of 1966 by Marvin Minsky as a
"real-time music program’” to be used at a teletype which was a direct link
with a digital cemputer, The program is an inCerpreter and compiler,
basically a translation device to convert symbolic input into the internal
machine language of the computer. The symbolic input consists of up to
gix "volce-programs” which are strings of words. The words can be of two
types: 1} Note words, which represent notes on the musical score, and
2} Hacre instructions, simple words whose functions are equivalent to
gtrings of words. The author was responsible for coding this program to
run on the MAC PDP-6.

In the course of preparing this program, it became apparent to the
aﬁthnr that this was more than a computer=controlled instrument which the
user could "play" through his console, Currently, the computer produces
the desired sounds using a Digital Equipkent Corporation Precision DHsplav,
Type 360, as a digital-te-analog converter; but the actual program was
designed to be compatible with almost any apprepriate output device., Hence,
it could be harnessed to drive an electronic synthesizer or even an array
of several pieces of electronic equipment. Furthermore, the interpretar
could be embedded in a higher level pregramming language such as LISF,
throeugh which the wger could prepare functicns or macros of his own design.

EUTERPE consists of fwo levels of programs:

1) The voice programs which present the musical ideas, and 2} the
execution program which interprets the volce programs and'geﬁerates the

actual music., While the program iz rumning, all six voices supply data



3.

concerning the playing of a nete to the executfon program; this data bresks
dewn inte four categorifes: 1)} duration, 2} pitech, 3) waveform,

4} articulation. On the POF-§ the third ecategory refers a hlock of MEMoTy
in which a digital record of one peried of a particular waveform is stored,
The execultive program rung in a loop at a sampling vate determined by the
piteh parameter for a certaln number of cycles as determined by the six

duration numbers. Uhen it runs out, it looks at the duration numbers of

each voice. One or more of these will be zero, for these volces, the inter-

preter gets the next noete in the program and fills im the new duration
number. The executive program then finds the smallest of the six Jduration
numbcrs, subtracts it from each volce duration number, and re-cycles for

& perlod of time determined by thiz number.

As the veice programs are being interpreted, the ocutput is compiled
and stored away in memory. (The FDP-6 version uses a "lew" DDT at address
4000, and the compiled program is stored in large memery beginning at
address 40908). The compilation is the most primitive possible technique;
each leocp is written into free sterage in sequence. When a loop rums out,
the transfer to the interpreter is replaced EF a transfer to the next loop.
In the PDF-& version, startfing the program at TUNE sets up the pitch takles

gampling rates, interprets the voice programs, playing &s it interpreta, and

and plays the compiled version. The interpreter may be stopped from the
teletype; striking the space bar returns control to DDT while striking any
other key plays the materfal compiled thus far and then returns control to
DT, Once the piltech table is computed, the interpreter may be started at
SETUF. The compiled version may be played alone by =starting at PLAY.

The fundamental instruction of the voice program iz the note word
which supplies the interpreter with the parameters mentioned above; the

following is an example:

K4S 4T(SLUR)

of



K45 1s the pitch indicator, 4T the duration indicator, and SLUR designates
the articulation. The waveform is determined by a special inmstruction
described below,

Pitch is determined by three concatenated symbols: an octave letter,

a gcale number, and 2" S,F, or blank. Octave letters may be H,I,J,E,L,M,K.
Scale numbers 1,2,3,4,5,6,7, correspond to C,D,E,F.G,A,B, within the
designated octave. Finally, 8 and F designate sharps and flats, & pitch
indicator, R, designates & rest. While the current PDP-6 version is not in
tune, this can be accomplished by depesiting the appropriate constant in the
address portion of locatien TUNE. In tuning EUTERPE, E6 should sound as 440
CpE.,

For .duration, 1T, 2T, 4T, BT, 16T, 32T denote whole notes, half notes
etc. A "D" in place of "T" designates a dotted note while a "3" following
the "I" indicates triplet duration value (i.e. 2/3 normal duration).

Articulation is based on the principles of Peter Sameon's music
compiler. Each note word is interpreted as two note words; the note itself
and a note of rest for articulation. The smount of articulation is determined

by the following indicators:
DMiration of

Indicator Duration of nota articulation Use

SLUE 1 LI 8lurs, notes
langer thawn
dotted whole notes

LEGATO ?fﬂ le Standard lesato.

STACO l;l lfz Staccato for
organ warks.,

SLEG 3; Articulated legato.

SETACD 3;B 3t Short staccato.



Articulation is preset to LEGATO for all six voices and is not
altered unless specified by a voice program.

If any parameter is omitted from a nmote word, the previous wvalue
to which it was assigned iz assumed,

Hence, ceding for "Ged Save the Queen” would look like the following:

E1l 4T

Kl

K2

J¥ 4D

K1l &T

KZ AT

Aggoclated with each woice iz & parasmeter list of four items: tempo,

piteh, waveform, arvtleculation. The tempo parameter i & sultiplicative
duration factor which {s Inftifalized by the execution program and may be
altered by special macro instructions cited below, The pitch parameter
is a transposition facter indicating the number of half stzps up {(positive)
or down (negative) a note should be ftransposed. It is initialized to O
and may be modified by speical macre instructions. The waveform parameter
gepecifies which of three waveforms the woice is "playing': SIHE, SQUARE,
or SAM; it is initislized to SIKE and modified by macros. TFinally, the
articulation parameter saves the articulation infermaticn specified by notle
words or modified by macros.
. In addition te the note words, a veice program may use several macro
instructions which take the place of large blocks of note wordas., These

appear below:

JUME S WOICE ADDRESS
Causes desicnated VOICE to transfer from the current note word in its
program te location ADDRESS while remembering the location frem which

it transferred.



BRETURM WOICE,
REeturns VOICE te the lacation saved from the last JUMEBS.

PUSHIS ADDRESS

Transfer to ADDRESS, remember where to return, and save current parameter
list.

POPIS

Returna from FUSHIS, restoring old parameter list.

CARCEL VOICE,

Causes executive program to ignore indicated VOICE program.

sTART VOICE,

Resteres indicated VOICE

PITCH VOICE,X

Set pitch parameter for voice to ¥. Normal mode iz 0. PITCH 14 raises
everything an cctave; FITCH -14 lowers everything anm octave; ete. {ectal
numbers). )

RELPIT WOICE, X _

Add X to pitch parameter for designated VOICE.

TEME; VOICE, X

Set tempo parameter for VOICE te X; the parameter is multiplicative and

a TEMPD of O 1s disastrous. If no TEH?& iz specified at the beginning of
the program, It Is assumed to be 4,

RELTEM VDICE, X

Hultiply tempo parameter for designated VOICE by X if X is positive; divide
1f X is megative,

WAVE VOICE, X

et waveform parameter for VOICE to X

ARTIC VOICE, X

Set articulation parameter for VOICE to XK.

TEA VOLCE, ADDRESS

Transfers specliied VOICE to ADDRESS.



FINE

Eeturns control to teletype.

In any instruction which expects wvoice specification, the sbesence of such

natation interprete the wvolce to be the one which iz resding the word. The
reader unfamiliar with computer programming may £ind the sbove description
somewhat baffling. To clarify the sitvation, we present an amnnoted copy of

a program which was run on the PDP=06 through EUTERPE:
(the circled numbers refer to the comments after the program):

VOICEL: WAVE SAW {1}
JUMPS TRUMET )
K6 4D
8T
Eh
LL
K7
Ef
K5
K3 16T
K4S
ES
Ed
K7
Kb
K5 4D
JUMP$ TRUMPT
k6 BT
K7 16T
Ll
ET
k6



VOICEZ:

8.

K38
K4S
K58 AT
K& 47
K535 8T

K& 4D VOICE3:
8T TRUMET :

4T

)

FIKE (3)
JUMP§ HORN
L1 4D

AT

L1

L3

L2

L1

K7 4D

BT

47

JUMPS HORHN
L1 BT

L2 16T

L3
L2

L1

K7 4D HORM:
K6 AT

EY

K7

K& 4D
aT

4T -

K&

FINE {ﬁj
CANCEL G;t
Eé 16T
K7

L1 4D

BT

L1

L3

L2

L1

1)

K5 16T
K485

K5

K&

E?

L1

K7 BT
L2

L1

K7
RETURN 5
L1 16T
L3 4D -
BT



VOILES:

9.

L3
L5
L&5
L3

L2 4D
&T

4T

LY BT
LZ
RETDRN
WAVE SQUARE
J6 8T
4D

BT

16

13

37

kK1

J5 40
BT

50

8T

BG 4D ' YDICES:

&7

J& VOICES:

J3
Ja
Jh
J3 4D

&T
4T
J3
J1 4D
&T
4T
J1
J5 4D
6T
4T

J3 BT

1e 4D

FINE 3

HAVE SGUARE

TRA VOICEI+L &
o

CANCEL '»f'-"



1a.

. VOICEL: identifies that word as having the symbolic address VOICEL,
i.e., the first word of wolce program #1.

. The epening motif is repeated se it iz stored ss & subroutine, It is
located in memory in the free space betwsen the end of vodice progrem

#3 and the beginning of woice progam #4 with symbolic address TRIMPT,

Ends the piece.

. This wvoice is insctive.

« Ko volee gpecified; hence any velce program may enter this subreoutine

and leave correctly.

. Vodce program #5 will play the same music as voice program #1 but with
a different wave fors.

All articulation is legato.
Veice program #2 plays a sine wave since its initialization is not altered.

The nusic notation for this example:
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