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The Aesthetics and History of the Hub:
The Effects of Changing Technology
on Network Computer Music

Scot Gresham-Lancaster

From the beginning of our line of work, in the experiments of
the League of Automatic Music Composers and other avant-
gardists working at Mills College in the mid-70’s, the empha-
sis has been on connections between musicians, the excitement
of using computers to define a new social context for music
making, as well as exploring the possibilities of systems too com-
plex for direct control. Indeed, the roots of this work go back
even further: to the vital experimental music scene of the San
Francisco Bay Area, which since the 1930’s has had a strong
tradition of instrument building, live performance and multi-
media collaboration.

—Tim Perkis, founding member of the Hub [1]

Music is, at its core, a means of communication; computers
offer ways of enhancing interconnection. Computer network
music uses the microcomputer’s ability to interconnect with
and communicate information to other microcomputers, cre-
ating interactive data environments that can be electronically
transcribed into music. By exploiting these unique capabili-
ties, composers and musicians are inventing new forms of live
performance that enhance the inherent social attributes of
music making. This practice runs contrary to the idea that
contemporary electroacoustic musicians exert almost total
control over all aspects of the music. Rather, computer net-
work musicians attempt to “seek more surprise through the
lively and unpredictable responses of these systems, and hope
to encourage an active response to surprise in the playing”
[2]. I have had the rare opportunity of creating. this dynamic
new music as a member of the Hub, a San Francisco Bay Area
interactive computer network music group. I have observed
the consequences of interfacing new technologies with con-
cepts of earlier decades, seeing what worked, what failed and
what fell away as the technology changed. Other viewpoints
of the concepts behind this kind of work have been discussed
in Leonardo Music Journal by two of my associates in the Hub:
Mark Trayle [3] and John Bischoff [4].

Reviewing the historical context of the Hub (John Bischoff,
Chris Brown, Tim Perkins, Mark Trayle, Phil Stone and myself)
can help clarify aspects of the aesthetic setting from which the
group sprang. From 1986 to 1997, the Hub was part of a new
genre of music making. The advent of both the microprocessor
and the affordable, multi-parameter, controllable MIDI synthe-
sizer made possible a new type of network-based performance.
This type of performance was also the result of a natural pro-
gression of developments in contemporary music practice that
began with John Cage, David Tudor, Gordon Mumma, Pauline
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Oliveros and many others. These
artists invented new forms of per-
formance based on strict proce-
dures that were directly related to
the electronic equipment each of
them used in performance.

Such procedures were estab-
lished in one of two ways. In some
cases, equipment became avail-
able that offered a specific func-
tionality that inspired the com-
poser to establish a sonic palette
that utilized it. In others, the composer understood electron-
ics well enough to design a circuit specifically for the purpose
of creating new musical pieces. No longer tied to the centu-
ries-old traditions of musical notation, composers created
new notations that often were based on only a circuit design
and a short set of performance instructions [5]. These pieces
were not, strictly speaking, improvisation, since the indeter-
minate nature of the interactions between the electronics
and the performers constrained the performances to the con-
texts of the particular functions of the electronics.

COLLABORATIVE REALIZATION
OF COMPOSER INSTRUCTIONS

Each composer/performer puts together their own hardware
and software instrument for collaborative live performance.
This point is clearly demonstrated by a seminal work in this
genre, Rain Forest by David Tudor [6]. This piece is very sculp-
tural in nature. In preparation, the performers must devise
ways to mechanically connect speaker drivers and other elec-
tromechanical transducers directly to large, suspended found
objects. Very powerful amplifiers pass a variety of audio mate-
rial acoustically through the suspended objects. There is no
score in a traditional sense—only a set of instructions and
notes about previous performances and performers and how
they met the composer’s criteria.

This kind of performer/composer collaboration is essen-
tial to the execution of a computer network piece. A
performer’s interaction with the material, both physical and
auditory, generates a totally unique sonic environment that is
driven by the procedure used to create it. The configuration
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Fig. 1. In 1987 the hardware “hacking” environment of choice was the Synertek SYM 6502
single-board computer. Using Digital ADM3a terminals and a rudimentary assembler, Phil
Stone wrote the software for Tim Perkis’s hardware configuration. The configuration al-
lowed three users on each of the two SYMs to use the RS-232 serial protocol to communi-
cate with a 1-K memory pad. This pad was shared by the two computer systems over the
phone lines. In rehearsal, a null modem cable was used. (Photo: Scot Gresham-Lancaster)

of the sound production system for
pieces using these techniques is equiva-
lent to the composition. The composer
sacrifices certain parameters of direct
control in order to create a new context
that is unattainable by other means.
These underlying concepts of collabora-
tion and technical interdependence are
the hallmarks of the Hub and related
ensembles.

The works of Tudor, Mumma et al.
and later De Marinis, Bischoff et al. were
based directly on the technology at
hand. Composers working in this con-
text often stay in touch with and are
aware of new developments in technol-
ogy. Advancements in differing tech-
nologies generate new ideas and ways of
thinking about sound and its relation-
ship to musical form. In this way, com-
posers often discover unintended ways
of using new technologies. Most artists
are faced with both the need to meet
the consensus of society and the urge to
express themselves. Available tools con-
structed from utilitarian elements are
designed to meet prescribed purposes
rather than the needs of a given sound
artist. Interactive electronic music con-
stitutes a continuing story of the inge-
nious use of technologies in unique and
unconventional ways.

An engineer looking at Tudor’s per-
formance set-up noticed he was using a
particular piece of equipment he had

helped design was appalled to find that
it was patched together “wrong.” Tudor
explained that although he was aware of
its intended use, his own application
generated a type of feedback that he
found particularly stunning. The engi-
neer was dumbfounded, the audience
rewarded [7].

DIRECT USE OF
ELECTRONICS AS A “SCORE”

Independent circuits developed by indi-
vidual artists represented a further de-
velopment in this genre. Mumma broke
ground in this area with his Hornpipe
(1967), Mesa (1969) and other circuits.
The unique aspect of this type of work
lay in the circuit’s de facto equivalence
to a score. For example, Paul De
Marinis’s Pygmy Gamelan (1973) is a
small circuit that endlessly plays an ever-
changing set of notes in a charming,
bell-like tone.

A direct correlation exists between
the state of electronics of a period, the
developmental tools available and the
content of the resulting circuits.
Throughout the 1970s the complexity
and availability of these electronic com-
ponents increased dramatically with the
development and proliferation of the
microprocessor. These days the develop-
mental tools have become too sophisti-
cated for a non-engineer to use. The un-
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fortunate tendency in our culture to stay
up with state-of-the-art technology has
often left perfectly viable means of artis-
tic expression behind in the name of
modernity. As the tools for hardware de-
velopment become more accessible in
the future, perhaps a resurgence in the
direct, expressive use of electronics will
be prevalent once again.

THE LEAGUE OF AUTOMATIC
MUSIC COMPOSERS

Typewriter, it types us, encoding its own
linear bias across the free space of the
imagination.

—]J.G. Ballard [8]

“The League,” as the League of Auto-
matic Music Composers came to be
known, was founded by Jim Horton (the
originator of the idea of a computer net-
work “orchestra” or “ensemble”), Rich
Gold and Bischoff in 1978 [9]. Over the
next few years, Gold moved on and was
replaced by Perkis. This trio developed
the League idea extensively in composi-
tion and performance, bringing fin-
ished compositions by each member
into the group context and playing
them simultaneously with adaptations
added for data exchange and resulting
interactions between compositions.

Ballard’s quote above hints at a funda-
mentally unique aspect of this genre of
music. The content of the work is
shaped by the design of the instruments
being invented by the composers/per-
formers. Each new piece conforms to a
uniquely designed software/hardware
configuration; new forms and new
sounds based on these configurations
subsequently emerge. Each composition
is constrained by a strict adherence to
procedure. The performance of this
music is idiomatic and requires a special
understanding of the software and hard-
ware being used. The inherent ironies
in this approach are clear: these pieces
of music can never be repeated exactly,
and it would be very difficult to reconsti-
tute the exact state and set-up that made
up a given performance. Subsequently,
this music can be documented only in
recordings and cannot be replicated ac-
curately. Future musicologists will be
hard-pressed, for example, to recon-
struct the workings of an early single
board computer, a Commodore KIM 1
and the software Bischoff used to realize
Audio Wave [10].

The League of Automatic Music Com-
posers and, later, the Hub arose within a
tradition of cooperation and self-di-



rected, self-designed electronics uniquely
configured for the expression of indi-
vidual pieces. The concept of the score
was embodied in this context. A score
consists of the instructions needed to
achieve the desired resulting sound. In
the case of the Hub, scores consisted of
sets of specific instructions that related
the technical requirements to obtain the
results the composer wanted to realize.
This, necessarily, required cooperation
and resulted in some surprises.

In some E-mail to me, Bischoff noted:

My experience of the 2 groups [the
League and the Hub] is that the rela-
tionship between issues of music time vs.
hack time and robustness were not very
different in the last analysis. I see both
groups as having a slightly different
angle on the concept of network music
but at the same time being equally suc-
cessful musically and technically [11].

Inevitably, however, the non-uniform
interconnections and the lack of a com-
mon, shared protocol between indi-
vidual players in this ensemble pointed
to much-needed refinements.

THE NETWORK MUSE
CONCERTS

By the summer of 1985, several techno-
logical changes had taken place, paving
the way for a concert series that was to
stimulate the transformation of the
League of Automatic Music Composers
to the Hub. The advent of MIDI in 1983
had a major impact, enabling often-im-
poverished performers/composers to
utilize these new, affordable instru-
ments. Also, Apple Macintosh and
Amiga computers introduced the begin-
nings of a software base of programming
languages and music sequencer pro-
grams, which enabled individual com-
posers to develop techniques that chal-
lenged conventional notions regarding
the intended uses of these instruments
and software.

These developments culminated in a
concert series of four evenings at the
Lab in San Francisco entitled “Network
Muse,” curated by Brown, then-director
of the non-profit Ubu Corp. [12].
Bischoff and Perkis entitled their perfor-
mance in the series “the Hub”—a term
they had already used to refer to the act
of generating shared musical informa-
tion. (This brings up a point of confu-
sion: Does “the Hub” refer to a configu-
ration or a group of individuals? In
addition, members of the group also re-
ferred to our hardware and software as
“the Hub.”)

THE FIRST “HUB”
CONCERTS

In the fall of 1985, Nicolas Collins con-
tacted Brown to propose a network-
based concert from two sites in New
York City: the Clocktower and the Ex-
perimental Intermedia Center. At this
point the Hub was expanded from the
list of performers from the Network
Muse concerts to a group comprising
Bischoff, Brown, Perkis, Stone, Trayle
and myself. The idea was that the per-
formers at both sites would play simulta-
neously over phone lines via modem;
coordination of the project required a
huge technical effort. Ultimately, we
were able to support three individuals at
each site (Bischoff, Perkis and Trayle at
one site; Brown, Stone and myself at the
other). Each trio traded performance
sites on consecutive evenings. The two
trios freely exchanged the information
that constituted a given piece between
the two sites.

This experiment occurred several
years before the proliferation of the
Internet and the general use of E-mail
and yielded commentary from several
journalists [13]. Although the group
performed at separate locations a few
times, it created its strongest and most
interesting work with all the participants
in the same room, interacting directly
with each other and with the emergent
algorithmic behavior of each new piece.

The early version of the Hub solved
many of the pitfalls of the ad hoc ar-
rangements previously used in the per-
formance of network music. It offered a
standardized format on which each par-

ticipant could count during each re-
hearsal and performance. This format
allowed a field of investigation that re-
sulted in a body of rich and powerful .
work.

The following excerpt from Bischoff’s
notes on the first Hub audio compact
disc (CD) (1989) regarding his piece
Perry Mason in East Germany illustrates
the procedure we used to create work in
this context.

Each of the six players runs a program
of his own design which constitutes a
self sustaining musical process. Each
program is configured so that it can
send three changing variables impor-
tant to its operation out to the Hub
and also to receive three variables from
other players. Each player reads the
variables put out by three different per-
formers, and sends out for use by three
different performers as well. This rela-
tionship of mutual influence results in
a network structure that often yields a
special kind of musical coherence [14].

This first generation of the Hub (Fig.
1) was modeled after what is referred to
as a “blackboard system” [15]. Black-
board systems are shared data structures
through which knowledge sources com-
municate. In this case the knowledge
sources are the autonomous programs
of each of the composer/performers in
the Hub. All the pieces were designed
around a shared memory, which
strengthened the collaborative aspect al-
ready present in our work. We came to
refer to this shared memory as “the
Blob,” a conceptual place in which we
shared the active components of any
given piece. Also, since using our sys-
tems in this collaborative configuration

Fig. 2. The Hub: John Bischoff, Chris Brown, Tim Perkis, Phil Stone, Scot Gresham-
Lancaster, Mark Trayle performing at the Apollohuis in Eindhoven, the Netherlands, 1992.
(Photo: Paul Panhausen)
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was completely asynchronous and con-
tained no specific timing information,
the aesthetic context of a given piece
was unconstrained by data type. Proce-
dures drove the music forward, much in
the musical tradition of Cage and Tudor.

One piece of note from this period
was a collaboration .entitled HubRenga,
performed and broadcast via Berkeley
radio station KPFA in September 1989
[16]. The intent of this piece was to
mimic the Japanese poetry form renga.
The Hub wrote algorithms that played
specific types of music for each word in
a word list. Users on the Internet confer-
ence network Whole Earth ‘Lectronic
Link (WELL) utilized the words to make
single lines of poetry that they posted
on-line on the WELL’s poetry confer-
ence. These lines of text were tran-
scribed in real time from the on-line
WELL conference in the performance
studio at the radio station and read over
the air by Ramon Sender, Barbara
Golden and Kenneth Atchley. Simulta-
neously, the text was parsed by a com-
puter program that searched for words

from the word list. A number assigned
to each word was passed to solo, duo
and trio groupings of the six members
of the Hub. Aleatoric methods were
used to distribute these number group-
ings randomly among the Hub mem-
bers. When a performer received a num-
ber, he would play the algorithm that
had been written for that word through
his music system.

This peculiar piece illustrated the
problems of a music based on a large
group of “interactors.” In this case the
Hub used all word combinations and im-
promptu lines generated by the poets.
With the network open to all comers and
the technology simplified, we assumed it
would be an egalitarian victory for art.
The varying range of taste and innate tal-
ent made for a pastiche that lacked fi-
nesse and cohesion, and despite the best
intentions of the contributors, the re-
sults were mixed. Ultimately, the success
of a work depends upon a careful design
of the possibilities and outcome of each
indeterminate decision. Without this,
the refinement and sophistication

Fig. 3. A graphic depiction of the data flow and MIDI channel assignments of the MIDI-
based Hub 2. (Photo: Scot Gresham-Lancaster)
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needed for truly interesting work is ab-
sent. In the end, Bischoff and I edited
HubRenga down from a 1%-hour perfor-
mance to a 6-min, 58-sec final piece.

Most Hub recordings were made from
live performances (Fig. 2) with occa-
sional edits; in no case, including in the
recording of HubRenga, did we use mul-
titrack recording techniques. Live inter-
action, with its surprise and immediacy,
is a fundamental aesthetic thread and a
crucial element of our work.

This home-brewed, hand-built envi-
ronment that we created carried with it
some problems, the foremost being its
non-duplicability. If anything went
wrong with the hardware, especially on
tour, we could not perform; there were
no stores or special-order mail houses
we could call to get a new Hub. As the
system aged this became more of a po- -
tentially major problem.

HUB 2: THE MIDI HUB

Around 1990, I was asked to be a beta
tester for OpCode Systems’ new MIDI
interface Studio 5. After several in-depth
conversations with Perkis, we realized
that we could design a new type of MIDI-
based Hub with the operating system of
this new unit, which functioned around
a much more dynamic design than the
earlier version (Fig. 3). Each player was
assigned a MIDI port (one input and
one output), numbered 2 through 7. If
the player on port 7 wanted to commu-
nicate a message to the player on port 2,
he simply sent a MIDI channel-type mes-
sage on MIDI channel 2. The player on
port 2 received the identical MIDI chan-
nel message rechannelized on MIDI
channel 7 and encoded with the identity
of the person sending it.

In this way, each participant in the
network could directly play the set-up of
any other person in the group, which
was not previously possible because all
sound production had been based on
interpretation of the information in the
shared memory. This new arrangement
allowed each participant in the group a
direct and private MIDI message path to
each of the other participants, making it
unnecessary to access and interpret a
shared memory space. This new context
created new ways of thinking about the
concept of a network for making music.

The most relevant piece in this regard
is Perkis’s Waxlips:

Waxlips (Tim Perkis, 1991) was an at-
tempt to find the simplest Hub piece
possible, to minimize the amount of



musical structure planned in advance,
in order to allow any emergent struc-
ture arising out of the group interac-
tion to be revealed clearly. The rule is
simple: each player sends and receives
requests to play one note. Upon receiv-
ing the request, each should play the
note requested, and then transform
the note message in some fixed way to
a different message, and send it out to
someone else. The transformation can
follow any rule the player wants, with
the one limitation that within any one
section of the piece, the same rule
must be followed (so that any particu-
lar message in will always cause the
same new message out). One lead
player sends signals indicating new sec-
tions in the piece (where players
change their transformation rules) and
jump-starts the process by spraying the
network with a burst of requests. The
network action had an unexpected liv-
ing and liquid behavior: the number of
possible interactions is astronomical in
scale, and the evolution of the network
is always different, sometimes terminat-
ing in complex (chaotic) states includ-
ing near repetitions, sometimes ending
in simple loops, repeated notes, or just
dying out altogether. In initially trying
to get the piece going, the main prob-
lem was one of plugging leaks: if one
player missed some note requests and
didn’t send anything when he should,
the notes would all trickle out. Differ-
ent rule sets seem to have different de-
grees of “leakiness”, due to imperfect
behavior of the network, and as lead
player I would occasionally double up,
sending out two requests for every one
received, to revitalize a tired net [17].

The simplicity and clarity of the net-
work and its emergent behavior in this
piece were emblematic of the new possi-
bilities the changing technological con-
text brought to the work. Constructing
and rehearsing a piece of this nature is a
lengthy process of trial and error,
troubleshooting and redefinition. Each
participant had a unique software devel-
opment environment and a different
hardware and music production setup.
We constantly upgraded versions of our
software, including changing program-
ming languages, synthesizers and even
microcomputer platforms. This shifting
context of hardware and software con-
stantly updated the sound of the en-
semble and made replicating old reper-
toire difficult. We would need to
completely rewrite old versions of works
for each new context, and troubleshoot
and reestablish the reconnection be-
tween players for each piece.

Over the course of the decade, we
used these hardware and software ar-
rangements in a number of perfor-
mances. The audience was often mysti-
fied by what they heard in relation to

what they saw the performers doing. Au-

dience members have commented more
than once after a concert that, “The mu-
sic was fantastic, but you looked like a
bunch of air traffic controllers.” Acous-
tic instrumentalists must assume the
proper embouchure and/or posture to
perform on their instruments, and the
same is true for playing interactive com-
puter network music. The vision of mu-
sicians hunching over their computers
and synthesizers to create this music was
unfamiliar to most audiences.

EXPERIMENTS WITH
SOFTWARE SYNTHESIS
AND THE INTERNET

After years of a lack of uniformity be-
tween our systems, we recently began
experimenting with the newly devel-
oped Grainwave software synthesis sys-
tem [18] developed by Mike Berry. This
flexible and modular system is represen-
tative of a type of software package that
will become more prevalent as desktop
computers reach the speeds necessary
for real-time sound production. With
Grainwave we can now create our sound
production engine from scratch. Our
roles as composers now also include de-
signing the instrument(s) to be used in
the composition, a development that is
having an enormous impact on the
sonic texture of the group. This funda-
mental change is steering our aesthetic
toward a post-serialism in which the
composer maintains strict control of all
formal aspects of the music. We are
again using a practice that had hap-
pened, to a more limited extent, in ear-
lier stages of our work—trading verba-
tim code back and forth. Various
members with like computers and devel-
opment environments had been using
each others’ code for years; now, not
only do we share the algorithmic code,
but also the actual computer code
needed to generate the sounds for the
piece. This actually replaces the synthe-
sizers we used in the past with the com-
puter, resulting in a major shift in the
low-level structure of how a perfor-
mance and the sound of the pieces are
put together.

Directly after this rather major shift of
synthesis schemes—from MIDI and
home-brewed hardware synthesis for
each player to identical, do-it-yourself
software synthesis instruments—we
implemented another technical change
with far-reaching aesthetic implications.
We planned to return to a concert com-
prising geographically separate perfor-

mances (such as the one in New York in
1987), but with a major difference. This
time we planned to use the much larger
span of the Internet. With the help of
Matt Wright at the Center for New Mu-
sic and Audio Technology (CNMAT) at
the University of California at Berkeley,
we acquired a special version of his
(otudp) object running under CNMAT’s
OpenSoundControl communication
protocol program [19] in Max. This cus-
tom module enabled us to make a Max-
based patch that let us send MIDI mes-
sages directly to any computer’s Internet
Protocol (IP) address anywhere. This
made possible a third-generation Hub
that worked much like the previous gen-
eration, but with the much higher-speed
potential of the Internet.

A great deal of effort went into our de-
signing a prototype in such a way that we
could represent the distant Hub mem-
bers with proxy or ghost stations at each
of the IP addresses; but invariably due to
technical problems, none of the surro-
gate Hub members worked identically.
During previous performances, we could
recover from system crashes and reboots
caused by our ad hoc software combina-
tions while other group members cov-
ered our unintended silence. In this new,
more exposed setting, a crash could
cause the remote sites to freeze up. This
effectively stopped the interdependency
that was the hallmark of our work.

In the only test case so far, two of us
performed from each of three sites:
Bischoff and Stone at the Mills Center
for Contemporary Music, Oakland, Cali-
fornia; Trayle and me at California Insti-
tute for the Arts in Valencia, California;
and Perkis and Brown at Arizona State
University’s Institute for Studies in the
Arts. This formidable test actually ended
up being more of a technical exercise
than a full-blown concert. The Hub has
always been a collective of technically
savvy musicians; we are all aware that
one must maintain a very difficult bal-
ance between technology and expres-
sion. The trick has always been to get
the tools working and then to find the
music in the newly built context. In this
case, the technology was so complex
that we were unable to reach a satisfac-
tory point of expressivity.

This technical exercise brought up a
series of issues that all of us in the group
still grapple with. First and foremost is
the question: Is there a difference be-
tween locally produced network music
and music produced in the larger con-
text of the Internet? In my opinion,
there is a tangible difference in that the
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use of the Internet must be met with
new methods and aesthetics. Our expe-
rience with HubRenga illustrated that the
process of network music to all comers
requires prior planning, as does any ac-
tivity that works with indeterminacy.

The work of the Hub has helped re-
fine and define a context for the live
performance of local computer net-
work-based music. Our rich body of ex-
perience points to all sorts of unex-
plored regions of art production. As the
tools for using computers in the arts im-
prove, the collaborative techniques pio-
neered by the Hub should be used to
explore these regions not only with mu-
sic but with all artistic disciplines.

The disappointing outcome of the
Internet experiment has caused each of
us to reevaluate our relationships to this
now decade-old cooperative. I think the
aesthetic and technical weight of all the
years of work has led each of us to differ-
ent places. Through the means of con-
sensus that the organization was based
around, the Hub has now reverted to its
original state—a concept of hardware
and software combinations that gener-
ate what can be characterized as “com-
puter network music.” This is perhaps
what it has been all along. Out of a sense
of fraternity and a familiarity with our
shared taste, we replicated the form and
function of a conventional musical en-
semble. Needless to say, the work contin-
ues, and the emergent behavior of net-
work-oriented music production will
retain the allure and mystery that at-

tracted all of us to it in the first place.
The intent to detach ego from the pro-
cess of music making we inherited di-
rectly from Cage. To refine that impulse
and to make it a living machine that
both incorporates our participation and
lets the breath of these new processes
out into the moment: that is the unique
contribution of the Hub.

Anytime you make a musical decision
for a non-musical reason, the music

suffers.

—Sam Ashley (spirit-possessed
stand-up comic, shaman, com-
poser, performer and witch doc-
tor), transcribed from the
ongoing research for “The Very
Important Now” [20].
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