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Preface

The 8th Biennial International Conference for Mathematics and Computation in Music
(MCM 2022) took place during June 21-24, 2021, at Georgia State University in Atlanta,
Georgia, USA. MCM 2022 continued the pattern, initiated in 2007 at the first MCM
meeting, of biennial international conferences held on alternating sides of the Atlantic:
Berlin in 2007, New Haven in 2009, Paris in 2011, Montreal in 2013, London in 2015,
Mexico City in 2017, and Madrid in 2019.

As the flagship conference of the Society for Mathematics and Computation in
Music (SMCM), MCM 2022 provided a platform for the communication and exchange
of ideas among researchers in mathematics, informatics, music theory, musicology, and
related disciplines. It brought together researchers from around the world who combine
mathematics or computation with music analysis, music cognition, composition, and
performance.

The schedule is available at https://mcm2022.org/. The scientific program featured
28 talks and 10 posters, as well as two panel sessions and two plenary sessions. The
presentations were grouped around the following subjects: Mathematical Scale and
Rhythm Theory: Combinatorial, Graph Theoretic, Group Theoretic, and Transforma-
tional Approaches; Categorical and Algebraic Approaches to Music; Algorithms and
Modeling for Music and Music-Related Phenomena; Applications of Mathematics to
Musical Analysis; Mathematical Techniques and Microtonality.

On the afternoon of June 23, the conference organizers planned a public outreach
event at the Museum of Design Atlanta (MODA). The goals were to (1) engage the
general public in the area of mathematics and computation in music, and (2) demonstrate
to actual participants how effective outreach activities can be implemented.

Four concerts took place, the majority by SMCM researchers. On the first evening,
Emmanuel Amiot, Moreno Andreatta, and Giles Baroin presented a public concert-
lecture titled “Music and maths: the geometric match”. The second concert was the
performance Positive and Negative Spaces by the Terminus Ensemble of Contemporary
Music. The third concert was part of the Homage to Jack Douthett, in which there
were performances of Jack’s own compositions for classical guitar by Octavio Alberto
Agustin-Aquino, as well as performances by some of his closest colleagues, and a work
by Thomas Noll that is based on Jack’s research. The final concert was Emilio Lluis
Puebla’s concert-lecture, performing Rachmaninoff’s Faust Piano Sonata Op. 28.

We received 45 submissions of which 27 long papers and 10 short papers were
accepted. All papers were peer reviewed. The submissions came from researchers in 11
countries in North and South America, Europe, and Asia.

We thank the following institutions for providing their infrastructure and human
resources for the organization and promotion of MCM 2022:

e Department of Mathematics and Statistics, Georgia State University
e Society for Mathematics and Computation in Music
e School of Music, Georgia State University


https://mcm2022.org/
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College of Arts and Sciences, Georgia State University
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Universidad Politécnica de Madrid

Universidad Nacional Auténoma de México
Universidad Tecnolégica de la Mixteca

Life University

The event was funded by the National Science Foundation, conference grant
#2207257. Any opinions, findings and conclusions, or recommendations expressed in
this material are those of the author(s) and do not necessarily reflect the views of the
National Science Foundation.
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An Afternoon of Math+Music@ MODA
(Abstract of Invited Talk)

At the final plenary session of MCM 2019, Paco Gémez discussed the need to promote
our field of research through public outreach. In response, in conjunction with MCM
2022, we hosted an event at the Museum of Design Atlanta (MODA) designed to expose
the general public to our areas of research, as well as to allow the members of our
organization to learn from one another how to implement effective outreach activities in
the future.

The event, called Math+Music@MODA, took place at MODA (see museumofd
esign.org/) on the afternoon of June 23rd, 2022 from 1:30 PM to 4:30 PM. The following
activities were presented:

e Jeremy Kastine (organizer of the event) presented an activity about composing canons
with monophonic composite texture. Participants learned how this problem can be
formulated in terms of finding maximal cliques of a graph.

e Thomas Noll presented “The Collective Public Fourier Performance.” In this activ-
ity, three participants control Fourier coefficients by holding flags at varying heights,
which are interpreted by mobile devices and processed by a central computer, pro-
ducing a histogram that indicates how loudly each of seven other participants are to
play their assigned note of a diatonic scale.

e Paco Gémez presented “Matherhythm or rhythm is a killer,” which puts forward math-
ematical content - exact division, division with remainder, greatest common divisor,
Euclid’s algorithm and evenness principle - along with musical content - time span,
pulse, rhythm formation, and timelines -, and shows how those mathematical ideas
can be used as a tool to understand music and also as a principle for composing music.
Participants were able to perform music based on these concepts using Boomwhackers.

e Luis Nufio presented an activity about his “Harmonic Wheel,” a physical tool that
combines a Tonnetz transformed into a polar grid with a plastic disc containing the
lines that define the major, harmonic and melodic minor scales, together with the
scale degrees and the symbols of the corresponding seventh chords. The Harmonic
Wheel is a powerful and versatile tool for analyzing and composing music, as well as
providing an efficient mnemonic notation.

e Maria Mannone presented an activity about the “CubeHarmonic,” a novel musical
instrument employing the concept of the triad Tonnetz through the physical manipu-
lations of the Rubik’s Cube. Participants experienced this instrument firsthand through
two mobile apps developed by Maria’s colleagues: Takashi Yoshino and Pascal Chiu.

e Gilles Baroin presented a collection of mathemusical virtual reality movies and inter-
active models. Participants used virtual reality headsets to clearly visualize concepts
that would otherwise be difficult to explain and comprehend.

We would like to thank the National Science Foundation and Georgia State Univer-
sity for providing grant funding for this event, as well as the following institutions for


https://www.museumofdesign.org

X An Afternoon of Math+Music@MODA (Abstract of Invited Talk)

providing space and equipment: MODA, Fulton County Library System, Life University,
and Atlanta Public Schools.



Contents

Mathematical Scale and Rhythm Theory: Combinatorial, Graph
Theoretic, Group Theoretic, and Transformational Approaches

A Set-Theoretic Model of Meter and Metric Dissonance .................... 3
Richard Cohn

New Insights on Diatonicity and Majorness . ..................c.cooounnnn.. 14
Franck Jedrzejewski

Parsimonious Graphs for Selected Heptatonic and Pentatonic Scales .......... 26
Luis Nuiio

An Interactive Tool for Composing (with) Automorphisms in the Colored
Cube DancCe ... ...t 41
Alexandre Popoff, Corentin Guichaoua, and Moreno Andreatta

Combinatorial SPaCes .. ... ... ......uuuuu 48
Robert W. Peck

Euler’s “Tentamen”: Historical and Mathematical Aspects
on the Consonance Theory . .................uuiiiiiiiiiiiiiiiinn.. 61
Sonia Cannas and Maria Polo

Categorical and Algebraic Approaches to Music

A Projection-Oriented Mathematical Model for Second-Species
COUNLEIPOINE « o v ettt ettt et e e et et e e e e e e e e e 75
Octavio A. Agustin-Aquino and Guerino Mazzola

When Virtual Reality Helps Fathom Mathemusical Hyperdimensional
MoOdeIS ..ot 86
Gilles Baroin and Stéphane de Gérando

SUM Classes and Quotient Generalized Interval Systems ................... 99
David Orvek and David Clampitt

Extended Vuza Canons . ...........couiiniiniiie e 112
Greta Lanzarotto and Ludovico Pernazza



Xii Contents

Some Mathematical and Computational Relations Between Timbre
and Color ... 127
Maria Mannone and Juan Sebastidn Arias-Valero

Transformations for Pairwise Well-Formed Modes ......................... 140
Thomas Noll and David Clampitt

Algorithms and Modeling for Music and Music-Related Phenomena

Spline Modeling of Audio Signals with Cycle Interpolation .................. 155
Matt Klassen

Transposition and Time-Scaling Invariant Algorithm for Detecting
Repeated Patterns in Polyphonic Music ........... ... oot 168
Antti Laaksonen, Kjell Lemstrom, and Otso Bjorklund

On the Memory Usage of the SIA Algorithm Family for Symbolic Music
Pattern DISCOVEIY ... ..ottt 180
Antti Laaksonen and Kjell Lemstrom

A Proposal to Compare the Similarity Between Musical Products. One
More Step for Automated Plagiarism Detection? ........................... 192
Aaron Lopez-Garcia, Brian Martinez-Rodriguez, and Vicente Liern

A New Fitness Function for Evolutionary Music Composition ............... 205
Brian Martinez-Rodriguez

A Mathematical Model of Tonal Function (I): Voice Leadings ................ 218
Isaac del Pozo and Francisco Gémez-Martin

A Mathematical Model of Tonal Function (II): Modulation .................. 231
Isaac del Pozo and Francisco Gomez-Martin

Hypercube + Rubik’s Cube 4+ Music = HyperCubeHarmonic ............... 240
Maria Mannone, Takashi Yoshino, Pascal Chiu, and Yoshifumi Kitamura

Applications of Mathematics to Musical Analysis

Mathematical Morphology Operators for Harmonic Analysis ................ 255
Gonzalo Romero-Garcia, Isabelle Bloch, and Carlos Agon

Computational Analysis of Musical Structures Based on Morphological
FIIters o oo 267
Paul Lascabettes, Carlos Agon, Moreno Andreatta, and Isabelle Bloch



Contents Xiii

Non-spectral Transposition-Invariant Information in Pitch-Class Sets
and DistribUtionsS . ... ...ttt 279
Jason Yust and Emmanuel Amiot

Tetrachordal Folding Operations . ................c..euuuuuuunnnnnnnnn.. 292
Jason Yust
Mathematical Techniques and Microtonality

Continuous Chromagrams and Pseudometric Spaces of Sound Spectra ........ 307
Jordan Lenchitz and Anthony Coniglio

N2 3P oo 319
Dave Keenan and Douglas Blumeyer

Performing Easley Blackwood’s Tiwelve Microtonal Etudes:
An Open-Source Software Development Project ........................... 331
Richard Leinecker and William R. Ayers

Short Papers

Identifying Metric Types with Optimized DFT and Autocorrelation Models .... 343
Matt Chiu and Jason Yust

Persistent Homology on Musical Bars .............. ..., 349
Victoria Callet

Formal Structures of a Harmony in the Parabola ........................... 356
Edgar Armando Delgado Vega

midiVERTO: A Web Application to Visualize Tonality in Real Time .......... 363
Daniel Harasim, Giovanni Affatato, and Fabian C. Moss

Quantum-Musical Explorations on Zy, ...........c..eeiiiiiiiieienniia... 369
Thomas Noll and Peter Beim Graben

The Mystery of Anatol Vieru’s Periodic Sequences Unveiled ................. 376
Luisa Fiorot, Alberto Tonolo, and Riccardo Gilblas

Benford’s Law and Music Note Frequencies ......................oooi.... 383
Sybil Prince Nelson, Brian Wickman, Jack Null, and Eric Gazin

Altered Chord AItErnatives . .........viuiinii ettt 390
Lauren C. Ruth



Xiv Contents

Information Synthesis of Time-Geometry QCurve for Music Retrieval ........
Shannon Steinmetz and Ellen Gethner

Investigating Style with Scale Embeddings ........................... ...

Matt Chiu

Author Index



	 Preface
	 Organization
	 An Afternoon of Math+Music@MODA (Abstract of Invited Talk)
	 Contents



