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Digital adaptions of the scores for Cage Variations I, IT and 11T
Lindsay Vickery, Cat Hope, and Stuart James
Western Australian Academy of Performing Arts, Edith
Cowan University

ABSTRACT

Western Australian new music ensemble Decibel have
devised a software-based tool for creating realisations
of the score for John Cage’s Variations 1 and 1. In these
works Cage had used multiple transparent plastic sheets
with various forms of graphical notation, that were
capable of independent positioning in respect fo one
another, to create specifications for the multiple unigue
instantiation of these works. The digital versions allow
for real-time generation of the specifications of each
work, quasi-infinite exploration of diverse realisations
of the works and transcription of the data created using
Cage’'s methodologies into proportionally notated
scrolling graphical scores.

1. INTRODUCTION

John Cage’s eight Variations (1958-67) occupy a unique
position in the composer’s output. By the late 1950s,
Cage had made significant progress in exploring the use
of indeterminate sound sources (such as radio and LP
recordings’), a range of chance procedures for
generating notation® and indeterminacy of notation®. His
attention now turned towards the indeterminacy and
“flexibility™ of formal structure itself: “a way to further
the diversity and flexibility of his compositions by
removing the fixity of the score itself” [28].

The eight Variations were the principal vehicle for the
exploration of this idea, constituting nearly a quarter of
his compositional output during this peried. Following
the completion of Fariations VIII, the most open of the
works in every respect, Cage returned, for the most part,
to more traditional compositional outcomes marked by
his exploration of the “recomposition” of pre-existing
works”.

! An early example is Credo in TS (1942) [34].

% These included the use the T Ching as a source of aleatoricism
in Music of Changes (1951) [29 pp. 78-88], “found systems”
such as “folded paper templates™ in Music for Carillion No. 1
(1952) [29 p. 92] and the “paper imperfection technique™ in
Music for Piano (1952-6) [29 p. 94]. Cage’s use of
Astronomical maps as “found systems” dates from Adusic for
Carillion No. 4 (1961) [29 p. 211] and was incorporated in
Variations V (1965).

* Cage’s exploration of indeterminate notation began in Music
Jor Piano (1953) and culminated in 1958 with the magmm
opus Concert for Piano and Orchestra, [29 p. 109], [33 p. 132],
[2].

* Examples are recomposition of pitches of Satie’s Socrates
(1918) in Cheap Imitation (1969) [4], “subtraction” of material
from anthems and congregational music Apartment House
1776 (1976) and “rubbing” of Satie Chorales in Song Book
(song 85) [27].
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Over the ten years from 1958 to 1967, Cage revisited to
the Variations series as a means of expanding his
investigation not only of nonlinear interaction with the
score but also of mstrumentation, sonic materials, the
performance space and the environment The works
chart an evolution from the “personal” sound-world of
the performer and the score, to a vision potentially
embracing the totality of sound on a global scale. Table
1 gives a summary of the evolution of Cage’s approach
to the score, sound sources and the performance space in
the Variations series.

Score sound performance
specification sources space
I (1958) instruments
quasi-
f determinate T —
(1961) producing P
means
11} indeterminate .
(1963) score actions
5 sound
v topographical .
(1963) e producing
means
v astronomical
(1965) chart® .
electronic
VI sound system | ound systems _
(1966) component integrated
diagram
VII real-time
(1966) sounds
remarks [13] - »
silence
(Y9161'17) (ambient
sounds)

Table 1: A summary of Variations I to VIII.

Although Decibel created digital versions of Variations
I-171, this paper focuses upon the digital realization of
Variations I, Il and [I, works that employ multiple
transparent plastic sheets mscribed with either points
lines or circles, for the purpose of creating a unique
score for a performer to read’.

® The instructions read “as though there were a drawing of the
controls available and — on transparency — transcription from
astronomical atlas which (if it were superimposed) would give
suggestions for use of controls™ [12].

® Variations IV-VT generate specifications for the placement of
sounds in the space, for electromc controller variables and for
the assembly of electromic components in the space
respectively.




There is relatively strong documentation of the evolving
non-digital performance practice of the Variations as
performed by David Tudor (Variations [1-1961 [30],
[31], [22]), John Cage (Variations 111-1963 [28]), John
Cage, Merce Cunningham et al (Variations V-1965[26],
[19]), David Miller (Variations ! and [[-2003 [24]),
szoviet (*france:, Wand, and Tanaka (Variations VII-
2008 [1]).

Traditionally, the realisation of Variations I and /I in
particular has necessitated time-consuming manual
measurement and collation of multiple coordinates. In
2006 digital versions of Variations Il were created
independently by Nicholas Knouf and Pierpaolo Leo
(Variations  [{-2006 [20], [23]). Both of these
adaptations were “installation”-based, in that they
generated both the score and a sonification of the score
for viewers to manipulate in an art gallery, rather than
scored materials for live performance.

The impetus behind Decibel’s realisation of these works
has been principally performative: to create practical
tools for the realisation of these works that retain both
the indeterminacy and the precision of the Cage’s
specification.

2. VARIATIONS I AND 11

In Variations I and 1[I, Cage’s materials generate what
might best be described as a blueprint for the creation of
a determinate score. (Miller describes them as "toolkits"
[23 p. 21]. Although Cage states that the score resulting
from the application of “rules” of this work may he
"simply observed" by the performer, there are
significant challenges involved in actualising Fariations
Ior ITin this way (as will be discussed below).

At first glance these works appear to be a deconstruction
of traditional score, with only the five stave lines and
the noteheads remaining and left to float freely in two
dimensions. The lines and points are in fact used by the
performed to generate a unique score, in which the
distance of each point from each line determines one of
five musical parameters: frequency, duration, amplitude,
timbre and point of occurrence.

James Pritchett identifies the “BV” notation from
Cage’s Concert for Piano (1938), illustrated in Figure 1
as the origin of this approach [29]. The connections
between the “paper imperfection technique™ works such
as Music for Piano (1952-6), in which points
representing events were spacially located on the page at
knots in the surface of the paper and to and the “folded
paper templates” of Music for Carillion No. 1 (1952), in
which points were notated al intersections between
creases in folded paper, are also significant. In
Variations { the notation is, more mobile, as the lines
and points are printed on transparent sheets, however
the “fixes the number and structure of events” is still
fixed [289 p. 136].

Earle Brown’s concept of proportional notation [18],
developed some years earlier, is taken it to its logical
endpoint: here everything is measured. The ability to
“read” the score in any orientation also draws on
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Brown’s December 1952 (1954) which may be read in
any direction (Left to Right, Top to Bottom, Right to
Left, Bottom to Top).

BV IS

EJV THREE LARGE (4 o8 nog.a 'Sm!nbﬁ) S
LEd$ LareE (3 Jouripd), Lo sau (TWo
50UHDS) | 4. VERY SMALL POINTS (SINEE SoonDS
TEE 5 LINES AND THE H BOUNDARIES T BE
VSED &5 I BB AMD BRI, WHEN ORTAMNME
MEASOREMENTE FoR. 3 FREQUENCIES VSE 3
DIFFERENT LINES ARD LIKEWISE For. OTHER
MEASTREMENTS.

Figure 1: The BV notation from Cage’s Concert for
Piano (1958) [6].

The precisely defined multi-parametrical nature of
Variations I also suggests the influence of the integral
serial methods of the European Avant Garde, which had
dominated Cage’s “chart” compositions [29 p. 78-90].
But most importantly, in these works Cage demarcates a
new end point for the act of composition, leaving not
only the interpretation, but also the final realisation of
the works to the performer.

The materials for Variations I comprise six square
transparencies: the first printed with points and the other
five printed with lines. Square 1 consists of 27 points of
four sizes corresponding to the number of sounds they
represent as illustrated in Table 2.

Square 1 27 Points No. of Sounds
13 Very Small |
7 Small but Larger 2
3 Greater size 3
4 Largest 4+

Table 2: The contents of Variations I square 1

Each of the five additional squares is printed with five
lines corresponding to the five parameters shown in
Table 3. The performer may freely choose which
parameter to apply to each line.

Squares 2-6 5 Lines
1 frequency
2 overtone structure
3 amplitude
4 duration
3 occurrence
Table 3: Variations 1 Squares 2-6
showing the parameters to be assigned
to each line.
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A reading of the work is created by measuring the
distance from each point to each of the five lines to
generate a composite of parameters that define each
event with the following attributes: number of sounds (1-
4+), frequency, duration, amplitude, timbre and point of
occurrence. These attributes are relative with the
continuum upon which the parameter is measured
defined by the performer. For example: the point of
occurrence of each event is relative to the total duration
of the work (which is not defined by Cage). Figure 2
illustrates the measurement process required to define
one event [16].

4
|||‘ 7
. #\\\ |||# y e
oL
S
L S
v &"#
1
%"

Indeterminate

Frequency/Overtone/

. open
Amplitude Range

Instrumentation open

Total Duration/Event
occurrence open

Table 4: Determinate and indeterminate qualities
of Variations I.

Variations II uses a similar system of dots and points,
with some small but significant differences. There are
six transparencies each with a single line and five
transparencies each with a single point. The sixth line
determines the structure of the musical event, whether it
is a single sound, an aggregate or a constellation of
sounds, the function that had been determined by the
size of the points in Variations I.

The orientation of the lines and points is therefore
completely open, meaning that there are an infinite set
of potential configurations of the score. A performance
consists of any combination of configurations and
therefore in theory Variations II may describe any
possible musical work [24 p. 42]. In this sense it
“represents the most flexible composition tool that Cage
ever invented” [29 p.136].

Figure 2: For each event, five parameters (A-E) are
defined by the measurement of the perpendicular
distance from each point to each line.

This procedure results in a mixture of determinate,
permutable and indeterminate variables in Variations I.
The number and position of the points and lines is fixed
and there is a finite number of possible combinations and
orientations of the transparencies, however the range of
the continuum upon which each parameter is plotted is
indeterminate. Table 4 illustrates the determinate,
permutable and indeterminate factors involved in the
generation of an instantiation of the work.

Mit Hilfe dieser Skizze versuchte ich 3
das Finale fiir John Cage’s ,Variations I* &
zu kornponieren. Q,v'

&~ FRUMESTES

MV“&‘(

i
ERSCHEINEy

Determinate No.
Points/Sounds 27
Lines/Parameters 5
Min. no. of parameters 135 (27x5)
Permutations
Orientation of Points Square 8
Function of Lines 51(120)
Orientation of Lined Squares 8
No. of Lined Squares 5
Max. No. of Permutations 38400
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Figure 3: Annotated score for Variations I by
Kopatchinskaja [?]

Performance of Variations I and II has traditionally
involved one of three methods: “simply observing” [5]
the resulting score, annotating an instantiation of the
score [5][21] or transcribing the detailed measurements
of an instantiation into a “performance score” [24 p. 22].
Figure 3 shows wviolinist Patricia Kopatchinskaja’s
annotation of the score of Variations I [21].




derived from measuring perpendicular distances is
evaluated and then used to generate a scrolling,
proportionally notated screen-score. The score moves
from right to left with the point of occurrence of each
event, rendered as a horizontal rectangle, indicated by
its point of contact with a vertical line or “play-head” on
the left of the screen. In this way the score moves
“towards” the performer from the right in the same
direction as a traditional paper score.

Figure 4: Reading the score for Variations I in two-
dimensional arcs.

The principal issue associated with “simply observing”
or annotating the score, as can be observed in Figure 3,
is that the notation on Cage’s transparencies is two-
dimensional as opposed to traditional one-dimensional
linear musical notation. To preserve the order of note
occurrence, the transparencies must be read “two-
dimensionally” in arcs emanating from the line that
determines “point of occurrence” as shown in Figure 4.
The distances to the other four lines and calculation of
their parametrical value must occur simultaneously.

=

Figure 6: Decibel’s scrolling, proportionally notated
screen-score for Variations I. The arrow indicates the
direction of the scrolling score.

Figure 5: David Tudor’s transcription of Variations
11 [30]

Duration is represented proportionally by the length of
the rectangle. The vertical position of the rectangle
indicates its frequency, thickness indicates volume and
shade indicates timbre. The number of sounds in each
event is specified by a number attached to each
rectangle. A portion of such a realisation is shown in
Figure 6. The notation draws on conventions established
in works by Cage and his colleagues Earle Brown and
Christian Wolfe, as illustrated in Figure 7.

Although David Tudor’s realisation of Variations 1
relied on “careful definition of measurement scales and
a precise performance score” [30 p. 2], James Pritchett
shows that Tudor’s version of Variations II reduced
Cage’s prescribed measurements to binary values:
simple and complex. Figure 5 shows Tudor’s
transcription of two events from the work. Tudor’s score
overcomes the issue of reading multiple axes (the 50
events he used were aligned in rows), however its
transformation of the multi-parametrical notation into
single- or double-bordered squares with intersecting
lines and circled or plain points is nearly as enigmatic
looking as the original.

3. THE SCORE-READER FOR VARIATIONS I
AND 11

The imperative of generating performance materials that
are easily and intuitively read, led Decibel to a decision
to transcribe the data created in Variations I and II, into
proportionally notated graphical scores. In Decibel’s
realisations of Variations I and II the parametrical data

VIIECA

a. b.
: -
s -
— T
EE———
— 1__ -
-
— _— =
i -

c. ——

Figure 7: Graphical Notation Conventions drawn
from a.) Cage Aria (1958) [8] - Timbre-Shade
equivalence; b.)Wolff Duo for Pianists I (1957) [35] —
numbers representing the number of sounds in an
event: c.) Brown Folio and 4 systems (1954) [5]-
Proportional Notation: length-duration and
thickness-amplitude equivalence [2], [17], [31], [32]
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This transcription enables a faster reading for
performers using familiar symbols In addition the
graphics appear ahead of the ‘playhead’, giving them
time to consider their approach to the graphics The
score can be read by a single performer or multiple
versions of the score can be generated for a group of
performers networked to a master computer.

A control panel (shown in Figure 8) allows for
determination of total duration of the piece as well as
the relalive duration of the events. The range of the
contimmums of frequency, amplitude and timbre
indicated by the score is interpreted by the performens)
on their own instrument The duration of the work
effects the density of events on the score for examplea
duration of 360 seconds wall distribute the 27 events
OVEer SiX minutes.

\ariations 1 Score Player
(] [r250_] dwrton
Mot Event Group
Variations 2 o | [o ]
| 5 | Mote Duration (1-700)
Vanations 3
Numbear
50 ] Resul
Variations 4 o |
r30 |
b SoundSources
Lo ] [o_]
Variations 6 ‘ CWH ants Loudspeakers
Figure 8: The master control panel for Decibel’s
realisation of the Cage Varigtions.

The evaluation of the data to generate the scores of
Variations I IT and IIf and a component of the score
player were written in Java and embedded within the
Ma/MSP patch The Java code for Variations Tand IF
and the score player mechanism were wriiten by Stuari
James, and the Java code for Variations IIT was wntten
by Aaron Wyatt,

There were several advantages for re-implementing
these processes in Java, One of these was the ability to
access the same memory space that MaxMEP iz
pointing to, namely Jitter matrices, by utilizing the Java
Jitter API This marrying of both Java and Jitter
processing  proved to be an  effident way of
accumulating, storing, and sorting tables of walues
required for building note events in Varigtions Tand IT
For example here we see values stored into a Jitter
tatriz that are generated recuravely in an eatdier
section of code;
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itz =0;
foriz= 0,z < coordslength 2+ {
gl0]=1z
storage setcell(g, 0, coords[z][6]),
H
oullet(D, "Fini shed”),
And here we see the score player mecharnsm
referencing a stored Jitter matriz of nole wvalues
determining the note polyphony within a deagnaled
time frame:
{
int thisGroup =0,
int grouped=1;
int 1 = index-1;
wall = imes.geteelll dFloat()[0];
1f (1 = tmes getDimJ[0 ]
1= (times getDimQ0]-1;
i
for (int j= (i+1); (j < times.getDim() [0]); 144 {
vald = times. geteell 1 dFloat{)[0];
value = valZ-vall ;
if (value < timescale)
i
groupech+,
i
else if (walue > timescale)
i
Tt eals;
i
h
oatl et 17,
outlet(1, grouped);
gouped=10,
outlet(D, wall);
H

4. VARIATIONS I

In Variations IH, Cage moved to a significantly
different score paradigm. Here the composer’s focus
was on actions’ rather than sounds. The score is created
by distributing 40 circles (printed on individual
transparencies) onto a surface and then removing all but
the largest group of circles that are in direct contact wath
one another. According to Pritchett, Cage's aim was to
“enable free and direct action in the performance — one
would simply do things and count the actions and
variahles in performance” [29p. 149).

The digital screen score for Variations JIT mimics this
procedure: first mndomly distibuting circles on the
screen, then caloulating the distances between them and
fading out all tut the largest group of overlapping
circles,

7 The actions need not include those that result in an
instrumental  performance. Cage’s 1963 performance of
Fariafions I “induded untangling electrical cords, putting an
his glasses, smoking a cigarette, writing a letter, and drinking a
glass of water” [29 p. 1497



TFor this purpose  there  were  advantages for
wnplomenion oo procedural langwage liks Java by
making wse of rooursivz: fanctioen calls. This prosed toe
be wprifoanlly Gasler e process Lns wisy Lhan s a
achedulad  messase  emcironment like Max The
caleulations were made in e Dollewinge way:

for firtj=1 1. <acirclzslenzths | 177

deschle disomesSguered  porsirelea) ] e 00 -
cireles| ) [gol 30 20— sowedoireles| 1].2el ¥ -
citelaa ]| eet ¥, 21;

devhle distanes sl dislaneciguarcdd,
Cmles|3] 29§

i deinelesflescTonps i

i sLamuee -

circles] (] setS roap ziveles[1]. aetS reap i
}oalse
iticirclesfj].zetlircup) =
i
LGoriin k0 k- erreles engll: k0 4
17 feirees] 2] geldroup)
circlos| 1] potEroup &d& kL 10

zircles|i]. aeno roap;

eireles[k]seliciroapleirzles ] gelvimoup v,

ciralesl 1] st ropcincles) ] getuiroad1;

RBewmrsion  was used  repealedly  throwehow  sll
implementations  of the Feriadons, T also provid
advantagzous Lo deelare all covrdimale values o the lava
code. rather than in the usual data structores nsed in
Slan MBP such as the coll objecl.

Tlewre & shows Tonr wetantiations ot Foriorions LT
ercalad by the Disabel seurcplayer, illusiraling (he
sequential fading of all but the Targesl oaverlapping
ETOULD.

Tigure D Foor instantiation s of Foeranoss TIT created
b¥ the Decibel score-player, showing the superfluons
circles in varicus stapges ol Tading.
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I Lt reahization ne adaplaton of the teo-dimensional
layoul of the score 15 made. 1 would be possible for
cxample e “unwind® the circles alenz an abitranily
dotermined  axis, while  relmmmg the pomts of
intersactinn with ather carcle in arder to create a linsar
hogcontal score. Hoewever, whereas the molenals of
Porfefiony T and T pive nise oo linear senies of evenls
and arc therefome mest appropriately rendered as a hncar
senre.  Farioffors JTT specifically evokes the
mdslenmnacy ol the two-dimensional score 1lsell Cage
inslrocls the perlfommer G Sstarl gl oany circle™ andd
“mence an o any circle” only requiting the performer to
*ubserve Ihe mnmber of cirele:s which everlap 117 [10].
Thiz rcalisation then, simply prosides e mcan: o
(very guichly ) rewomerate the score. bl they are
content with the resulting sraphic, while retainine the
mdalenmna e lallude thal Cage affonds twe perlommer m
the eniginal seore.

5 CONCEUSION

Rionderma  Lhese works denlally annuls bwn
diamcineally opposcd argumenls oflen raized agamst
nonlinear tudelerminate works such as the Vananons £
A and JTE Omoome hand, since e aodiznes always hears
the woarks in a linear fashion sequentially in fune there is
always the quezinon (hal the mdelnmnacy 12 smnchow
“falic” that tho portormors amangcd it hetors hand. T
adiilion such work: somebimes provoks m the awdicnoe
the notion that the performers are thamselves “making it
wp” becawse Tthe there 18 oo way W delemming whellher
thew arc accwratchy mading fhe seors.

The precimion provided by the  scoreplayers Tor
Yorfuelfony [ oand K. arguably lends legiimacy (o Lhe
perlommance, becawse the soore thal 15 crealed 15 Dl
“accurate” to oa reazonable dezres and asilv read by the
porlormers moa venfable manner.

(2n the other hand, such works are sometimes criticised
on Lhe grounds that potanbal cxaislonce af alher vorstons
mmplues thal the parhicular one thal 15 being perlommed
might med e the best exemplar al the worh, The alalily
to almost ihstantaneously esnerate multiple versions of
the worle as demonstraled m Fardaons £ provides the
apportinity to chaosc  inferesting, and  proamising
Instamiatians of the wark.

Wo have allomplad Lo be as aultheniie as pussible W Lhe
specilcatioms Cape proscribed in dhose three works,
wang lechmdagy L pnmade a platismm thal s pracess
and accurate ol realization while zoll leavmg opon
the human zlemant of intzraction with the score. As

Miller expresses in regard to Tawmthenticiy™ in the
parlommance al thase works:
Clapz™s formial atatcments (L) sheald Lo talicn as

poinl: ol doparture amd ol pemodic nelum in the
course ol developing wabzaiwms, Thoy  anz Lhe
docwments that express, however eniamatically  at
tanes, e worhs” polenbals auwd paoicalaaties [25 p.
64
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