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Editorial

With this issue, array is welcoming you
to the new virtual home of Internatio-
nal Computer Music Association ICMA’s
journal :
https://journals.qucosa.de/array.

At this point – and against the back-
ground of the topic “archiving” of this
current issue – it is reasonable to
briefly look back at the history of array,
which is interwoven with the history of
the ICMA, and also to think about Ar-
ray’s own archive.

The ICMA has been co funded by
Curtis Roads, John Strawn and Thom
Blum in 1 978/79. Thom Blum, the first
editor of Array, started the journal in
1 980 as the organization's quarterly
newsletter, explaining that he came up
with the name Array “ […] because it
could be interpreted both as a data
structure that's fundamental to our art
as wel l as a description of the open, di-
verse information that members could
contribute and expect in the (roughly)
quarterly issues.” (Thom Blum, Email to
M. Akkermann 2020) Designed as a
member’s counterpart to the MIT Press
Journals’ Computer Music Journal
(CMJ ), Arraywas intended to serve the

ICMA members with information on
computer music events, announce-
ments and reviews, as wel l as with a
smal l sel l -and-search section. As Blum
remembers for the very beginning:
“Every issue was handmade and put
together, much l ike a Tape Music piece,
by physical cutting and pasting, pho-
tocopy layout iterations […], then tak-
ing the master to a photocopy shop
and final ly addressing, stamping, and
dropping the issues at my post office.”
(Blum 2020)

First page Array 1 (1 ), 1 980

https://journals.qucosa.de/array
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Over the last 40 years, Array changed
its appearance and frequency several
time. editors and co-editors were:

Thom Blum (1 980-88);
John Worthington (1 988)
Carla Scaletti&Kurt Hebel (1 990-92)
Brad Garton&Robert Rowe (1 992-95);
Katharine Normann (1 996-98);
Mara Helmuth&Jøran Rudi(1 998-04);
Margaret Schedel (2004);
Margaret Schedel&Jennifer B.
Merkowitz (2006-08);

Jennifer B. Merkowitz (2008-1 1 );
Scott McLaughl in (201 1 -1 3)
Christopher Haworth (201 4-1 7);
Patricia Alessandrini, Shel ly Knotts
&Christopher Haworth (201 8)

Miriam Akkermann&Rama
Gottfried (201 9).

Many issues have been published,
and not al l have found their way in a
digital documentation of array yet.

Being hosted on musiconn.publ ish,
an information service special ized for
musicology funded by German Re-
search Fund, which is jointly operated
by the BSB Munich and SLUB Dresden
offering amongst others long-term
archiving ofmusicological l iterature,
ICMA has now the possibil ity to
provide a sustainable open access for
upcoming issues of array, as wel l as
the possibil ity to retrospectively in-
tegrate former issues.

Thus https://journals.qucosa.de/
array wil l become array’s new virtual
representation and it’s new archive.

With this in mind, I wish you both a
good read of the current issue and a
lot of fun browsing through the past
issues, which wil l be put onl ine on
the platform bit by bit.

Special thanks to: T. Blum, C. Harris,
C. Haworth, M. Helmuth, C. Roads, R.
Rowe, M. Schedel, and T. Erbe.

Front Cover Array 1 7(3), 1 998

https://journals.qucosa.de/array
https://journals.qucosa.de/array
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Introduction
byMiriam Akkermann

This issue of ICMA’s array is dedicated
to the topic “Archiving” and presents a
variety of perspectives, approaches,
and projects related to archiving, pre-
serving, and re-performing of elec-
troacoustic and computer music by
researchers and practitioners.

Archiving cultural objects of con-
temporary history plays an increasing
role in current research. This includes
also a constant reflection of the hand-
l ing of archives, their structures, and
their accessibil ity. Preserving music
faces both a long tradition ofmusic
l ibraries, instrument col lections and
compilations of sound recordings em-
ploying different media one the one
hand, and new chal lenges deriving
from digitization and new media
formats on the other. Especial ly for di-
gital (media) data, preserving existing
works becomes increasingly urgent,
the more the loss of content is im-
pending. The spirit of the continuously
faster developing field of digital tech-
nologies also causes a faster decay of
its children. Projects on digital forms
of archiving and editing music nota-
tion have been ongoing already for

several years (e.g. such as The Music
Encoding Initiative MEI, https://music-
encoding.org, last access Sept 20,
2020), and it is assumable that they
may increasingly replace traditional
printed forms of publication in the
coming years. In contrast, the 20th
and 21 st century born field of elec-
troacoustic music and computer mu-
sic can – yet – look back neither on a
tradition of standardized documenta-
tion nor common initiatives for
strategies on archiving and preserva-
tion. The need of valuable strategies,
however, becomes more and more
obvious.

Besides qual itative debates about
an adequate technical configuration
of the data to be preserved, it is also
necessary to communicate about new
approaches to archiving strategies.
This includes deal ing with the com-
position’s basic information as wel l as
the question of how to deal with in-
volved (digital ) technology which is
practical ly bound e.g. to obsolete
hardware systems and connected
software compatibil ity problems.
Hereby, archiving can aim for several
different purposes, ranging from a
pure preservation of original content

https://music-encoding.org
https://music-encoding.org
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The electroacoustic repertoire: Is

there a librarian ?
by Serge Lemouton

Introduction

Until proven otherwise, our civil iza-
tion is sti l l a civil ization of the Book.
Libraries are the places where books
are transmitted over time. Works of
plastic art, paintings, sculptures, are
exhibited, preserved, restored in mu-
seums, with the specific difficulties
posed by the materials and tech-
niques used. Cinematographic works
have their cinematheques, but seem
more difficult to preserve when we
real ize that some films have already
completely disappeared. We can con-
sider a musical work as a text: musical
works in the form of written, printed
or handwritten scores also have their
l ibraries. But what happens when
music, since the advent of possibil ities
opened up by the means of technical
reproduction, includes elements that
are not strictly notated in form of
text? We are interested here specific-
al ly in music of scholarly or experi-
mental tradition (real-time electronic
music) using new instruments such as
synthesizers, samplers, effects, pre-re-

to col lecting and keeping information
updated for (re-)performances of mu-
sical works (cf. e.g. Lemouton/Gold-
szmidt 201 6, hal-01 94461 9). This is
particularly relevant in so far as the
information archived concerning a
musical work can strongly influence
its possible future appearance (cf.
Akkermann 201 9, http://doi.org/
1 0.5281 /zenodo.3484546).

The presented articles in this issue
of array mirror discussions that have
already been tackled at the ICMC pan-
el sessions on “computer music herit-
age” 201 8 in Daegu/KOR, hosted by
Kevin Dahan, and “archiving” 201 9 in
New York/USA, hosted by TaeHong
Park, involving also the other authors
and the editor of this issue. The panels
have shown that there is a broad in-
terest in the community and a need
for more discussion. In the fol lowing,
some of the mentioned aspects are
now connected to most recent reflec-
tions, considerations, projects and
debates, providing a broad and sub-
stantial starting point for a future de-
bate on archiving approaches and
projects.

http://doi.org/ 10.5281/zenodo.3484546
http://doi.org/ 10.5281/zenodo.3484546
https://hal.archives-ouvertes.fr/hal-01944619
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Who should assume this role? Is it
the composer, the performer, the
publisher, the musicologist, or the
music historian? Is this responsibil ity
col lective or individual?

Composers

We can think that the first actor in-
volved in the preservation ofmusical
works should be the author. First of
al l because it seems obvious that
composers from the Western tradition
write music for the posterity. Second-
ly, because it seems that they are the
first ones to have the moral duty to
preserve their productions. In prac-
tice, however, we observe that this
responsibil ity is rarely assumed by
the composer.

Here we can question the notion
of the work of art as artefacts built
for the posterity. Is writing for future
centuries historical ly situated, is it a
notion born with romanticism? Music
is an ephemeral art, but isn’t the urge
to leave a trace consubstantial with
al l artistic practice since the origins
of humanity?

In the specific case of contempor-
ary music, we observe a paradox: the
composer notates the instrumental
part more and more precisely, while

corded sounds, amplification devices
and spatial sound diffusion as wel l as
al l kind of sound devices or computer
music system.
Paradoxical ly, digital resources need

more care to be preserved than infor-
mation written on paper. The inherent
fragil ity of digital materials leaves only
a smal l window of time during which
they can be preserved before being
erased forever. The electro-acoustic
music works considered therefore
pose specific problems of transmis-
sion and diffusion; these problems, of
various natures, are beginning to be
recognized and studied. This reper-
toire has grown throughout the last
century and is very important both in
terms of the number of works and of
interest in the history ofmusical art.
And it became so important that these
new instruments and digital means
wil l infuse the vast majority of current
musical creation in al l directions.
Within the framework of a recent
working group, we were interested
in the methods of“how” to preserve,
and in the inscription and the dis-
semination of this repertoire, but not
real ly in the question of“who” is pre-
serving: who has the responsibil ity,
the duty to ensure its conservation
for future generations?
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the electronic part (in general,
however, so essential to the work that
one cannot envisage to play the piece
without) is not fixed (at least very
rarely by the composer himself).

While some composers have been
actively engaged in documenting,
preserving and transmitting the elec-
troacoustic part of their works, this is
not general ly the case. We can cite the
case of Karlheinz Stockhausen, a com-
poser characterized by an extreme
control on his works, who himself
produced a critical and complete
edition of his scores. This edition is
so exhaustively detailed that we
can predict that its preservation is as-
sured. But this case seems rather the
exception in the context of contem-
porary music. What we learn from this
particular case is also that we must
not neglect the role of the artist’s
family in this question of preserving
an artistic heritage.

One can wonder about the reasons
for this fairly constant lack of interest
among composers for the documen-
tation of the electroacoustic part of
their pieces. Is it because of a theo-
retical difficulty or a practical impos-
sibil ity? Is it an educational problem?
Is it due to the lack of theoretical
means (it is wel l known that there is

no standardized notation for elec-
troacoustic devices which could play
a similar role as traditional music the-
ory does for the notation of instru-
mental music)? Is it simply for prac-
tical reasons (preserving software
data requires an appropriate infra-
structure)? I t can also be due to a lack
of knowledge on the developments
of languages and computer systems
— but who in this area can claim to
master the complex issue of obsoles-
cence and prophesy about the evo-
lution of computing?

Why do composers not have the
wil l to write the electronic part of
their works? Do they consider that
the electroacoustic part of their work
is secondary, accessory, less noble
than the instrumental part?

The electronic part can also be the
result of a col laborative work, it is
sometimes co-composed or co-pro-
duced by what is general ly cal led a
"computer music designer". I t can also
sometimes be entirely produced by
the latter; in this case one may won-
der whether it is real ly up to the com-
poser to include it in the score.

The question of safeguarding this
repertoire is al l the more crucial today
as the first generation of composers
to use the means of expression
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offered by computer music are slowly
but inevitably disappearing. I f they are
the ones who should store their own
computer archives, what is left after? Is
it up to their possible heirs or bene-
ficiaries to preserve their archives? We
can cite Pierre Henry as a successful
example, whose home studio and do-
mestic sound l ibrary are saved for the
future, final ly supported by both the
National Library of France (cf. https://
www.bnf.fr/fr/toute-loeuvre-de-
pierre-henry-la-bnf) and the Philhar-
monie de Paris (cf. https://philhar
moniedeparis.fr/fr/musee-de-la-
musique/col lection/parcours#studio-
pierre-henry, last access Sept. 1 4,
2020), thanks to the commitment of
its beneficiaries. After the passing of
Jean-Claude Risset, his archives were
final ly taken care of by a CNRS labora-
tory (cf. https://musinf.univ-st-
etienne.fr/SiteRisset/archives.html,
last access Sept. 1 4, 2020).

Computer Music Designers

Although there is some recent work
on the position of computer music
designer in electroacoustic music
(Zattra 201 6), the nature of their
activity remains largely unknown. In-
deed, their activity is not l imited

to the “design” of the computer part
of the musical works in which they
col laborate, but also encompasses
(among others) interpretation, docu-
mentation, archiving, and updating
the pieces from their personal reper-
toire.

The computer music designers are,
by virtue of their activity as per-
formers, experts in the question of the
evolution of computer music environ-
ments. Their job and the rapid devel-
opment of computer music tools re-
quire them to always be in "technolo-
gy watch" mode. Indeed, among the
many tasks implied by their position
as Réalisateur en Informatique Musicale

(or RIM, french for Computer Music
Designers), porting (migration of the
electroacoustic part of a musical work
from one material system to another)
due to a change of the computer en-
vironment, new software versions,
operating system evolution (etc.) is
probably the activity which occupies
the most of their time and energy.
Consequently, computer music de-
signers have empirical ly developed
knowhow, methodologies and sys-
tems to facil itate the porting of works
in order to ensure their playabil ity
over time. Among these systems,
we can cite the Sidney database

https:// www.bnf.fr/fr/toute-loeuvre-de-pierre-henry-la-bnf
https:// www.bnf.fr/fr/toute-loeuvre-de-pierre-henry-la-bnf
https://philharmoniedeparis.fr/fr/musee-de-la-musique/collection/parcours#studio-pierre-henry
https://philharmoniedeparis.fr/fr/musee-de-la-musique/collection/parcours#studio-pierre-henry
https://philharmoniedeparis.fr/fr/musee-de-la-musique/collection/parcours#studio-pierre-henry
https://philharmoniedeparis.fr/fr/musee-de-la-musique/collection/parcours#studio-pierre-henry
https://musinf.univ-st-etienne.fr/SiteRisset/archives.html
https://musinf.univ-st-etienne.fr/SiteRisset/archives.html
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developed and hosted at IRCAM
(Lemouton 201 6), al lowing the opera-
tional backup of documents created in
the institute since its creation in 1 977.

Nevertheless, the computer music
designers' as wel l as the instrumen-
tal ists' knowledge on how to play a
particular work and how it should
sound, remain strongly oral and seems
to be passed on from person to per-
son. The preservation environment
developed at IRCAM is also an attempt
to make this knowledge expl icit, to
transmit and preserve it (through
“performance notes”, interpretation
notes).

Even if the performers have an es-
sential role to play in the transmission
of works, preserving the piece for fu-
ture generations seem not to be their
responsibil ity, and neither is distribu-
tion.

Publishers

Traditional ly, this role would fal l more
to music publishers. From the very
beginning ofmusical printing in the
Renaissance, publ ishers have as-
sumed this role of commercial ization
of the scores and therefore of dissem-
inating works. Unfortunately, during
the 20th century, few music publish-

ers real ized the importance of the
technological developments in mu-
sical practice. Historical publ ishing
houses have not equipped them-
selves to respond to technological
developments in the field of digital
distribution ofmusic onl ine, and even
less to the distribution of works in-
volving hybrid or heterogeneous me-
dia. This means that when performers
order scores of mixed works, they re-
ceive elements of the electroacoustic
part, but rarely they receive usable
material .

In short, if publ ishers have the mis-
sion of disseminating and preserving
the works of composers in their cata-
log, it seems that they have not given
themselves the technical means to do
so.

Creation Centers

Many works from the 20th century
electroacoustic repertoire have been
produced in and/or commissioned by
institutions (radio studios, laborato-
ries, research institutes, creation cen-
ters, etc.) . These institutions, at least
some of them, may have the mission
of preserving the works created on
their behalf.

Institutions are not eternal and
when they close their doors, their
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archives can disappear. Among the
important institutions of the 20th
century music history that have dis-
appeared, there are, for example, the
studio of the Westdeutscher Rundfunk
(WDR) (Hermes 2020) in Cologne,
which operated until 2000, or the In-
stitute of Electroacoustic Music in
Bourges (IMEB), closed in 201 1 (cf.
https://misame.org/). Many other im-
portant centers have closed, and
many archives have been for ever lost
when they could not have be saved in
extremis by researchers or enthusiasts.

Even in creative centers sti l l in oper-
ation, it can be quite difficult to find
archives as can be seen for example in
the investigative work of Kevin Dahan
on the Center For Computer Research
in Acoustics and Music at Stanford
(Dahan 201 8).

During a recent survey (Bonardi
2020), it was observed that works cre-
ated within the French National Cen-
ters of Music Creation were very rarely
accessible because they were not
archived. This survey shows that the
cycle of documentation, storage, and
updating involved in the preservation
of computer music systems require
human and financial resources that
the majority of creation centers do not
have.

State

The Bibl iothèque Nationale de France
is the depositary of al l that is pub-
l ished or distributed in France:
“Established in 1537 by François Ier,

‘Depot Legal’ allows the collection,

conservation and consultation of

documents ofall kinds, in order to

constitute a collection ofreference,

an essential element ofthe collective

memory ofthe country. It is conceived

as the memory ofthe cultural herit-

age disseminated on the national

territory and therefore includes for-

eign works published, produced or

disseminated in France.“ (https://
www.bnf.fr/fr/quest-ce-que-le-
depot-legal, last access Aug. 2020)

‘Depot Legal ’ also includes printed
music and is suitable for digital media
that appeared in the 20th century:
legal deposit of audiovisual docu-
ments, digital documents, websites
(net archives).

National archives based on state
institutions and legislative texts (in
this case Article L1 31 -2 of the Code
du Patrimoine) seem to be the most
capable of guaranteeing rel iable her-
itage conservation over the long
term. Nevertheless, it must be con-

https://misame.org/
https://www.bnf.fr/fr/quest-ce-que-le-depot-legal
https://www.bnf.fr/fr/quest-ce-que-le-depot-legal
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fort of al l these actors. This common
commitment wil l not emerge without
a unifying project and a common
preservation environment. This pro-
ject must also be based on a perenni-
al institution that can ensure its own
sustainabil ity.

We have also identified the difficul-
ties inherent in preserving this reper-
toire. There are pitfal ls to be avoided
for the preservation to be effective,
and to prevent the historical period
we are l iving through from disappear-
ing in what some authors or histori-
ans of the future may cal l the “digital
black hole of the 20th century”. Un-
fortunately, most repertoire preser-
vation initiatives have failed on these
pitfal ls, as evidenced by the long l ist
of missing projects identified by the
AFIM working group. In fact, many
preservation projects rely on unsus-
tainable funding or institutional sup-
port. This leads to the fol lowing
paradox: preservation projects fail to
preserve themselves and evaporate
when the project ends. What I cal l
“metapreservation” is the preserva-
tion of the preservation projects in-
frastructure. I t is vital for preservation
projects to think from the start of
finding technical, financial and hu-
man means to ensure their survival.

sidered that the repertoire in question
is internatinal. Works created in France
can be reinterpreted in other coun-
tries, or be the fruit of col laborations
between studios and composers of
different national ities.

United Nations

As early as 2003 in its Charter on the
Preservation of the Digital Heritage,
UNESCO affirmed that
“Unless the prevailing threats are ad-

dressed, the loss ofthe digital herit-

age will be rapid and inevitable.

Member States will benefit by en-

couraging legal, economic and tech-

nicalmeasures to safeguard

the heritage. Awareness-raising and

advocacy is urgent, alerting policy-

makers and sensitizing the general

public to both the potential ofthe di-

gital media and the practicalities

ofpreservation.“ (UNESCO 2009)

Conclusions

We have mentioned (probably non-
exhaustively) various actors owning
responsibil ity regarding the preserva-
tion of electroacoustic music works.
But it seems that none of them can
properly fulfi l l this mission. We bel ieve
that the solution l ies in a col lective ef-
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œuvres musicales du répertoire de
l 'IRCAM: Présentation du modèle Sid-
ney et analyse des dispositifs temps
réel", in: Journées d'Informatique Mu-

sicale, Albi, 201 6.

RLG-OCLC (2002). "Trusted Digital Re-
positories: Attributes and Responsib-
i l ities".

UNESCO (2009). "Charter on the Pre-
servation of the Digital Heritage,"
http://portal.unesco.org/fr/ev.php-
URL_ID=1 7721 &URL_DO=DO_TOPIC
&URL_SECTION=201 .html, last access
Aug. 2020.

Zattra, Laura (201 6). Collaborating on
composition: The role ofthe musical

assistant at IRCAM, CCRMA andCSC.

Routledge Francis & Taylor.

This goes through the need to build
trusted digital repositories as defined
in RLG-OCLC (2002).

The need for such structures is ur-
gent, because the longer we wait, the
more musical pieces wil l be lost and
the more difficult wil l be the task of
finding or interpreting documents to
re-perform the music from the end of
the 20th century.
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Preserving Hardware History:

Archiving the Studios at Columbia

University

by Seth Cluett

Otto Luening and Vladimir
Ussachevsky began their first
academic experiments with studio
electronic music in the United States
in the early 1 950s at Barnard Col lege
and Columbia University. Since that
time, at what is now known as the
Computer Music Center at Columbia
University, storage closets and boxes
fil led with paper files, media artifacts,
and numerous pieces of custom
electronic equipment have
accumulated, which are now in need
of preservation and safekeeping. Inter-
l inking histories of people, facil ities,
and technologies present complex
chal lenges for conventional archival
approaches, col lection management,
and storage. While personal papers of
personnel, studio documentation, and
audiovisual media fal l within estab-
l ished practices for archival col lections
in the arts and music, the technolo-
gical holdings—hardware devices
unique to each studio—raise a compli-
cated set of questions: What criteria do
we use to determine what is kept? Is it
important that the devices be in work-

ing condition? Should this equipment
be refurbished, maintained, or pres-
erved? The RCA Mark I I synthesizer,
which has been well-documented in
the historical l iterature on electronic
music, was just one technology
among many participating in a 70-
year history of engagement with
electronic music at Columbia. By
understanding the development and
use of hardware assets, custom tools,
and bespoke electronic devices, we
hope to raise awareness and provide
critical evidence for researchers and
composers to understand the creative
process and technological affordances
associated with historical studio
practices.

The first formal facil ity dedicated to
sound experimentation on Columbia
University’s 1 1 6th-Street campus in
the late 1 940s was known as the
Columbia Experimental Music Studio;
with the acquisition of an Ampex 400
tape recorder in 1 951 (Monroe, Mary
1 996), it became the Columbia Tape
Music Studio. After moving to 1 25th
Street in the late 1 950s, the facil ity
grew substantial ly with the acquisition
of the RCA Mark I I and the founding of
the Columbia-Princeton Electronic
Music Center (CPEMC) in 1 959 (Gluck
2007). When the col laboration with
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Princeton ended in the late 1 980s, it
became the Electronic Music Center
(EMC). In 1 996, occupying the same
footprint, the facil ity was renamed the
Columbia University Computer Music
Center (CMC). Because of the long
history, changing locations, and ex-
panding academic and cultural impact
of multiple generations of electronic
and experimental music facil ities at
Columbia, archival efforts have fo-
cused on saving at-risk paper records
and audio and moving image media.

Until recently, the hardware history
and documentation surrounding the
technical infrastructure have remained
largely unaddressed. In the past 1 0
years, significant work to consol idate
archival materials related to the CMC’s
history have been made through the
efforts of Brad Garton, Director, and
Terry Pender, former Associate Direc-
tor, of the CMC. We have worked
closely with El izabeth Davis and Nick
Patterson from the Music & Arts
Library at Columbia to assess hold-
ings and safely store and transport
materials to the Rare Books and
Manuscripts Library (RBML) at
Columbia’s main Butler Library
(Patterson 201 1 ). The focus has been
to central ize decades of historical
materials from each of these facil ities,

including photographs, paper-based
materials, and recorded media. While
individual composer archives remain
spread out between the New York
Public Library for the Performing Arts
(NYPL), the Library of Congress (LoC),
and other repositories, archival col lec-
tions related to the CMC facil ity are
now housed at Columbia’s RBML,
whose music holdings are separate
from the main Music Library.

While there are numerous com-
mercial releases of work created at
Columbia, these documents represent
only a fraction of the work produced
in the studios. Very l ittle of the rich
early audio history of the studios has
been easily accessible, until , in May of
201 8, the Columbia University Library
was awarded a major Grammy Foun-
dation grant to digitize approximately
400 hours of recorded electro-acoustic
work curated from 1 000 of the roughly
5500 reel-to-reel tapes in the studio
archival holdings (Lovel l , Abigail
2020). In July 2020, these recordings
were made publicly available in the
University’s onl ine catalog and pub-
l ished to the Library’s Digital Libraries
Col lection. The recordings reveal
hours of pathbreaking experimen-
tation with technology, documenting
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Equipment racks, oscil lators, custom tape machines, Room 324 Prentis Hal l ,
Columbia-Princeton Electronic Music Center (c. 1 960). Photographer: Unknown.

the creative process and practice of
hardware exploration in the studio. In
addition to these audio holdings, 31 2
l inear feet of paper documents, rang-
ing from equipment receipts, budget

ledgers, correspondence, manuals,
and photographs, remain to be pro-
cessed. With the highest-risk materials
safely cared for, the CMC is now work-
ing towards gaining intel lectual con-
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trol of the remaining technological
holdings in storage in our facil ity.

In January 201 8, I curated Sounding
Circuits: Audible Histories at the New
York Public Library for the Performing
Arts at Lincoln Center (Cluett 201 8).
This exhibition explored the networks
of composers and engineers—as well
as the groundbreaking facil ities and
revolutionary technologies—that
played a crucial role in the expansion
of electronic sound from the 1 950s
to the present. Drawing together pri-
mary source materials, including
personal correspondence, historical
recordings, technical documentation,
and musical sketches and scores from
across the New York Public Library for
the Performing Arts’ rich archival col-
lections, this exhibition highl ighted
the significant contributions of pio-
neering composers l ike Otto Luening,
Paul ine Oliveros, Edgar Varèse, and
Charles Dodge to the then newly-de-
veloping practices of electronic and
computer music during the last cen-
tury. These materials were placed in
dialog with electronic sound process-
ing equipment, oscil lators, an early
mixing console, a ful l-scale photo-
graphic reproduction of the Columbia-
Princeton Electronic Music Center's

RCA Mark I I Synthesizer, drawn from
the archives at Nokia Bel l Labs and the
CMC.

The wonder, curiosity, and passion-
ate engagement of exhibition atten-
dees encountering early sound exper-
imentation technologies for the first
time revealed the urgency of archiv-
ing, maintaining, and in some cases,
renovating the extant historical
equipment stored at the CMC. We
have begun the process of stabil iz-
ing physical storage, creating an
inventory, and assessing the opera-
tional viabil ity of technologies rang-
ing from custom mixers made in the
early 1 950s to one-of-a-kind and rare
equal izers and delays from the 1 960s
and synthesizers and sound process-
ing units from the 1 970-1 990s. While
some devices have been in continu-
ous operation and maintained since
they were initial ly instal led, many had
been placed into long-term storage as
each new incarnation of the facil ity
adopted current, innovative techno-
logies and expanded its resources for
creative applications. The CMC is now
cataloging, cleaning, and testing
stored equipment with the long-term
goal of creating technologies to inte-
grate historical pieces into contempo-
rary studio spaces for creative use and
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scholarly study.
Many are not aware that the RCA

Mark I I Synthesizer is sti l l instal led at
the CMC today. First assembled in
Prentis Hal l at the founding of the
CPEMC in 1 959 and in continuous use
through the 1 960s and 70s, the Mark I I
has been the subject of hundreds of
pages of scholarly writing on electron-
ic music. The Mark I I was operational
until 201 5, when an electrical malfunc-
tion caused staff to discontinue its use.
Last year, after more than 60 years in
Prentis Hal l , CMC staff received notice
from Columbia University that we
need to begin planning for the possi-
bil ity of relocating the facil ity. While I
am confident that the important work
we are doing to gain intel lectual
control over the hardware history of
the Center is valuable and indispens-
able, this plan would necessitate mov-
ing the Mark I I - a process which wil l
require additional careful planning,
archival research into the operation
and design of the technology, and
scholarly engagement from electrical
engineers, historians, and composers
al ike.

To that end, we have begun to
identify useful materials about the
Mark I I from the CPEMC archives at

Columbia’s RBML, including circuit
schematics, photographs ofmodules
taken before Columbia received ship-
ment, as wel l as electronics textbooks
and manuals from the time of its
design and construction. We have
started the process of reaching out
to historical ly-important synthesizer
designers, electrical engineers in-
vested in the history of circuit design,
former technical directors for the
Center, and decades of graduate
students who have completed re-
search on the Mark I I and its users.
Peter Mauzey, who instal led the Mark I I
in 1 959 and was both a longstanding
staff member of the CMC and on the
faculty of Columbia’s electrical engi-
neering department, has agreed to
participate in an oral history inter-
view and engage our team in a dialog
about the original instal lation, in
hopes that his extensive experience
might guide its renovation, disas-
sembly, and reassembly. We plan to
make al l of these materials publ icly
available so that scholars, students,
and practitioners can engage actively
with the renovation process. By shar-
ing schematics, images, design
documents, and manuals, alongside
conversations, annotations, and
col laborative brainstorming, we aim
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to leverage the archival holdings of
the Center as a catalyst for stimulating
future engagement with the disci-
pl ine. We hope that this process can
serve as a model for l inking the tech-
nological history of electronic and
computer music with the paper,

audio, and moving image holdings so
robustly represented in archival hold-
ings for studios worldwide, to better
understand the role played by mate-
rial conditions on the formation of
individual creative work and commu-
nities of practice.

RCA Mark I I Synthesizer, Room 31 7 Prentis Hal l , Columbia-Princeton Electronic
Music Center (1 959). Photographer: Unknown.
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The Electro-Acoustic Music Mine

Project (EAMM). Collecting,

Archiving, Sharing, and Exploring
byTae Hong Park

Introduction

Electro-acoustic music (EAM) is a tech-
nology-driven genre of art music that
began to develop during the 1 950s.
With the advent of the computer, the
field of EAM has since grown signific-
antly. EAM has establ ished itself, in
avant-garde and academic commu-
nities, as a significant field of artistic
creativity, research, and intel lectual
inquiry that includes composers, per-
formers, scholars, researchers, engi-
neers, scientists, and music practi-
tioners. Due to the very nature of this
work – including its heavy rel iance on
new technologies, multi-format audio
files, idiosyncratic scores, computer
code, and schematics that describe
complex performance setups – an ap-
propriate and rel iable method of pre-
servation is needed. For EAM, there
are currently no such preservation
systems that can effectively preserve
the musical works and the software
systems, models, and knowledge that
engendered those works. Although
many of such works are presented,
performed, and temporarily stored
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conference. Every year, ICMC and
SEAMUS program approximately 200
(~1 2% acceptance rate) and 1 00
(~20% acceptance rate) works re-
spectively. Each conference produces
a single audio CD with about eight
works each: 90% to 95% ofworks pre-
sented at the conferences are lost.
Since the inception of these organiza-
tions, both conferences have util ized
vigorous peer-review procedures (de-
veloped over the past 40+ years)
to curate the “best” pieces for pre-
sentation. An estimated 7,000 ICMC
and 2,500 SEAMUS works have been
lost, or are at best, inaccessible, since
the establ ishment of the conferences
in the mid-1 970s.

The mere fact that this music from
a cadre of significant international
composers (conveniently provided
and stored digital ly at conference
databases at the curating phase) is
being lost is an issue in itself. Con-
cerns are further heightened as the
music being lost
(1 ) has significant musical and cultural
value and is of historical importance,
(2) plays a central role in contributing,
informing, enriching, and expanding
our experience of contemporary mu-
sical thought and
a diverse musical heritage, and

during the submission, review, and
production phases of conferences
where such works are typical ly
presented, once the event is over, ar-
tifacts are relegated to physical and
digital attics of the organizers. The
EAMM project aims to take advantage
of existing conference music col lec-
tion workflows that loosely resemble
music curating and archiving prac-
tices in an effort to col lect, archive,
share and create portals for exploring
EAM.

Motivation

EAM is typical ly presented in academ-
ic settings including conferences and
music festivals. Upon conclusion of
the conferences, however, both the
music and attendant data are either
lost, or if archived, very difficult to ac-
cess and “slowly disappearing”
(Cuervo 2009). In cases when frag-
ments of archived data do exist, they
remain typical ly offl ine, making access
difficult for researchers, and virtual ly
invisible to the average information
seeker. Two of the most significant
EAM conferences are the International
Computer Music Conference (ICMC)
and the Society for Electro-Acoustic
Music in the United States (SEAMUS)
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(3) has l ittle chance of being available
for general publ ic programming as
musical traces are erased after the
completion of events.
International ly recognized composers
typical ly create much of this music,
but it does not readily fit into existing
music industry models and preserva-
tion mechanisms. This situation re-
sembles highly theoretical scientific
research papers, which oftentimes
yield no immediate and practical ap-
pl ication and neither seek recognition
from industry, nor aim to be finan-
cial ly successful. The difference is that
for such research, rel iable preserva-
tion models do exist.

Preservation in itself, however, is
just part of the problem; the materials
have to be both archived and accessi-
ble. Conferences that temporarily cre-
ate databases with complicated ac-
cess mechanisms are designed for
review purposes; as such, they not
only severely l imit and discourage ac-
cess, but also negate the fundamental
purpose of such digital archives – to
al low the general publ ic to explore,
learn, and util ize materials for re-
search, education, or to simply facil it-
ate the enjoyment of art. There are
also more “inspirational” reasons for
providing access to EAM. For ex-

ample, there is the case of popular
music group Radiohead, who created
one of their most successful songs
Idioteque (2000) after fortuitously
coming across Princeton University
Professor Paul Lansky's EAM compo-
sition mild und leise (1 975). According
to Lansky:
“The piece [mild und leise] came out

on a Columbia/Odyssey LP in 1975 or

so as a result ofa contest run by the

International Society for Contempo-

raryMusic (ISCM). It was called Elec-

tronic MusicWinners (I've occasion-

ally seen it for sale on Ebay), and

JonnyGreenwood [one ofRadio-

head's songwriters] came across it in

a used record shop when the band

was on tour in the United States re-

cently. I think it sold about 7,000 cop-

ies, which is a lot for a classical

recording.” (www.music. prin-
ceton.edu/paul/radiohead.ml.html,
last access Sept. 1 4, 2020)

Radiohead has sold wel l over 30
mil l ion records in total. There are, of
course, other interesting examples
where EAM has had considerable
artistic influences on popular music
cultures. For the band Matmos, EAM
became influential upon their discov-
ery ofmusique concrète techniques,

www.music. princeton.edu/paul/radiohead.ml.html
www.music. princeton.edu/paul/radiohead.ml.html
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esoteric EAM resource, whether by
chance or whether being in a privi-
leged position of access. The affective
impact of EAM that ignited innova-
tion and creativity amongst these
prominent musicians, and its contri-
bution ofmusical culture, is immeas-
urable.

The affective role that EAM has had
is not only found in artistic and musi-
cal spaces. Due to the multidiscipl in-
ary nature of EAM, innovative re-
search and development, and
creation of new technologies are also
key aspects of its very existence.
Technological innovations are often
original ly expressed in, and tightly
coupled to, the compositions them-
selves and documented in concert
program notes. A plethora of ex-
amples exist including pioneering
research and development of sound
recording techniques with early tape
recorders, invention ofmusical
synthesizers, and the first computer
language created by Max Mathews
who is widely regarded as the grand-
father of computer music. An espe-
cial ly impactful example of this
cross-discipl inary narrative can be
found in EAM composer John Chow-
ning's invention and patenting of
frequency modulation (FM) sound

which they have adapted as a funda-
mental fabric of their music – util izing
everyday sounds via standard record-
ing devices. I t is no coincidence that
both band members, Drew Daniel and
Martin Schmidt, have their roots in
academia and are also well versed in
the history and l iterature ofmusique

concrète (Daniel is currently a profess-
or of Engl ish at Johns Hopkins Uni-
versity). For Frank Zappa, the shaping
of his music was also highly influenced
by EAM. His exploration of art music
seemingly began when he found the
album The Complete Works ofEdgard

Varèse, Volume One after a year-long
LP searching quest (Zappa and Oc-
chiogrosso 1 989). Towards the latter
part of his career, Zappa focused
much of his signature work around
the Synclavier, a digital sound syn-
thesizer developed by Dartmouth
Col lege EAM composer Jon Appleton.
In another celebrated example, the
Beatles wrote their infamous “sound
col lage piece”Revolution 9 after being
exposed to the works of Edgard
Varèse, Karlheinz Stockhausen, and
Yoko Ono (MacDonald 1 994; Sheff
2000). The distinctive artistic and mu-
sical paths of al l these artists could
have been very different (perhaps for
the worse) if they had no access to an
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synthesis. In 1 994 FM was the “second
most lucrative l icensing agreement in
Stanford's history” (http://news.
stanford.edu/pr/94/940607Arc4222.
html, last access Sept. 1 4, 2020).

Existing Models for EAM Preserva-

tion

There are a number of existing EAM
preservation models today, including
professional archival services, com-
mercial recordings, artists' personal
websites, and other Internet-based
sites. Artist websites are ubiquitous
but have l imitations as preservation
models
(1 ) distribution: sites are randomly
spread over the Internet;
(2) sustainabil ity: hosting is often tem-
porary and maintained by the artist;
and
(3) accessibil ity: the user has to sift
through an ocean of data as the great
majority of music recommendation
research in MIR is focused on popular
music.
Few record labels publ ish EAM at al l ,
and the ones that do operate within
a framework of economic viabil ity,
which can be at odds with artistic
merit. This typical ly involves a curat-
ing system that can also be at times
sensitive to pol itical factors and inher-

ent biases due to practical ities that
may are not necessarily a function of
artistic or cultural significance.

Existing “professional” EAM-related
archives include the Digital Anthology
of Recorded American Music (http://
www.dramonline.org, last access
Sept. 1 4, 2020), International Electro-
Acoustic Music Archives (http://
on1 .zkm.de/ zkm/e/institute/media-
thek/ideama, last access Sept. 1 4,
2020), and Ubu-Web (http://www.
ubu.com, last access Sept. 1 4, 2020).
DRAM is a non-profit resource (paid
subscription) with 3,000-album
archive of recorded American music,
including some EAM. The anthology
is compiled from recordings provided
to DRAM by independent record la-
bels. Although DRAM is a valuable re-
source for new music and EAM, it is
worth noting that it is l imited to
American music recordings and works
already available through record la-
bels. The l imited repertoire is the
most significant issue – searching the
DRAM anthology for EAM pioneers
John Chowning, Max Mathews, and
Barry Truax yields no results, for ex-
ample.
A second archive, IDEAMA was cre-
ated in 1 988 in an effort to preserve
the “most endangered early [EAM]

http://news.stanford.edu/pr/94/940607Arc4222.html
http://news.stanford.edu/pr/94/940607Arc4222.html
http://news.stanford.edu/pr/94/940607Arc4222.html
http://www.dramonline.org
http://on1.zkm.de/ zkm/e/institute/mediathek/ideama
http://on1.zkm.de/ zkm/e/institute/mediathek/ideama
http://www.ubu.com
http://www.ubu.com
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works” up to around 1 970. In 1 990 the
project developed into a col laborative
project between Stanford University
and the Zentrum für Kunst und Medi-
entechnologie Karlsruhe (http://on1 .
zkm.de/zkm/e/, last access Sept. 1 4,
2020); 570 works, selected by an “in-
ternational advisory board,” are now
archived. These are valuable col lec-
tions in MP3 format. The database,
now maintained by ZKM, has grown
since the 1 990s to include newer EAM
works under the <mediaartbase.de>
framework. Limitations of the IDEAMA
archive include the fact that the col-
lection only catalogs works up to
1 970. The extended ZKM archives in-
clude either self-submitted contribu-
tions or entries curated through ZKM.
UbuWeb is a repository that went on-
l ine in 1 996 with much contemporary
avant-garde music, including EAM. As
a do-it-yourself initiative, it is unsup-
ported by any institution or industry
partner, and although it is easily ac-
cessible on the Internet now, it fal ls
short as a preservationlevel archival
resource owing to uncertainties about
its sustainabil ity, audio qual ity stand-
ards, and curation process. According
to their website, “UbuWeb posts much
of its content without permission; we
rip out-of-print LPs into sound files; we

scan as many old books as we can get
our hands on; we post essays as fast
as we can OCR them.”(http://www.
ubu. com/resources/index.html, last
access Sept. 1 4, 2020) YouTube, in the
present context, could be considered
a gigantic, crowdsourced version of
UbuWeb. As preservation repository,
however, it fails to measure up with
respect to audio qual ity (often sub-
standard), stabil ity of its content (here
today, gone tomorrow) and intel lec-
tual property management.

The EAMM Preservation and Archiv-

al Model

Multiple concerns exist in current
EAM preservation and archival
models. These include:
(1 ) the lackof establ ished practices
that are sustainable, expandable,
scalable, and diverse;
(2) the absence of international ly ac-
cepted peer-reviewing standards;
(3) the absence of an agreed-upon
EAM metadata standard; and
(4) the l imited accessibil ity to archives
through modern technologies.
The Electro-Acoustic Music Mine
(EAMM) model attempts to contribute
in addressing the aforementioned
concerns. EAMM attempts to enhance
and contribute to, rather than replace,

http://on1.zkm.de/zkm/e/
http://on1.zkm.de/zkm/e/
http:// www.ubu.com/resources/index.html
http:// www.ubu.com/resources/index.html
www.mediaartbase.de
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existing technologies and models of
digital archiving methodologies. In
establ ishing protocols that are effect-
ive, efficient, sustainable, and scalable,
EAMM attempts to address issues
concerning peer-reviewing, metadata
standards, technological currency, in-
terface design, development of trans-
ferable technologies, scalabil ity, the
building of low-risk structures, and
adaptabil ity to changing digital
archive environments.

Structural ly, EAMM comprise of
three modules at various develop-
ment stages:
(a) the filtered crowdsourcing module
(FCS),
(b) the archive/preservation (AP)
module, and
(c) the content-based analysis (CBA)
module.
The FCS module provides a stream-
l ined crowdsourcing model for data
col lection that is subjected
to a “credentialed filtering” process via
peer-reviewed jurying. “Filtering” the
crowd-sourced submissions provides
a mechanism for selecting the most
significant works as determined by
an international ly recognized peer-
reviewing system. This mechanism
helps to control the number of works
we can reasonably archive, as it is im-

practical, infeasible, and undesirable
to archive every submitted work. The
AP module consists of the archival
database that contains al l media data,
metadata, and any other data associ-
ated with a composition, including
performance and performer history.
Lastly, the CBA module provides a
basel ine platform for the develop-
ment of next generation exploration
interfaces of the EAMM archives by
util izing digital signal processing
(DSP), visual ization techniques, and
music information retrieval (MIR) as
further described below.

We are currently working with NYU
Libraries and the International Com-
puter Music Association (ICMA), and
the New York Electro-Acoustic Music
Society (NYCEMS). ICMA, in particular,
has a preeminent international repu-
tation in the field for its sponsorship
of annual EAM conferences since
1 974; and there is ample evidence
through these 46+ years of experi-
ence that ICMA conferences wil l con-
tinue to strive and attract the best
EAM works for the foreseeable future.
At the same time, the cultural value
of EAM extends far beyond the aca-
demic community alone and we hope
that academics, music enthusiasts
and the general publ ic wil l benefit
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from EAMM outputs which wil l ulti-
mately include:
(1 ) a permanent, sustainable, and ex-
pandable EAM preservation repository
housed at the NYU Library;
(2) interfaces for discovery and inter-
action with the material ; and
(3) access to otherwise unavailable
EAM resources including audio files,
metadata, computer code, digital
conference booklets, details about a
composition, performance history,
and musical scores.

Retroactive Archival Efforts

To lay the foundation for EAMM, we
wil l build a historical archive that wil l
salvage what is left of the recordings
and related data for works presented
at the ICMC conferences – including
high qual ity recordings and concert
performances whenever available –
up through 2020. We have thus far se-
cured the 201 1 , 201 2, and 201 8 data-
sets and are working on col lecting the
2020 dataset. The retroactive col lec-
tion program wil l not only preserve
this important legacy, but it wil l also
contribute in developing and tuning
our EAM metadata set by researching
and analyzing metadata structures
used in the conferences. We anticipate

that this, in turn, wil l greatly contrib-
ute towards creating an inter- nation-
al ly recognized EAM metadata
standard. For the retroactive initiative
we wil l use the camera-ready FCS
sub-module – interface used to col-
lect conference accepted data – to
streamline and crowdsource the col-
lection of archival qual ity media files,
additional metadata, and other data
types that we have identified as ne-
cessary for our EAM metadata
schema.

Intellectual Property and Author

Permissions

Since our EAMM collection is interna-
tional in scope, aim for its accessibil ity
is to be as open as possible. The level
of restriction for access to the material
can be, however, individual ly modu-
lated according to each contributing
artist’s preferences depending on
enduser types: general publ ic or
individuals who formal ly apply to us
as researchers, for example. Other
mechanisms that we are considering
is access l imited to those physical ly
on the premises. Al l works is ac-
companied with authorial permission
and al l rights of the archived works in
our EAMM database wil l remain with
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the author. Each submitter to the
ICMC conference is provided with a
digital agreement form where authors
can choose to participate in archiving
their works. As EAMM’s col lection
mechanism is primarily based au-
thorial crowdsourcing paradigms, in-
tel lectual property, copyright, and
l icensing issues are greatly simplified,
and the EAMM archive (by virtue of its
metadata structure) wil l itself be the
place where intel lectual property (IP)
agreements with authors are docu-
mented.

Conclusion

EAM explores and pushes artistic,
aesthetic, and technical boundaries
and is typical ly presented by special-
ists at academic conferences. Unl ike
the majority of popular music, it is not
economical ly-driven, nor rel iably pre-
served by market mechanisms or
archival projects sponsored by indus-
try, l ibraries, or museums. Further-
more, al l of the EAM data that is care-
ful ly and painstakingly col lected is
typical ly lost after a conference con-
cludes. When and if the music is
archived, the burden to create a pre-
servation system fal ls on conference
organizers unprepared to build and
maintain a dependable archive. The

physical inaccessibil ity of EAM for the
expert and wider audience is an issue
in itself as its current outlet mechan-
ism limits its exposure to the aca-
demic community, which in turn
inhibits growth in musical diversity
and the wider aesthetic and ped-
agogical potential for the general
publ ic. The musical inaccessibil ity
further diminishes accessibil ity of this
work to a greater audience, a problem
exacerbated by inadequate explora-
tion platforms for “art music” in gen-
eral. These factors contribute to the
difficulty of fitting EAM to existing
preservation models. The Electro-
Acoustic Music Mine (EAMM) at-
tempts to address the aforemen-
tioned issues by creating an EAM
preservation and exploration portal
based on:
(1 ) a semi-automated crowd-sourced
music col lection module curated
through credentialed peer-reviewing
systems,
(2) a comprehensive archival and pre-
servation module, and
(3) an analysis module based on the
timbre-centric Electro-Acoustic Music
Analysis (EASY) Toolbox providing an
onl ine platform for interactive visual-
ization, navigation, and discovery of
EAM.
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This third module exploits Music Infor-
mation Retrieval (MIR) and content-
based analysis basel ine to extend and
enhance traditional text-based in-
dexical discovery and del ivery sys-
tems. No similar credentialed,
peer-reviewed preservation system
exists for EAM, and no MIR-based EAM
exploration interfaces exist for any
kind ofmusic archival system.
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Musings on computer music

perennity
byKevin Dahan

Introduction

I t should come as no surprise that, at
more than sixty years of age, the
computer music field starts to ponder
its legacy: what started almost as a
‘chal lenge’ (Chasalow, 1 998) is now a
well-establ ished academic practice
which has had a profound impact over
the whole music and entertainment
industries. More often than not, break-
throughs in our field were initial ly es-
tabl ished through pursuing musical or
aesthetical, rather than purely techni-
cal, goals: this is especial ly the case in
‘early’ computer music. Clearly, it is
now time to reflect on the numerous
techniques (many of which make the
foundations of current music soft-
ware) that have been initiated over
the years. Perhaps one of the best
ways of examining these is through
in-depth multimodal analyses of
computer music works: this approach
would constitute an initial effort to-
wards a critical evaluation of com-
puter music history. However, for a
long time, composers, researchers and
institutions did not have the means to

store anything beyond the output of
the computing process, losing essen-
tial information on the means of pro-
duction. On top of that, the deterio-
ration ofmedia on which these
compositions were recorded and
stored is a known issue which has
been acknowledged and partial ly
addressed since the 1 990s (Bauman,
Diener and Mathews, 1 991 ; Goebel,
2001 ; Battier, 2004). Since the mid-
2000s, more initiatives emerged to
safekeep early computer music
masterpieces using reengineering
techniques, often prompted by the
rediscovery of compositional sources
(Zattra, 201 5): unfortunately, while im-
portant sources may stil l exist some-
where in one form or another, exten-
sive documentation is quite hard to
come by. Currently, there are initia-
tives to document, archive, preserve
and present important computer mu-
sic works being set up in many re-
search centers worldwide. This article
posits that understanding the history
of our field and critical ly evaluating its
findings from a musical perspective
wil l guide preservation efforts more
effectively. I t is also through the inte-
gration of technological advances
made in data science and machine
learning that long-term preservation
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of computer music wil l be a real ity.
Hence, this article proposes a three-
step approach to computer music
preservation: frame computer music
theory, consider its ecosystem, and
assimilate newer technologies.

Computer music technologies

Digital technology has this innate
qual ity of potential ly being extremely
mal leable, leading to novel and sin-
gular properties in artifacts created
through its means. In computer music,
the most obvious examples are of
course digital synthesis techniques
(Smith, 1 991 ), which are central to the
computer music composition process.
From additive to granular synthesis,
and from waveguide to adversarial
neural audio synthesis, numerous al-
gorithms were used in compositions
to strikingly different end results (FM
synthesis, for example, is especial ly
flexible with regard to the wide range
of possible sounds achievable with a
single algorithm). However, it is inter-
esting to note that, since the initial
efforts of Jean-Claude Risset (Risset,
1 969), there has been no work under-
taken to establ ish an expanded cata-
logue that would provide basel ine
‘recipes’ using the multiple synthesis

algorithms developed thereafter. Like-
wise, there has been l ittle effort to es-
tabl ish a working typology with the
musician in mind: rather, the referenc-
ing of these techniques is primarily
done through technical descriptions,
which may prove problematic (and
lead to confusion) for the non-techni-
cal ly proficient music analyst, or for
future generations, for which the
technological environment wil l be
largely different. I t is already the case:
the concept of non-real-time sound
synthesis – let alone that of time-shar-
ing on mainframe computers… – is
remote to many current students.

Framing computer music theory

This constitutes the first step we need
to take towards computer music
preservation: (re-)invest in establ ish-
ing a working musical framework of
computer music theory, which would
take precedence over and guide tech-
nological developments. This is, es-
sential ly, going back to the roots of
computer music to reevaluate what
has been produced in terms of tech-
niques, notably over the past thirty
years of computer music: this, inciden-
tal ly, corresponds to the densification
of personal computing, which saw
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composers and researchers move
away from mainframes to personal,
then mobile, computers.

Computer music ecosystems

Another possible approach is to con-
sider computer music production pro-
cess as ecosystems, which needs to be
preserved. Instead of examining, cata-
loguing and label l ing the musical arti-
facts created through technologies –
which is what music analysts mostly
do – the focus switches back to the
production chain. An initial impulse
would be to consider storing the pro-
duction means of the composition
process (e.g. hardware and software),
but then we would be losing these
technologies altogether. An interest-
ing alternative to this ‘cold’ storage is
to develop emulation of working en-
vironments, while we stil l have access
to sufficient documentation. This has
been done, for example, for the Sam-
son Box (Schottstaedt and McNabb,
201 2; Loy, 201 3), which however
needs binary .SAM files to work. This
exemplifies the ecosystemic approach
that has to be fol lowed when consid-
ering preservation of computer music:
it is simply not sufficient to safekeep
and store previous technologies, it has
to be preserved in working order,

along with surrounding documenta-
tion and data. From there, two ways
are possible, each requiring a different
skil lset:
a) adaptation, where a computer
music work is ‘transcribed’ to a new
environment, and
b) virtual ization, where the environ-
ment is emulated. Both approaches’
aim is the reconstruction of the orig-
inal work (Dahan, 2007), but with
different means and results. In both
cases, extensive data and documen-
tation are needed, and access to the
original (and working) creative envi-
ronment would tremendously help
the efforts.

Consider computer music ecosystem

This constitutes the second step: to
achieve effective computer music
preservation, we need to consider
the whole ecosystem in which music
research takes (or took) place: produc-
tion means (including, but not l imited
to, computers, control lers, operating
systems, software), products (e.g.
tests, compositions), but also by-prod-
ucts (e.g. documentation, sketches).
Of course, an establ ished framework
of available techniques, both at the
time of the original creation and at the
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time of the recreation, is needed, high-
l ighting the importance of a properly
framed computer music theory.

Conclusion: towards computer music

perennity?

We all have witnessed that the many
technological mutations experienced
over the last seventy years did not
provide a large amount of direct pro-
tection to computer music works:
hardware were abandoned, software
evolved, data misplaced, and as a
result, compositions and musical
works have been lost. However, we are
now living in an age ofmature digital
technology: the resources, techniques,
and more importantly, the perspective
we have gained on digital obsoles-
cence, al low us to contemplate the
preservation of our field less as an
emergency and more as a focused,
selective, and informed exercise.
Obviously, urgent actions are sti l l
needed: data sources need to be
found, recovered and transferred to
better media for medium term pur-
poses. However, there is some time
to plan and develop strategies for the
long-term preservation – perennity –
of computer music.

Integrate newer technologies

This constitutes the third step: to inte-
grate the latest technological devel-
opments and make use of them in the
process of preservation. Since an es-
tabl ished framework and sufficient
multi-modal data would be available,
it wil l make sense to use machine
learning techniques to develop ap-
propriate storage approaches, to
design functional virtual ized environ-
ments, or to achieve reconstructions.
Ultimately, it could help bridge the
gap between musical perception and
computing techniques by – circularly
– enhancing and refining both the
theoretical framework and associated
techniques.

And perhaps, along the path of pre-
serving its legacy, it would paradoxi-
cal ly help us discover new ways of
achieving what computer music is
about: expressing inherently human
emotions and feel ings through
machines and algorithms.
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Preservation strategies for mixed

music: the long tail and the short

tail
byGuillaume Boutard

Introduction

I have recently argued (Boutard 201 9)
that preservation of digital technology
in mixed music should build upon the
work done for the past ten years in
digital preservation in relation to
cultural heritage institutions, namely
l ibraries, archives and museums
(LAMs). From this premise, I have
discussed several hypothetical
directions based on a broad and wide-
ly discussed distinction between three
levels of preservation: bit-level preser-
vation; logical-level preservation; and
conceptual-level preservation. The
goal of such a paper was to emphasize
the similarities in the management of
digital objects among various cultural
heritage institutions at each one of
these levels, whether these institu-
tions manage complex objects (e.g.
museums), research data (e.g. aca-
demic l ibraries), or more generic dig-
ital artefacts (e.g. archives).

The promotion of Findabil ity, Acces-
sibil ity, Interoperabil ity, and Reusabil-
ity (FAIR) as wel l as Transparency,

Responsibil ity, User focus, Sustainabil-
ity and Technology (TRUST) is now a
fairly widespread theme in research
data management and digital archiv-
ing (Wilkinson et al. 201 6; Lin et al.
2020). These notions provide an over-
arching frame for best practices in
each domain.

Discussing these notions may entail
shifting the discussion from similar-
ities to differences between the
preservation ofmixed music and the
preservation of digital col lections,
archives and new media art pieces. In
this paper, I would l ike to point at
these differences and to continue the
discussion about the conceptual level
of preservation in relation to docu-
mentation methods.

Repositories

Tools

Across institutions, a focus has
emerged on the analysis of ingest
and pre-ingest phases of curation
l ifecycles, leading to the development
of complex digital forensics software
distributions such as BitCurator.
Molenda (2020), in her recent survey
of practices among twenty-seven
dutch heritage organizations with
a digital repository, reviews sources
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including “archive creators (such as
governmental institutions, other
institutional or private actors),
suppl iers (for example publishers,
broadcasting organizations or radio
stations), makers (artists, researchers)”
(p. 1 2). The survey focuses on the use
of tools during pre-ingest and ingest
because it is not part of ‘end-to-end’
digital preservation solutions and it is
underspecified within the Open
Archival Information System (OAIS)
model (pre-ingest being completely
outside the model). Pre-ingest em-
phasizes the lack of standardization
among producers in terms of file for-
mats, complex objects aggregates,
and metadata production: “only about
a third of the interviewed heritage
organizations can set requirements
and therefore has influence on how
the col lections they receive are pre-
pared and del ivered” (Molenda 2020,
1 3). These issues are wel l-known in our
context of creative practices with
digital technologies where the
breadth of technology-laden practices
may seem overwhelming (arguably
less than in the context of digital
artefacts col lected by museums). The
l ink between repositories and produc-
ers is thus critical and relates to the
abil ity to foster best practices.

Molenda (2020), continues: “[...] as
much as 64 percent of the respon-
dents reported that they only have
partial influence and cannot set hard
requirements, and 9 percent reported
that they are not in the position to set
any requirements at al l” (p. 1 3). To my
knowledge, no digital preservation
tools – that is to say, within the set
currently provided by the digital
preservation community and used
by LAMs, whether at the ‘end to end’
digital preservation system (DPS) level
or in relation to the broad range of
phase-related tools documented in
projects such as Community Owned
Digital Preservation Tool Registry
(COPTR) and Preserving digital Ob-
jects With Restricted Resources
(POWRR) – are used in relation to
mixed music preservation (at any
level of preservation). Arguably and
to a certain extent, this absence of
digital preservation tools in current
preservation and curation practice
for mixed music relates to the inabil-
ity to set hard requirements.

Contributors

In a less recent publication (Boutard
201 8), I advocated for the broadening
of stakeholders in digital preservation
ofmixed music – building on a previ-
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ous study (Plessas and Boutard 201 5)
– including l ive electronics musicians
(LEMs) in relation with participative
repositories. This idea comes from the
acknowledgement that we have seen
many preservation initiatives coming
directly from practitioners (often from
performers) during the last twenty
years in terms of, primarily, migration
of contemporary works which do not
make it to any kind of repository and
thus disappear from the scope of cul-
tural heritage and best practice in dig-
ital preservation. I t also builds upon
Plessas and Boutard’s (201 5) definition
of interpretation by LEMs of a work,
which includes practices relating to
adaptation to performance context,
debugging, or updating to state-of-
the-art technological environnement.
The academic history ofmixed music
preservation is built upon use cases
and yet these use cases also fail to be
part of the sustainable technological
trajectory ofmixed music.

The inclusion ofmultiple contribu-
tors or stakeholders in the production
of digital expressions (according to
the definition of expression in the
Functional Requirements for Bibl io-
graphic Records - FRBR model) of a
mixed music work brings a complexi-

fication of preservation management.
The relevance of version control
systems (VCS) for digital preservation
has gained research attention in rela-
tion to software heritage, but also
l imitations: “[...] the task of long term
preservation cannot be assumed by
entities that do not make it a stated
priority: for a while, preservation may
be a side effect of other missions,
but in the long term it won’t be” (Di
Cosmo and Zacchirol i 201 7, 3).

In their comparative analysis, Barok
et al. (201 9) show the use of CVS for
complex artworks preservation along
four categories, which they relate
more or less precisely to the OAIS
model, namely
1 ) fi le and storage management,
2) metadata and provenance,
3) context, presentation, curation, and
4) col laboration and usabil ity.
They further discuss the elements
lacking in CVS environments, in rela-
tion to their four categories, for digital
preservation best practice. As Barok et
al. (201 9) bring up, as a premise, “[...] it
is general ly acknowledged that exist-
ing digital archiving and documenta-
tion systems used by many museums
are not suitable for complex digital
artworks” (p. 94). Sti l l , current practice
in notable institutions such as the
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MOMA or the Tate Gal lery show how
museum are able to connect digital
preservation best practice and tools
and the management of complex
digital artworks. Merging these ap-
proaches with VCS principles (which
are already part of col lection manage-
ment systems for new media arts to
some extent, this should come as no
surprise) seems inevitable as far as
mixed music (re-)production is con-
cerned. The emphasis. I would argue,
should be on provenance, context,
and usabil ity.

Strategies

Short tail or long tail

Not al l works face the same preser-
vation risks. Lemouton (201 2) ex-
posed it clearly:
“[. . . ] si l’on veut qu’un répertoire

puisse se constituer et faire histoire, il

faut avant tout qu’il puisse être

conservé dans un temps assez long

avec la possibilité d’être rejoué sans

trop de difficulté, [. . . ] et comme on ne

peut pas prédire quelles seront les

oeuvres qui ‘feront répertoire’, soit il

faut tout préserver et c’est trop

coûteux, soit on ne fait rien, et alors il

n’y a plus aucune chance que cela

devienne un répertoire” (p. 77).

I f preservation needs to build upon
its communities of practice and be
grounded in production workflows,
then we need to make a distinction
between the short tail and the long
tail of performance distributions for
mixed music works. Plessas and
Boutard’s (201 5) study of the histori-
cal performance trajectory of Phil ippe
Leroux’Voi(Rex) is one of the few
longitudinal studies of mixed music
performance (another one would be
Akkermann 201 7). They tracked about
forty concerts from 2003 to 201 5, with
four versions of the software (see
Boutard 201 8) that are registered in
the repository at Institut de Recherche
et Coordination Acoustique/Musique
(IRCAM). Voi(Rex) is part of the short
tail , that is to say these pieces that are
already part of the repertoire, pieces
that are played on a regular basis and
therefore are migrated to up-to-date
software environments. However, not
al l mixed music pieces are as success-
ful in terms of performance rate for
multiple reasons, for example the
complexity of the production process
or the reputation of the piece.

The second part of the performance
rate distribution is the most at risk,
that is to say the long tail , those
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pieces that are not played at a suffi-
cient rate. When the rate of produc-
tion and performance fal ls below the
schedule for major version update of
software development environments,
technological obsolescence becomes
more prevalent to the point where
migration becomes a more difficult
strategy to apply (putting aside the
supplementary question of expertise)
without the preservation of the
original technological environment.
At this point, the strategy changes
from the preservation of the work’s
implementation to broader software
preservation strategies.

The growing interest in software
preservation led to several initiatives,
such as the ones already mentioned
(see Di Cosmo and Zacchirol i 201 7)
as wel l as more global strategies l ike
the software preservation network
(Meyerson et al. 201 7). Software is
now col lected either for digital foren-
sics, digital archeology or digital
preservation – for example, the
National Software Reference Library
(NSRL) at the US National Institute of
Standards and Technology (NIST). The
question of fair use in relation to soft-
ware preservation is a core element of
these strategies, as emphasized by the
US association of research l ibraries:

“one of the most persistent chal lenges
to software preservation has been
legal uncertainty. Practitioners fear
that legal structures developed to
regulate software in the commercial
marketplace (l ike restrictive l icenses
and so-cal led ‘anti-circumvention’
rules) somehow may impinge on their
work. They also know that core preser-
vation activities almost inevitably do
trigger copyright concerns” (Aufder-
heide et al. 201 9, 2). Legal battles
around circumvention for software
preservation are exemplified in the
US by the temporary exemptions to
the Digital Mil lennium Copyright Act
(DMCA) provision by the Library of
Congress.

With the advent of software l i-
braries and the maturing of emulation
on demand, we may also have appli-
cable strategies for the long tail .
Indeed, we can now think about
emulation (not virtual ization) as an
access strategy, which can support
migration when funds or human
ressources are available. Rather than
migration triggered by the monitor-
ing of technological obsolescence,
the more real istic idea ofmigration
on request could support the long tail .
This strategy requires a participation
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of the music technology community
in the development of current and
future software l ibraries (These
software l ibraries are about software
environments required for running
the pieces and must include commer-
cial solutions. They are independent
from the repositories needed for the
archiving of the pieces themselves).
The preservation of the long tail is
also, primarily and the most directly,
the part of the repertoire requiring
the broadening of contributors that
we emphasized in the previous
section. Institutions holding digital
repositories do not have additional
resources for complex pre-ingest in
relation to this part of the repertoire
but they may support semi-automatic
ingest and archiving with minimum
costs and expertise needed.

Documentation

As Escobar Varela and Lee (201 8) put
it, in the context of performance
archives : “however, there are sti l l
relatively few archives and many of
them are not yet equipped to real ize
the ful l potential of digital documen-
tation; they have been slow to adopt
standards for data reusabil ity, findabil-
ity and interoperabil ity” (p. 1 7).
Several proposals have been made for

documentation ofmixed music, either
at the conceptual level or the logical
level (e.g. Boutard 201 9), most of
them discussing methodological
propositions to capture knowledge of
human agents relating to the creative
processes, whether from a composi-
tional or interpretational perspective.
In paral lel , proposals for software-
related preservation exacerbate
context : “ideal ly, one might want
to archive software source code ‘in
context’, with as much information
about its broader ecosystem: project
websites, issues filed in bug tracking
systems, mail ing l ists, wikis, design
notes, as wel l as executables built for
various platforms and the physical
machines and network environment
on which the software was run, [...] ”
(Di Cosmo and Zacchirol i 201 7, 4).
A significant part of these elements
may be automated during pre-ingest/
ingest (I think specifical ly about auto-
matic analysis of patches and, in
paral lel , a significant part could rely
on generic functional ities of the CVS)
and the remaining elements should
be included in future hard require-
ments.

On the other hand, it is worth not-
ing that museums have recently put
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specific efforts in the documentation
of immersive media artworks. One
example of these projects is Preserv-
ing Immersive Media at Tate Gal lery,
which started in 201 8. I would argue
that these projects and their out-
comes are relevant for mixed music
preservation. Based on this idea, in
2020, we started the project Sound
Art Documentation: Spatial Audio
and Significant Knowledge (SAD-
SASK), funded by the Canadian Social
Sciences and Humanities Research
Council (SSHRC), in col laboration with
museum conservators and academics
special izing in sound art and/or spa-
tial audio in North America and Eu-
rope. SAD-SASK aims at investigating
the relevance of state-of-the-art spa-
tial audio capture and virtual environ-
ment rendering technologies for the
documentation of sound art. The
goals are to:
1 ) identify significant knowledge
associated with sound art instal lations
with an emphasis on sensory
experience;
2) specify best practices for
documentation of sound art beyond
technical specifications; and
3) acknowledge the relevance and
benefits of cross-ferti l ization of
expertise to conservation processes

for sound-art instal lations.
SAD-SASK builds on the work of

Boutard on tacit knowledge docu-
mentation and Guastavino’s work on
sensory experience of complex audi-
tory scenes and perceptual evalua-
tions of spatial audio (Boutard and
Guastavino 201 2; Guastavino and Katz
2004; Tarlao, Steele, and Guastavino
201 9). In terms of stakeholders, the
project targets not only sound artists
but also time-based media conserva-
tors and curators, and sound engi-
neers. Building a documentation
framework for sound art may benefit
instal lation and curation processes
but also analysis as wel l as dissemina-
tion to a larger public.

The methods coming from such
projects may be injected back in the
preservation ofmixed music which
faces similar questions of documenta-
tion in relation to technologies and
room acoustics as wel l as perfor-
mance. Building relevant methods
for documenting mixed music works
should complement the technology-
driven and the creative process-ori-
ented documentation with perfor-
mance knowledge relating to the
sensory experience of a piece.
Documenting immersive environ-
ments is yet another direction of
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col laboration with various cultural
heritage organizations.

Discussion

With these propositions in the back-
ground, I would l ike to come back to
the organizational level of preserva-
tion. The principle of trust for digital
repositories entails organizational
infrastructure and sustainabil ity for
these organizations. In my previous
paper, I emphasized the need to have
trained professionals in digital preser-
vation, similarly to LAMs, to manage
repositories, which, of course, requires
institutions and funding. Promoting
FAIR and TRUST principles rel ies on
relevant frameworks, in terms of
repositories and in terms of work-
flows. But organizations involved
in mixed music production and
dissemination are not LAMs and while
some LAMs have clear mission state-
ments in relation to digital preserva-
tion, organizations and institutions
involved, at some level, in mixed
music do not, especial ly in relation
to the long tail . I t has sometimes been
argued that digital preservation is
more of an economic problem rather
than a technical one, which may be
a l ittle bit too extreme a statement,
especial ly in the context of complex

artworks. Sti l l , without dedicated
funding, there wil l be no proper
preservation for mixed music.

I would argue that the question of
preservation ofmixed music has to
become a large-scale project – the
idea of a consortium of some sort
with various types of institutions –
in order to reach for organizational
sustainabil ity as wel l as having
enough impact to be able to propose
and build upon existing software
l ibraries, to define processing work-
flows (especial ly in relation to pre-
ingest/ingest phases), and to define
and enforce hard requirements.

I bel ieve that without hard require-
ments the long tail is bound to disap-
pear (it is difficult to quantify how
much has already disappeared).
I f we have to accept a wide range
of contributors – as opposed to most
situations in LAMs – then we must be
able to ask for best practices in terms
of, as stated previously, fi le formats,
complex objects aggregates, and
metadata production. The subse-
quent aspect of the discussion on
best practices relates more directly to
preservation at the conceptual level
and requires documentation proto-
cols relating to sensory experience
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and performance knowledge whose
outputs may be evaluated at ingest.

Conclusion

Going back to FAIR and TRUST, we
may think about the impact of our
propositions. Findabil ity, Accessibil ity,
and Interoperabil ity wil l be greatly im-
proved by the coordination of efforts
at the inter-organizational level.
Reusabil ity wil l be greatly improved
by the subsequent abil ity to establ ish
hard requirements and processing
workflows, and participate in the
building of software l ibraries.

The U ofTRUST is User Focus, that is
to say, “to ensure that the data man-
agement norms and expectations of
target user communities are met" (Lin
et al. 2020). I t is not doing a U-turn to
say that U is bidirectional. Specifying
what is expected is also meeting the
expectations of the target user com-
munity (a question that emerges
regularly in discussion with practi-
tioners in mixed music production),
especial ly since we want to achieve
Responsabil ity “[...] for ensuring the
authenticity [in the archival sense of
the term] and integrity of data
holdings and for the rel iabil ity and

persistence of its service” (Lin et al.
2020).

Transparency, “about specific
repository services and data holdings
that are verifiable by publicly acces-
sible evidence” (Lin et al. 2020), should
be targeted, especial ly in relation to
the long tail . And final ly, Sustainabil ity
is our main goal, supported by rele-
vant Technology and documented
workflows.
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