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Ultra contemporary composer

Working with Al since the 1980s

Championed the development of Brain-Computer Music Interfaces
Pioneered research into unconventional computing in music

Pioneered the field of Quantum Computer Music



Some 30 years ago ...
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| am interested in programming and using actual quantum computers
to compose music.

| am not so interested in music that is simply inspired by quantum
concepts, noram | looking for poetic or philosophical parallels
between quantum mechanics and musical composition.

For me, music serves primarily as a form of human communication,
rather than a metaphorical exploration of quantum mechanics or vice

versa.

| see quantum computers as unprecedented musical instruments.



My focus is on harnessing the unique computational
power of quantum mechanics (e.g., qubits, qutrits,
qudits, superposition, entanglement and interference)
to develop methods and build systems for the
composition and performance of music in ways that
might not have been possible with classical digital
computers alone.



BBC Concert Orchestra

Jarvis Cocker

Queen Elisabeth Hall, South Bank Centre, London



Peter Gabriel Brian Eno

Book launch at The Goethe Institute, London: https://www.goethe.de/pri/lags/en/eve/sou.html


https://www.goethe.de/prj/lqs/en/eve/sou.html

State of the art Al for music is great, but...

* One-shot interaction; click & generate

* Makesiteasyto create.

* Does not make it easy to be creative.

* Text-to-music oriented.

* Unfaithful to the submitted prompt; add extra descriptors the system is tuned to respond to.
* Inhibit critical engagement with compositional practice; e.g., no support for contemplation.

* Can lead to overreliance on Al, promoting downfall of problem-solving skills.



Opportunity to improve

* Al systems do not necessarily need to BE creative. But SUPPORT creative compositional practices.

e Music-to-music oriented

 Small-data, ephemeral, volatile machine learning



Artificial Intelligence today
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New kinds of hardware = New kinds of intelligence



Exploring bio-computers ...




Neurons living on a silicon chip
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Biocomputer Rhythms
A one-piano duet between a pianist and the bio-computer.

The score for the pianistis fixed, but the responses generated by the bio-computer are
unpredictable.
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Biocomputer Rhythms

This is “machine” intelligence that is far different from the pedestrian Al as we know it!

https://youtu.be/fiOrhg1nKZs



https://youtu.be/fiOrhg1nKZs

Rigetti

Quantum
Computer
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Quantum Inspire




Is it be possible do design new kinds of Al with Quantum Computers?

* Using the principles of qguantum mechanics to process information ...

* Using quantum bits, or qubits, to represent data ...

* Qubits can exist in a superposition of both 0 and 1 simultaneously

 Can be entangled: the state of one qubit can depend on the state of
another.

* Quantum interference: Used to amplify correct results and cancel
out incorrect ones. (Suitable for searching algorithms and logic
problem solving.)



Bit Qubit
(Classical Computing) (Quantum Computing)
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Science & Tech Behind the Concert

Quantum Loops, Broken Symmetries

Dec. 3, 2025 6:00 PM -7:00 PM, Salen, ZEB, Oslo

Read the programme notes here: hitps://www.uio.no/ritmo/english/news-and-events/events/artistic-
performances/2025/quantum-music/

Scan the QR below for peer-reviewed papers detailing the quantum computing systems used in the compositions
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LComposi‘rion entitled: Heisenberg',s Hammer
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X =random_number(0,7);

if current_node = 000:
if x=1:then move_to_node(001)
else if x=4: then move_to_node (100)
else if x=2: then move_to_node(010)

else if current_node = 001:
if x=5: then move_to_node(101)
else if x=3: then move_to_node(011)
else if x=0: then move_to_node(000)

else if current_node = 001:
ifx=...
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Standard sequential digital computing:
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| Entanglement
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) Composition entitled: I don't I;noul how, but I will find a way

001100000,001010000,000110011,
001100000,001010000,000100011,

001100000,001010000,000110011,
001100000,001010000,000100011,

_

7-qubit superconducting quantum machine
@ QuTech, TU Delft, The Netherlands



C3 = D3(25%) V G#3(25%) v C4(25%) vV D4(25%)

D3 = (C5(30%) v E3(70%)

E3 = D3(25%) V Ft3(25%) v A$3(25%) v C4(5%) Vv D4(20%)
F%3 = E3(100%)

Gi3 = C3(30%) v Ax3(70%)

Atz = E3(33%) v G%3(33%) v Cy4(34%)

Cy = C3(30%) v A#3(70%)

Dy = C5(20%) v E5(80%)
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of quantum mechanics
to process data for me, to generate data,

?


https://www.youtube.com/watch?v=DW9hgFQLeeE

e e & QISynth - ICCMR x  + )~

— C @ localhost:3000/?ensemble=true&id=1 Q f * » 0O &

Q1Synth

| Advanced |

https://iccmr-g1synth-proto.cephasteom.co.uk/
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Inputs

001100000,001010000,000110011,
001100000,001010000,000100011,

001100000,001010000,000110011,
001100000,001010000,000100011,
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outputs

[n,) Jx)

Trained
weights

Credit: https://doi.org/10.1038/s41534-023-00734-4
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Composition entitled: MomentIStites

Quantum Al Method: Reservoir Computing

* Off-line batch processing with my own music for
training the model (alter ego).

*  On-linereal-timeinteraction with the model for
performing.

* Technically superior to the so-called RNN deep
leaning.

* Notconvinced. It produced good results, albeitin a
rather convoluted fashion.



Procedural Generation with Partitioned Quantum Cellular Automata
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References: 12-tone series and transformation rows

0
00#\—-—’ pw— #
e e e
0
01 foy 2o +o te —
%ﬁ_h'_'—ﬁ;—%o—ﬁo—.”ﬂ?
IOQ —
{r~ - - he
;5 ﬁf #' A fe ®
0
11 O 4;, L o




Raw outputs ...

... composed score
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(?)51BEATS

AN ELECTRONMIC EXPERIENCE
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https://link.springer.com/book/10.1007/978-3-319-49881-2

Eduardo Reck Miranda Editor

Guide to
Unconventional

Computing for
Music

@ Springer

https://link.springer.com/book/10.1007/978-3-031-13909-3

More on Science & Tech & Philosophy Behind the Music

Where you will find chapters penned by other presenters in this workshop (as indicated below)

Eduardo Reck Miranda Editor

Quantum

Computer
Music

Foundations, Methods and Advanced
Concepts

@ Springer

M. Mannone

WSPC BOOK SERIES IN UNCONVENTIONAL COMPUTING 1olumct

ADVANGES IN QUANTUM
COMPUTER MUSIC

tditor Eduardo Reck Miranda

©

{/
i WS World Scientific
LN

https://doi.org/10.1142/14025

M. Mannone

https://link.springer.com/book/10.1007/978-3-030-95538-0

Eduardo Reck Miranda Editor

Quantum Computing
in the Arts and

Humanities

| An Introduction to Core Concepts,
Theory and Applications

@ Springer

M.Mannone
M. Cuffaro
R. Quehenberger


https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-319-49881-2
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-031-13909-3
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://link.springer.com/book/10.1007/978-3-030-95538-0
https://doi.org/10.1142/14025

< > C 8 ([ & https://www.plymouth.ac.uk/courses/postgraduate/phd-quantum-computing-in-the-arts-music-and-humanities oo >0 4L =8 ®

H| Hemingway Editor E Beyond Digital Beats... Suno !J Udio | Al Music Gen... Musicfy Al - Al Voic... I Text to Speech & Al... fj: HeyGen - Al Spokes... 0P Author rights and ar...  rJ musescore.com Q Home O moth-quantum/quan... O github.com Thomas Schafer - In...
PLYMOUTH Q s> © > @ roor

Home > Courses > PhD Quantum Computing in the Arts, Music and Humanities

School of Art, Design and Architecture

PhD Quantum | e
Computing in the Arts, ‘
Music and Humanities

Q1Synth Ensemble

Full time: 2-4 years

Duration Part time: 4-8 years

Course type Full-time, Part-time route available

Study location Plymouth

Register for open evening

o
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Apply now “job is activelv running "

Studying this PhD will immerse you in a world of pioneering research
under the umbrella of the Interdisciplinary Centre for Computer Music
Research. Our research activity ranges from developing new music
technologies for musical creativity to enhancing health and well-being
through music, arts, and culture. The ICCMR team is pioneering quantum
computing in the arts, music, and humanities, and is well-networked with
key players in the quantum computing industry and associated
technologies.




Thank you!
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www.plymouth.ac.uk/research/iccmr
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