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Abstract. This article presents cusp”, an audio-rate ex-
ternal for Max/MSP that implements René Thom’s cusp
catastrophe in real time as a nonlinear operator of energy
transformation. Grounded in Gilbert Simondon’s theory of
metastable ontogenesis and Ilya Prigogine’s irreversible
thermodynamics, the object solves, sample by sample, the
cubic equation x> + ax + 3 = 0 via an internal cubic
solver, exposing the multivalent region (A < 0) where hys-
teresis and bifurcation become compositional parameters.
We describe the mathematical modeling of the quartic po-
tential, the performative mapping of the parameters «, [,
and width, and the branch memory logic that ensures
sonic coherence across the hysteresis cycle. Three test pre-
sets demonstrate the correspondence between theoretical
predictions, spectrograms, and a—state cycles, validating
the device as an operator of sonic individuation. As a con-
tribution, we provide (i) cross-platform open-source code,
(ii) exemplary patches for real-time control of bifurcations,
and (iii) a conceptual framework articulating catastrophe
theory, musical energy, and contemporary sound design—
offering the SBCM community a rigorous and reproducible
tool for composing with energy gradients.

1. Introduction

The conceptual shift mapped by Grabdez [[L]—from the or-
ganicist metaphysics of the 19" century to contemporary
matrices of morphodynamics, chaos, and fractal geome-
try—repositions musical energy from a merely expressive
attribute to an ontogenic principle of sonic individuation.
Form is no longer a homeostatic totality but operates in a
metastable regime, where critical instabilities catalyze new
configurations. The musical work thus becomes an ener-
getic diagram.

This turn converges with Simondon’s critique of
hylomorphism [2]]: form and matter are poles of a trans-
ductive process in which pre-individual energy discharges
as a virtual differential—and with Prigogine’s irreversible
thermodynamics [3], in which energy functions as an op-
erator of irreversible differentiation in systems far from
equilibrium. Thom [4], by formalizing catastrophe the-
ory, provides a topological lexicon (fold, cusp, swallowtail,
etc.) for mapping such metamorphoses, converting them
into a compositional grammar capable of dramatizing sud-
den transitions in perceptual states, crystallizing the pas-
sage from potential to actual. Andreatta [S]] reinforces the
musical applicability of this phenomenological pathway in
Thom’s theory, granting epistemological rigor to catastro-
phe theory as an effective compositional tool. According
to the author, Thom’s diagrams cease to be metaphors and

become operative germs capable of guiding compositional
design.

However, the musical reception of this gram-
mar has remained fragmentary, lacking a tool that, by
combining the topological precision of bifurcation models
with their real-time phenomenological intelligibility, ren-
ders them effectively performable. This article addresses
this gap by introducing cusp”, an audio-rate external
for Max/MSP that materializes, in digital signal, the cusp
catastrophe operator. Ported from the Pure Data code by
Gaffney and Smyth [6], the object solves, sample by sam-
ple, the state equation 23 + ax + 8 = 0 via an inter-
nal cubic solver, exposing the multivalent region in which
the discriminant becomes negative (A < 0)—a condition
that yields three real roots and thus controllable hysteresis.
The full source code and example patches are available at:
https://github.com/leonsteidle/cusp-max-external.

2. Theoretical Foundations

The theoretical framework woven throughout this arti-
cle brings together three complementary lines of inquiry.
First, recent reconceptualizations of energy as a generative,
metastable principle recast sonic form as a continuous pro-
cess of individuation (Section @]) Second, catastrophe
theory—exemplified by the cusp potential—offers a pre-
cise topological grammar for modeling critical transitions
and hysteresis in dynamical systems (Section[2.2). Finally,
a phenomenological-hermeneutic perspective on topology
furnishes an epistemic bridge between mathematical mod-
els and the listening experience, positioning bifurcations
as audible dramaturgical events (Section . Together,
these strands supply the conceptual bedrock on which the
cusp” operator is built, aligning real-time signal process-
ing with a rigorous ontology of energetic form.

2.1. Energy and Individuation

For Simondon (2005), potential energy is contained in a
metastable system or medium, which is a pre-individual
field characterized by being loaded with potentials and
tensions. Individuation occurs as a resolution of this
metastable state, through an operation that propagates this
potential energy, allowing the individual to take shape and
emerge: namely, through fransduction [1]. In consonance,
Ilya Prigogine (1996) demonstrates that, in systems far
from equilibrium, energy functions as an irreversible oper-
ator of differentiation, sustaining dissipative structures [2].
These perspectives shift the focus from a substantial on-
tology to an allagmatic ontology of operations, in which
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both Simondonian transduction and Prigoginian dissipa-
tion emerge as convergent modes of energetic individua-
tion. Within this framework, the musical work appears as
a genuine field of energetic gradients in constant reconfig-
uration, where each sonic gesture simultaneously embod-
ies the resolution of pre-individual metastabilities and the
constitution of new poles of order and difference.

2.2. Form, Singularity, and the Cusp

René Thom formalized topological bifurcations based on
his work in cobordism. The transition from cobordism to
catastrophe theory occurred when Thom reinterpreted geo-
metric “borders” as loci of topological rupture, responsible
for critical transitions in physical and biological systems.
For Thom, borders represent boundary zones where quali-
tative changes—or singularities—occur in the evolution of
a system. These singularities are precisely the points where
different “sheets” of the potential meet and diverge, con-
stituting true thresholds of topological individuation. In
this sense, the border is an active agent that determines
the emergence of new forms and regulates the passage
from one state to another. Thom’s topological mediation—
by transforming discontinuities into auditory or physical
forms—mirrors Simondon’s insistence on the inseparabil-
ity of matter, form, and information.

By formalizing topological bifurcations, René
Thom (1972) redefines the notion of form as the struc-
tural stability of a potential [4]. In the case of the cusp,
the potential V' (z) presents a topology governed by the
discriminant A, which delineates two qualitatively distinct
regimes: when A > 0, the system is monovalent, with a
single real root and no hysteresis; when A < 0, multi-
valence arises, with three coexisting real roots—revealing
a maximum degree of energetic multiplicity and enabling
abrupt jumps between stable “sheets.” Energetically, each
sheet corresponds to a local minimum of V/, and the col-
lapse of the discriminant (the cusp proper, A = 0) marks
the threshold at which pre-individual energy “chooses” its
trajectory of actualization, embodying the passage from
the virtual to the actual. At this unstable critical point,
the degeneration of the potential makes it possible for the
system to decide which sheet to occupy, producing percep-
tible jumps and spectral hysteresis—granting the cusp its
paradigmatic character as a site of critical transition.

This dialectic—where 1) cusp instability (A = 0)
gives rise to morphological leaps, 2) multivalence (A < 0)
opens a field of sonic possibilities, and 3) irreversibil-
ity guides the actualization of singularities—grounds the
cusp” operator, a device that materializes in real time
the tension between potential energy and emergent form
in computational music.

2.3. The ““Second Path” of Thom’s Theory as
Observed by Andreatta

Moreno Andreatta, taking up Jean Petitot’s distinction be-
tween a first path (mathematical-physical bifurcation the-
ory) and a second path (hermeneutic-phenomenological)
in the approach to Thomian theory, states that music of-
fers the privileged laboratory of this second strand: from
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Figure 3: Quartic potential V' (z) for the three dis-
criminant regimes: monovalent (A > 0),
cuspidal (A = 0), and multivalent (A <
0).

the audible contour of sonic forms, it is possible to deduce
the topological germ that governs their underlying discon-
tinuities [5]. It is the most systematic reinscription of



Thom’s theory within contemporary mathematical-musical
research.

The author begins with a diagnosis of the split that
hindered the reception of Thom in the field of musicology:
on one side, the axiomatic-structural vector (Forte, Lewin,
the “French formal school”), whose combinatorial empha-
sis aligned with symbolic algebra; on the other, Thom’s
stance, critical of modern formalism and anchored in the
primacy of emergent form. This fissure helps to understand
why, between the 1970s and 1990s, catastrophe remained
a peripheral concept in the face of the predominance of
set-theory.

Andreatta’s critical operation reveals the false
dilemma underlying this opposition: alongside the “first
path”—centered on mathematical bifurcations and critical
transitions in physics—Thom sketches a “second path,”
of phenomenological-hermeneutic nature, which departs
from morphological appearance to deduce latent internal
dynamics. It is precisely along this path that music as-
sumes a structural role: it offers audible fields in which
discontinuities and emergences can be thought in their own
dimension, without being reduced to numerical codifica-
tion. By proposing this articulation, he shifts the debate
beyond illustrative applications—which, since Risset, had
proven punctual and scattered—conceiving an epistemo-
logical program in which differential topology, sonic mor-
phology, and phenomenological critique are organically
inter-implicated. Andreatta demonstrates that the phe-
nomenology of sound—in which discontinuities and mor-
phological leaps are directly perceived—constitutes a le-
gitimate platform for reinscribing catastrophe theory at the
core of compositional practice.

Three conceptual axes highlighted by Andreatta
ground the approach developed here: topological media-
tion, which understands catastrophe as a translator of vir-
tual energy into audible form; bifurcation as dramaturgy, in
which folds and cusps are mobilized as instruments of nar-
rative structuring in sonic space; and critical phenomenol-
ogy, which affirms the inseparability between morphology
and listening, shifting the analytical focus from absolute
parameters to the dynamics of energetic force fields.

These three dimensions materialize paradigmat-
ically in some compositional constellations that grav-
itate around the same morphogenetic sensibility. In
French spectralism and its analytical-technological ex-
tensions, Hugues Dufourt [7]—as summarized by An-
dreatta—conceives sound as “an almost static form ani-
mated by infinitesimal vibrations”: minimal perturbations
are enough to trigger phase changes, while timbre, con-
verted into a locus of symmetry rupture, causes new acous-
tic attractors to emerge—an operation entirely consonant
with Thom’s definition of form as disjunction inscribed in
a continuous medium.

The same logic governs Francois Bayle’s acous-
matic listening [8]], understood as a “region of sonic influ-
ence” where microtemporal variations function as auditory
singularities capable of reorganizing the internal topology

of the acousmon space, and the transformational architec-
ture in object networks by Horacio Vaggione [9]], in which
parametric flows—agrain, spectral density—guide the mu-
sic-listener system through critical zones of singularity,
activating new formal configurations.

Romanian spectralism, which includes Aurel
Stroe, Horatiu Radulescu, and Iancu Dumitrescu [10} [11}
12], shifts the focus to morphogenesis as a composi-
tional principle: already in the 1970s, Stroe coined the
term muzicd morfogeneticd to designate works governed
by asymmetries, bifurcations, and metastable states, ex-
plicitly anchoring it in René Thom’s catastrophe theory.
In lectures and writings, he describes musical form as
a nascent—growing—agonizing trajectory traversed by col-
lapses (prabusiri). Radulescu develops the concept of
sound plasma—sound as living matter subject to “critical
ruptures” within the spectrum itself; Dumitrescu, in turn,
describes sound as “a being that is born, develops, and dies
while perpetually transforming all its components.”

In all cases, the work is conceived as a process
of modulation between catastrophic singularities, in which
form reorganizes in real time, preserving the dialectic be-
tween continuity and rupture. In all these strands, the mul-
tiplicity of catastrophic singularities functions as a degree
of compositional freedom, allowing the work to modu-
late between differentiated states, keeping the dialectic be-
tween form and content pulsating.

These principles justify the implementation of
cusp~ as a device capable of rendering audible—and con-
trollable in real time—the differential logic that governs
energetic individuation.

3. Modeling and Implementation

The design of the cusp ™~ operator unfolds on two comple-
mentary fronts. First, a mathematical layer formalises the
elementary cusp catastrophe: it defines the quartic poten-
tial, its cubic state equation, and the discriminant that sep-
arates monovalent from multivalent behavior. Second, a
software layer translates this abstraction into an audio-rate
DSP routine that solves the cubic equation sample by sam-
ple, maintaining the strict latency requirements of interac-
tive computer-music practice. This split preserves theoret-
ical transparency while ensuring real-time responsiveness.

3.1. Mathematical Modeling of the Cusp

The mathematical backbone of the operator comprises
three key elements. (i) The quartic potential produces the
cubic state equation that determines the system’s equilib-
rium points. (ii) The discriminant partitions the control-
parameter plane, showing where a single root (stable be-
havior) or three roots (metastable, hysteretic behavior) will
occur. (iii) A scaling parameter widens or narrows the
multivalent band without altering the topology itself, giv-
ing composers fine control over the range of critical tran-
sitions. Together, these components map energetic gradi-
ents to audible phenomena—such as branch memory and
abrupt spectral jumps—while remaining stable at audio
sampling rates.



3.1.1. Potential and State Equation
The cusp ™ operator is based on the quartic potential:

Viz) = lx‘l + g + Bz )
4 2
where z is the system variable and («, ) are control pa-
rameters. From V' (z), the state equation is obtained by
differentiation:
2 +ar+p=0 )

which acts as the core of the cusp catastrophe by prescrib-
ing the states of the dynamic system that we control soni-
cally or visually.

3.1.2. Discriminant and Bifurcation Regimes

The qualitative behavior of the solutions of (2) is governed
by the discriminant:

A = 403 + 2752 3)

When A > 0, the system exhibits monovalence,
that is, there is only one stable root and no branch memory
phenomenon; whereas for A < 0, three real roots coexist,
characterizing the condition of multivalence and energetic
metastability, allowing jumps between stable “sheets”. Fi-
nally, at the critical point of the cusp, defined by A = 0,
two of these roots coalesce and a bifurcation jump oc-
curs—the hysteresis phenomenon—which marks the qual-
itative transition between the monovalent and multivalent
regimes.

3.1.3. Scale Parameter width

To modulate the “opening” of the multivalent region with-
out altering the fundamental shape of the potential, we
chose to retain, as proposed by Gaffney & Smyth [6], the
scale factor w (width) applied to the linear term, resulting
in:

1
Vw(x) = 1964 + %IQ + fwz 4)
The corresponding derivative yields the modified
cubic equation:

22 +ar+ fw=0 )

whose A < 0 region can be widened or narrowed by ad-
justing w. In this way, by varying w, one adjusts the size
of the A < 0 region in the («, 3) plane, allowing for fine
control over the width of the metastable band.

3.1.4. Resolution Process

At each audio sample, cusp” solves (5) via an inter-
nal cubic solver, calculates the discriminant A to iden-
tify whether the system is in a monovalent or multivalent
regime; then, the order of root calculation is determined
according to this diagnosis, and the appropriate “sheet” of
the potential to be output is selected using the hysteresis
logic described in the following section. This procedure

ensures that the object translates energy gradients into pre-
cise morphological jumps in real time, maintaining coher-
ence between the theoretical formulation and its DSP im-
plementation.

3.2. Implementation of the cusp™ Object

The implementation of the cusp ™ object derives directly
from the original C code compiled in Pure Data by Gaffney
& Smyth [6], having been reused in C for integration with
Max/MSP. Two main elements are required: the Cycling
74 Max SDK 8.2 (DSP integration and API) and a C
toolchain compatible with the SDK. Cubic roots are com-
puted by an internal solver; no external math libraries are
required.

3.2.1. Data Structure and DSP Cycle
The fundamental data structure, defined as:

typedef struct _cusp {
t_pxobject obj;

double a, b;

double width;

double z[3];

int state_var;
} t_cusp;

includes the field obj for the Max/MSP DSP object, the
control parameters « and 3, the variable width which
adjusts the bifurcation scale, the three-element vector z
where the computed roots are stored, and the variable
state_var which maintains the branch memory (value
0 or 1) to implement hysteresis.

In the audio processing flow, within the function
cusp_performé64, the values of o, 3, and w are read for
each vector; next, the cubic is solved by the internal solver;
then the three roots are ordered by the internal function
sort3; the field state_var is updated according to the
observed hysteresis behavior; finally, the routine outputs
the three z values (zg, z1, and z5), the current state, and
the value of the discriminant.

( Wlets: a(t), B(1), w(t) H A = 403 + 27(Bw)? ]

[ Solve 23 + az 4+ fw = 0 ] [ Update state (hysteresis) ]

— =

[ Sort {z0, 21,22} ] [ Out: zg, 21, 22, state, A ]

Figure 4: Compact DSP cycle of cusp™: solve cu-
bic, compute A, hysteresis, outputs.

Regarding the input and output ports, the object
provides three audio inlets: the first receives « (quadratic
coefficient), the second receives 3 (linear coefficient), and
the third controls the bifurcation scale (width); it offers
five outlets for zq, 21, 22, state, and the discriminantp_-]

1Build  (macOS): clone the Max SDK (git clone
https://github.com/Cycling74/max—-sdk.git); place
cusp” .c under max-sdk-base/source/audio/cusp”/; build
(cmake -DCMAKE_OSX_ARCHITECTURES="arm64;x86_64"..&&
make); codesign (codesign -s - cusp”.mxo); copy to
“/Documents/Max 8/Packages/cusp/externals/. Full
steps in the repo: |github.com/leonsteidle/cusp-max-external.
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4. Results

To verify the behavior of cusp ™, the provided patch al-
ready includes three test presets selectable via buttons: pre-
set 1, preset 2, or preset 3. Each configuration was exe-
cuted at audio rate (48 kHz, 64-sample vector). Below, we
present the theoretical expectation of each preset and the
main empirical results extracted from the spectrograms,
hysteresis cycles, and discriminant measurements.

In preset 1 (vertical sweep), [ is set to —1
and width to 1, while « is slowly swept from —0.5 to
+0.5 at 0.1 Hz; theoretically, the emergence of three real
roots is expected for |a| < 0.384, and a single root out-
side this range, which is confirmed in the spectrogram
(Fig.[5). In the patch, this is clearly observed through the
abrupt change in the object’s output behavior when enter-
ing and exiting the critical zone, revealing a more com-
plex (metastable) dynamic in the tri-root region, in contrast
with the stability and uniformity of the monostable behav-
ior outside this critical interval.
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Figure 5: Preset 1 — vertical sweep (8 = —1, width
=1, a: -0.5—+0.5; transition segment
only).

In preset 2 (hysteresis cycle), S is kept at —1,
width at 1, and a sweep is performed over the inter-
val : —0.5 — 40.5 — —0.5 at 0.1 Hz; the pre-
diction of a complete hysteresis loop with switching at

=+ f | Bw| appears clearly in the graph of « ver-
sus output state, with transitions at approximately +0.385
forming a loop whose area is about 0.051 2 units (Fig.@),

validating the flip-flop mechanism of branch memory.
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Figure 6: Preset 2 — hysteresis cycle (8 = —1,
width = 1, a: -0.5—+0.5—-0.5; transi-
tion segment only).

In preset 3 (variation of width), a slow varia-
tion was applied around o« = 0 (between —0.1 and +0.1
at 0.1 Hz) while the width parameter was gradually in-
creased from 0.5 to 4. This parameterization clearly re-
veals the effect of narrowing the metastable region as
width progressively increases. The comparative spectro-
gram (Fig.[7) clearly shows this effect through the narrow-

ing of the transition zones and the intensification of gran-
ular textures associated with root multiplicity, while main-
taining good stability and clarity in the sonic results.
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Figure 7: Preset 3 — width variation (o ~ 0, width:
0.5—4; transition segment only).

5. Discussion

Instrumentalizing the cusp in an MSP object amounts to
equipping the composer with a true operator of individ-
uation, as each sweep of the parameters « and [ re-
veals how the performative contingent brings forth actu-
alities—or sonic jumps—from a virtual substrate embod-
ied by the polynomial field. In energetic terms, z(¢) are
the instantaneous critical points of V' (the real roots of
V'(z) = x®+az+/3). By jumping between these “sheets,”
the system produces perceptible entropy pulses that ma-
terialize the passage from virtual to actual; the unstable
outlet z1, in turn, symbolizes the multiplicity inherent to
being—"“more-than-one” [2]], in close dialogue with Si-
mondon’s notion of the pre-individual. In this way, cusp”
functions as an organ of ontological mediation that con-
nects the differential algebra of the cusp to sonic matter,
unveiling the topological physics underlying aesthetic ex-
perience.

By embedding René Thom’s Cusp Catastrophe
directly inside the MSP signal chain, cusp~ translates, at
the level of musical creation, what Ferraz [13] calls tempo-
miisica: a metastable zone where energetic flows collide
and, in doing so, give rise to form. Through the allagmatic
lens of Simondon, cusp ™ becomes a transductive opera-
tor that installs, between silence and sound, a permanently
unfinished in-between.

Future perspectives include migrating cubic reso-
lution to GPU-based architectures, enabling applications in
high-order ambisonics and massive rendering of energetic
fields; integrating the operator into generative neural net-
works, acting as an explicit bifurcation module to enrich
conditional creative processes; and incorporating informa-
tional metrics—such as Shannon entropy and Lempel-Ziv
complexity—to objectively quantify the perceptual gain
resulting from hysteresis. These directions strengthen the
hypothesis that differential topology can function as a uni-
fied grammar for synthesis, control, and analysis at the
frontier of contemporary computational music.

Software Availability

The complete implementation of cusp ~ external, together
with example patches and installation instructions, is



publicly available at: https://github.com/leonsteidle/cusp-
max-external. A reproducible listening patch is included in
the repository as 1istening_demo.maxpat. It imple-
ments the mapping used in the conclusion: z0 drives the
svE~ cutoff (mapped to 750-3500 Hz, with short smooth-
ingvia slide™), and (1—|A|) drives the sv£f ~ resonance
(scaled to 0.20-0.60), while 5 = —1, width= 1, and a
slow sweep of a generates the audible hysteretic jumps.

6. Conclusion

Integrating differential topology into DSP practices makes
it possible to compose energy as a critical traversal of po-
tential surfaces. The cusp forms a minimal—yet suffi-
cient—Ilexicon to sculpt tensions within a two-parameter
system. The multivalent region is the energetic fulcrum
sustaining musical morphogenesis. The implementation in
Max/MSP legitimizes the possibility of measuring, modu-
lating, and composing energy as a critical crossing of topo-
logical surfaces—a gesture that reconciles catastrophe the-
ory, spectral aesthetics, and DSP technology within a uni-
fied grammar of becoming. Compatibility with Max SDK
8.2 demonstrates the technical feasibility of integrating dif-
ferential topology into DSP practices, creating an experi-
mental space where algebra, aesthetics, and performance
coexist.

As an operative close, we offer a minimal, musi-
cal demonstration that directly connects the cusp’s topol-
ogy to listening: white noise — svf~, with the curoff
driven by z0 and the resonance (0-1) driven by 1 — |A|,
both provided by cusp”, while o is swept slowly with
B = —1and width= 1. Because the object solves the cu-
bic at audio rate and preserves branch memory (state),
the system’s topological transitions become audible: as
A — 0 (mono-multivalency threshold), discrete shifts of
cutoff with concurrent rises of resonance yield clear tim-
bral ruptures; over an up—down sweep of «, the commuta-
tions occur at distinct abscissas (hysteresis), typically near
a ~ £0.385 for 3 = —1. In this sense, the bifurca-
tion grammar is not merely descriptive but acts as a di-
rect musical parameterization that organizes gesture, tim-
bre, and form in real time—fully realizable with the stated
mapping and without recourse to additional figures. A
minimal Max patch reproducing this setup is provided as
listening_demo.maxpat. Init, z0 from cusp” is
smoothed (s1lide™ 10 10.) and mapped to the svf~
cutoff (750-3500 Hz), while (1—|A|)—taken from the dis-
criminant outlet, rectified and clipped—is mapped to the
svf~ resonance (0.20-0.60). With § = —1, width= 1,
and a slow up—down sweep of «, the same hysteretic tim-
bral jumps reported here are reproducible by ear without
additional figures.

The main contributions of this work can be sum-
marized in a single bifurcation operator applied to compu-
tational music: first, we developed an open-source exter-
nal, called cusp ™, capable of solving the cubic equation
23+ ax + 8 = 0 at each sample. Second, we incorporated
performative control through hysteresis and predictable
morphological jumps, whose effects were validated both

in spectrograms and in specific hysteresis tests. Finally,
we conceptually articulated differential topology, energetic
ontogenesis, and DSP in a unified framework: cusp™ of-
fers the composer a true grammar of bifurcation, trans-
lating virtual energy gradients into emergent sonic pulses.
By providing source code, cross-platform binaries, and au-
dio examples, we establish an experimental space where
bifurcation, metastability, and hysteresis become tangible
compositional parameters, reconciling catastrophe theory,
spectral aesthetics, and DSP technology into a single gram-
mar of energetic becoming.

7. Bibliography

This work is situated at the crossroads of recent theoretical
convergences between philosophy, mathematics, and con-
temporary music. Drawing on Simondon’s concept of en-
ergetic individuation [2], Prigogine’s thermodynamic irre-
versibility [3]], and Thom’s topology of morphogenesis [4],
the article explores how critical transitions and metastable
configurations inform both the structure and perception of
sound. The conceptual synthesis aligns with Grabdcz’s
analysis of scientific influences on musical form [1l] and
Andreatta’s application of catastrophe theory in musical
morphogenesis [5]. These theoretical perspectives find
practical articulation in the spectral aesthetics of Dufourt
[7] and Bayle [8], and in the morphogenetic practices of
composers like Vaggione [9], Stroe [10], Radulescu [L1],
and Dumitrescu [[12]. Finally, Ferraz’s concept of tempo-
muisica [13]] echoes the energetic collisions that this article
seeks to model in computational sound synthesis through
the cusp ™ operator.
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