Music Computing .
and Psychology Lab Sabet /) UNIVERSITY

MGy & Fork

The Pendular Graph: Visualising Hierarchical
Repetitive Structure in Point-set Representations
of the POP909 Music Dataset

Chenyu Gao?, Tom Collins*?

' University of York, UK
2 University of Miami, USA
3 MAIA, Inc.




Music Computing
and Psychology Lab

mCé

Contents

"Introduction & motivation

=Contributions of this paper

*The pendular graph

=Hierarchicalisation of the POP909 annotations

sLimitations and future work




Music Computing
and Psychology Lab

mCé

Repetition in music

«|t has long been suggested that composers introduce repetitions carefully to
emphasise music ideas (Schoenberg, 2010).

«Recognising repetitive patterns is also an important step for understanding
music (Meyer, 2008; Lerdahl and Jackendoff, 1996).

Q Schoenberg, A. (2010). Style and idea: Selected writings. Univ of California Press.
(1 Meyer, L. B. (2008). Emotion and meaning in music. University of chicago Press.
O Lerdahl, F., & Jackendoff, R. S. (1996). A Generative Theory of Tonal Music, reissue, with a new preface. MIT press.
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«Music tends to be full of hierarchical repetitions.
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Four bars piano reduction of "Waltzing in the Rain” from Sky, composed by Vincent Diamante, and an example of piano-roll
format.
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Repetition in music

«Music tends to be full of hierarchical repetitions.

Py

o -
) £y
i
c6 R R s s Rs
1 2 L] ]
s db I oo @ L} ol om a L)
p = = S B R SR Rt L e 4 g ) e
L ol LT e e el o L%
< s [EE- S| £ (o]
S Sap = =a =jo peEn e g s e w sse |=8 om = ® = ©e es 5 B LR} o | ma mg L) og 8 sh =
2 e | ot e | e = i [ o | = as oBEEd EFREEEE D T Po = [T e ] ] o= | e
£ 0 e e e RN TR E e e o Y il
EECPESH R botm T oame |aes L. 7 Tl TTaed 0% % Tm Y %ea,d 0%t T (@ Mee e, O 0 =S
a e Rl S s e E T g Spe Sl e -
— el B — - L — e e e e T L el <8 [ReA s
j— — R == - = W olse = = o %8 L L =
e AT i e = Eoe2
ES 25 SE KRS S L e At BB J= Sttt R e = Las
& = N ) =l = = = = - a8 =
- Lo = = = = £8 —
e ==g — =5 s
- =

c7 ‘
Q2 Qs

c6 | Rz o S
solle @ lm o mmhs  m  |=ma n 0=
Tt e e e e e e T | B e e e W L L]
fpty = o 7 e © B See Gy, Sw hgo U oPWE O@S om | @ gomE oms 0 o= 0 | 0shng | o | oS
a a | a =
! age nme a =
56 & sdle o0 [ogan 0 o o @ eson " o s Tna 9 ofes @ o = des @ @ 5 oo o=
N T e B a , -
o == oo o | fm sl le (. wm e e “Spp " m ™ S NS | ———— a
= "% @ g asw s e == B
= ae === sa e = "Taa
ca AL B el e i 8 M e A v ot e Tl Tlee Tl Pl TS e s e -
S e Rl P Y PRl P — = o aa =
@ - @ = w
== - == = o = e s B
== =0 == = - o s == = a =
— — ==
c3 = — = =
== = = = = = = — e
= - — =
= = = - p—
-
= v

40 41 42 43 44 45 46 47 48 49 50 51 52 53

Measure

”Passerby”, A-Han in piano roll format, in which repetitive patterns are highlighted in bounding boxes with the same colour.
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Limitations of existing music 1] Cl (P
structure visualisation tools

-Comprehending musical structure has been shown to help people remember
or understand music better (Deutsch, 1980).

-A lot of music structure visualisation tools have been developed but many of
these tools suffer either from a lack of interactivity (Wattenberg, 2002), or are
now unusable due to software dependency or maintenance issues (Nikrang et

al., 2014).

(1 Deutsch, D. (1980). The processing of structured and unstructured tonal sequences. Perception & psychophysics, 28(5), 381-389.

[ Wattenberg, M. (2002). Shape of song. http://www.turbulence.org/Works/song/
1 Nikrang, A., Collins, T., & Widmer, G. (2014). PatternViewer: An application for exploring repetitive and tonal structure. J.-SR Jang,

M. Goto, & JH Lee (Chairs.), Late-Breaking demo. ISMIR.
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Contributions

« Introduce a web-based interface where hierarchical annotations of
909 songs can be explored and played back.

Q Gao, C., & Collins, T. (2023). The Pendular Graph: Visualising Hierarchical Repetitive Structure in Point-set Representations of the
POP909 Music Dataset. Accepted by 25th International Conference in Human-Computer Interaction (HCIl 2023 Conference) - Late
Breaking Work.
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UNIVERSITY

-Existing music structure visualisation tools are highly relied on annotated data,
while existing music datasets with structural annotations tend to be either

« a) small in terms of items in the corpus, but with detailed annotations (Collins,
2013, Tomasevic et al, 2021)or

* b) larger as a corpus, but with linear annotations only (Dai et al., 2020)

* E.g., "intro, verse 1, verse 2, chorus,..." or "iIAAB..." for short

O Collins, T. (2013). Discovery of repeated themes and sections. Retrieved 4th May, http://www. musicir. org/mirex/wiki/2013:
Discovery of Repeated Themes & Sections.

O TomaSevig, D., Wells, S., Ren, I. Y., Volk, A., & Pesek, M. (2021). Exploring annotations for musical pattern discovery gathered with
digital annotation tools. Journal of Mathematics and Music, 15(2), 194-207.

A Dai, S., Zhang, H., & Dannenberg, R. B. (2020). Automatic analysis and influence of hierarchical structure on melody, rhythm and
harmony in popular music. In Proceedings of the Joint Conference on Al Music Creativity.
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Contributions

« Introduce a web-based interface where hierarchical annotations of
909 songs can be explored and played back.

- Develop a method for taking a linear annotation as input, and
converting it to a hierarchical annotation as output

Q Gao, C., & Collins, T. (2023). The Pendular Graph: Visualising Hierarchical Repetitive Structure in Point-set Representations of the
POP909 Music Dataset. Accepted by 25th International Conference in Human-Computer Interaction (HCIl 2023 Conference) - Late

Breaking Work.
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POP909 Pendular Graphs
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@ Deutsch, D., & Feroe, J. (1981). The internal representation of pitch sequences in tonal music. Psychological review, 88(6), 503.
U Collins, T. E. (2011). Improved methods for pattern discovery in music, with applications in automated stylistic composition. Open

University (United Kingdom).
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Input a number (0-909) to select a song: Submit

The structure of song "002" is visualised.

O https://pendular-graph.glitch.me/
Qd Gao, C., & Collins, T. (2023). The Pendular Graph: Visualising Hierarchical Repetitive Structure in Point-set Representations of the
POP909 Music Dataset. Accepted by 25th International Conference in Human-Computer Interaction (HCIl 2023 Conference) - Late

Breaking Work.
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-Piano arrangements of 909 popular Chinese songs in MIDI format.
-Phrase-level repetitive structure labels are provided (Dai et al., 2020).

i4 A4 Ad B9 b4 A4 B9 b4 B9 X5 02

Hierarchical structure analysis of “123 Pinocchio”, Hey Girl. The smallest repetitive phrase is labelled by a letter followed

by the number of bars. Phrases labelled with the same letter are repetitive, and larger repetitive patterns are highlighted
by bounding boxes

U Dai, S., Zhang, H., & Dannenberg, R. B. (2020). Automatic analysis and influence of hierarchical structure on melody, rhythm and
harmony in popular music. In Proceedings of the Joint Conference on Al Music Creativity.
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Linear vs Hierarchical

=A linear annotation (not hierarchical) :

 If a piece of music is annotated as “intro, verse, verse, chorus, verse, chorus, chorus” (or,
more succinctly, “ABBCBCC”), this is a linear annotation.

=Hierarchical annotation:
* Phrases that appear together will be grouped.

®

i4 A4

b4 A4 B9 b4 B9 X5 02

Hierarchical structure analysis of “123 Pinocchio”, Hey Girl. The smallest repetitive phrase is labelled by a letter followed
by the number of bars. Phrases labelled with the same letter are repetitive, and larger repetitive patterns are highlighted

by bounding boxes
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Algorithm 1 Hierarchicalises linear repetitive pattern labels.

- H Input: Linear, phrase-level repetitive pattern labels (P) of the POP909 dataset
An d Igorlth m tO conve rt Output: Hierarchical repetitive pattern labels
phrase-level repetitive pattern 1: for p € P do
“ . . . 2:  Separate phrase labels and bar counts into two arrays as Vpn, and Vga:.
labels into a hierarchical labelling: 31 Vnep ¢ get_repeat_subsequences (p)
4 for v € Vgep do
. 5: if Non-repetitive patterns (e.g., “X”, “x”, “i”, and “0”) involved in v then
s The funCtlon 6: Filter out v
get repeat su bsequences() W|” 7 else if v only appears in larger patterns then
N | . 8: Filter out v
return repetitive substrings. B e
10: if An occurrence of v overlaps the previous occurrence then
° The fO”OWing Steps f”ter out 11: Filter out the current occurrence of v
12: end if
repetitive patterns that involve 13: if The occurrence count of v > 1 then
e h 14: Push v into Vout
non-repetitive phrases or appear 15: ond iF
only in larger patterns. 16;  endif
17:  end for

18: return Vous
19: end for
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«The web interface is developed by using JavaScript packages, e.g., p5.js.
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«The server side is developed with Fastify and the Node Fetch APls.

«The MAIA Util package (Collins and Coulon, 2019) is used when processing music data, and Tone.js
(Mann, 2015) enables the songs to be played back dynamically in the browser.

- ™\
Client i@ Server ~
e . Database
Song Selection .Ser: ¢ s ' R?UESt
Panel i Piece 7
Input ! s
anumber — Composition
(Check if the input Objects
' Update is an integer -
User between 1-909) i Coc;r:':osmon
Pendular Result ject
Graph message o )
\_ J

U Collins, T., & Coulon, C. (2019, December). MAIA Util: an NPM package for bridging web audio with music-theoretic concepts. In Proceedings
of the web audio conference (pp. 47-52).

U Mann, Y. (2015, January). Interactive music with tone. js. In Proceedings of the 1st annual Web Audio Conference. Citeseer. 18
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Why do we need pattern mGde
discovery algorithms*?

= Pattern occurrences begin/end at bar beginnings/endings in hierarchical
annotations for 909 songs.

= Visualisation is restricted to the labelled POP909 dataset

1. Given a point set D, return subsets p, ,, p, ,,-.-, p,, , Of D such that each p, , is musically noticeable or important due partly or wholly to its

recurrence in more or less exact form elsewhere in D.
For each p, ,, these more or less exact occurrences p,,, p; .-, Pip i should also be returned.
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The potential usage ofthe [T G ¢
pendular graph

» As useful software tools for music analysts and composers.

= Music without well-organised hierarchical structure sounds incoherent and

aimless, which is quite a common problem that exists in Al music
generation. (Dai et al., 2022)

* Visualise if music generated by Al has hierarchical repetitive structure.

o Dai, S., Zhang, H., Dannenberg, R.B. (2020). Automatic analysis and influence of hierarchical structure on melody,
rhythm and harmony in popular music. In Proceedings of the 2020 Joint Conference on Al Music Creativity, 2020.




Music Computing
and Psychology Lab

Thanks!

chenyu.gao@york.ac.uk




