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Moss, F. C., Souza, W. F., & Rohrmeier, M. (2020). Harmony and form in Brazilian Choro: A corpus-driven approach to
musical style analysis. Journal of New Music Research, 49(5), 416-437.
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L. B. Meyer (1989). Style and Music: Theory, History, and Ideology.
Chicago University Press




Style

“Style is a replication of patterning, whether in
human behavior or in the artifacts produced by
human behavior, that results from a series of
choices made within some set of constraints.”
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L. B. Meyer (1989). Style and Music: Theory, History, and Ideology.
Chicago University Press




Style

“[Style analysis is] to describe the patternings
replicated in some group of works, to discover and
formulate the rules and strategies that are the basis
for such patternings, and to explain in the light of
these constraints how the characteristics described
are related to one another.”
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L. B. Meyer (1989). Style and Music: Theory, History, and Ideology.
Chicago University Press




Style as a hierarchy of patterns

The Memetics
of Music

A NEO-DARWINIAN VIEW OF
MUSICAL STRUCTURE AND
CULTURE

Steven Jan

Steven Jan (2007). The Memetics of Music: A Neo-Darwinian View of Musical Structure and Culture.



Style as a hierarchy of patterns
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Style as a hierarchy of patterns

Music Cognition
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Style as a hierarchy of patterns

Music Cognition Music Theory
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Style as a hierarchy of patterns
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How we study the world
depends on our world view!



| work with an office full of sadists

u/NoTick ® 9d

https://www.buzzfeed.com/pablovaldivia/cut-cake-fails
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Digital Methods

MACROANALYSIS

Digital Methods & Literary History

MATTHEW L. JOCKERS

Jockers, M. L. (2013). Macroanalysis: Digital Methods and Literary History. University of Illinois Press.



Digital Methods

“Technology has certainly changed some things about the
MACROANALYSIS way [music scholars] go about their work, but until
e recently change has been mostly at the level of simple,
even anecdotal search.”

MATTHEW L. JOCKERS

Jockers, M. L. (2013). Macroanalysis: Digital Methods and Literary History. University of Illinois Press.



Digital Methods

“Technology has certainly changed some things about the
MACROANALYSIS way [music scholars] go about their work, but until
e recently change has been mostly at the level of simple,
even anecdotal search.”

“The questions we may now ask were previously
inconceivable, and to answer these questions requires a

new methodology, a new way of thinking about our
object of study.”

MATTHEW L. JOCKERS

Jockers, M. L. (2013). Macroanalysis: Digital Methods and Literary History. University of Illinois Press.



Music analysis and digital methods



Music analysis and digital methods

OUR FIELD HAS BEEN
STRUGGLING WITH THIS
PROBLEM FOR YEARS.

7

STRUGGLE NO MORE!
I'™M HERE TO SOLVE
IT JITH ALGORITHIS!

1 5IX MONTHS LATER:

WO, THIS PROBLEM
15 REALLY HARD,

( YOU DONTSAY

\
i

https://xkcd.com/1831/
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Challenges & Potential

Formats (manuscripts, prints, sketches,
recordings...)

Unknown information (composer, date...)
Size

Musicology

Music Theory

Copyright

Sophisticated database models,
symbolic-audio linking

Machine Learning (statistical inference)
Optical Music Recognition & ML

Is a choro a “work”? Notation vs
performance vs improvisation

Relation between structural elements

Time?



Corpus Study



How I met your Choro
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Harmony and form in Brazilian Choro: A corpus-driven approach to musical style

analysis
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1. Introduction

A continuously growing body of corpus studics in the

computational music analysis aims al inves-
tigating centuries-old music-theoretical questions with
modern data.driven approaches. This leads not only
1o refinements of the questions asked and advances in

centrate on melody (Brinkman & Huron, 2018; Ferola
et al, 2009; Huron, 1996; Pearce & Wiggins, 2004;
Von Hippel & Huron, 2000), or harmony (Albrecht
& Shanahan, 2012; Burgoyne et al, 2013 Hedges
& Rohrmeier, 2011; Moss et al, 2019; Rohrmeier
& Cross, 2008; Temperley & de Clercq, 2013
Tymoczke, 2003; Whi 2016),

methods (Basili et al., 2004; Brackett, 2016; Fabbri, 2014;
McKay & Fujinaga. 2006) and the lack of standardised
i irth et al, 2018;

Oramas etal.. 2018).

In the words of Leonard Meyer,the goal ofstyle analy.
sisis to describe the patternings replicated in some group
of works, to discover and formulate the rules and strate-

in the light of these constraints how the characteristics
described are related to one another' (Meyer, 1989, p. 38).
In this spiit, the present study provides an empirically-
grounded style analysis of the musical genre of Choro, a
‘primarily instrumental Brazilian music genre. Choro is
a musical practice that lies outside of canonical datasets
in music information retrieval (Panteli et al., 2018; Sav-
age, forthcoming) on classical music, e.g. Bach, Iaydn,
Mozart,

sider aspects of formal structure (for an exception see
Scars et al, 2017) in order to describe,infer, or prodict

genre, or composer.
 Alhough augmenting musical syl analysi by pply-

al. 2015 Moss et al, 2019;
Rohrmeier & Cross, 2008; Sears et al. 2017), and pop-
ular music, eg. Jazz. Beatles, Charts (Broze & Shana

han, 2013; Gauvin, 2015; Harte, 2010), and has thus not

starting point the recent and comprehensive theoretical
account A

¥
musicologists (Manzara et al., 1992; Meyer, 1957; Pearce
& Wiggins, 2004; Weift et aL, 2018; Youngblood. 1958).

several difficultes due to the diversity of analytical

uste the descriptions therein against transcriptions of a
collection of representative Choro picces from the Chora
‘Somgbook (Chediak, 2009, 20112, 2011b).

Our analyses consider the chord symbols and the
formal structure of Choro pieces with computational
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Moss, F. C., Souza, W. F., & Rohrmeier, M. (2020). Harmony and form in Brazilian Choro: A corpus-driven approach to
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Research questions and data
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Research questions
and “hypotheses”
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A representative sample?
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Songbooks

3 Volumes

296 Pieces

20,996 chord symbols
723 unique

Transcriptions
Chord symbols
Key, Meter

s
s 6]
&}
;-
“
P
=}
5 =
=
pa 8
=
=<
i
=t
s

JTTITTTIL

PO: Am | E7 | Am | E7 |

Pl: Am | E7 | | Am | | G7 | F7 | E7 |
Am | E7 | | A7 | Dm7 G7 | C FIM |

Bm7 (b5) E7 | Am Am/G | Dm/F | Am | E7
P2: Am . F7 E7 |

P3: Am |

P4: G7 | C | G7 | C | G7 | C | G D7 |
G7 | | C | G7 | CA7 | Dm G7 | C F |
Bm7 (b5) E7 | A7 D7 | G7 | C | G7 |
P5: C |

P6: C E7 |

PartA: S$P1 $P2 $SP1 S$P3
PartB[C]: $P4 $P5 $P4 S$P6

S[Am, 2/4]: SPO SPartA SPartB $P1 SPO

N—

Form
Hierarchical Representation

{'s*: [{'Pe': {1: {'Am": 1.0},
2: {"E7': 1.0},
3: {"Am': 1.0},
4: {'E7': 1.0}}},
{*PartA’: [{'P1': {5: {"Am': 1.0},
6: {"E7': 1.0},
7 £ 5AmTe 1.0
8: {'G7': 1.8},
9: {'F7': 1.0},

10: {'E7': 1.0},
192 £ %Amt s 1.0};
12: {'E7': 1.0},
13: {'A7": 1.0},
14: {'Dm7': ©.5, 'G7': 0.5},
15: {'Dm7': 0.5, 'G7': 0.5},
16: {'C': @.5, 'F7M': 0.5},
17: {'C': 0.5, 'F7M': 0.5},
18: {'Bm7(b5)': ©.5, 'E7': 0.5},
19: {'Bm7(b5)': 0.5, 'E7': 0.5},
20: {'Am’': 0.5, 'Am/G': 0.5},
21: {'Am': 0.5, 'Am/G’': 0.5},
22: {'Dm/F': 1.0},
234 AmYs 1.0F;
24: {'E7*: 1.0}y
{*P2': {25: {'.’: 0.25, 'Am': .25, 'E7': 0.25, 'F7': 0.25},
26: {'.': 0.25, 'Am': 0.25, 'E7': .25, 'F7': 0.25},
27: {'.': ©.25, 'Am': ©.25, 'E7': ©.25, 'F7': 0.25},
28: {'.': ©.25, 'Am': 0.25, 'E7': ©.25, 'F7': 0.25}}},




Recursive encoding of harmony and form

C#7 (b9)
C#7 (b9)

C#7 (b9)
C#7 (b9)

A|B7 | E7T | AE7 | A F#m | C#m C#m6 | G#7 | Bu7 E7 |

A | B7 | E7 | En7 A7 | D#o

A|B7 | E7T | AE7 | A F#m | C#m C#m6 | G#7 | Bu7 E7 |

A | B7 | E7 | Em7 A7 | D#o

| F#m | F#7 | Bm | Bm C#7 | F#m F#m6 | C# G#7 | C# |
| F#m | F#7 | Bm Bm(7M) | Bm7 C#7 | F#m | G C#7(b13) |

| F#m | F#7 | Bm | Bm C#7 | F#m F#m6 | C# G#7 | C# |
| F#m | F#7 | Bm Bm(7M) | Bm7 C#7 | F#m | G C#7(b13) |

A|B7 | E7T | AE7 | A F#m | C#m C#m6 | G#7 | Bm7 E7 |

| A

| A

A | B7 | E7 | Em7 A7 | D#o |

. BT ET7 | Pl
A| —pP2
PartA
. B7 E7 | Fl
A| —pP2
P3
F#m | — P4
PartB|F#mn|
P3
F#m . F7 E7 | —P5
—P1

| A . B7 E7
A6 | —— P6

Canhoto de Paraiba

S[A, 2/4]



Counting

0.175
0.150 1
£ 0.1251
EO.lOO-
® 0.0751
0.050
0.025 1
0.000- : l M. e o
5 E§ 8§ 5 EM &85 & §
key ?
Parts A B A 2 A
Major 1 I vV I v I
Major 2 I Vim I v I
Minor Im I Im I Im

I-VIm-I-IV-l: A-B-A-C-A (0.303)
I: A (0.124)

I-VIm-l: A-B-A (0.124)

I-IV-1: A-B-A (0.108)

I-lm-I: A-B-A (0.065)

I-V-1-IV-I: A-B-A-C-A (0.059)
I-V-1: A-B-A (0.027)

I-VIm-IV-I: A-B-C-A (0.016)
I-lm-I-Im-1: A-B-A-B-A (0.011)
I-Im-I-IV-I: A-B-A-C-A (0.011)
I-blll-1: A-B-A-C-A-C-A (0.011)
1-VIm-I-IV-I-IV-1: A-B-A-C-A (0.011)
[-VI-I-IV-1: A-B-A (0.011)

Im-lll-Im: A-B-A-C-A (0.2) 1
Im-llI-Im-I-lm: A-B-A (0.2) 1
Im-I-Im: A-B-A (0.191) 1

Im: A (0.118) 1

Im-lI-Im-lll-lm: A-B-A-C-A (0.045) -
Im-Ill-lm-VI-Im: A-B-A (0.027) 1
Im-VI-Im: A-B-A-C-A (0.027) 1
Im-I-Im-I: A-B-C-A (0.018) 1

Im-lll-Im-lll-Im-I-Im: A-B-A-B-A-C-A (0.018) 1

0.0

0.2




Qualitative comparison

Table 2. Theoretical prototypical harmonic progressions (Almada, 2006, pp. 20-23).

Major 1 2 3 4 5 6 7 8
A VeIl Il [RY I \Y | VN v
B v v/l V/V-V I V/VI Vi VN v
C 16-bl11° Il v I VNI Vi v/l lI-v
D I Vv Vi VNI VNI /Il VN v
E Y I VIV VI ve/ll 16 VN v
F VAV VI-V/II I1-v I /Il Il v/l li-v

theoretical 9 10 1 12 13 14 15 16
A VeIl Il VNI VI Vel l6-V/II [ I
B v v/l V/V 1% \Y | V-V I
C 16-b111° Il v I /I VIV v I
D I Vv Vi VNI [I-IVm 16-bl1I° II-V I
E I-V/VI /I -v/I Il IV-Ve v 14-V/II II-V I
F l-V/VI VI-V/I IV /Il IV-IVm v/l V-V I

Table 3. Top 5 empirical most likely 16-bar phrases.

Major 1 2 3 4 5 6 F g 8

1 V7 | V7 | V7 | V7 |

2 | llm V7 | lIm V7 | |

3 | lIm7-V7 V7 7 7-v7 | V-7 V7

4 | lIm7-V7 1/3-blllo llm7-V7 | V-llim7 17/5-117 V7

9 V7 | 17/34# Vim lim/3 | V7 |
empirical 9 10 " 12 13 14 15 16

1 V7 | V7 | V7 | V7 |

2 | llm V7 | lIm V7 | |

3 | lIm7-V7 IV7-IV7/3 VI/7 llm/3b-#IVo 1/5 Ilm7-V7 |

4 I-VIm7 lIm7-V7 1/3-blllo lIm7-V7 VI7 IIm-1IVm Im7-V7 -7

5 V7 | 17/3# Vim llm/3 | V7 -V7-l17




Modulation plans
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Diachronic chromatization
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Diachronic chromatization
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Music Analysis and the DFT



Music Theory and the Discrete Fourier Transform

Computational Music Science

Discrete Fourier Transform
in Music Theory

Emmanuel Amiot

Transformw\[\/\w\j\/vv\/\/v\l\ww

https://www.youtube.com/watch?v=spUNpyF58BY



http://www.youtube.com/watch?v=spUNpyF58BY
https://www.youtube.com/watch?v=spUNpyF58BY

Discrete Fourier Transform (DFT)

3n/2

Def.: A pitch-class vector x = P(s, w) contains counts all
pitch classes for a segment starting at s with width w.

Definition 3.1 (Discrete Fourier Transform). The discrete Fourier
transform (DFT) of any pitch-class vector x (i.e., any choice of x =
P(s, w)) corresponds to the mapping

11
F:R% >C2  Fekl =) x[jlé?,
=0

and F(x)|k] is called the k-th Fourier coefficient of x.

Def.: Dividing a pitch-class vector by its sum returns a
pitch-class distribution:

P(s.a) = P(s,a)/3; P(s,a)[j]



Visualize Fourier mapping of pitch-class vectors

Jennifer Harding: Jenn's Visual Pitch Class Vector Calculator

http://www.ienndharding.com/vectorCalculator
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Keyscapes
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Figure 1: Type 1 analysis window configuration.

Figure 4: Type 2 analysis window arrangement.

Sapp, C. S. (2001). Harmonic Visualizations of Tonal Music. International Computer Music Conference Proceedings, 1-8.
http:/hdl.handle.net/2027/spo.bbp2372.2001.029
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Cédric Viaccoz@, Daniel Harasim,

f ! Fabian C. Moss(® and Martin Rohrmeier
Digital and Cognitive Musicology Lab, Ecole Polytechnique Fédérale de Lausanne, Switzerland

Abstract
Many structural aspects of music, such as tonality, can be expressed using hierarchical representations.
In music analysis, so-called keyscapes can be used to map a key estimate (e.g., C major, F minor) to
each subsection of a piece of music, thus providing an intuitive visual representation of its tonality, in
particular of the hierarchical organization of local and global keys. However, that approach is limited
T in that the mapping relies on assumptions that are specific to common-practice tonality, such as the
existence of 24 major and minor keys. This limitation can be circumvented by applying the discrete
Fourier transform (DFT) to the tonal space. The DFT does not rely on style-specific theoretical assumptions
but only presupposes an encoding of the music as pitch classes in 12-tone equal temperament. We
introduce wavescapes, a novel visualization method for tonal hierarchies that combines the visual
representation of keyscapes with music analysis based on the DFT. Since wavescapes produce visual
analyses deterministically, a number of potential subjective biases are removed. By concentrating
on one or more Fourier coefficients, the role of the analyst is thus focused on the interpretation and
V4 T T T contextualization of the results. We illustrate the usefulness of this method for computational music
1 C ) C ) ' theory by analyzing eight compositions from different historical epochs and composers (Josquin, Bach,
Liszt, Chopin, Scriabin, Webern, Coltrane, Ligeti) in terms of the phase and magnitude of several Fourier
S - end (of piece) coefficients. We also provide a Python library that allows such visualizations to be easily generated for
time  m— any piece of music for which a symbolic score or audio recording is available.

analysis window size =—

start (of piece)
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Keywords

Figure 4: Type 2 analysis WindOW arr. angement' Discrete Fourier transform, music analysis, keyscapes, tonal hierarchy, visualization

Many domains of human cognition, such as music, language and action planning, exhibit hier-
archical structure (Arbib, 2013; Rebuschat et al., 2012). In the case of music, several struc-
tural features are organized hierarchically, for instance formal arrangement, rhythm, melody

Viaccoz, C., Harasim, D., Moss, F. C., & Rohrmeier, M. (2022). Wavescapes: A visual Corresponding suthor:

Daniel Harasim, Digital and Cognitive Musicology Lab, Ecole Polytechnique Fédérale de Lausanne, Lausanne, CH-1015,

hierarchical analysis of tonality using the discrete Fourier transform. Musicae Emat damelarasim@spfch
Scientiae, 10298649211034906. https://doi.org/10.1177/10298649211034906
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Hierarchical tonal structures / historical changes
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(C) Minor (top row) and major (bottom row) scales catego-
rized into different colors

(A) Keyscape of Bach’s Prelude in C major (BWV 846) (B) Keyscape of the first 23 measures from the first movement

of Liszt’s Faust Symphony (S 108)

Viaccoz, C. (2020). Visual Hierarchical Analysis of Tonality using the Discrete Fourier Transform [Masters Thesis]. Ecole

Polytechnique Fédérale de Lausanne.
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Wavescapes

= Some Fourier coefficients have higher activity (= brighter colors)

= Some Fourier coefficients (may) show clear patterns

A W ARS

chromaticity dyadicity triadicity tetradicity diatonicity whole-tone
scale
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Code and documentation for wavescapes

@ cedricviaccoz Updated README about the installissue onFeb22 O 114 commits

M Readme
m img Added back chopin's prelude ws 2yearsago | & GPL-3.0License
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[ READMEmd Updated README about the installissue last month

Packages
D setuppy Updated README and added license to setup.py 2 years ago

No packages published
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Wavescapes are plots that can visually represent measurements of regularity in music. Those measurements are
represented by colors, which are ordered in a hierarchical manner allowing all possible subsections of a musical
niece to have their heing displaved an the nlot_The reqularitv is measurad through the Discrate Fourier

https://qgithub.com/DCMLab/wavescapes
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nabling interactive music visualization for a wider communi

x

@ midiverTo +

€ 5 C @ dmiabgithubio =

midiVERTO

€ e moc e »=06 :

Welcome!

This web application is an open-source online tool for interactive music visualization. It aims at bridging the gap
between mathematical music theory and music enthusiasts. In recent years, music theorists have discovered that
the Discrete Fourier Transform (DFT) can be used to analyze the pitch-class content of pieces of music, for
instance to compare the tonal organization of different pieces. It may also reveal interesting sections in a piece
that eluded a theorist's inspection. This technique has consequently opened up new avenues for both theoretical
and historical music research [}, 12, B3, 14l However, applying the DFT to music requires advanced mathematical
and computational skills. Hamessing the full power of such a complex method so far remained restricted to only
a small group of researchers. The app's interactive interface enables scholars and students of music, as well as
musicians, to employ the DFT method in their research, teaching, and musical practice. It is moreover ideally
suited to explore and to teach visualization techniques for complex cultural data, for example in Digital

Humanities.

The Theory page describes how to use and interpret the DFT for music analysis. It also explains the interface of
the Analysis page. On that page, users can explore the DFT method by either manually entering pitch-class sets,
by uploading a music piece in MIDI format, or by connecting a MIDI device (e.g. MIDI keyboard or software) to the
app.

No installation is required to use the app, and we hope that this will facilitate its adoption by the music theory
community. The full feature set of the app is currently only supported with chrome. The program code is hosted
on GitHub under a GPL3 licence.

References

1: Amiot (2016). Music Through Fourier Space: Discrete Fourier Transform in Music Theory. Springer.
2:Noll 2019). Insiders’ Choice: Studying Pitch Class Sets Through Their Discrete Fourier Transformations. In Mathematics and Computation
in Music (pp. 371-378). Springer. hitps://do.org/10.1007/978-3-030-21392-3_32

3: Tymoczko & Yust (2019). Fourier Phase and Pitch-Class Sum. InMathematics and Computation in Music (pp. 46-58). Springer.

https://dcmlab.github.io/midiVERTO/ ) dhcenter

UNIL-EPFL



https://dcmlab.github.io/midiVERTO/

Formal Analysis using DFT: E. Nazaret, Odeon (1909)
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Let’s try it out

Download your favorite song as a MIDI file (Google it)

Got to https://dcmlab.github.io/midiVERTO

Upload the file and wait until the wavescapes have loaded

Try to understand the plots, find interesting areas

Modify the parameters and see how the visualizations change

Which aspects of the piece’s tonality can you find in the wavescapes or
phantom curves?



https://dcmlab.github.io/midiVERTO

Many open questions

How to deal with diversity of sources?

How to include sheet music and performance recordings?
How to deal with {melody, rhythm, harmony, ..} together?
(How) can we relate Choro to historical precursors?

— How can technology and digital methods help us to study Choro?
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