Amo tov [TvBayopa otnv Teyvnt
Nonuooovvn: MaOnuoatucd Movtéda
ot 20yypovn Movcikn

Ocwpio, Anuovpyia ko Exmaiogvon

*  Kadnynqrpio Avactacio [ewpydkn
*  TIpoedpog, Tunuatog Moveikdv Znovdodv EKITA
*  AevBovrpia tov Epyacstnpiov Moveikng Akovotikig kot Teyvoloyiag

*  Tupe Movowdv Znovddv, EKITA
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Yrapyel I'eouetpio oty T0A0vTOCH TOV YOPODY

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

Yrapyer Movoikny oty andctocy Ty ovpoviwy cooipav...
https://www.youtube.com/watch?v=sPFU41Jf17Q

Guthrie K.S.. The pythagorean Sourcebook and Library: An anthology of Ancient
Writings which relate to Pythagoras and Pythagorean Philosophy ( Phanes Press,
1987)



https://www.youtube.com/watch?v=1EFZuzgcIzY&t=253s
https://www.youtube.com/watch?v=ttgLyWFINJI
https://www.youtube.com/watch?v=sPFU41Jf17Q

xouvoyn

e 1. Ao tov NMuBayopa otnv Texvnti Nonpoouvn
(L Lotoplkn avadpoun)

e 2.MoBnpoatika LOVTEAD OTNV cUYXPOVN LOUOLKN
Anuoupyia kot Eppnvela

* 3. Mouokn kot MaBnuatikd otnv eknaidevon

PERFECT OCTAVI
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" PERFECT FIFTH
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T FOu
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3:4

MUSICAL GEOMETRY

PRREECT OCTAVS




YXEZEIZ MOYZIKHZ KAIl MAGHMATIKQN —loTtopLKeg
neptodol

Ao tov MuBayopa otnv Texvntry Nonuoouvn

1. MuBayodpELOL KA OL ATIAPXEG TWV LOUCIKWY LoONUATIKWY
(60¢ awwvag n.X.)

-H Apuovikni Zelpa:

- MaBnpatika twv dLactnuatwy

-TeAeOTEG

2. O Mecaiwvag €wg tnv Avayévvnon (906 - 160¢ awwvag)
Meoalwvikr Louotkn Oewpia
Avaygvvnon Kal appoVvikr EEAEN

3. H neplodog Mmapok kat épa amnoé avtniv (17o¢ - 180¢
aLwvag)
®ouyka kat avtiotiEn: Mouolkég popdeg WG alyoplOpoL

4. 1906 kat apx€G 200U awwva: H avodog tng Mabnuatikng
Oewplag tng MoUsoLKAG Oewpla cuvolwv Kat Bswpla
ouddwv (Schoenberg...)

Fractal yewpetpla otn pouvokn (Ligeti....)

MOavoTnTeG ot LOUOLKA (ZEVAKNG)

5. Mnxavikn pdénon kat texvnti vonuoouvn otn LOUGLKN
(210 awwvag) Mnxavikr pabnon otn HoUGoLKN
ouvBeon

Neupwvika Siktua yia pipnon vdouc:

Music Analysis with Machine Learning

(Ava@Auon POUGCLKAG UE HNXAVLIKA padnon):

ZUOTHUOTO LOUCLKWYV OVATIOPAOTATEWY

an epistemological study

mowiu Math & MWusic umyotcrr \

®n the ylaturc of monocﬁorés



1.H NMNuBaydpeta Baon tng Mouotkng

1.H cuoxétion t™ng AKOUoTIKNG e Ta MaBnuatikd (Movoxopdo)-Mouaoikri AKOUGTLKN
Kot AKouopatikl Mouaotkn

2.H pabnuatikn 66unon tng pouotkng Bewpiag (Tetpaktlg)-AAyopLlOULKY) LOUOLKNA KoL
TIaPAywWyn LOUGCLKNG LE VEUPWVLIKA Siktua (H TeTpakTtUC we TEAEOTNC)

https://www.youtube.com/watch?v=UTpENLf19uA

3.H avtiAnyn ¢ Zupdwviag kot Stadpwviag (MAatwviko Aauda)- WuxoakouoTikn

4 .H enidpaon tn¢ Mouoikng otov avBpwro avaloya Ue TV KAlpaka/ndog (Mouoikn
Wuxoloyia kot Mouoiko@epareia)

5.H &taoUvdeon TG HOUGOLKAG HE Tov Koopiko Zuumnav (Mouotkn Twv Ipapwv) — /
Hyxouetadopa/nxomoinon ((Informative music)1



https://www.youtube.com/watch?v=UTpENLf19uA
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Figure 'Greatest common divisor: 1

Caption

Fig. 5. Musical arc diagrams for
from Boéthius's De institutione
Slg. 296, fol. 96r, St. Gallen, Kant
Vadianische Sammlung).

This figure was uploaded by f
Marchese
Content may be subject to copyrig
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Mathematics

Trivium
"the expression
of intellect"

THE SEVEN LIBERAL ARTS

Grammar ---  Moon
language

Logic —_ Mercury
logic

Rhetoric ---  Venus
speech as art

Arithmetic - Sun
number

Musie -~ Mars
time (harmony)

Geometry ---  Jupiter
space (proportion)

Astronomy ---  Saturn
motion (rhythm)



https://www.youtube.com/watch?v=ddbxFi3-UO4

MaBnuatikn dopnon tnc PouyKac

https://www.youtube.com/watch?v=ddbxFi3-U04

J.5.Bach
126 E Major Fugue
Well-Termpered Clavier Bock 2

EXPOSITION FUGA IX.
A Id 4. Answer 2 28] 2 T hE Fugue
AT = iheme theme
Subject Sntwe ) ] “.
TOICT  ®dae™ "comwes”
. —_——
Il — e T = || —
1 I —
IV ____ . —
Exposition Episode  Stretto

DOMINANT:


https://www.youtube.com/watch?v=ddbxFi3-UO4

[TuBayopelol teAeotec otnv Mouowkn NMAnpodopikn

Nevpwvika Siktua Kal pnxavikn pabnon :to mapadeypa tov Bach

(MuseNEt, OpenAl)

https://www.youtube.com/watch?v=Y48xGobW900 £pyou

ATIAVTNON OTOV QUTOOXESLAOUO ATIO TOV UTTIOAOYLOTH HE VEUPWVLKA SiKTua

https://www.youtube.com/watch?v=0hXf-1QpqE]

AuTOHOTN EVOPUOVLION

https://www.youtube.com/watch?v=QiBM7-5hA60

Avtouatn ocuvBeon

https://www.youtube.com/watch?v=1X4RwFwQhQY



https://www.youtube.com/watch?v=Y48xGobW90o%20έργου
https://www.youtube.com/watch?v=OhXf-1QpqEI
https://www.youtube.com/watch?v=QiBM7-5hA6o
https://www.youtube.com/watch?v=1X4RwFw0hOY
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MaBnpatwa
LLOVTEAQ OTN
ouUyxpovn HOUGLKN
dnuioupyla Ko

ETILOTNAN

1 Movoikn} AkovoTtiki] kon PoyoakovoTiKi
*  Moaofnuotikd oty Movoikng Akovotikn kot Poyoakovstiky

*  Kovpdicporo (Pythagorean, Aristoxenian, kt..) kot Iepapaticd kovpdicpara (microtonal divisions, well-temperament,
algorithmic derivation of scales Harry Partch, Alois Haba, ...)

*  Awgovie/Zopeovia

2. Movoikn Ocmpio kot Modnpotiko,

*  PubBudc kou Xpovikég evoeifeilg /Toviko vyog kot cuyvotTo/Movoikég KApaKeg kot Kovpdiopoto/Appovio Kot
ovyyopdieg/Movoikn eopua

Yvvdvaotikn/ITTIibovotteg/Zroyactikd poviéha/Fractals

2. AkyoprOpikn ko AKovopoTiky oovleon
*  H aweOnrikn Béomn g adyopiBuikng cvvBeon (Eevakng, K.o.)

*  AxovopoTikn cOvBeon

3.H ¢rhoco@iki] kot AweOntikn faon tov AptOpudv etnv Movowi)

* H g&ehktikn mopeia tov podnpotikdv cav Baomn tg Movoiknig : ard to [MAdtova éwg tov Deleuze
*  H avBpomiotikn Bdon tov pednuatikov oty Ietopio tng Movckigc.

*  TTvBayopea Koouwkn Appovia (ITtorepaiog-Apiotd&evoc)

*  Avaoloyieg Y10 TIG EIKOOTIKEG TEYVES KO TNV APYLTEKTOVIKT.

*  MaOnpuatikni dour g Moveikng onuetoypogiogMusic and mathematical notation

4.Movowki] , Texvoroyia kot Kovitovpa

Teyxvnt Nounpoosivn kot bTOAOYIGTIKY| Lovsikoroyia ( 1 podnuatikn féor Tov HoVGIKOU GTLA)

*  Emidpaon g teyvoroyiog otnv Movoikn (QoprdKt Kot ¢AapuoKo)

* H enidpaon tng te)voroyiag 6TOV TOMTICUO



armplitde

amplitude

ED.E-- /
Pl %
JJI . &’4‘.4‘&-
f 2f 3f 4Af ‘Uv .

H 66unon tou fxou-H ApHoVLIKN cEpad
https://www.youtube.com/watch?v=1yaqUl4b974&t=73s

https://www.youtube.com/shorts/WfOmZ42Kf7w

i ¥, = a, sin (2m*ft)
¥g = ag sin (2ot :
¥e = &g sin (Znteft]

-
5f &6f
frequency

!
T ¥ = ay sin (2n*ft) + a sin (2nY2ft) + a sin (2n*3ft)
+ @, 80 (Zntaft) + agsin (2nY3) + ag sin (Zntoft)

f2f 3f 4f 5f &f
fiequency



https://www.youtube.com/watch?v=1yaqUI4b974&t=73s
https://www.youtube.com/shorts/Wf0mZ42Kf7w

Arc Diagrams

123456 Tabcde1234567fgh1 11234567 o -'.-“f , W
(a) (b)

Figure 2.1: Arc Diagrams: (a) Three repeated substrings 1234567 connected by two arcs. The
width of the arc 1s proportional to the length of the repeated subsequence while the radius 1s
proportional to the distance between the matching pair. (b) An example 1llustrating Fiir Elise.



isual jazz imporvisations

Miles Davis

Cannonball Adderley

Composite of Davis,
Adderley and Coltrane

Miles Davis

Cannonball Adderley

John Coltrane

Composite of Davis,
Adderley & Coltrane

%0 o

| Eaxch row shows the tune’s 12 bar

| structure to reves! patterns of phrasing
| across choruses. Solos can be viewed

| =s four s=parate rows or a5 one row in
| which multiple chonuses are overlaid.

The solos hawe been transposed to
| concert key to to facilitate comparison.

HARMONIC PALETTES

The dustess of note heads below
o each soloist's !
| palette, his tendency to play pesticuler
| notes over particular chords. The more
noteheads, the more time that note
was used.

| Empty noteheads represent
| fundamental notes of the given chord
| that were not voiced by the soloist.

Aggregations (st bottom right)
represent the total distribution of
| notes played by a soloist.

In the compositad harmonic pelette
| (bottom row) all three soloists’ notes
| hawe been distilled.

| aBouT

| Anslysiz & Visualization by Jon Seydat
bazed on transcription by Rob DuBoff,
| Mark Vi, Mark Devis and Sosh Davis.

Eb789 D789

| 1 = 1 vones of chord (15, 3rd, Sth
b—%2- t T 1 &7th) that were not played
b L] T - T il

|1 Eachfilled notehead shows
| how long the note wos played |
! in bests and seconds. Notes -
with black dots are not the
i torves of the chord.
Notes time scale varies.
Notehead: [
beats 23 beats [|
secs 11 zecs H—

SR THE SR




Ars informatica

CONCRETE
b
SONIFICATION Hayward's seismograms Schafer's Soundscape project MUSIQUE
CONCRETE  Monro's What Are You Hildegard Westerkamp CONCRETE
Really Thinking?.
. lain Mott’'s Sound Mapping
Sturm's Music of the Ocean / \ Hazard's Meteosat
Unmusical:sound effects.| non-tonal, slectro-
Barra et al's WebMelody f , \ lan Body's Continuum
t sounds
ARS INFORMATICA = ' like » ARS MUSICA
Quinn's Seismic \ J o .
Sonata Musical: melodic, Tonal, melodic, atonal, s one
tonal... seriaist .
Mayer Kress et al's Steve Reich/Andrea
Chua Circuit < Parker The Four Sections

Vickers & Alty's CAITLIN Royksopp's Alpha Male
SONIFICATION van Raaij's Listening & . MUSIQUE
ABSTRAITE the Mind Listening Vangelis ABSTRAITE

A
ABSTRACT

“1k. 1.2 Ars Infomatica — Ars Musica(Vickers kot Hogg, 2006)




AKOUOUOTLKN
MouoLkn s S

Elementa, J.C.Risset

Aqua, 1998

://www.youtube.com/watch?v=BAiFY8RVvVYU&t=88s



https://www.youtube.com/watch?v=BAiFY8RVvYU&t=88s

Sonification Techniques and Strategies

Frequency, Distance ratios, Pitch/Pitch Technio!u.es .

Motion, Power, size, Mass, Range * Audification
Numerical values, Density, * Parameter Mapping
Brightness(lmage), Intensity

Intensity, Density, Size,
Loudness Amplitude, Absolute
Magnitude(Mv), Distance

Size, Duration, Density,
wavelength, Color(image),
brightness(image)

Timbre/
Instruments

Space

Location, Spatial Coordinates

Timescales, Periods Duration




AAlyoplBLLkn ouvBeon (Leow NyopeTadOpAc)

NASA makes black hole sound waves from the centre of the Perseus
galaxy audible for first time

* https://www.youtube.com/watch?v=FMifNQ7MFMU

A o,
s S\
DRI

Christina Georgiou, Fiori Metallinou, Areti Andreopoulbu; Tilemachos Mousaw, Anastasia Georgaki

SOLAR WINDS
* Sonification of Magnetic Storms in Algorithmic Music
®)


https://www.youtube.com/watch?v=FMifNQ7MFMU

3. MaBnuatwka Movteha otnv Mouotkn
[TodaywyLkn

European Projects
* Imuscica
* Dore.Mat.

1. Rhythm and Time Signatures

Pedagogical Application: Teachers can help students understand the structure of rhythms by introducing concepts
like fractions, division, and multiples. For example, a 4/4 time signature can be broken down into four quarter notes
or two half notes, helplng students visualize and internalize rhythmic patterns through mathematical concepts.

2. Intervals and Scales
Pedagogical Application: Teachers often use visual aids and exercises that emphasize the ratio relationships
between notes. Understanding these ratios can help students grasp the concept of harmony and tuning. The study of
scales, particularly the chromatic scale (12 notes in an octave), can also be framed in terms of modular arithmetic,
helping students recognize patterns.

3. Harmony and Chord Structures
Pedagogical Application: In teaching harmony, music educators can emphasize the relationship between intervals
and their numerical representations. Understanding the mathematics of intervals (like the difference between major
and minor thirds) can help students not only play but also understand how to build chords and progressions.



Sound based Mathematics in music

4. Acoustics and Sound Waves
Pedagogical Application: Introducing concepts of frequency, pitch, and waveforms can enrich students'
understanding of sound production and music theory. Teachers can incorporate technology or tools that
visualize sound waves, helping students see the connection between theory and the actual vibrations they
hear.

* 5. Musical Form and Symmetry
Pedagogical Application: Teachers can show students how composers use symmetry and patterns in their
music. By recognizing these structures, students develop an appreciation for the larger organization of
musical works and can approach composition with a deeper understanding of form.

» 6. Patterns and Sequences
Pedagogical Application: Music educators can incorporate mathematical sequences into their teaching to
demonstrate how patterns in rhythm, melody, and harmony are grounded in mathematical ideas. This helps
students recognize that music, like mathematics, is about recognizing, creating, and manipulating patterns.



echnology based mathematics in music

« 7. Technology and Digital Music
Pedagogical Application: Teachers can introduce students to software that analyzes music, such as digital
audio workstations (DAWS) or tools that allow for manipulation of sound frequencies, helping students to
explore the relationship between mathematics and sound in real-time.

« 8. Musical Analysis and Graph Theory
Pedagogical Application: Teachers can guide students through the process of using graph theory to analyze
musical forms, providing a mathematical lens through which to view music’s structure and interconnections.

* https://www.wolframalpha.com/examples/society-and-culture/arts-
and-media/music



https://www.wolframalpha.com/examples/society-and-culture/arts-and-media/music
https://www.wolframalpha.com/examples/society-and-culture/arts-and-media/music

e https://www.youtube.com/watch?v=SZazYFchLRI



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