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Abstract 

There is a persisting affection for analog audio equipment developed over the second 

half of the 20th century. Unlike instruments based on digital technologies, early analog 

instruments exhibit unpredictable behaviours contingent on their environmental 

conditions and the components which furnish their circuit boards. These components 

and their acute material properties, drastically affect an instruments’ performance and 

functionality. In a world calibrated to the binary logic of digital technologies (discrete 

processes of quantification, capture, validation, and storage), the analog (continuous, 

unstable, and entropic) demarcates an exceptional space laden with contingency. This 

project instrumentalizes recursive computing strategies, specifically deep learning (DL), 

as a means to suggest that the phenomenological distinctions between the analog and 

the digital are becoming increasingly blurred. Through a musical rhetoric, Atmospheres 

of Inference attempts to dramatise these two technical modalities by performing a 1976 

Serge Modular alongside an inferred abstraction of the same instrument: a variational 

autoencoder trained on a corpus of Serge recordings.  

Keywords:  Deep learning; Analog synthesis; Artificial listening; Serge; Technics; 

Gilbert Simondon; Performative archives  
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Glossary 

Autoencoder A particular type of deep learning algorithm that consists 
of an encoder and a decoder. The encoder dissolves the 
input materials—media or information—into the latent 
feature space, while the decoder performs the opposite, 
mapping features from the latent feature space back into 
the input space, producing a reconstruction. 

Deep Learning A strategy in machine learning that uses a recursive 
process of back-propagation and stochastic gradient 
descent to modulate the parameters inside a training 
algorithm. Through a procedure of back-propagation 
followed by an optimization method, causally linked 
hidden layers are reconfigured and optimised over 
continuous iterations to minimise entropy within the 
system. 

Feature Vector A specific data point or coordinate within the latent space 
that represents a specific instance of a feature. 

Inference The activity of deploying a machine learning algorithm to 
render new information or media from an informed model 
or representation developed through training. 

Latent Feature Space The product of embedding information into a deep 
learning model through a process of dimensionality 
reduction. Typically, the latent feature space is organised 
according to similarity, where features demarcate a 
series of data points (manifold), and specific instances of 
features occupy a singular data point (vector). 

Machine Learning The field devoted to utilising real-world data and data 
driven technologies to produce new knowledge from 
computationally mediated observations. 

Manifold Clusters of information that mark a trajectory within a low 
dimensional space, such as the latent feature space. 

Reconstruction The synthetic reconstruction of materials projected 
through an autoencoder. The loss in fidelity suggests the 
efficacy of the training procedure. 

Tensor A flexible N-dimensional array of numerical values, where 
each value across all dimensions is also indexed. 
Tensors provide the computational scaffolding for 
modulating large matrices within many deep learning 
algorithms. 
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INTRODUCTION 

There is a persisting affection for analog audio equipment developed over the second 

half of the 20th century. Unlike instruments based on digital technologies, early analog 

instruments exhibit unpredictable behaviours contingent on their environmental 

conditions and the components which furnish their circuit boards. These components 

and their acute material properties, drastically affect an instruments’ performance and 

functionality. In a world calibrated to the binary logic of digital technologies (discrete 

processes of quantification, capture, validation, and storage), the analog (continuous, 

unstable, and entropic) demarcates an exceptional space laden with contingency. This 

project instrumentalizes recursive computing strategies, specifically deep learning (DL), 

as a means to suggest that the phenomenological distinctions between the analog and 

the digital are becoming increasingly blurred. Through a musical rhetoric, Atmospheres 

of Inference attempts to dramatise these two technical modalities by performing a 1976 

Serge Modular alongside an inferred abstraction of the same instrument: a variational 

autoencoder trained on a corpus of Serge recordings.  
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BACKGROUND: ANALOG IN CRISIS 

Sitting in Simon Fraser University’s Burnaby campus, inside the communications 

department storage facility, resides a commercial electronic instrument of immense 

historical significance. This instrument, a Buchla 100 modular synthesizer (serialised as 

the sixth production unit to ever leave the Berkeley, California workshop of its’ inventor 

Don Buchla1), was pulled from the Sonic Research Studio, an experimental 

electroacoustic studio that was established alongside the World Soundscape Project 

between 1965 and 1967 (Droumeva VII). The Buchla 100 harmonised attitudes from the 

countercultural movement of the 1960s with post-1945 ideas from cybernetics, and in 

doing so, advanced a new aesthetic in electronic music production which would become 

colloquially known as West Coast Synthesis. West Coast Synthesis privileged 

contingency and modularity while rejecting linear notions of the Western musical 

tradition such as the keyboard and equal temperament. Unbeknownst to Buchla, this 

attitude directly contrasted the musical vision of Bob Moog, whose first commercial 

modular system was released at the same time, yet was furnished with a traditional 

keyboard as the main interface for activating sound (Pinch 49). 

The Buchla and Moog modular instruments effectively delocalized electronic music, by 

shrinking the electroacoustic studio down to the size of a cabinet. Through this 

innovation, sound synthesis was relinquished from being solely a studio-based practice, 

as encounters with these technologies hitherto were necessarily situated in studios due 

to the immense size of the technology; these machines could not be performed in any 

other context. As noted in my research essay “Technics and the Musical Imaginary,” 

(Brazeau 2020) although Buchla and Moog experienced much commercial success with 

their instruments, the political economy of their industry made access to their machines 

difficult, which consequently placed their instruments in the hands of either devoted 

musicians with access to capital, or commercial and institutional studios such as the 

Sonic Research Studio in Burnaby. 

 
1 The narrative and mythology of Don Buchla can be comfortably exchanged with many other 
figures from the countercultural era; Steve Jobs and Stewart Brand as two examples, insofar as 
Buchla, Brand, and Jobs, amongst others, engender the paternal image of American innovation 
while imbricating technology into the cultural-aesthetic landscape. 
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The Buchla in Burnaby is permanently mute and unplayable. Its’ circuits no longer 

sound, and due to its rarity it has been advised that the instrument should not be 

repaired. As such, the instrument will remain in storage in its current condition for the 

foreseeable future. This is in part due to the rapid expansion of the electronics industry 

since the transistor boom of the 1960s, which has caused significant challenges for 

acquiring era-authentic components. As the curtain of climate change slowly pulls back 

to reveal the unfathomable consequences of industrial manufacturing, compliance 

agencies have begun to restrict the use of materials once common in the production of 

electronic instruments. Components which have especially noxious effects on humans 

and the environment, such as the cadmium sulphide vactrol once commonly used in 

Buchla 200 modules, are now either obsolete and disappearing from electronics 

distributors or in more dramatic cases, forbidden by the Restriction of Hazardous 

Substances Directive (RoHS) and are commercially inaccessible.  

Institutions which still possess these machines will eventually be confronted with having 

to choose whether these objects are more valuable as silent cultural artefacts with the 

integrity of their electronics intact or as functional musical instruments furnished with 

inauthentic components. As the conditions of industrial electronics manufacturing 

continue to progress and components become increasingly difficult to source, it is 

inevitable that the finality of all analog synthesizers will eventually be silence. To this 

end, an issue emerges when considering how early analog technologies are to be 

preserved and historicized within institutional collections, as the more signal that flows 

through their circuits, the closer these instruments step towards failure — exhausted 

capacitors, dead diodes, spent fuses, etc. Taking this into account, an archival 

imperative emerges: how do we proceed with not only archiving the analog instrument 

as a material object, but also the instrument as a point of mediation between a historical 

and contemporary aurality; the instrument as a site for artistic inquiry. My thesis project 

Atmospheres of Inference does not provide any direct answers to this question, but 

seeks to operationalize it through a musical rhetoric; by animating a relationship 

between the media-historical object and a digital representation of it rendered through 

bleeding-edge deep learning techniques. 

Over the past ten years, the advent of recursive techniques in deep learning has 

established new plateaus for computing continuity from non-linear behaviour. These 

strategies have proven to be galvanising for the artificial intelligence industry, which use 
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such techniques to infer knowledge from unpredictable systems that radiate spatially and 

temporally across multiple fields and disciplines. These uses range from quotidian 

prediction algorithms which compute taste from the chaos of users’ media-consumption 

habits, to sophisticated proprietary systems used to predict economic shifts in high-

frequency trading environments. As such, the divide which formerly separated the two 

regimes of electronic technics is becoming opaque, as the contingency which formerly 

textured analog systems can now be inferred with sufficient computational resources.  

We are indeed at the precipice of a new techno-historical moment, where recursive 

procedures, such as those used in the training of deep learning models, imbue 

computation with protentional faculties that were formerly only accessible to the 

imagination. Because of the efficiency of these methods, phenomena, media or 

otherwise, can be reduced to information and then animated anew through a process 

called inference. These inferences however often yield results that demand an 

intervention on behalf of the user of such tools, to guide the process as well as formalise 

the output. It is however this failure of these technologies to truly automate this process 

that gives rise to the potential for an artistic intervention. In the context of this project, 

this intervention is undertaken by the composer-performer, who sets both the 

parameters for encoding and monitoring the media being ingested into the deep learning 

algorithm (Fig. 1) followed by the method for decoding the algorithm to produce new 

materials which are subsequently organised into the musical work. This process, similar 

to how both the analog instrument and the digital deep learning algorithm operate, is one 

of recursion, where composerly, improvisatory, and technical decisions are together 

imbricated in a feedback-loop that sustains a contingent relationship between 

instruments, performance, and listening. 
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Figure 1. Tensorboard Interface 

The ability to infer continuity from the non-continuous makes this technology uniquely 

resonant with the phenomenological essence of analog synthesizers: flows of 

continuous signal regulated by contingent and unstable electro-chemical relations. The 

analog is leaky, unable to memorise media with exactitude, and instead consists of close 

approximations where gaps in information are textured by the technical means of 

production. Just like how the glaze of a 35mm photograph draws attention to the techno-

historical conditions of its capture, analog synthesis is no different; when we listen to one 

of these instruments’ we hear both the technology and the situated history of that 

particular instrument, a history that is in crisis and demands an archival imperative that 

can attend to the specificity of these technical systems, and their intended musical use. 
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TECHNICAL CONTEXT OF THE WORK 

Atmospheres of Inference was performed on SFU’s 1976 third-generation Serge 

Modular Music System (Archival indices: CC02881, CC02882, CC02883, & CC02884) 

and accompanied by a multichannel arrangement consisting of media produced through 

the Realtime Audio Variational autoEncoder (RAVE) (Caillon, Esling). The work was 

diffused through a seven-channel, two-subwoofer loudspeaker system, stochastically 

arranged throughout Studio T, with two subwoofers linked to channels’ three and seven. 

The Serge and the autoencoded media was spatialized to acoustically suggest a 

bifurcated space. This gesture, along with the distribution of a speaker map (Fig. 2), was 

to encourage a range of potential experiences, depending on where audience members 

positioned themselves in relation to the two systems being auditioned. The non-linear 

arrangement of the loudspeakers throughout the room, in contrast to classical 

electroacoustic arrangements, suggest that there is no ideal listening positionality, only 

contingent ones. As the audience seated themselves, a prelude of nine Serge oscillators 

crescendo over the course of a forty-five-minute envelope. The music commences with a 

live gesture performed on the Serge, interrupting the consistency of the recorded 

oscillators, followed by a total silence choreographed to a lighting black-out. Spotlights 

on each speaker position slowly go up, as the thirty-three-minute piece begins. 
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Figure 2. Speaker Map 
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The media used to train the autoencoder consisted of Serge recordings I collected over 

the three-years of my graduate studies. These recordings are of improvisatory sessions, 

patch studies, sequenced material, as well as some arrangements with more attention to 

formal structuring. Collectively, this dataset surveys the entirety of my work with the 

Serge instrument, and engenders a diversity of different contexts and uses privy to my 

artistic choices. Indeed data sets are always porous and archives are never total, and to 

capture even the majority of the Serge instrument’s functionality within a singular model 

would be relatively impossible. However, as these open machines are predicated on 

how a composer-performer configures them, the embedding of my particular 

engagements with the Serge constitute a relatively diverse model that operates within 

the context of this project as a highly personalised instrument. Outside of this 

performance, the model also functions as a dictionary of gestures performed on SFU’s 

Serge, where each gesture is indexed within the latent feature space, to varying degrees 

of fidelity (Appendix B.). 

The embedding of these materials was computationally expensive, requiring significant 

resources in order to generate an adequate model. While Compute Canada, the high-

performance computer network that allocates resources for academic research was 

originally explored as a site for performing this training, resource allocation was deferred 

to a private cloud computing service that charges hourly fees for the use of GPU-

accelerated machines specifically intended for this kind of procedure. Parallel to how 

resource limitations restricted the use of modular instruments to commercial and 

academic institutions, to train a well-rounded model requires days of continuous 

computation on high-performance graphics processing units. Although cloud computing 

services are accessible by almost anyone, deep model training requires computational 

resources that only institutions, organisations, and individuals with significant access to 

capital can acquire. 

Once the Serge model was computed to a satisfactory state, the accompanying Max 

object nn~ was used to decode the latent feature space held inside four parallel tensors. 

By biassing each one in different directions and scrambling each dimensions’ signal 

streams through the use of multiple matrix mixers, a diversity of signals was able to be 

generated continuously for spatialization on discrete loud-speakers. This process took 

inspiration from the work Neural Synthesis (1989) by David Tudor, whose Neural 

Synthesizer used a matrix mixer as the main interface for routing and feeding back 
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signals from an Intel ETANN 80170NX chipset, otherwise known as the Electronically 

Trainable Analog Neural Network. For Tudor, the intended function of this chipset to 

generate predictable sounds was far less interesting than exploring the range of sounds 

possible through instrumentalizing it: “Almost all of his inputs had to do with preserving 

the randomness that was generated by the synthesizer. [Tudor] and John [Cage] shared 

this comment. They were not interested in any predictable behavior. [...] What they were 

interested in, were random sounds” (Nakai 564). At first, the audio signals generated 

from the RAVE algorithm were intended to be performed live alongside the Serge, 

similar to Tudor’s instrument, but due to the complexity of the processes and the 

limitations of the performance laptop, the work had to be composed.  

While the musical data utilised in the training process of this project was produced in 

disparate contexts, all these recordings audition the Serge in a manner that exemplifies 

the non-linear behaviours of the particular Serge instrument situated in Simon Fraser 

University’s electroacoustic studio. Present in most of the recordings is a series of 

connections that utilises the Serge Triple Wave Multiplier, a novel innovation of the 

Serge system, configured to feedback upon itself, creating a range of tones from 

continuous noise to high pitched oscillations. During the performance, one of the circuits 

manipulated live throughout the work was informed by this patch. 

  



10 

 

Figure 3. Technical Diagram of Performance Patch 
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Three other non-linear systems were configured for this performance. First, a pink noise 

generator patched into the Variable Bandwidth Filter, with adjustments to the frequency 

cutoff manually performed throughout the piece. Secondly, a New Timbral Oscillator 

(NTO) with pink noise modulating a sine wave at audio rate through the NTO’s 

frequency modulation input. Thirdly, utilising the rare Pitch and Envelope Follower (PEF) 

co-designed by Gentle Electric, a chaotic feedback circuit cycles through an NTO into a 

Triple Wave Shaper, then into the PEF and then back into the FM input of the NTO. 

Stages on the Touch Activated Keyboard (TKB) were linked to these systems to 

parameterize a subset of functions that could be recalled through the interface of the 

TKB. 

 

 

Figure 4. Block Diagram of Performance Hardware 
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AESTHETIC CONSIDERATIONS AND PROCESS 

Figure 5. Spectral Analysis of the Performance 

 

There was a moment during the composition of this piece where I found myself at a 

crossroads, staring down two potential paths: one that exaggerated the chaos and 

abstraction of the materials, leading towards a complexity that bordered on the 

incoherent, and another which challenged me to imbue the chaos and abstraction of the 

materials with a musical tenor. This latter direction was how I chose to proceed with this 

work, and the form of the piece followed from this decision. The piece is organised into 

three distinct movements, in addition to the prelude of continuous Serge tones formerly 

mentioned. Throughout the piece, the Serge and the autoencoded media are in a 

dialectic, where the proportions and musical shapes generated from each system are 

used to animate and dramatise the relationship between the two. The drama is provoked 

through counterpoint, dynamic articulations, tonal arrangements, intensities, silence, and 

modulations to tempi. The first movement introduces the two systems, where the Serge 

and autoencoder negotiate placement between foreground and background, while the 

second movement is more focused on thematizing the autoencoder through the utility of 

loops. The final movement operates as a resolution to two preceding movements, by 

deploying materials that are longer in duration, and exhibit a lesser degree of change. 

While this three-act formal structuring is indeed orthodox within the history of both music 

and literature, I found that it offers an accessible entrance into the project, given how 

demanding the acoustic materials are.  

When developing the Serge component of the performance, I found myself drawn to 

materials that suggested a threshold or limitation of the system in use. With the Serge 
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Modular for example, I was interested in configuring the machine to exercise and 

highlight the metastable conditions of the analog electronics. These conditions, incited 

by the feeding back and forward of signals, allowed me to guide the instrument into 

states that were in-between normative functionality and states of malfunction or failure. 

The sounds produced from this process were highly peculiar, offering a range of timbres 

and dynamics; from concentrated high-pitched sine tones to trembling rhythms and 

diffuse fields of stochastic noise. This aesthetic imperative is in contact with the 

aforementioned West Coast Synthesis strategy— rejecting established notions of 

Western temperament in favour of a tonality that is non-linear and unstable— and was a 

guiding principle in my process of sorting through the sounds generated from the deep 

learning model. 

Through my formal training in music, I have been motivated to challenge musical 

conventions, however my informal training as a music producer has also inspired me to 

pursue the figures and grammar of popular music production. It is this paradox that 

prompted me to use a variety of looping techniques as rhetorical figures throughout the 

work. These loops juxtapose the generative architecture of the two instruments and 

contrast the dynamism of the heterogeneous systems at play. Looping also functions 

throughout the performance as temporal scaffolding that frames and enables the 

addition of live gestures that are performed on the Serge. In their most extreme utility, 

such as at the timecode 00:15:08, loops which reproduce their content exactly are used 

to suggest a system of unvaried proportions. These loops are instrumentalized as a foil 

to the methodology underlying the work. In other moments, materials rendered through 

unsupervised generation from the RAVE algorithm decoded into locked loops that varied 

in duration and timbre, such as at 00:10:22. In more subtle instances, looping is 

suggested through phrasal repetition (Fig. 6), where loops are constructed at a more 

fundamental layer of the synthesis algorithm, by looping signal streams within tensorial 

space which thereby creates a gestural loop that is similar upon repeat, but never 

identical. I tried to make it explicit when the autoencoder was performing solo by placing 

my hands on my lap and listening to the activity within the space. Similarly, there are 

also moments in the piece where the Serge is being performed solo without any 

additional sound from the autoencoder. Framing the performance as a drama between 
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these two systems, and creating space for each system to command the full attention of 

the audience was an important part of the project, as the underlying technical and 

functional context for machine learning is almost exclusively explored behind closed 

doors; there is no theatre of data acquisition or inference, yet these algorithms permeate 

our everyday experience.  

My performance script consisted of cues that indicated moments of growth, flow, 

stagnation, and silence. These cues, which were communicated through timecode, 

allowed me to progress through the piece and activate different parts of the Serge 

system synergistically with the fixed media being auditioned. However, because the 

Serge patch sought to maximise the non-linear behaviours of the instrument, repeated 

gestures would often produce unexpected results. Throughout rehearsals, I could only 

approximate the output of the feedback systems, which required me to become familiar 

with a continuum of potential sounds rather than considering singular sounds as a 

consequence of specific gestures. This further implicated myself in a contingent 

relationship with the machine, where emergence and potentiality usurped the causal 

relationship often found within instrumental praxis. In this sense, I consider my work with 

the Serge system to be one of collaboration, as the instrument in its situated condition 

had significant agency in determining the acoustic outputs, and in many instances, 

positioned me as witness to a processual event that was entirely independent of my 

actions and gestures. 

When composing the fixed autoencoded material, I considered the algorithm in a similar 

light; rather than trying to impose a compositional strategy upon the media, I instead 

configured the system in a generative manner and then proceeded to listen to how the 

Figure 6. Tensorial Loops 
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materials themselves suggested they be formalised. When composing this part of the 

project, I was considering about how the French mathematician Alexander Grothendieck 

explicated his methods for mathematical discovery through the metaphor of listening. 

Grothendieck considered listening as a metaphor for attending to the “voice of things,” 

the underlying compositional structures which have yet to be unveiled. As the historian 

Fernando Zalamea recounts, for Grothendieck, the world is ripe with “hidden germs of 

structuration, which a good ‘ear’ should be able to detect” (Zalamea 151). Although 

mathematical abstraction provides the formal language for expressing discovery, it is for 

Grothendieck, necessarily through a sensorial approach outside of that language and 

informed by intuition, that leads to the apprehension of new ideas through abstraction 

(152–153). Taking this into consideration, I formalised the composition by attending to 

the latent feature space as a disorganised world that only reveals small instances of 

itself upon the function of decoding. However, hidden within the disorder of the latent 

feature space, are systematised forms of structuration, and a phenomenal logic that can 

only be uncovered through incisive exploration and listening. 
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Appendix A. 
 
Performance Documentation  

File Name: atmospheres_of_inference_2022.mp4 

Videographer: Joey Malbon 

Editor: Jean Brazeau 

Description: Documentation of the September 9th, 2022 performance, dimensionally 

reduced from a seven-channel recording down to two-channels of audio and featuring a 

spectrogram that further reduces the two-channels into a one-channel (summed) moving 

image. 
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Appendix B. 
 
Training Documentation  

File Name: serge_training.wav 

Description: Documentation of the reconstruction loss after 1122156 training steps. The 

audio presents random samples from the original Serge dataset, followed by the 

algorithm’s attempt to reconstruct the media from an informed position. 
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Appendix C. 
 
Technics and the Musical Imaginary 

Over the latter half of the 20th century, the musical instrument underwent an explosive 

evolution from processed raw materials such as metal, wood, and hide, to complex 

assemblages of chemically manipulated technical elements–diodes, resistors, 

transistors, capacitors, etc. Along with the introduction of these new transistor-based 

instruments, a spectrum of new practices emerged that were imbricated in the 

longstanding discipline of music but also radically different from instrumental 

engagements hitherto. These new practices that instrumentalized electricity challenged 

previous models of musical virtue, by demonstrating that electronic sound could exist as 

raw musical material in the same way past composers drew upon instrumental 

techniques to communicate harmony, melody, space, and timbre. As these analog 

technologies gradually increased in prominence over the following decades, their 

processual functions were appropriated into digital instruments through software 

modelling. Climaxing with the computer and the digital audio workstation (DAW), the 

orchestra of the electronic music studio was successfully shrunk down from the size of a 

room to the size of a cabinet, to the size of a laptop. 

Today, a new technical horizon rooted in machine learning technologies is further 

abstracting the composer-performer from their traditional role. With this new technology, 

artists and musicians can now render musical works that are informed by real-world 

information but entirely novel in their production. How do we reconcile with the 

intervention of such techniques in an aesthetic field that has historically privileged 

musical agility? Through a discursive reading of the cybernetician Gilbert Simondon’s 

(1924–1989) ideas on “technical objects,” this paper aims to texture our understanding 

of the dynamics between instrument and instrumentalist. Exploring these notions 

alongside an expanded history of the synthesizer, we will also suggest that the Serge 

Modular instrument exemplifies Simondon’s notion of an open technology. Conclusively, 

we hope to demonstrate that similar to technical invention, musical invention is an event 

concretized through a recursive becoming of technology, technique, and subject. 

Included as an appendix to this essay is a revised digital manual for the Serge Modular 

Music System based on the loose-paper copy that was living with the machine in the 
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electroacoustic studio at Simon Fraser University, School for the Contemporary Arts 

(Room 4660).  

The dawn of commercial electronic instruments is commonly traced back to the mid 

1960s, however it was predicated on nineteenth and early twentieth-century 

advancements in chemistry, physics, mathematics, and perhaps most significantly, 

industrialization. While primarily being an aesthetic tool for the production of sound, 

these technologies of the latter half of the twentieth century became a significant 

component in the emerging industrial modality of the music studio: a new kind of 

commercial production environment centred on the manufacturing of musical material 

alongside cultural identities. Accelerated by the countercultural attitude of the 1960s that 

privileged radical self-expression, these new instruments that synthesized sound from 

electricity were readily picked up by commercial recording artists and experimental 

musicians alike. However, unlike most acoustic or amplified instruments which allow for 

an evolution of performative uses, the majority of the electronic instruments developed in 

the twentieth century were significantly restricted in how they could be performed. 

Rather than being flexible and spontaneous, they were fixed and linear, reflecting the 

same kind of Cartesian logic that advanced the industrial conditions of their emergence. 

The conditions of industrial production that lead to the invention of the electronic musical 

instrument are enacted through the instrument itself, as a means of musical production. 

At the beginning of the twentieth-century, factories were primarily organized around a 

Taylorist schema, also known as scientific management; this is an American-born 

capitalist model for regulating large groups of people within an industrial environment. 

Taylorism operated through a fragmentation of labour, informed by the nineteenth-

century scientific method of analysis, synthesis and evaluation. Through this scientific 

model, Taylorism was a highly technical strategy for industrial manufacturing as it turned 

the factory into an “experimental human laboratory” (Technical Mentality 22). In factories 

where scientific management was being exercised, employees no longer performed 

complex tasks that required practice and skill, such as the methods and techniques 

employed in craft production. Instead, workers would perform a basic repetitive task, 

entirely abstracted from the final product. Scientific management was a fragmentation of 

labour, instantiated by transposing the Cartesian subject onto the industrial facility. The 

body is a linear system of pulleys and levers for Descartes, of causes and effects– in 

Taylorism, the factory was rational and could be informed by the same scientific logic 
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(18). Reinforced by the material demands of WWI, this schema provided the initial 

conditions for the assembly-line, which climaxed in the 1920s with Fordism and the 

automobile. With the advent of Fordism, the worker no longer performed the same 

repetitive task but instead operated a machine that would accomplish this task for them.2 

It is precisely here, in this industrial modality based on Cartesian mechanics, that 

Simondon suggests an alienation more significant than the economic and social 

alienation described by Marx. Simondon’s alienation supersedes economics in that it is 

physical, mental, cultural and technological –it concerns the relationship between the 

tool and the tool-bearer; or as I suggest, the musician and the instrument. 

For Simondon, this sense of alienation and its associated industrial modality came to 

exist once the source of energy for the production of objects no longer came from the 

body: “[it] appears when the source of information and the source of energy separate, 

namely when the human Being is merely the source of information, and Nature is 

required to furnish the energy” (Technical Mentality 20). It is the human transmission of 

energy and information as a “mixed signal” that individuates the tool from the machine. 

In other words, a tool can be used in a plurality of ways and possess a certain degree of 

emergence for which its operator can uncover new uses to satisfy a variety of 

circumstances; a Cartesian machine contrasts the functionality of the tool insofar as it 

operates through a pre-programmed set of instructions, instilled in the technology at its 

genesis. Thus, it lacks any adaptability to a “spontaneous finality” (18), as its potential 

uses are finite. This concept can be further clarified in the context of musical practice: a 

performer of any stringed instrument will supply the energy for the instrument to sound 

through their gesture of applying pressure to the bridge while exciting the instrument’s 

strings. Their gesture supplies necessary tonal information, while their energy animates 

the strings to produce difference in dynamics and timbre (that is, depending on their 

technique for transducing energy through the strings). Thus, this performer provides both 

the ‘information’ and the ‘energy’ required to actualize the musical event. In the case of 

most electronic instruments, the performer offers information, perhaps timbre, pitch, 

duration, or space; however, these instruments receive their energy from nature, through 

the transduction of natural resources such as wind, solar, hydro, or atomic energy into 

electricity. With stringed instruments, the energy provided is finite as the musician will 

 
2 The historian Bertrand Gille recounts that in 1926, 43% of Ford workers could be trained in no 
more than a day, signaling a “total disappearance of apprenticeship” (1017). 
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eventually become susceptible to fatigue. In contrast, the powers that provide for the 

electronic apparatus are seemingly unlimited. In Simondon’s critique, the Fordist-

Cartesian machine, or as I suggest, this latter style of musical machine, exemplify a 

closed technology, as they are unadaptable to transformation. For Simondon, the only 

way to progress past these technological paradigms and their associated industrial 

modality, is through a cultural shift that reconciles with how technical knowledge has 

been hierarchized. 

According to Simondon, culture has problematically bifurcated technics into two 

significant categories; that of the major and minor modes, where the major mode has 

historically been sought out as the privileged site for technical inquiry. The minor mode 

of technics is embodied by the craftsman or the child, as for them “technical knowledge 

is implicit, non-reflective, and habitual” (OMETO 103). It can be conceived as a farmer’s 

sense, as “it is not […] of a conceptual or scientific nature” (107), but rather an 

engagement with “sensorial and qualitative representations” (106). Minor technics is in 

essence a metaphor for improvisation, as it is a perceptive velocity above routine 

cognition. On the contrary, the major mode of technics is grounded in a discursive 

understanding of scientific knowledge, “it employs measurement, calculation, [and] 

procedures of geometrical figuration” (110), it can be conceived of as the metre that 

drives the performer along the bar lines of a score; however, as this major mode of 

technics is entirely based in abstractions, it is problematically “unattached to the natural 

world” (105). For the Simondonian subject, it is when the engineer’s approach becomes 

fused with the intuition of the craftsman, that technical concretization of an open 

machine can become possible. The musical invention of the jazz pianist Cecil Taylor 

(1929–2018) is perhaps an ideal animation of these two modes of technics together in 

synthesis. 

Trained at the New England Conservatory, Taylor’s work radically influenced the 

landscape of jazz in the 1960s through his distinct technical virtuosity and his emphatic 

use of harmonic dissonance. Along with Ornette Coleman, John Coltrane, among others, 
Taylor was one of the few early progenitors of “free jazz” (Lewis 37), an improvised style 

that weaves musical figures in and out of metre and harmonic form. Although trained at 

the conservatory in Western classical music, for Taylor, the new works coming out of the 

European avant-garde were all too schematized, they lacked a “human element” which 

Taylor felt characterized American jazz (Spellman 35). In contrast to the European 
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conviction of the musical-score as the premier aesthetic doctrine, Taylor spoke of an 

engagement with his instrument that emphasized the process between body and tool; 

“You look at the instrument and you spend your energy creating sound with the 

instrument” (36; emphasis added). Taylor’s style took abstraction as a given, ignoring 

the dogmatic structures that enclosed both jazz and Western European music hitherto. 

Much like with the famous example of Simondon’s Guimbal turbine, “[c]oncretization is 

here conditioned by an invention that presupposes the problem to be resolved” (OMETO 

57). In other words, Taylor’s work performed an act of musical invention that 

presupposed structure where it had yet to be located. 

Taylor was apprehensive of the new music technologies emerging in the mid twentieth-

century (Spellman 35); in fact he completely avoided the studio apparatus entirely, only 

publishing audio documentation from his live performances. However, Taylor did pay 

careful attention to the technical details of his instrument, the piano, and he discovered 

his preferred instrument in the Bösendorfer Imperial grand, a piano furnished by one 

extra octave in the bass register, expanding the keybed by nine extra pitches. Indeed, 

for Taylor there is a necessary recursion between knowledge, intuition, and technology 

that is actualized at the moment of artistic performance. In the article “Instant Composing 

As Body Language” (1989), the critic Ekkehard Jost further endorses the relevance of 

technics in Taylor’s work suggesting that “for Taylor, the type and quality of his 

instrument is an essential component of his technique; it comprises, along with the 

technique itself, a cornerstone of his musical message...” While many electronic 

instruments preclude this kind of relationship between musician and tool, one style of 

instrument that exemplifies the space between body and object is also one of the first 

electronic instruments commercially made available: the analog modular synthesizer. 

In 1972, Allen Strange published a comprehensive guide on the tools and techniques of 

analog synthesis: Electronic Music: Systems, Techniques, and Controls (1972, 1983). In 

Strange’s preliminary statement, he outlines a new compositional approach enabled by 

the new modular instruments of the 1970s: “parametric design.” This approach is 

simultaneously an act of scientific analysis and imagination; it’s the novel technique for 

operating this style of machine. Strange defines parametric design as the “analytical 

process in which one envisions the individual and corporeal influences of all of the 

parameters of an existing or imagined sound” (4). For Strange, any sound–whether 

material or imagined–can be decomposed into its parametric components of timbre, 
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pitch, space, and amplitude. Through developments in science and technology, sound 

became information, and that information became an aesthetic imperative. By the 1960s, 

the invention and mass-distribution of the silicon transistor enabled many tools formerly 

used in electroacoustic studios to be aggregated and shrunk into a singular apparatus. 

This instrument, which is the primary subject of Strange’s book, is the analog modular 

synthesizer, an instrument that operates through networking together a disparate array 

of voltage-controlled ‘modules,’ each one contributing a particular service to the larger 

system. With the modular synthesizer, sounds become activated through provisional 

connections established between audio or control signals, and functions such as filters, 

amplifiers, modulators, etc. Thus, as the name suggests, the modular synthesizer is 

never permanently fixed, “it has no predefined structure,” (4); it is an instrument in 

motion punctuated by temporary states of fixity. Unlike other electronic instruments that 

emerged later in the twentieth-century (such as the digital keyboard), the modular 

synthesizer provides a model example of what Simondon describes as an open 

machine, as there is a certain level of adaptability and emergence built into the 

technology at its genesis. There is one particular modular instrument, the Serge Modular 

System which especially exemplifies Simondon’s definition. 

The Serge instrument originates from a series of pedagogical exercises developed by 

Serge Tcherepnin at the California Institute of the Arts, where he founded a class in the 

late 1960s that taught electronic skills to music students (Sound 1). With developmental 

assistance from his students, Randy Cohen, Richard Gold, Naut Human, Will 

“Stonewall” Jackson, and Rex Probe, Tcherepnin released the first Serge instrument in 

1972. While this instrument follows the modular inventions of Buchla and Moog, the 

Serge was inspired by an entirely different ethic of production. The inventors were 

interested in democratizing the modular synthesizer, which at the time were most often 

situated in educational institutions and commercial studios due to their expensive price-

tag. In the 1970s, it was still challenging to monetize these music technologies, as 

industrial electronics manufacturing was relatively new and still required a significant 

amount of craft techniques. By nature of their design, modular instruments were also 

typically distributed in various configurations, leading to longer production cycles and 

lower yields of product. In direct contrast, the Serge system was sold as an electronics 

kit, which included hand-printed circuit boards, components, aluminum panels, and 

instructions, making the industrial level of construction available to the same user of the 
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instrument. Through the activity of constructing a Serge instrument, a practitioner 

encounters the machine from an inside-out perspective, earning them a more 

comprehensive understanding of its internal architecture. By evading the associated 

costs required to manufacture the instrument in an industrial facility, the Serge became 

significantly less expensive and more accessible. The brochure for the initial “R series” 

system reads as follows: “We are breaking the price barrier which has for so long barred 

an individual musician from owning a studio quality modular synthesizer, by making our 

system available in kit form… We hope that by offering the tools needed at a cost people 

can afford, we will see more people sharing in the incomparable creative experience and 

challenge of making music through electronics” (Serge 2-3). The tool is made accessible 

as soon as it is brought forth into the world; thus the kit-construction model collapses 

“the distance between the act of production and the act of usage” (Simondon Technical 

Mentality 24). 

The electronics inside the Serge are also far more comprehensive than the other 

competing instruments of the era. The designers specifically sought to create a tool that 

maximized “sub-functions” so as to make sure that the instrument could adapt to a 

comprehensive array of uses (Probe 4). The Serge instrument eschewed the convention 

of naming functions based on their “parametric” nomenclature and instead favoured a 

naming scheme that embraced each parameter’s specific technical function (Sound 1). 

Additionally, the machine features no “inessential” or decorative elements that introduce 

a level of obsolescence, or occlude the technical features as characteristic with closed 

machines such as cars, cellphones, or toasters, to name a few. This production ethic 

puts the Serge instrument in direct contrast to the consumer-oriented musical 

instruments that galvanized the music technology industry in the late twentieth-century, 

which repurposed and repackaged much of the preceding innovations into linear pre-

configured boxes. Similar to other closed technologies, with these instruments 

“[consumer] choice is made under the dubious influence of charm, prestige, [and] 

flattery” (Technical Mentality 23). With the Serge instrument, Tcherepnin et al. collapsed 

almost all levels of information entry that Simondon proposed alienate the tool from the 

tool bearer: “In order for the craftsman to recognize his equivalent in the industrial 

modality, the same human being must be inventor, constructor, and operator” (Technical 

Mentality 21). Today, there is a wide variety of electronic-instrument kits that embrace 

the same ethics of production put forward by Tcherepnin and his team; however, there 
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are also many new variations on the same voltage-controlled technology pioneered by 

Tcherepnin et al., Buchla, Moog and others. The eurorack format for modular synthesis 

has gained significant attention over the last decade by applying digital techniques to the 

voltage-control technology of the mid twentieth-century. While many of these new 

eurorack instruments offer original expansions on the technical concepts originally put 

forward by Serge, Buchla, Moog, Bode and others, an entirely new horizon of music 

technologies is emerging that is fundamentally non-linear, and fueled by entirely novel 

advancements in computational analysis. 

These new technologies take form in deep learning algorithms which artificially listen to 

digitized acoustical information and perform a variety of functions based on conclusions 

that are computationally inferred from the input media. These functions can be 

analytical, as with clustering algorithms such as Principal Component Analysis (PCA), or 

in extension, TSNE and UMAP, which organize and present information based on 

likeness, determined by a series of descriptors that are informed by human-perceptual 

encounters with sound (pitch, noise, change over time, duration, etc). Or, these functions 

can also be oriented towards the production of sound, by utilizing these same 

descriptors to reify a dataset into a multi-dimensional object such as tensor, that can 

then be called to render new configurations of the input information, informed by the 

dataset it was trained on, yet qualitatively distinct. Typically, this method is called 

inference, and utilizes a machine learning algorithm called an autoencoder, consisting of 

two computational engines: one for training a model through recursive analysis and 

dimensionality reduction (encoder) and another for decoding this low dimensional space 

and projecting it back into the medium of the input data (decoder). 

These tools produce astonishing results and are significantly more open than preceding 

electronic instruments, as they are adaptable to any input materials, be it data, media, or 

otherwise. Although fundamentally different from all historical understandings of 

automata, machine learning does however fall privy to some similar critiques. For 

Simondon, the critique of automation is that the “robot” contains no contingency; the 

predictability of the machine renders it unintelligent, “devoid of interiority… and inevitably 

represent[ing] a purely mythical and imaginary being” (OMETO 16). While indeed 

contingency can be located within the technical infrastructure of these new technologies, 

some authors suggest that the very nature of datasets in these kinds of algorithms 

foreclose on the potential of meaningful contingency at the output layer. For example, in 
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Louise Amoore’s discussion on how visual scene analysis— the process of using 

machine vision algorithms to extract features from visual field —is inherently political, as 

the machine makes conclusions about what is meaningful in a visual paradigm without 

any contextual understanding of the scene, or the relations between events, things, and 

people in that scene. Reflecting on a machine learning algorithm that is trained to output 

a semantic description of what it recognizes in an image of a marketplace, Amoore 

argues that “[t]he algorithms generate the field of meaning; they are the mise-en-scène 

of the event; they decide what is to be in the single output signal [...] there is indeed 

nothing outside the text in the neural net, the context supplying the feature space from 

which all possible future attention can be extracted, all meaning derived” (156). 

Generating music from algorithms evokes a similar challenge, as a model can be 

informed by gesture, timbre, pitch, harmony, and many other quantifiable features that 

are able to calculated, approximated and manipulated through computational processes, 

but the singular human-contextual drive for aesthetic feeling seemingly cannot be 

modelled in computation, and thus cannot inform the generation of such media. 

For Simondon, true “aesthetic feeling”, or aesthetic experience cannot be registered in 

any singular art object, nor to the vital “magical” relationship that human beings hold to 

aesthetic expressions (OMETO 204). It is rather through a synergistic becoming of 

matter into form that allows a universal to be expressed in a particular. For Simondon, 

aesthetic objects must be in resonance with the energies of the universe rather than 

merely represent them: “a piece of music that imitates noise cannot become integrated 

into the world, because it replaces certain elements of the universe (for instance the 

noise of the sea) rather than completing them” (OMETO 195). This is not to say that 

noise cannot be sculpted into a significant aesthetic form, but rather, an intervention is 

required to transcend such material from a realm of “imitation” to a realm of “extension,” 

where the work of art becomes an expression of the radiance and plurality of human 

experiences that cannot be located outwardly in material things. As observed in the work 

of Cecil Taylor, this kind of aesthetic expression is deeply entangled in the relationship 

between artist and their instrument. For Simondon, this engagement is a balance 

between the major and minor modes of technics, or more simply, the discursive and the 

intuitive. While the pursuit of the musical automata through machine learning 

technologies allows for a highly advanced expression of the major ‘discursive’ mode of 
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technics, these technologies will always lack the farmer’s sense that has necessarily 

authorized the most beautiful of aesthetic expressions to take form.  
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Appendix D. 
 
SERGE Manual  

File Name: SFU_Serge_Modular_Manual.pdf 

Description: Attached in the following pages is a revised digital manual for the Serge 

Modular Music System based on the loose-paper copy that was living with the 

instrument in the electroacoustic studio (SCA room 4660). 


