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Background and Context 

The idea for an event in Singapore which might explore connections between Music and 
Mathematics emerged from a series of reasonably regular—and indeed ongoing—social 
lunches between Louis Chen (Institute for Mathematical Sciences, NUS), Bernard Tan 
(Centre for Maritime Studies / Department of Physics, NUS) and myself. 

To be honest, the lunches were mainly about music—and in particular upcoming events 
both in Singapore and around the world—though often conversations would leap 
mercurially to mathematical issues. All three of us have an enthusiasm for both areas 
and we saw that these were also two disciplines which had a strong presence in the 
psyche of Singapore. 

Despite our intuitive interest in both topics and our belief there must be value in the 
connection between the two, the three of us had never really explored systematically 
the more recent scholarship which specifically connects the two fields (even though 
Bernard of course utilises mathematical/computational approaches in some of his 
musical analytical work). Lunch would often end with the general thought that at some 
time in the future we should do something in Singapore that explored the connections 
…  

Both Louis and Bernard Tan knew something of Elaine Chew’s journey as a pianist and 
mathematician—as with Bernard, who is both physicist and composer, she had 
embraced both fields—so it was a pleasure to meet her in London in Spring of 2012. 
Later that year, we happened to present consecutive papers exploring shape in 
performance at the CMPCP Music and Shape Conference at King’s College London 
and it was around then that more serious framing of this event began.  

I am extremely grateful to Elaine for her energy, tenacity, creativity, connectivity and 
organizational flair in bringing this event together. Thanks to her, I believe we have 
gathered a group of speakers and performers of global distinction for a wonderfully 
diverse and intense set of activities. Thank you to our experts for agreeing to commit to 
the project, particularly given that many, while expressing their enthusiasm, also 
expressed some degree of self-doubt about the potentially too broad requisite expertise 
involved in the two fields.  

Our thanks also to NUS (and in particular IMS), Queen Mary University of London and 
IRCAM Paris for their support, in making the event possible from a financial, 
administrative and logistical perspective. 

On behalf of the Conservatory, I am pleased to welcome everyone to Singapore for 
what I am confident will be a most memorable event. 

 
Prof Bernard Lanskey 
Director, Yong Siew Toh Conservatory of Music 
National University of Singapore  
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Welcome Message 

It is a great pleasure to welcome you to the Mathemusical Conversation Workshop. 
Although both the Yong Siew Toh Conservatory of Music and the Institute for 
Mathematical Sciences have been in existence for more than ten years, organizing 
programmes and activities since the beginning, this is the first time that a joint effort is 
made to present a workshop with a theme at the intersection of music and 
mathematics.  

It is well documented that the works of many composers of classical music, such as 
Bach's, reflect a structure that is strikingly mathematical. On the other hand, there are 
mathematical theorems considered beautiful, though none has yet been described as 
being musical. Nevertheless, there are mathematicians who play musical instruments 
well, and some even compose music. The advent of electronic music brings the two 
disciplines even closer to each other. A workshop like this offers an opportunity for 
members of the two communities to come together to engage in a conversation that 
covers topics connecting two of civilization's greatest achievements. It promises to be 
an exciting event.  

On behalf of the Institute for Mathematical Sciences, I would like to thank the organizers 
and the staff at both the Conservatory and the Institute for all the efforts put in to make 
this Workshop possible.  

 
 
Prof Chong Chi Tat 
Director, Institute for Mathematical Sciences 
National University of Singapore  
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Introduction and Overview 

 
Mathemusical Conversations celebrates the understanding of the essence of music 
through mathematics, with a special focus on performance and composition.  
 
Ancient philosophers such as Pythagoras, Leibniz, and Diderot have long drawn 
profound connections between mathematics and music. In the liberal arts education of 
medieval universities, music was considered one of the quadrivium—four mathematical 
science subjects taught after the foundational trivium—alongside arithmetic, geometry, 
and astronomy. Today, the connections between mathematics and music have renewed 
relevance. The rise of computing devices and the ensuing digitization of music has led 
to new ways to represent, create and perform music, to study and understand it, and to 
make scientific discoveries as to how music is made and why. At the core of this digital 
music revolution are mathematical and computational techniques that drive scientific 
advances.  
 
Many mathematicians and scientists are also fine musicians. For example, the young 
geometer Donald Coxeter composed music and wrote on the parallels between 
composition and mathematical proof; Albert Einstein was a talented and enthusiastic 
violinist. At the Massachusetts Institute of Technology, 60% of incoming freshmen 
declare advanced proficiency in music (usually performance), and 25% declare 
proficiency in other performing arts. Conversely, a number of prominent musical figures 
have publicly acknowledged their passion for mathematics, including the popular 
American classical composer Paul Schoenfield, who is a keen mathematician.  
 
Almost every subfield of mathematics—including number theory, algebraic geometry, 
topology, geometric analysis, probability, statistics and mathematical physics—as well 
as every modeling technique—including optimization, stochastic systems, game theory, 
and network analysis—has contributed to these advances in digital music research. 
Every step of the music process, from composition (including improvisation, a form of 
real-time composition) to performance, from conceptualization to perception and 
cognition, can be modeled and studied using mathematical and computational means.  
 
A landmark event in 1999, the Diderot Forum on Mathematics and Music organized by 
Assayag and colleagues spanned three countries (the cities of Paris, Lisbon, and 
Vienna) and led to a seminal book on the subject with an opening quote by Diderot: 
"c'est par les nombres et non par les sens qu'il faut estimer la sublimité de la musique" 
(It is through numbers, rather than through the senses, that music's sublimeness can be 
measured.) Likewise, the Mathemusical Conversations workshop celebrates, and 
stimulates debate about, the understanding and creating of music through mathematics.  
 
It is with great enthusiasm and excitement, and not a little trepidation, that we accepted 
the honor of handpicking and inviting some of the world’s foremost thinkers and 
researchers on mathematics and music for the Mathemusical Conversations workshop. 
This would not have been possible without generous funding from the National 
University of Singapore (NUS) through the Institute for Mathematical Sciences and the 
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Yong Siew Toh Conservatory of Music (YSTCM). Having the event hosted at YSTCM 
granted us access to internationally renowned musicians and visiting artists in the 
curation of the juxtaposing concerts, making this a truly integrated event from both the 
mathematical and musical perspectives. 
 
The workshop's six thematic sessions and five concerts feature world-renowned 
speakers and performers, and are designed to appeal to the mathematically and 
musically curious. The lecture-conversations focus on mathemusical engagement, 
mathemusical creativity, canons, shaping performance, educating the mathemusical, 
and geometries.  The concerts celebrate Paul Schoenfield’s music, human and machine 
intelligence, the prevalence of base 12 in music collections, musical canons, and 
musical creativity, and range in style from classical to popular and jazz. The lecture-
conversations will be published in a post-proceedings book to serve as a reference for 
the state of the art in mathematics and music thinking, and a foundation both for 
understanding human creativity and for enabling future music technologies. 
 
It is especially fortuitous that the workshop coincides with NUS’ 110th anniversary, and 
Singapore’s 50th anniversary celebrations.  We hope that you will enjoy the programme 
as much as we did putting it together.   

 

Prof Elaine Chew 
Professor of Digital Media 
Queen Mary University of London 
 

Prof Gérard Assayag 
Sciences and Technologies of Music and Sound Laboratory 
Institut de Recherche et Coordination Acoustique/Musique, Centre National de la 
Recherche Scientifique, Université Pierre et Marie Curie  



7 

Mathemusical Conversations Personnel 

 

Original Protagonists 

Bernard Lanskey (National University of Singapore)  

Bernard Tan (National University of Singapore) 

Louis Chen (National University of Singapore) 

 

Programme Chairs 

Elaine Chew (Queen Mary University of London) 

Gérard Assayag (Institut de Recherche et Coordination Acoustique/Musique) 

 

Local Organizing Committee 

Yong Siew Toh Conservatory of Music: Institute for Mathematical Sciences: 

I Shyan Tang Eileen Tan 

Jenny Ang Emily Chan 

Rachel Tang Chong Chi Tat  

Craig De Wilde Choi Kwok Pui 

Tan Wei Boon 

Adeline Tan 

Poo Lai Fong 

 

Raffles Institution: 

Ruth Rodrigues 

Jasmine Chong 

Hoh Chung Shih 
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Overseas Organizing Committee 

Jordan Smith (AIST, Japan), Publications Chair 

Katerina Kosta (Queen Mary University of London), Posters Chair 

Luwei Yang (Queen Mary University of London) 

Janis Sokolovskis (Queen Mary University of London) 

 

Scientific Committee (Posters) 

Carlos Argon (Ircam) 

Clifton Callender (Florida State University) 

Jean-Louis Giavitto (CNRS-Ircam) 

Keiji Hirata (Future University Hakodate) 

Simon Lui (Singapore University of Technology and Design) 

Somnuk Phon-Amnuaisuk (Institut Teknologi Brunei) 

Jason Carl Rosenberg (Yale-NUS) 

Bogdan Vera (Fishron Interactive) 

Lonce Wyse (National University of Singapore)  
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Practical Information 

 

Mathemusical Conversations Venue 

The venue is the Yong Siew Toh Conservatory of Music, located within the National 

University of Singapore campus. 

 

Conservatory address: 

Yong Siew Toh Conservatory of Music 

National University of Singapore 

3 Conservatory Drive 

Singapore 117376 

 

Getting to and from Symposium 

From Park Avenue Rochester: 

Complimentary shuttle buses will transport delegates daily from the official hotel, Park 

Avenue Rochester. 

  

Nearest MRT Stations: 

The nearest MRT stations are Clementi and Kent Ridge stations. Bus 96 operates to 

and from Clementi station, while Kent Ridge station is accessible by the free campus 

shuttle bus as follows:   

1. From the Conservatory to Kent Ridge Station – Service A2. 

2. From Kent Ridge Station to the Conservatory –  Service A1, alight at the 2nd stop 

and take Service C or Service D2 

 

Taxi: 

Taxis in Singapore are convenient and cost-effective and can be booked over the phone 

or hailed in the street. 

Taxi Hotline: 6552 1111 (Comfort Taxi Company)  
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Symposium Catering 

Coffee and light refreshments will be served in the Conservatory Lounge. Depending on 

the daily schedule, buffet lunch or dinner will also be served in the Conservatory 

Lounge. 

 

Other Dining Options 

The nearest food outlets are 
 

1. Olio Dome, The University Cultural Centre 
 

2. The Alcove, just next to the Conservatory Building 
 

3. Food Junction, Yusof Ishak House 
 

4. Food outlets at the University Town as follows: 
 
(a) Subway 

Monday to Saturday: 10.00 am to 10.00 pm 
Sunday: 10.00 am to 9.00 pm 
 

(b) Wendy’s 
Daily:  10am – 10pm 
 

(c) Koufu Foodcourt 
Monday to Friday: 7.00 am to 10.00 pm 
Saturday and Sunday: 10.00 am to 10.00 pm 
 

(d) Spice Table 
Daily:  9.00 am – 10.00 pm 
 

(e) Hwang’s Korean Restaurant 
          Monday to Saturday: 10am – 10pm 
 

(f) Sapore Italiano 
Daily:  11.00 am to 11.00 pm 

 

Money Matters 

The nearest ATM on campus is the POSB ATM located at the Yusof Ishak House, Level 

3 and the OCBC ATM at the Cheers Store in University Town. The teller machines 

accept ATM cards with Cirrus, Maestro and Plus services.  The only bank on campus is 

the DBS Bank situated on road level of the Yusof Ishak House. 
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Internet Access and Printing 

Wireless internet access is available throughout the symposium at the Yong Siew Toh 

Conservatory building.  

 

Network: NUSOPEN 

User Id: NUSV40326 or NUSV40327 

Password: Mathemusical_1 

Domain: NUSEXT 

 

If you do not have a laptop, you will be able to use computers in Seminar Room 7, 

located on Level 1 in the Seminar Room Wing.  

 

Smoking 

We have a strictly non-smoking policy at all our events. In addition, smoking in 

Singapore is banned in public buses, taxis, lifts, theatres, government offices, cinemas, 

shopping centres, restaurants, covered areas and food centres. 

 

Emergency Procedures 

In the event of a fire alarm, please evacuate the building via the nearest exit in a calm 

and orderly manner. Fire wardens will be on hand to direct you to the nearest 

evacuation holding area.  
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Programme 

Day 1: Friday, 13 February 2015 
 
   

CH  Concert Hall Level 1

Foyer  Conservatory Foyer Level 1

Lounge  Conservatory Lounge Level 1

   

 
 
 

 
1200 – 1300 

 
Foyer 

 
Registration 

 
1300 – 1315 

 
CH 

 
Introduction 

 
   1315 – 1515 

 

 
CH 

 
Plenary Session 1: Mathemusical Engagement 

Chair: Kam Ning 

Paul Schoenfield, University of Michigan 

Eran Egozy, Harmonix Music Systems / MIT 

Elaine Chew, Queen Mary University of London 

 
   1515 – 1545 

 
Lounge 

 
Tea and Posters 

 
   1545 – 1745 

 
CH 

 
Plenary Session 2: Mathemusical Creativity 

Chair: Gérard Assayag, STMS (Ircam-CNRS-UPMC) 

Gérard Assayag, STMS (Ircam-CNRS-UPMC) 

Jean-Pierre Bourguignon, ERC 

Margaret Boden, University of Sussex 
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1800 – 1845 

 
CH 

 
Concert 1: Paul Schoenfield 

Trio 

Café Music  

 
1900 – 2030 

 
Lounge 

 
Dinner 

 
2030 – 2100 

 
CH 

 
Concert 2: Human and Machine Intelligence 

Mozart: Oboe Concerto: 1st movement  

Tchaikovsky: Violin Concerto: 2nd & 3rd movement 

featuring Christopher Raphael's Informatics 

Philharmonic 
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Programme 

Day 2: Saturday, 14 February 2015 
 
 
   

CH  Concert Hall Level 1

Foyer  Conservatory Foyer Level 1

Lounge  Conservatory Lounge Level 1

   

 
 
 
   1000 - 1030 

 
Foyer 

 
Registration 

 
1030 - 1230 

 
CH 

 
Plenary Session 3: Canons 

Chair: Bernard Tan, National University of Singapore 

Noam Elkies, Harvard University 

Moreno Andreatta, IRCAM-CNRS 

Clifton Callender, Florida State University 

 
1230 – 1315 

 
Lounge 

 
Lunch 

 
1315 – 1415 

 
CH 

 
Concert 3: Base12 

Selections from sets of 12/24 pieces by J.S. Bach, 

Chopin, Debussy, Liszt, Mozart, Skryabin, Tchaikovsky 
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1430 – 1630 

 
CH 

 
Plenary Session 4: Shaping Performance 

Chair: Ruth Rodrigues, Raffles Institution 

John Rink, Cambridge University 

Christopher Raphael, Indiana University Bloomington 

Stephen Emmerson, Griffith University  

Bernard Lanskey National University of Singapore 

 
1630 – 1700 

 
Lounge 

 
Tea and Posters 

 
1700 – 1800 

 
CH 

 
Numbers and Senses Panel 

Diderot: "c'est par les nombres et non par les sens qu'il 

faut estimer la sublimité de la musique" 

(It is through numbers, rather than through the senses, 

that music's sublimeness can be measured.) 

 

Moderator: Gérard Assayag, STMS (Ircam-CNRS-

UPMC) 

Panelists: Richard Cohn, Eran Egozy, Noam Elkies, Lim 

Yan, John Rink, Chris Raphael, Don McLean, Ruth 

Rodrigues, Dmitri Tymoczko 

 
 1815 – 1930 

 
CH 

 
Concert 4: Canonic Offerings 

Callender: Canonic Offerings  

Tymoczko: S Sensation Something  

J.S. Bach / Emmerson: Goldberg Variations  
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Programme 

Day 3: Sunday, 15 February 2015 
 
   

CH  Concert Hall Level 1

Foyer  Conservatory Foyer Level 1

Lounge  Conservatory Lounge Level 1

   

 
 
 
1130 – 1200 

 
Foyer 

 
Registration 

 
1200 – 1300 

 
CH 

 
Concert 5: Rocks, Scratchy Gramophones and 

Repercussions 

J.S. Bach/Webern: Fuga (Ricercata) a 6 voci for 

orchestra fromThe Musical Offering 

Daniele Ghisi: Come di tempeste 

Ho Chee Kong: Visions of Earthstone 

Webern: Concerto for nine instruments, Op. 24 

 
1315 – 1515 

 
CH 

 
Plenary Session 5: Educating the Mathemusical 

Chair: Louis Chen, National University of Singapore 

Yang Jian, Nanjing University of the Arts 

Jeanne Bamberger, MIT/UC Berkeley 

Don McLean, University of Toronto 
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1530 – 1600 

 
Foyer 

 
Tea and Jam 

Elkies: No Clapping ’Til the Music Stops 

Assayag: OMaxical Conversation 

 
1600 – 1800 

 
CH 

 
Plenary Session 6: Geometries 

Chair: Chung-Shih Hoh, Raffles Institution 

Richard Cohn, Yale University 

Dmitri Tymoczko, Princeton University 

Jean-Louis Giavitto, CNRS-Ircam 

 
1815 – 1900 

 
CH 

 
Mathemusical Convergences Panel 

What's in the future?  Cooperations, convergences, ... 

 

Moderator: Elaine Chew, Queen Mary University of 

London 

Panelists: Moreno Andreatta, Margaret Boden, Clifton 

Callender, Stephen Emmerson, Jean-Louis Giavitto, 

Bernard Lanskey, Paul Schoenfield, Yang Jian  
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Abstracts, Biographies & Programme Notes 

 

Plenary Session 1: Mathemusical Engagement 

Friday, 13 February 2015, 13h15 

Chair: Kam Ning 

 

____________ 

Composing Art Music and the Prime Number Theorem 

Paul Schoenfield 

Professor of Composition, University of Michigan, USA 

____________ 

Abstract: In my own work, I have never conscientiously used mathematics as a 
composition tool, but I do find that music and mathematics can share a common 
aesthetic. For those who are sensitive to it, eiπ=-1 can inspire the same sensations as 
the most exalted passages in Bach, an opening of an eye onto the universe. However, 
some practitioners may see it in a different way. As an illustration, Avant-garde 
composers of 20th-century concert music were generally embarrassed if someone 
ascribed beauty to their work. It was better to stick with the ubiquitous (and 
meaningless) “very interesting.” Mathematicians on the other hand do not shy away 
from expressing approval or disapproval in aesthetic terms, be the “object” a theorem, a 
proof, or even a short step in a proof.  

The two fields share a similar attitude towards relevance. Arnold Schoenberg may have 
written that, “There are still plenty of good pieces to be written in the key of ‘C’.  Still, 
neither he nor a composer today, would likely offer such a piece in concert or for 
publication.  Likewise, the 7-circles theorem from the 1960s was but a new theorem in 
Euclidean geometry. It was labeled as a beautiful theorem with an ugly proof, and no 
one seemed interested in seeking a more elegant one.  

Major changes have taken place in recent decades. The complex atonal music written 
through much of the 20th century is considered “old-fashioned” by today’s young 
composers of concert music. Entertainment and standing ovations have become 
paramount, a digression unlikely to happen in the world of mathematics. On this subject, 
one of my colleagues recently remarked, “We are all twiddling our thumbs.”  
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____________ 

Approaches to Musical Expression in Harmonix’s Video Games 

Eran Egozy 

Co-Founder and Chief Technical Officer, Harmonix Music, USA 

____________ 

Abstract: Harmonix Music Systems was founded in 1995 with the mission “to let 
everyone in the world experience the joy of making music.”  Over the past 20 years, 
Harmonix has released over 20 game titles that, to various degrees of success, have let 
players feel musical and express themselves musically. In this talk, Eran Egozy will 
explore five Harmonix games, each of which has taken a different approach to enable 
player musical expression: The Axe (a joystick-controlled improvisation system), 
Amplitude (an arcade-style multi-track rhythm game), Karaoke Revolution (a 
microphone-based singing game), Rock Band (multi-instrument rock band simulation 
game), and Fantasia: Music Evolved (Kinect-based musical exploration game based on 
the classic Disney movie). We address a central dilemma in designing music video 
games: can players enjoy being expressive while also driving towards the goal of 
“winning the game?” 

 

____________ 

Motion and Gravitation in the Musical Spheres 

Elaine Chew 

Professor of Digital Media, Queen Mary University of London, UK 

____________ 

Abstract: Mathematical models have long been used to explain and predict natural 
phenomena.  Notable examples include Copernicus’  heliocentric model of the solar 
system, and Newton’s law of universal gravitation and laws of motion. These concepts 
of gravitational pull and physical motion also manifest themselves in music. Thus, 
music, like our natural world, similarly lends itself to mathematical modeling. 

Tonality. In Western tonal music, even a brief exposure to a melody sets up a host of 
expectations surrounding a tone that is perceived to be most stable, the tonal center.  
The music is expected to end on this most stable tone. Movement away and toward the 
tonal center creates tension and drama in our experience of the music. I will present a 
mathematical model of tonality that uses a center of gravity concept to visually illustrate 



21 

the motion away and toward the tonal center. The model also captures feelings of 
tension and release this movement generates. Examples will be drawn from 
Schoenfield’s Trio and Café Music featured in the upcoming concert. 

Time. Music is experienced in time at two levels. The pulse chronicles conceptual units 
of time, that fall on the minutes and seconds of a real timeline. Entrainment to the pulse 
forms an essential part of music listening and music making with others. The pulse can 
speed up and slow down, like objects in the physical world. The pulse can be temporally 
stretched for emphasis and dramatic effect. For example, when the anticipation of the 
return to the most stable tone is strong, the performer can delay its return, thus 
heightening the anticipation for resolution. Such manipulations of time shape the 
listeners’  musical perceptions and expectations. I will show that the natural shaping of 
time in music can be conceptualized and modeled according to the laws of motion. 
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____________ 

Paul Schoenfield 

Professor of Composition, University of Michigan, USA 

 

Even if his works have rarely been popular with the press (“Bad 
Culture”  [The Hague], “Really Annoying Music”  [Danceview Times], 
“An Undeserved Standing Ovation”  [N.Y. Times], “One is not sure 
whether to laugh or gape in awe at a mind so warped”  [San 
Francisco Examiner]), Paul Schoenfield’s music is widely 
performed and continues to draw an ever-expanding group of fans. 
According to Juilliard’s Joel Sachs, “He is among those all-too-rare 
composers whose work combines exuberance and seriousness, 

familiarity and originality, lightness and depth. His work is inspired by the whole range of 
musical experience, popular styles both American and foreign, vernacular and folk 
traditions, and the ‘normal’  historical traditions of cultivated music making, often treated 
with sly twists. Above all, he has achieved the rare fusion of an extremely complex and 
rigorous compositional mind with an instinct for accessibility and a reveling in sound that 
sometimes borders on the manic.” 

Although he now rarely performs publicly, he was formerly an active pianist, touring the 
United States, Europe, and South America as a soloist and with groups including “Music 
from Marlboro.”  Among his recordings as a pianist are the complete violin and piano 
works of Bartók with Sergio Luca. His compositions can be heard on the Angel, Decca, 
Innova, Vanguard, EMI, Koch, BMG, and New World labels. 

Reclusive and a wanderer by nature (having rarely lived in any one place for more than 
five years) he is presently on the composition faculty at the University of Michigan. 
Additionally, Mr. Schoenfield is an avid student of mathematics and the Talmud. 

(From notes by Zello Ahni) 

Webpage — www.paulschoenfield.org 
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____________ 

Eran Egozy 

Co-Founder and Chief Technical Officer, Harmonix Music, USA 

 

Eran Egozy is the co-founder and chief technical officer of 
Harmonix Music Systems, one of the pre-eminent game 
development studios in the world, having developed more than a 
dozen critically acclaimed music-based video games. Harmonix 
was founded in 1995 on the principle that non-musicians should be 
able to experience the joy of making music. Beginning in 2005, 
Harmonix developed Guitar Hero and Guitar Hero 2, fueling the 
explosive growth of the music games category to over $1 billion in 

sales. In 2006, Harmonix launched the innovative and award-winning title Rock Band. 
The blockbuster franchise grew to include Rock Band 2, Rock Band 3, and The Beatles: 
Rock Band. Harmonix is also the creator behind the ground-breaking hit titles Dance 
Central and Dance Central 2, the first fully immersive, no-controller dance games for the 
Kinect. Eran and his business partner Alex Rigopulos were named in Time Magazine's 
Time 100 in 2008, Fortune Magazine's Top 40 Under 40 in 2009, and USA Network's 
Character Approved awards in 2010. Prior to co-founding Harmonix, Eran conducted 
research on combining music and technology at the MIT Media Lab under the direction 
of Tod Machover.  

Eran is also an accomplished clarinetist, a member Boston's eclectic chamber music 
group Radius Ensemble, and performs regularly as a freelance musician in the Boston 
area. Eran earned his BS and MS degrees in Electrical Engineering and a minor in 
Music Performance from the Massachusetts Institute of Technology. He studied clarinet 
with Jonathan Cohler and William Wrzesien. For Spring 2015, Eran was invited by to be 
Visiting Artist at MIT, where he is teaching a course on Interactive Music Design and 
Programming. 

Webpages — www.harmonixmusic.com, www.radiusensemble.org 
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____________ 

Elaine Chew 

Professor of Digital Media, Queen Mary University of London, UK 

 

Elaine Chew is a Professor of Digital Media at Queen Mary 
University of London, where she leads the research theme on 
Music Performance and Expression in the Centre for Digital Music. 
Previously, she was a faculty member at the University of Southern 
California, where she founded and directed research at the Music 
Computation and Cognition Laboratory, first as an Assistant 
Professor, then a tenured Associate Professor. She was recipient 
of the United States National Science Foundation Faculty Early 

Career Development Award and a Presidential Early Career Award in Science and 
Engineering. In 2007-2008, she was the Edward, Frances, and Shirley B. Daniels 
Fellow at the Radcliffe Institute for Advanced Studies; the following year, she was 
visiting scholar in computer science and music at Harvard University. 

Chew received PhD and SM degrees in Operations Research at the Massachusetts 
Institute of Technology, a BAS in Mathematical and Computational Sciences (honors) 
and in Music (distinction) at Stanford University, and FTCL and LTCL diplomas in Piano 
Performance from Trinity College, London. Her research aims to explain the thinking 
and work behind expressive performance—what musicians do, how they do it, and why. 
Her monograph Mathematical and Computational Modeling of Tonality: Theory and 
Application recently appeared in the Springer Series on Operations Research and 
Management Science. 

Chew also disseminates her work through boundary-crossing lecture-recitals designed 
to help audiences think more deeply about the music and performances that they hear. 
Recent musical forays include performances on McPherson's magnetic resonator piano 
and Practicing Haydn, a collaboration with conceptual artist Lina Viste Grønli and 
composer Peter Child. Chew is a frequent invited keynote and plenary speaker at 
international venues. She has also served on the steering committee of the International 
Society for Music Information Retrieval, and on the MIT Music and Theater Arts Visiting 
Committee. 

Webpage — www.eecs.qmul.ac.uk/~eniale  
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Plenary Session 2: Mathemusical Creativity 

Friday, 13 February 2015, 15h45 

Chair: Gérard Assayag 

 

____________ 

Creative Dynamics of Improvised Musical Interaction 

Gérard Assayag 

Director, Sciences and Technologies of Music and Sound Laboratory  

(STMS: IRCAM, CNRS, UMPC), France 

____________ 

Abstract: In improvised performances, individual musical decisions rely on evaluation 
of past history, analysis of  present musical environment, and projection of anticipation 
strategies. Therefore, not only can it take some time to come to a decision, but part of 
such a decision can also consist in postponing action to the future. More than hard real-
time computation (which is of course useful) these processes involve models of time, 
memory and behavior at different scales, as music composition does, and cannot be 
fully apprehended by using only conventional signal and event processing 
computational devices. In order to represent this intelligent interaction we have coined 
the expression "symbolic interaction." 
 
In order to foster realistic and artistically interesting behaviors of digital interactive 
systems, and communicate with them in a humanized way, one has indeed to combine 
several means: machine listening—extracting high level features from the signal and 
turning them into significant symbolic units; machine  learning—discovering and 
assimilating on the fly intelligent schemes by listening to actual performers; stylistic 
simulation—elaborating a consistent model of style; symbolic music representation—
formalized representations connecting to organized musical thinking, analysis and 
composition. These processes cooperate and compete in effect to define a multi-level 
memory model underlying a discovery and learning process that contributes to the 
emergence of creative musical agents. 
 
This has of course to do with computational creativity and cognitive computing. We are 
concerned with the architectural and cognitive issues in the internal structure of creative 
agents as well as in the open environment where the agents (including humans!) live 
and communicate. The idea to bring together composition and improvisation through 
cognitively inspired computational mechanisms combined with mathematical 
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formalization and symbolic structures make sense in many artistic and non-artistic 
domains and open-up new decision-making paradigms, improvisational strategies and 
ways to cope with the unknown. This hybrid model may stand as a productive one for 
artificial music creativity. 
 

____________ 

Sound, Shape, Harmony 

Jean-Pierre Bourguignon 

President, European Research Council 

____________ 

Abstract: The lecture aims to explore relations between sounds, shapes and 
harmonies as they have evolved along history along with mathematical knowledge with 
some musical illustrations. 

Music is produced by instruments of all sorts. 

Those whose systematic analysis is a priori the simplest are strings, even if their 
embodiments in instruments can take many forms and the music they produce a huge 
diversity. 

Mathematical facts behind the sounds they produce can be described very simply as 
they depend fundamentally on only the string length and tension if it is homogeneous. 
This analysis lies at the root of Western music theory, going back to the Greeks, and 
became a reference in music in shaping the scales. 

Some instruments such as stone chimes, that play a fundamental role in Chinese 
music, are based on more sophisticated mathematical facts. This is because the 
geometry lying at the heart of the sound they produce is much richer as it is connected 
to two-dimensional and not one-dimensional shapes. This leads to more subtle but less 
controllable harmonies than those of strings. 

Some musicians could not refrain from suggesting to look into three-dimensional 
harmonies. Some 20th century instruments are indeed based on such an exploration. 

Today, some virtual instruments simulate objects with even more dimensions, 
corresponding to spaces with a more complex geometry, even if they have many higher 
dimensional symmetries. 
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____________ 

Musical Creativity 

Margaret Boden 

Research Professor of Cognitive Science, University of Sussex, UK 

____________ 

Abstract: Creativity in music—and elsewhere—is the ability to generate 
ideas/compositions that are new, surprising, and valuable. (New to the individual 
concerned—and perhaps also to human history.) There are three sorts of creativity. 
They involve different psychological processes, and arouse distinct kinds of surprise. 

Combinational creativity combines familiar ideas in unfamiliar ways (e.g. cuckoo-calls in 
a symphony, or Bach and jazz). Exploratory creativity generates new structures within 
an accepted style (e.g. fugue, sonata form). Transformational creativity alters one or 
more rules of the style, making it possible to generate structures that were impossible 
before (e.g. Schoenberg’s atonal music). Exploration and transformation may be difficult 
to distinguish (e.g. the James Bond theme in “Skyfall”). 

All three can be scientifically understood—and, up to a point, modelled in computers. 
Sometimes, their valuation can be scientifically explained. But, in principle, no valuation 
can be scientifically justified. 
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____________ 

Gérard Assayag 

Director, Sciences and Technologies of Music and Sound Laboratory  

 

Gérard Assayag is head of IRCAM's research lab Sciences and 
Technologies of Music and Sound and of its Music Representation 
Team, which he founded in 1992. His research interests are 
centered on music representation issues, including programming 
languages, machine learning, constraint and visual programming, 
computational musicology, music modeling, and computer-
assisted composition. He has designed with his collaborators 
OpenMusic and OMax, two music research environments which 
have received international acclaim, and are used in many 

contexts all over the world for computer assisted composition, analysis and 
improvisation.  

Assayag is a founding member of AFIM (Association Française d'Informatique 
Musicale) and SMCM (Society for Mathematics and Computation in Music). He serves 
in the Editorial Boards of SMCM's Journal of Mathematics and Music, and of the Journal 
of New Music Research (JNMR). He has organized or co-organised the "Forum Diderot, 
Mathématique et Musique" for the European Mathematical Society in 1999 as well as 
several international computer music conferences, including the Sound and Music 
Computing 2004 conference, the 3rd Mathematics and Computation in Music 
conference in 2011 and the Improtech Paris–New York 2012 conference on 
improvisation and new technologies.  

Assayag has been co-editor of several journals’  special issues on music science such 
as JNMR and Soft Computing, and of books including Mathematics and Music 
(Springer-Verlag 1999), The OM Composer's Book (Delatour 2008), New Computational 
Paradigms for Computer Music (Delatour 2009), and Constraint Programming in Music 
(Wiley 2012).  

Webpage — www.ircam.fr/stms.html?&L=1 
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____________ 

Jean-Pierre Bourguignon 

President, European Research Council 

 

A mathematician by training, Professor Jean-Pierre Bourguignon 
spent his whole career as a fellow of the Centre National de la 
Recherche Scientifique (CNRS). A specialist of differential 
geometry, he developed analytical tools to study global geometric 
problems, often in relation with questions coming from physical 
theories. He also held a professor position at École polytechnique 
from 1986 to 2012. 

He was the director of the Institut des Hautes Études Scientifiques 
(IHÉS) from 1994 until 2013. This international research institute located near Paris, 
France, was built as the European counterpart of the Institute for Advanced Study in 
Princeton. As of 1 January 2014, Jean-Pierre Bourguignon now serves as president of 
the European Research Council. 

From 1990 to 1992, he was president of the Société  Mathématique de France and from 
1995 to 1998, president of the European Mathematical Society. He was one of the 
founding members of the EuroScience organisation in 1997 and served on EuroScience 
Open Forum (ESOF) committees from 2004 to 2014. 

Professor Bourguignon received the Prix Paul Langevin in 1987 and the Prix du 
Rayonnement Français in Mathematical Sciences and Physics from the Académie des 
Sciences de Paris in 1997. He is a foreign member of the Royal Spanish Academy of 
Sciences. In 2005, he was elected honorary member of the London Mathematical 
Society and has been the secretary of the mathematics section of the Academia 
Europaea. In 2008, he was made Doctor Honoris Causa of Keio University, Japan, and, 
in 2011, Doctor Honoris Causa of Nankai University, China. 

Webpage — erc.europa.eu/organisation/jean-pierre-bourguignon 
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____________ 

Margaret Boden 

Research Professor of Cognitive Science, University of Sussex, UK 

 
 

Margaret A. Boden OBE ScD FBA is Research Professor of 
Cognitive Science at the University of Sussex, where she helped 
develop the world's first academic programme in AI and cognitive 
science. She holds degrees in medical sciences, philosophy, and 
psychology (as well as a Harvard PhD, a Cambridge ScD, and 
three honorary doctorates), and integrates these disciplines with AI 
in her research, which has been translated into twenty languages. 
Her recent books include The Creative Mind: Myths and 

Mechanisms (2004); Mind as Machine: A History of Cognitive Science (2006); and 
Creativity and Art: Three Roads to Surprise (2010). She has two children and four 
grandchildren, and lives in Brighton. 

Webpage — www.sussex.ac.uk/profiles/276 
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Concert 1: Paul Schoenfield 

Friday, 13 February 2015, 18h00 

____________ 

 
SCHOENFIELD Trio (1990) 
 
 Eran Egozy, clarinet 

 Kam Ning, violin 

 Elaine Chew, piano 

 
SCHOENFIELD Café Music (1986) 
 
 Kam Ning, violin 

 Qin Li-wei, cello 

 Albert Tiu, piano 

____________ 

 

Trio 

In 1986, clarinetist David Shifrin asked me to write a chamber work for violin, clarinet 
and piano, but it was not until summer of 1990 that I was able to begin the project. In 
addition to the primary goal of composing a work for David, the Trio realizes a long-
standing desire to create entertaining music that could be played at Chassidic 
gatherings as well as in the concert hall. The opening movement, Freylakh, is a joyous 
dance that is almost frenetic in the intensity of its merry-making. The March is bizarre 
and somewhat diabolical in nature, and the Nigun is a slow movement of introspection. 
The work closes with a lively Kozatzke (Cossack Dance). 
 
Each of the movements is based partly on an East European Chassidic melody. The 
exact source of many Chassidic melodies is unknown. Frequently they were composed 
by the Tzadikim of the 18th and 19th centuries, but often as not, they appear to have 
been borrowed from regional folk songs, Cossack dances, and military marches. In their 
Chassidic versions, however, the melodies and texts were completely reworked, since 
the borrowed tunes, which originated in a completely different milieu, could not 
satisfactorily express the Chassidic idea that regarded the exuberant expression of joy 
as a religious duty. — Paul Schoenfield 
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Café Music 

The idea to compose Café Music first came to me in 1985 after sitting in one night for 
the pianist at Murray’s Restaurant in Minneapolis. Murray’s employs a house trio which 
plays entertaining dinner music in a wide variety of styles. My intention was to write a 
kind of high-class dinner music—music which could be played at a restaurant, but might 
also (just barely) find its way into a concert hall. The work draws on many of the types of 
music played by the trio at Murray’s. For example, early 20th century American, 
Viennese, light classical, gypsy, and Broadway styles are all represented. A paraphrase 
of a beautiful Chassidic melody is incorporated in the second movement. Café Music 
was commissioned by the St. Paul Chamber Orchestra (SPCO) and received its 
premiere during a SPCO chamber concert in January 1987. — Paul Schoenfield 
 

____________ 

Kam Ning 

Violinist 

 
Kam Ning was born in Singapore and began studying the violin at 
age six with her father, violinist and composer, Kam Kee Yong. In 
1987 she received scholarships from the Lee and Shaw 
Foundations of Singapore to enter the Yehudi Menuhin School in 
Surrey, UK where she studied with Maurizio Fuks, Wen Zhou Li 
and the late Sidney Griller. In 1993 she entered the Curtis Institute 
of Music, Philadelphia to study with Jaime Laredo and Yumi Scott 
and received her Bachelor Degree there. She then went on to 
study with Donald Weilerstein at the Cleveland Institute of Music 

where she received her Masters of Music Degree and an Artist Diploma.  

In 1991, Ning won First Prize in the junior section of the Folkestone Menuhin 
International Violin Competition, she was a prizewinner at the Third International Pablo 
Sarasate Violin Competition in Pamplona in 1995, a finalist in the 2000 Henryk Szeryng 
Career Awards, culminating in winning Second Prize "Prix du Gouvernement Fédérale 
Belge Eugène Ysaye" at the prestigious Queen Elisabeth Competition of Belgium in 
2001. Hailed by De Standaard as "manifestly the best violinist of the competition" she 
also won the Flemish Radio and Television Audience Prize there. The Strad Magazine 
praised her as a "strong artistic personality". Ms. Kam has also been honoured by the 
National Arts Council of Singapore with the Young Artist Award, presented in 2000 to a 
young artist of extraordinary talent. She has been featured on the documentary "Portrait 
of the Artist" on SBC, Singapore, and has been broadcast on SBC Radio Singapore as 
well as on CBC Radio Canada's "Music Around Us" Series at the Glenn Gould Studio, 
Toronto. In October 2002, Ning was invited to perform at the National Inauguration of 
the Esplanade Theatres on the Bay Concert Hall in Singapore, where she partnered 
Sarah Chang in Bach's double violin concerto with the Singapore Symphony Orchestra, 
conducted by Lan Shui. This occasion was graced by Prime Minister Lee Hsien Loong 
of Singapore. She was invited as an honouraree at the President's Command 
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Performance in April 2009 where she performed her own arrangement of John Newton's 
"Amazing Grace". 

Ning Kam has given many concerts in Europe, Singapore, Canada and the United 
States. She has performed at the Menuhin Music Festival in Gstaad, Switzerland. In 
1988 she appeared on BBC's Blue Peter, where she played to a television audience of 
seven million. In that same year, she performed the Mendelssohn Concerto at the Royal 
Festival Hall, with the Wren Orchestra. Since then she has appeared with the Royal 
Liverpool Philharmonic Orchestra, Toronto Symphony, Cleveland Orchestra, National 
Orchestra of Belgium, Royal Flanders Philharmonic, Flemish Radio Orchestra, City of 
London Sinfonia, the Orchestra della Svizzera Italiana and the Singapore Symphony 
Orchestra.  

Ning released her first CD in 1997, featuring the works of Enesco, Sarasate, her father, 
Kam Kee Yong as well as transcriptions by Heifetz. Most recent releases are a CD 
dedicated to the music of the Americas entitled "Transatlantic", and a recording, 
"Cicada", dedicated solely to the music of Kam Kee Yong. American Record Guide has 
praised "Transatlantic" as "energetic and virtuosic" as well as having "humour, lightness 
and strength". ClassicsToday.com has called Kam's playing "stunning" and "fiendish" 
and a 10/10 was given by the Belgian music magazine "Crescendo" for this original 
recording. Ning released her debut recording with orchestra of the August De Boeck 
Violin Concerto with the Flemish Radio Orchestra conducted by Marc Soustrot, under 
the Etcetera label. Beginning in september 2011, Ning will commence in her role as the 
new Artistic Director of het Kamerorkest Brugge. 

Website - www.ningkam.com 

 
____________ 

Qin Li-Wei 

Head of Cello Studies, Yong Siew Toh Conservatory of Music, Singapore 

 
'Mr. Qin has a great deal going for him, including a meltingly 
beautiful tone, flawless centered intonation and an ironclad 
technique' - New York Times 
 
An exclusive Universal Music China Artist, Li-Wei Qin has 
appeared all over the world as a soloist and as a chamber 
musician. After achieving great success at the 11th Tchaikovsky 
International Competition where he was awarded the Silver 
Medal, Li-Wei has since won the First Prize in the prestigious 
2001 Naumburg Competition in New York. Li-Wei has enjoyed 

successful artistic collaborations with the Rundfunk-Sinfonieorchester Berlin and 
Janowski, NDR-Sinfonierorchester Hamburg and Hrůša, Konzerthausorchester Berlin 
and Tabachnik, London Philharmonic and Briger, BBC Symphony and Van Steen, BBC 
Philharmonic and Totelier, BBC Scottish Symphony and Brabbins, Osaka Philharmonic 
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and Belohlavek, Basel Symphony Orchestra and Bringuier, China Philharmonic and Yu 
Long, Sydney Symphony and Tan Dun, Melbourne Symphony and the late Viotti, and 
Sinfonia Varsovia and the late Lord Menuhin. Li-Wei has also appeared with chamber 
orchestras such as the Kremerata Baltika, the Munich, the Zurich, the Australian 
Chamber Orchestras. 

2013/14 season includes appearances with the Deutches Symphonie-Orchestrer Berlin, 
London Philharmonic Orchestra, Melbourne Symphony, Hong Kong Philharmonic, 
Auckland Philharmonic and his Los Angeles Philharmonic début with Dutoit. In recital 
and chamber music, Li-Wei is a regular guest at the Wigmore Hall and for the Lincoln 
Center Chamber Music Society, New York. He has appeared at the BBC Proms, the 
Rheinghau, the City of London, the Schlewigs-Holstein and the Mecklenburg Festivals. 
Li-Wei has collaborated with musicians such as Daniel Hope, Nabuko Imai, Misha 
Maisky, David Finckel, Wu Han, Vladimir Mendelssohn and Peter Frankel, among many 
others. Li-Wei’s recordings on Universal Music/Decca include the complete Beethoven 
Sonatas, Works of Rachmaninov with pianist Albert Tiu, Dvořàk Concerto with 
Singapore Symphony Orchestra and conductor Lan Shui and Elgar/Walton Concerti 
with the London Philharmonic. Most recently, courtesy of Universal Music, Li-Wei's 2013 
live concert with the Shanghai Symphony and Maestro Yu Long has been released on 
Sony Classical. 

Born in Shanghai, Li-Wei moved to Australia at the age of 13, before accepting 
scholarships to study with Ralph Kirshbaum at the Royal Northern College of Music, 
Manchester and with David Takeno at the Guildhall School of Music and Drama, 
London. In 2002, Li-Wei received the Young Australian of the Year Award. Other major 
invitations included appearances at both the 2008 Beijing Olympics (New Zealand 
Symphony), 2012 London Olympics and the Davos World Economics Forum (Basel 
Symphony Orchestra). Prior to teaching at the YST Conservatory, Li-Wei was a 
professor of cello at the Royal Northern College of Music, Manchester. He is also a 
guest professor at Shanghai and Central Conservatory of Music in China. Li-Wei plays a 
1780 Joseph Guadagnini cello, generously loaned by Dr and Mrs Wilson Goh. 

Website - www.liweicello.com 
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____________ 

Albert Tiu 

Associate Professor of Piano, Yong Siew Toh Conservatory of Music, Singapore 

 
Born in Cebu, Philippines, Albert Tiu has been described as “an 
artist of uncommon abilities”  by American Record Guide. His 2010 
recording on Centaur Records, “Nocturnal Fantasies”, featuring 
the music of Chopin and Skryabin, has received glowing reviews. 
This “compelling and poetically imaginative recording”  (Clavier 
Companion) has been dubbed “one of the all-time great piano 
recordings”  (Fanfare). Gramophone hailed it as “performances 
where heart and mind unite in a deeply affecting union.” 
According to American Record Guide, “this is one of the most 

inventive recital programs I have ever seen or heard. He has the heart and soul of a 
true romantic pianist, as well as an abundance of technical skills. He can float a delicate 
melody one moment and rise to an impressive and exciting climax the next. He is a 
pianist I would go out of my way to hear in concert, and I will look for his future 
recordings.” 
 
Other recording projects include 2 discs on Decca with cellist Qin Li-Wei, showcasing 
the complete cello works of Rachmaninov, and the Beethoven Sonatas, for which they 
were nominated in the Australian Recording Industry Association (ARIA) Awards in 
2010. He collaborated with violinist Kam Ning on "Road Movies", a disc featuring 
American composers John Corigliano, John Adams, and John Novacek, released by 
Meridian Records (UK) in 2013. Soon to be released is another disc on Centaur with 
clarinetist Marcel Luxen and music by the “Germanic Giants”—Brahms, Schumann and 
Weber. 
 
Currently an Associate Professor of Piano at the Yong Siew Toh Conservatory of Music, 
he studied with Jerome Lowenthal at the Juilliard School, Michael Lewin at the Boston 
Conservatory, John Winther at the Hong Kong Academy of Performing Arts, and Nita 
Abrogar-Quinto at the University of the Philippines. An early period of rebellious youth 
led to his dismissal from the Philippine High School for the Arts, after which he 
flourished with Nelly Castro in Cebu. In 1996, he won First Prize and two concerto 
prizes in the UNISA International Piano Competition in Pretoria. He is also a prize-
winner in Calgary (Honens), Santander (Paloma O’Shea) and Helsinki (Maj Lind). 
 
Known for his passion for innovative programming, he frequently presents recitals with 
themes like “The Classical Elements”  (Earth, Air, Water and Fire), “Chopin without 
Chopin”  (music by Godowsky, Busoni and Rachmaninov influenced by Chopin), and 
“Bee Flat”  (the two Sonatas in B-flat by Beethoven). He has appeared with the St. 
Petersburg Philharmonic, Hamburg Symphony, Finnish Radio Symphony, Gstaad 
Festival Orchestra, Calgary Philharmonic, Winnipeg Symphony, Louisiana 
Philharmonic, Johannesburg Philharmonic, Cape Town Philharmonic and Philippine 



36 

Philharmonic. In 2005, he gave the Singapore premiere of Samuel Barber’s Piano 
Concerto with the Singapore Symphony under Tang Muhai.  
 
After a short teaching stint in the Pre-College Division of the Juilliard School, Albert 
joined the Yong Siew Toh Conservatory in 2003 as one of the pioneering faculty 
members. His students have distinguished themselves in competitions in Singapore, 
including winning the 1st Prize in the last three National Piano and Violin Competitions 
in the Artist Category, as well as in international competitions in Denmark, Italy, Japan 
and New Zealand. Under his guidance, several of them have made their orchestral 
debut with the Singapore Symphony Orchestra, Singapore Festival Orchestra, 
Metropolitan Festival Orchestra, Vietnam National Orchestra and the Silesian 
Philharmonic Orchestra. 
 
Website - www.nus.edu.sg/music/01d_aboutus_faculty.03_2.html 
 

____________ 

 
(Bios of performers and composers who are also session speakers can be found with 
their sessions.) 
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Concert 2: Human and Machine Intelligence 

Friday, 13 February 2015, 20h30 

____________ 

 
MOZART Oboe Concerto in C major, K314 

 I.  Allegro aperto 

 
 Christopher Raphael, oboe 

 Informatics Philharmonic by Christopher Raphael 

 
TCHAIKOVSKY Violin Concerto in D major, Op. 35  

 II.  Canzonetta: Andante (G minor) 

 III.  Finale: Allegro vivacissimo (D major) 

 
 Korniev Olexandr (MUS2), violin 

 Informatics Philharmonic by Christopher Raphael 

 

____________ 

 

The Informatics Philharmonic by Christopher Raphael 

The Informatics Philharmonic is a computer system that provides real-time 
accompaniment to a live soloist in a concerto-like setting.  The programme listens to the 
live player using a hidden Markov model that forms an online match between the 
incoming audio and the score.  The audio output of the program comes from a recording 
of the accompanying instruments, which is stretched and compressed in real time to 
match with the timing exhibited by the soloist.  Between these two processes is a 
Gaussian timing model that continually predicts future musical evolution.  This model 
learns from the live player by estimating model parameters after each rehearsal. — 
Christopher Raphael 
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Plenary Session 3: Canons 

Saturday, 14 February 2015, 10h30 

Chair: Bernard Tan 

____________ 

Canonical Forms: a Mathematical View of Musical Canons 

Noam Elkies 

Professor of Mathematics, Harvard University, USA 

____________ 

 
In a musical canon—be it "Three Blind Mice" or the climax of a Bach fugue—a melody 
can act as its own harmony. The task of finding such melodies leads us to look 
at musical structure from points of view usually associated with science and 
mathematics, not the arts.  The lecture will be illustrated with diagrams as well as a 
variety of musical example (including at least one improvised in real time), and will give 
some of the context for my performance. 

 

____________ 

Tiling Canons as a Key to Approaching Open Mathematical Conjectures? 

Moreno Andreatta 

Researcher, French National Centre for Scientific Research (CNRS); 

Researcher, Institut de Recherche et Coordination Acoustique/Musique (IRCAM), 

France 

____________ 

Abstract: After briefly providing a historical account of the emergence of tiling canon 
constructions, from Olivier Messiaen’s Non-Invertible Rhythmic Canons model to Dan 
Vuza’s Theory of Supplementary Sets and Regular Complementary Unending Canons, 
we will present the state of the art of the ongoing research on tiling canons and their 
deep links with some mathematical conjectures such as Minkowski-Hajos Tiling Cube 
Conjecture and Fuglede Spectral Conjecture. It clearly appears that tiling canons are 
prototypical examples of a “mathemusical”  research since they are characterized by a 
dynamic movement between a given musical problem, the mathematical statements 
and general theorems obtained by the formalization and generalization processes, and 
their musical applications in music theory, analysis, and/or composition. In other words, 
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setting the originally musical problem in an appropriate mathematical framework not 
only gives rise, eventually, to new mathematical results, but also paves the way to new 
music-theoretical, analytical, or compositional constructions that would have been 
impossible to conceive without the process of mathematization and modeling. We will 
discuss several computational models of tiling canon constructions that have been 
integrated into the OpenMusic visual programming language. After a brief presentation 
of OpenMusic, we will focus on the description of the MathTools environment and its 
most relevant objects, which enable a composer to produce several classes of tiling 
rhythmic canons by means of constraint programming, group factorizations, and 
polynomial representations. Examples of tiling rhythmic canons include canons by 
translation (from the simplest cases of k-asymmetric canons to the cyclotomic canons 
and Vuza canons) and by affine transformation (augmented canons). We will finally 
show some compositional applications of the computer-aided model of tiling canon 
constructions by composers such as Fabien Levy, Georges Bloch, Mauro Lanza and 
Daniele Ghisi. 

____________ 

Infinite Canons 

Clifton Callender 

Associate Professor of Composition, Florida State University, USA 

Artistic Director, FSU New Music Ensemble 

____________ 

Abstract: Most canons, ranging from the very simple to the most complex, have a 
single solution. For example, Ciconia’s tempo canon Le ray au soleyl will only work at 
the ratios 4:3:1, and the canon by augmentation and inversion from Bach’s Musical 
Offering will not work in any other manner. However, some canons have multiple 
solutions, including a canon by inversion from the Musical Offering that has two distinct 
solutions and the multiple combinations of an eight-note theme in Bach’s Fourteen 
Canons on the Goldberg Ground. Are there limits to the number of solutions for canons 
that maintain some kind of strict harmonic control? Surprisingly, the answer is no! It is 
possible to create lines that can combine in an infinite number of ways while maintaining 
maximal harmonic consistency. Specifically, melodies that are maximally self-similar, 
exhibiting self-similarity at all possible time scales, can be combined in any number of 
voices, at any ratios (rational or irrational), with each voice moving either forward or 
backward. This presentation will explain the construction and provide examples of these 
canons with infinite solutions. 
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____________ 

Noam Elkies 

Professor of Mathematics, Harvard University, USA 

 

Noam D. Elkies is a Professor of Mathematics at Harvard 
University, a Chess Master, and an accomplished composer, 
pianist, and improviser. 

At age 14, Elkies received a gold medal with perfect score at the 
International Mathematical Olympiad. At Columbia University, he 
won the Putnam competition at age 16, making him one of the 
youngest Putnam Fellows in history; he was a Putnam Fellow two 
more times during his undergraduate years. After graduating as 

valedictorian at age 18, summa in Mathematics and Music, he earned his PhD, at age 
20, under the supervision of Benedict Gross and Barry Mazur at Harvard University.  

In 1987, he proved that an elliptic curve over the rational numbers is supersingular at 
infinitely many primes. In 1988, he disproved Euler's sum of powers conjecture for 
fourth powers. His work on these problems won him recognition and a position as an 
associate professor at Harvard in 1990. In 1993, he was made a full, tenured professor 
at the age of 26. This made him the youngest full professor in the history of Harvard. 
Elkies, along with A. O. L. Atkin, extended Schoof's algorithm to create the Schoof-
Elkies-Atkin algorithm. 

He is an accomplished composer and solver of chess problems, winning the 1996 
World Chess Solving Championship. He has discovered many new patterns in 
Conway's Game of Life and has studied the mathematics of still life patterns in that 
cellular automaton rule. Elkies is also renowned for his knowledge of the connections 
between mathematics and music; he sits on the Advisory Board of the Journal of 
Mathematics and Music. Elkies is a fellow at Harvard's Lowell House, and is a faculty 
adviser to the Harvard Israel Review. 

Webpage — www.math.harvard.edu/~elkies 
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____________ 

Moreno Andreatta 

Researcher, French National Centre for Scientific Research (CNRS); 

Researcher, Institut de Recherche et Coordination Acoustique/Musique (IRCAM), 

France 

 
 
Moreno Andreatta is a Centre national de la recherche 
scientifique (CNRS) researcher in the Music Representation Team 
at the Institut de Recherche et Coordination Acoustique/Musique 
(IRCAM), where he also serves as coordinator of the Acoustique, 
traitement du signal, informatique, appliqués à  la musique (ATIAM) 
Masters Program. He is currently Vice President of the Society of 
Mathematics and Computation in Music.  

His research activities focus on the relationships between 
mathematics and music. In particular, he is interested in the algebraic formalization of 
musical structures and processes, a subject which was at the center of his PhD thesis, 
entitled "Méthodes algébriques dans la musique et la musicologie du XXème siècle: 
aspects théoriques, analytiques et compositionnels," in Computational Musicology in the 
Musique, Histoire, Société  Doctoral Program organized by the École des Hautes Études 
en Sciences Sociales (EHESS), the Institute of Research and Coordination on 
Acoustics. 

Webpage — http://repmus.ircam.fr/moreno 
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____________ 

Clifton Callender 

Associate Professor of Composition, Florida State University, USA 

Artistic Director, FSU New Music Ensemble 

 
 

 
Clifton Callender is currently Associate Professor of Composition 
at Florida State University, where he teaches composition and 
music theory, and serves as Artistic Director of the FSU New 
Music Ensemble. His works are available on the Navona, New 
Ariel, and Capstone record labels. Recent commissions include 
Canonic Offerings, invited work for the Bridges Conference on the 
Arts and Mathematics curated by Dmitri Tymoczko; gegenschein, 
for Piotr Szewczyk’s Violin Futura project; and Reasons to Learne 
to Sing, for the 50th Anniversary of the College Music Society. His 

music has been recognized by and performed at the Spark Festival, Forecast Music, 
Composers Inc., the Florida Electracoustic Music Festival at the University of Florida, 
the American Composers Orchestra, the International Festival of Electroacoustic Music 
“Primavera en La Habana,”  NACUSA Young Composers Competition, the Northern 
Arizona University Centennial Composition, SEAMUS, the North American Saxophone 
Alliance Biennial Conferences, the World Harp Congress in Copenhagen, the iChamber 
New Music Series, the Composers Conference at Wellesley College, the Ernest Bloch 
Music Festival, and the ppIANISSIMO festival in Bulgaria. 

Callender’s research includes work on geometrical music theory, Fourier-based 
harmonic theory, extensions of Neo-Riemannian theory to twentieth-century music 
(including Scriabin and Ligeti), and mathematical aspects of variable tempo (including 
Nancarrow). His articles have been published in Science, Perspectives of New Music, 
Journal of Music Theory, Music Theory Online, and Intégral. Callender also serves on 
the editorial board of Perspectives of New Music and is co-Editor in Chief of the Journal 
of Mathematics and Music. 

Webpage — myweb.fsu.edu/ccallender 
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Concert 3: Base 12 

Saturday, 14 February 2015, 13h15 

________________ 

 
 
J.S. BACH  Prelude and Fugue in E-flat major, Book I 
 
 Foo Xi Yuan (MUS1), piano 
 
CHOPIN  Etude in C major, Op. 10 No. 7 
 
 Lin Xiangning (YA1), piano 
 
TCHAIKOVSKY From The Seasons, Op. 37 
          VIII. August 
 
 Nguyen Le Bin Anh (MUS1), piano 
 
CHOPIN  Etude in F major, Op. 10 No. 8 
 
 Dolpiti Kongviwatanakul (MUS1), piano 
 
J.S. BACH  Prelude and Fugue in B minor, Book II 
 
 Kelly Ho (MUS1), piano 
 
CHOPIN  Etude in A-flat major, Op. 10 No. 10 
 
 Elaine Yap (MUS3), piano 
 
MOZART  Twelve Variations on "Ah, vous dirai-je, Maman" 
 
 Wang Ji (MUS4), piano 
 
DEBUSSY  Etude VII: “Pour les degrés chromatiques” 
 
 Han Sol Jeong (MUS1), piano 
 
 
SKRYABIN  Etude in D-sharp minor, Op. 8 No.12 
 
 Clarence Lee (MMUS1), piano 
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DEBUSSY  Etude XI: "Pour les arpeges composes" 
 
 Melivia Citravani Raharjo (MUS2), piano 
 
J.S. BACH  Prelude and Fugue in B major, Book I 
 
 Wang Shimiao (MUS3), piano 
 
LISZT   Transcendental Etude VIII: "Wilde Jagd" 
 
 Anthony Hartono (MUS3), piano 
 

____________ 

 

Base 12  

This concert aims to offer an hour’s reflection (an hour being arguably of course itself 
another Base 12 phenomenon possibly of relevance in relation to this topic!) on the 
prevalence of the number 12 in music. While the chromatic system offers one possible 
source for this phenomenon, the number’s capacity to subdivide into groups of two, 
three, four and six may also have a role to play, for example in relation to musical sets 
of works of larger dimension or in terms of subdivision of time (the “numerators” 2, 3, 4, 
6 in time signatures all being factors of 12). While it would have been possible to draw 
easily from 12 different composers for this project, the particular mix evident here is the 
consequence of how a conceptual model (how many possible permutations might there 
be for 12 pieces to add up in combination to approximately an hour’s duration) 
evidences itself in the reality of a particular hour (who should play what in this hour of 
their lives in a manner and order which contributes to a satisfying concert in the overall 
symposium while also adding value to the musical growth of each individual?). What the 
piano department has collated is, I believe, a lovely (and probably unique!) suite of 
works embracing 7 composers from across 193 years of history (fascinatingly here both 
are prime numbers!). Please feel free to feedback any reflection on this topic! — 
Bernard Lanskey  
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Plenary Session 4: Shaping Performance 

Friday, 13 February 2015, 13h15 

Chair: Ruth Rodrigues 

 

____________ 

Performing Musical Shape in Theory and in Practice 

John Rink 

Professor of Musical Performance Studies, Cambridge University, UK 

____________ 

Abstract: The term ‘musical shape’  is continually invoked by performers of Western 
classical music, whether literally or ‘in so many words’, yet it is extremely difficult to 
define. Possibly for this reason, relatively little scholarly attention has been devoted to 
the issue until recently. This paper begins by reporting on one of the projects 
undertaken in the AHRC Research Centre for Musical Performance as Creative 
Practice, namely, ‘Shaping Music in Performance’, which was based at King’s College 
London under the direction of Daniel Leech-Wilkinson, working in conjunction with 
Helen Prior, Mats Küssner, and Dan Tidhar. After presenting findings from different 
phases of the project involving the use of questionnaires, interviews, and other forms of 
documentary, empirical and theoretical research, the paper turns to analytical 
considerations of musical shape before discussing two case studies in which shape-
related issues are assessed first of all in terms of their properties in the score, and 
secondly with regard to their potential influence on and manifestation in performance. 
Although a rigorously mathematical model is not proposed, the paper nevertheless 
addresses some of the quantitative issues surrounding ‘musical shape’, in addition to 
noting the challenges that arise not only in defining it but also in modelling it. The widely 
cited relationship between structure and shape is also explored, leading to conclusions 
about the ways in which each of these is not inscribed within the score but, instead, 
inferred from musical materials by performers, analysts, and/or listeners.  
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____________ 

Modeling Melodic Expression 

Christopher Raphael 

Professor of Informatics, Indiana University Bloomington, USA 

____________ 

Abstract: A method for expressive melody synthesis is presented seeking to capture 
the prosodic (stress and directional) element of musical interpretation. An expressive 
performance is represented as a note-level annotation, classifying each note according 
to a small alphabet of symbols describing the role of the note within a larger context. An 
audio performance of the melody is represented in terms of two time-varying functions 
describing the evolving frequency and intensity. A method is presented that transforms 
the expressive annotation into the frequency and intensity functions, thus giving the 
audio performance. The problem of expressive rendering is then cast as estimation of 
the most likely sequence of hidden variables corresponding to the prosodic annotation. 
Examples are presented on a dataset of around 50 folk-like melodies, realized both 
from hand-marked and estimated annotations. 

 

____________ 

Playing with Variables: Anticipating One Particular Performance of Bach’s 

Goldberg Variations 

Stephen Emmerson* and Bernard Lanskey** 

* Senior Lecturer, Queensland Conservatorium of Music, Griffith University, Australia 

** Director, Yong Siew Toh Conservatory of Music, National University of Singapore, 

Singapore 

____________ 

Abstract: The presentation explores some mathematical concepts in relation to the 
performance of Bach’s Goldberg Variations that follows in the evening’s concert. The 
rationale underlying the arrangement for two pianos is outlined briefly. Bach’s musical 
concepts are considered in relation to the historical development of Pythagorean-
Platonic ideas on music, in particular in relation to the Mitzler Society (that Bach joined 
a few years before composing the Goldberg Variations). The topic of number symbolism 
in Bach’s music and its specific application in the organisation the Goldberg Variations 
are outlined. The remarkable history of the work’s reception is related to the distinction, 
proposed by Williams (2001), between its conceptual and perceptual form. This 
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distinction underlines the problems highlighted by various recent writers (notably 
Nicholas Cook, 2013) of viewing music as an atemporal object. In particular that view 
has been criticised for its failure to recognise adequately the role of the performer in the 
construction of musical meaning. This presentation however proposes a dynamic 
relationship—a counterpoint in fact—between the abstracted atemporal form and the 
shaping it undergoes through performance. It proposes that the experience of the work 
in performance lies in the contrapuntal dialogue between the past and present, the fixed 
and the fluid, the abstract and its human realisation, notated and the improvised, the 
enduring and the ineffable.  

Given that such complex simultaneous equations can emerge as interpretative 
challenges in any performance moment, this presentation explores their potential 
permutations for a particular performance of the Goldberg Variations, planned for this 
Mathemusical Conversations symposium. The opportunity for a conversation involving 
mathematics has brought into the rehearsal process an unusual but not inappropriate 
perspective. At both a metaphorical and conceptual level, central mathematical fields—
probability, geometry, arithmetic and even algebra—offer possible starting points for 
some intriguing interpretative possibilities and conundrums for modelling potential 
interpretative choices at both micro and macro levels. Rather than finding solutions, 
however, our current perception is that such modelling opens up possibilities for 
freedom and play. 
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____________ 

John Rink 

Professor of Musical Performance Studies, Cambridge University, UK 

 

John Rink is Professor of Musical Performance Studies and a 
Fellow of St John's College at the University of Cambridge. He 
studied at Princeton University, King's College London, and 
Cambridge, where his doctoral research was on the evolution of 
tonal structure in Chopin's early music and its relation to 
improvisation. He also holds the Concert Recital Diploma and 
Premier Prix in piano from the Guildhall School of Music & Drama. 
He specialises in the fields of performance studies, theory and 
analysis, and nineteenth-century studies, and has published six 

books with Cambridge University Press, including The Practice of Performance: Studies 
in Musical Interpretation (1995), Chopin: The Piano Concertos (1997), Musical 
Performance: A Guide to Understanding (2002), and Annotated Catalogue of Chopin's 
First Editions (with Christophe Grabowski; 2010). He is also General Editor of the five-
book series Studies in Musical Performance as Creative Practice, which Oxford 
University Press will publish in 2016.  

John Rink directs the £2.1 million AHRC Research Centre for Musical Performance as 
Creative Practice, which is based at the University of Cambridge in partnership with 
King's College London, the University of Oxford and Royal Holloway, University of 
London, and in association with the Royal College of Music and the Guildhall School of 
Music & Drama. He is one of four Series Editors of The Complete Chopin –  A New 
Critical Edition, and directs two other research projects: Chopin's First Editions Online 
(funded by the Arts and Humanities Research Council) and Online Chopin Variorum 
Edition (funded by the Andrew W. Mellon Foundation). He was an Associate Director of 
the AHRC Research Centre for the History and Analysis of Recorded Music (CHARM), 
and he chaired the Steering Committees of the AHRC's 'Beyond Text' and 'Landscape 
and Environment' Strategic Programmes, in addition to serving on the AHRC's Advisory 
Board. He sits on the editorial boards of Music & Letters and Musicae Scientiae, is on 
the Advisory Panels of Music Analysis, Musica Humana and the Institute of Musical 
Research, and has been a member of the AHRC's Peer Review College. 

Webpage — www.mus.cam.ac.uk/directory/john-rink 
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____________ 

Christopher Raphael 

Professor of Informatics, Indiana University Bloomington, USA 

 

Christopher Raphael is Professor of Informatics in the School of 
Informatics and Computing at Indiana University Bloomington. He 
heads the Music Informatics program, as well as holding adjunct 
appointments in the Jacobs School of Music, Cognitive Science, 
and Statistics. After receiving his PhD in Applied Mathematics from 
Brown University in 1991, he worked on a wide range of problems 
in both industry and academia including Arabic character 
recognition, magnetic resonance spectroscopy and mine detection 
before coming to focus on music. His musical research includes 

accompaniment systems, computer generated musical analysis, musical signal 
processing, and modeling of musical interpretation.  

As a former professional oboist, he won the San Francisco Young Artist competition and 
soloed with the San Francisco Symphony at the age of 17, played principal oboe in the 
Santa Cruz Symphony, and was a fellow at Tanglewood. 

Website — www.music.informatics.indiana.edu/~craphael 
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____________ 

Stephen Emmerson 

Senior Lecturer, Queensland Conservatorium of Music, Griffith University, Australia 

 

Stephen Emmerson has been on full-time staff at the Queensland 
Conservatorium since 1987. He studied piano with Pamela Page 
at University of Queensland before a Commonwealth Scholarship 
enabled him to study at New College Oxford where he graduated 
with master’s and doctoral degrees. During his years in England 
he studied piano with Peter Wallfisch. As a pianist, he maintains 
an active performance career having performed widely in concerts 
and festivals around Australia, New Zealand, Asia and the Pacific, 
most notably within chamber groups such as the Griffith Trio, 

Dean–Emmerson–Dean and the Lunaire Collective. He has been playing piano duos 
with Bernard Lanskey since the 1990s.  

Webpage — www.griffith.edu.au/music/queensland-conservatorium/staff/dr-stephen-
emmerson 
 

____________ 

Bernard Lanskey 

Director, Yong Siew Toh Conservatory of Music, National University of Singapore, 

Singapore 

 
 

Bernard Lanskey, born in Cairns in northern Australia, originally 
studied music alongside philosophy and mathematics, at the 
University of Queensland, graduating in 1981 with 1st Class 
Honours. He subsequently moved for more specialised pianistic 
studies first to Paris and then to the Royal College of Music in 
London to complete a master’s degree with Peter Wallfisch.  

Bernard Lanskey is Director of the Yong Siew Toh Conservatory 
of Music, National University of Singapore where he was awarded 

a full professorship in 2008. From 1994-2006, he was Assistant Director of Music at the 
Guildhall School of Music & Drama in London, where he was responsible for overseeing 
the ensemble and postgraduate programmes and where he was awarded a Fellowship 
(FGSM) in 2001. Since 2005, he has also been an Artist-in-Residence at La Loingtaine, 
near Fontainebleau, France.  
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As a pianist, he has performed throughout Australia, Great Britain, China and South-
East Asia and in most European countries, working principally with string players and 
singers in chamber music, mixed recital and lecture-recital combinations. As well as 
playing with his regular musical partners, violinists Aki Saulière and Qian Zhou, the 
German soprano Felicitas Fuchs, cellist Qin Li Wei and British television journalist, John 
Suchet, recent concerts have included appearances with violinists Joshua Bell, Kam 
Ning and Zuo Jun, soprano Katherine Broderick, cellists Michael Kannen and Pierre 
Doumenge, clarinetist Marcel Luxen and pianists Daniel Tong, Jeff Sharkey and 
Stephen Emmerson.  

His research interests build out from his longstanding activity as a collaborative pianist 
and chamber music coach focusing particularly on exploring the vital role played by 
metaphor and gesture in the pedagogical process. Over the past four years, he has also 
become active as a recording producer, working with a range of artists on recordings 
released to critical acclaim on Decca and Centaur amongst others. In November 2012, 
he has been invited to be president of the jury for the Geneva International Piano 
Competition. 

Webpage — www.nus.edu.sg/music/01e_aboutus_admin.01_1.html 
 
 
  



52 

Panel 1: Numbers and Senses 

Saturday, 14 February 2015, 17h00 

Moderator: Gérard Assayag 

____________ 

 

Diderot: "c'est par les nombres et non par les sens qu'il faut estimer la sublimité de la 

musique" 

(It is through numbers, rather than through the senses, that music's sublimeness can be 

measured.) 

 

Panelists: Richard Cohn, Eran Egozy, Noam Elkies, Lim Yan, John Rink, Chris 

Raphael, Don McLean, Ruth Rodrigues, Dmitri Tymoczko 
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Concert 4: Canonic Offerings 

Saturday 14 February 2015, 18h15 

____________ 

 

CALLENDER  Canonic Offerings 

 

 T’ang Quartet 

 Ng Yu-ying, violin 

 Ang Chek-meng, violin 

 Lionel Tan, viola 

 Leslie Tan, cello 

 

TYMOCZKO   S Sensation Something (world premiere) 

 

 T’ang Quartet 

 Ng Yu-ying, violin 

 Ang Chek-meng, violin 

 Lionel Tan, viola 

 Leslie Tan, cello 

Jacob Abela, piano 

 

J.S. BACH/EMMERSON Goldberg Variations for two pianos 

 

 Bernard Lanskey, piano 

 Stephen Emmerson, piano 
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____________ 

 

Canonic Offerings 

Canonic Offerings is based on my work with canons that have an infinite number of 
solutions. These are maximally self-similar melodic lines that can be combined 
successfully and performed simultaneously by any number of voices, each voice at its 
own tempo yielding either rational or irrational tempo ratios, with the melody moving 
either forward or backward. In Canonic Offerings I have selected a small number of 
these combinations based on three such melodies, attempting to give the flavor of the 
combinatorial possibilities within the context of a unified (and finite) composition. 

Introduction 

Canon 1 

canon 4:3:1 

Canon 2 sempre accelerando 

canons 2:1, 9:6:4, 11:8 

Canon 3 

canons 7:5, 4:3 

Canon 4 sempre ritardando, sempre accelerando, sempre accelerando e ritardando 

canon , table canon 2:3 ritardando against 2:3 accelerando 

Canon 5 

round 24:12:7:3 (48:24:12:7) 

____________ 

 

S Sensation Something 

S Sensation Something is a kind of private diary, a network of allusions and references 
to musical, theoretical, and mathematical ideas that have intrigued me over the past few 
years.  The first third of the piece is a canon that evokes well-known progressions from 
popular music, implicitly suggesting that we can learn to hear the structure latent in 
those original sources.  The last third builds on a well-known association between pitch 
and rhythm, with each chord or scale exemplifying the groove it represents.  Sprinkled 
in between are various other allusions, both cryptic and overt, including a slow passage 
based on the sound of a laser printer, a rhythmic joke about quintuplets and salsa 
music, and the impossible project of approximating one collection of notes with another. 
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What is the listener supposed to take from all this?  That is the question implicit in the 
title, which refers to the philosopher Wittenstein's famous (and obscure) meditation on 
language, communication, and privacy.  I’ll be perfectly content if most listeners ignore 
my associations, experiencing the music as an exotic trip through a succession of 
psychedelic musical spaces.  But I am also happy to welcome a smaller and more 
dedicated group into my private compositional workshop, inviting them to examine in 
detail the more esoteric thinking behind the notes. 

In this sense, I think the piece summarizes my feelings about the relation between 
theory (or mathematics) and music.  Personally, I am not so interested in pieces that 
wear their conceptual motivations on their sleeves, like a theorem expressed in notes; 
instead I like my theory buried and subterranean, a rigorous starting point that has been 
polished, defaced, rethought, and embellished to the point where it is only occasionally 
apparent, like a fossilized skeleton protruding through the surface of  the earth. 

Is it worthwhile in the end?  Are these conceptual structures just a kind of trick I play to 
create the illusion that my notes have some extra meaning?  In the end, that’s close to 
the question I want to pose.  This piece, like much classical music, is about the sense of 
a meaningfulness that we can only partially grasp—the poetry of an impossible 
language always just beyond us. – Dmitri Tymoczko 

 

Goldberg Variations for Two Pianos 

Johann Sebastian Bach’s Aria with Thirty Variations, BWV 988, usually referred to as 
the Goldberg Variations, is universally recognised as a landmark in Western 
music.  Beyond being the most substantial keyboard work of the 18th century, the set is 
widely admired for its virtuosic and ingenious counterpoint as well as its rigorous 
architectural organisation and construction.  Surprisingly, for around two centuries it was 
viewed as a collection of rather arcane counterpoint exercises and relatively rarely 
performed but, especially since Glenn Gould’s notorious 1955 recording, its dazzling 
textures and wide expressive range have since made it among his most popular works, 
certainly on record.  (In this respect it resembles the case of Vivaldi’s Four Seasons 
whose popularity is again surprisingly recent.)  Charles Rosen has even referred to it as 
Bach’s most successful work in performance. Originally composed for a two-manual 
harpsichord, the popularity of the Goldberg Variations has largely been as a work 
played on piano but the reduction to one keyboard does raise certain difficulties.  This 
arrangement of the work for two pianos (made by Stephen Emmerson in 2012) 
reimagines the work by exploiting the sense of dialogue between the pianists to clarify 
the relationships between the contrapuntal lines (and adding some extra ones!).  As 
such, it sits within a rich and vibrant tradition of arranging the Goldberg Variations for 
different instrumental combinations (that have included string trio, jazz trio, brass or 
wind quintet, harp, guitars to name just a few). – Stephen Emmerson 
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____________ 

T’ang Quartet 

Quartet-in-Residence, Yong Siew Toh Conservatory of Music, Singapore 

 
The T'ang Quartet consists of violinists Ang Chek Meng and Ng 
Yu-Ying, and cellist-violist brothers Leslie and Lionel Tan. Cutting 
an unmistakable silhouette on the local and global stage, T'ang 
Quartet has been pushing the boundaries ofclassical music since 
1992.  
 
The quartet started its professional career in 1999 with unanimity 
of purpose: to break new ground in sharing the sheer joy and 

pleasure of music to a larger audience, and set new standards of artistic achievement. 
A playful reference to the last names of the quartet's founding members, ‘T'ang' also 
symbolizes the golden age of cultural expression in the Tang Dynasty, a nod to their 
Asian roots.  
 
Trained in London and Moscow, the quartet found its genesis when Ang Chek Meng, 
Ng Yu-Ying, and brothers Leslie and Lionel Tan were members of the Singapore 
Symphony Orchestra. Forming the Quartet in 1992, they embarked on a musical 
journey together, exploring the frontiers of string chamber music ever since. 
 
The quartet's musical output is an artful blend of East and West, seamlessly 
reinterpreting classical work for a contemporary audience.Through finely crafted musical 
expression and an unparalleled repertoire, they have brought Singapore to the world 
stage, and unearthed new dimensions to buried treasures in musical history. 
 
With their charisma and intuitive connection as a group, they have graced concert halls 
the world over with a winning stage personality that aptly mirrors their music: effortlessly 
smart, sharp, and cosmopolitan. T'ang Quartet has received international acclaim for 
their prolific musicianship, captivating audiences across USA, Europe, Australia, China 
and Southeast Asia. 
 
In 1997, the quartet was awarded a fellowship to train and perform in the USA with 
celebrated artists Martha and Paul Katz of the Cleveland Quartet, Norman Fischer, 
Kenneth Goldsmith and Sergiu Luca at the Shepherd School of Music in Rice 
University.  
 
Over the years, the Quartet has collaborated and performed with contemporaries and 
friends, such as John Chen, Fingin Collins, Marian Hahn, Qin LiWei, Karin Schaupp, 
Noriko Ogawa, Tedd Joselson and Horia Mihail, and Carter Enyeart.  
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They are currently a quartet-in-residence at the Yong Siew Toh Conservatory of Music 
at the National University of Singapore.The Quartet also served on the faculty of Boston 
University's Tanglewood Institute in Massachusetts from 2001 to 2005. 
 
Website - www.tangquartet.com 
 

____________ 

Jacob Abela 

Pianist 

 
Jacob Abela is a Melbourne-based pianist and composer born 
in NSW, and is currently a scholarship recipient at the 
Australian National Academy of Music (ANAM), studying piano 
with Timothy Young. Jacob completed his Bachelor of Music 
(Performance) in 2012, studying piano with Stephanie 
McCallum at the Sydney Conservatorium of Music. 
 
Jacob has been working intensively with 2014 ANAM 
Fellowship recipient Georgia Ioakimidis-MacDougall on 

presenting a performance of Messiaen’s epic Des Canyons aux étoiles…  at ANAM in 
November 2014, where Jacob appeared as soloist under the baton of Fabian Russell. In 
early 2014, Jacob received an ArtStart grant from the Australia Council for the Arts. This 
grant has funded projects such as recordings of three commissioned works with 
American flautist Meerenai Shim and a tour of Lachlan Hughes’  extended work cadence 
loops which was commissioned by Jacob. 
 
Festival credits include the 2013 and 2014 Bang on a Can Summer Music Festival, 
2013 Metropolis Festival, 2012 Banff Summer Arts Festival (Canada), Steve Reich’s 
2012 Sydney Opera House Residency with Synergy Percussion, 2012 Sydney Festival 
(in the Helpmann- nominated show Anatomy of an Afternoon), 2011 Verge Festival, 
2010 ISCM World New Music Days, and 2009 Stockhausen Licht Festival. 
 
Jacob frequently engages composers for new music, and performs their music 
regularly. His passion for and dedication to contemporary music led him to be chosen 
on two occassions, as one of two pianists worldwide, as a Fellow for the 2013 and 2014 
Bang on a Can Summer Music Festivals. Jacob has also premiered a large number of 
new works with the Volta Collective - a group of composers and performers founded in 
2009 by Jacob and his fellow students at the Sydney Conservatorium. 
 
As a composer, Jacob has been commissioned by Bricolage Collective (percussionists 
Kaylie Melville and Rebecca Lloyd-Jones) and has been engaged by musicians and 
ensembles such as Callum G’Froerer (trumpet) and the Penny Quartet for future 
commissions. Jacob has appeared as soloist with the Australian National Academy of 
Music Orchestra (2014, Hindemith’s Kammermusik No. 2), Melbourne Youth Orchestra 
(2011, solo ondes Martenot in Messiaen’s Turangalîla-Symphonie) and the Sydney 
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Conservatorium Modern Music Ensemble (2012, Cage’s Concerto for Prepared Piano 
and Chamber Orchestra). 
 
Website - http://jacobabela.com 

 
____________ 

 
(Bios of performers and composers who are also session speakers can be found with 
their sessions.) 
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Concert 5: Rocks, Scratchy Gramophones, and 

Repercussions 

Sunday, 15 February 2015, 12h00 

____________ 

Conservatory Orchestra 

Jason Lai, conductor * 

Adrian Chiang, conductor ** 

 

J.S. BACH/WEBERN Fuga (Ricercata) a 6 voci for orchestra from The Musical 
Offering * 

DANIELE GHISI  Come di tempeste (2013) 

HO CHEE KONG  Visions of Earthstone (2002) 

WEBERN   Concerto for nine instruments, Op. 24 ** 

I.   Etwas lebhalt 

II. Sehr langsam 

III. Sehr rasch 
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____________ 

  
Fuga (Ricercata) a 6 voci for orchestra from The Musical Offering 
 
In addition to the Goldberg Variations, there is perhaps no better example of the 
creative powers of Johann Sebestian Bach than his collection of keyboard works found 
in The Musical Offering of 1747.  The now famous inspiration for the work was a single 
musical theme composed and presented to the composer by Frederick the Great (1712-
1786) in May 1747, who challenged Bach first to improvise a three-voiced fugue on the 
theme, and which the composer realized at the keyboard of the King’s fortepiano.  The 
King later challenged Bach to compose a six-voiced fugue, with the result two months 
later of an entire collection of works based on the King’s theme.  The final work in the 
collection – the 6-voice Ricercata – is the culmination of the King’s challenge and has 
long been regarded as one of the definitive examples of the highest form of expression 
in polyphonic music. 
 
In 1935, Anton Webern arranged the Ricercata for small orchestra, consisting of flute, 
oboe, English horn, clarinet, bass clarinet, bassoon, horn, trumpet, trombone, harp, and 
strings.  This instrumental arrangement passes the contrapuntal lines at various tempi 
from one instrument to another, providing an ever-changing series of musical timbres 
and rhythms that help to highlight Bach’s intricate contrapuntal contours.  In essence, 
Berg’s sets the original work into the context of the 20th Century technique of 
Klangfarbenmelodie (sound-colour-melody) – the rapid changing of musical colors 
which elevates timbre to a structural level in a musical composition (i.e. “a melody of 
tone colours”). — Craig De Wilde 

____________ 

 
Come di tempeste 

Time is a scraping engine, and the piece is a loose attempt to put it in motion. Musicians 
are four old gramophones, constantly in phase, granulating some old stuff. There’s no 
electronics, there’s essentially no particular instrumental technique. Not even one 
pizzicato. However, through the fabric, I’d love to catch an electroacoustic halo, a 
shadow flying between strings and light, as the halting flow of current through the wires. 

Ten minutes run in a single slow passage. Yet, a certain distance remains between 
musicians and music: even in the most passionate parts, the sense lingers elsewhere. 
Intimacy is estrangement. 

The rest includes: harmony (but isn’t it always the same?) through a jungle of glissandi 
(but who’s leaving, and who’s arriving? and where? and when?); near the end (but isn’t 
it the actual beginning?) we dock to something livelier and farther. During the journey: 
the on and off of the light in a grey hospital corridor. And a scent, as of october leaves, 
as of tempests. — Daniele Ghisi 
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____________ 

Visions of Earthstone 

A soft tap on the cold, hard surface. A pause. Another tap, and the music unwraps itself 
in an unhurried manner, slowly giving way to a gentle calling for the awakening of the 
Earthstone. Initially conceived as a dance, the work narrates lush imageries coming 
alive with dance movements captivating and drawing one’s visual and aural senses to 
the core of the stone. Through the refracted streams of light, the Earthstone comes to 
life revealing its faceted brilliance in a burst of musical energy, alternating between 
streams of lyricism and angular, punctuating rhythms. As quickly as the images had 
materialized, they now recede, as a mist would dissipate, into the depths of the stone. 
But the tapping continues and the pulse of the Earthstone gets stronger and louder, until 
the visions are forever etched onto the cold, latticed surface of the Earthstone. — Ho 
Chee Kong 

____________ 

 
Concerto for nine instruments, Op. 24 
 
Anton Webern’s Concerto for nine instruments, Op. 24, composed in 1934, is a true 
exercise in mathematical precision.  Consisting of three movements (1: Etwas lebhalt; 2: 
Sehr langsam; 3: Sehr rasch), this twelve-tone composition is constructed from a 
derived tone row of four interrelated trichords (four 3-note groupings) that can be further 
grouped into a variety of combinations of 3-, 4-, and 6-note patterns, create a seemingly 
limitless series of possible symmetries between each section of the work.  The aural 
effect is one of a kaleidoscopic progression of shapes passing from one instrumental 
timbre to the next.  Scored for flute, oboe, clarinet, horn, trumpet, trombone, violin, viola, 
and piano, Webern’s work is an example of a profound aesthetic and stylistic unity, or 
as the American composer Milton Babbitt (1916-2011) called it: “a paragon of 
symmetrical construction.” — Craig De Wilde 
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____________ 

Ho Chee Kong 

 Associate Professor and Head of Composition, Yong Siew Toh Conservatory of Music 
 
 

Singaporean composer Dr. Ho Chee Kong is Associate Professor 
and Head of Composition at the Yong Siew Toh Conservatory of 
Music, National University of Singapore. His commissions and 
works for both Western and Chinese ensembles have been 
performed at festivals and concerts such as the Shanghai Spring 
International Music Festival, China-ASEAN Music 
Week (China), Singapore Encore (USA), the Asia-Europe New 
Music Festival, Vietnam-Singapore Friendship Concert (Vietnam), 
International Bela Bartok Choral Competition (Hungary), 

International Performing Arts Festival, Asia Choral Days (Japan), Aberdeen Music 
Festival (Scotland), Internazionale Festival: Antidogma Festival (Italy) Singapore 
Chinese Orchestra Percussion Festival (Singapore), Contemporary Music Showcase 
(Hong Kong), Asia Music Festival (South Korea), Eleazar de Carvalho Festival (Brazil), 
Asian Composers League Conference and Festival (Japan), Festival Internacional 
Cervantino (Mexico), Electroacoustic Music Festival (Canada), the International Arts 
Festivals (Australia, New Zealand), Asian Composers League Festivals, Singapore Arts 
Festivals, and many others. 

In 2012, Passage-Fantasy for Cello and Orchestra, a commissioned work by the 
National Arts Council, was premiered at the Singapore Arts Festival by cellist Qin Li Wei 
and Chan Tze Law conducting the Orchestra of Music Makers. An arrangement of this 
work for the Singapore Chinese Orchestra, conducted by Yeh Tsung, was performed at 
the Asian Composers League Festival and Conference in 2013. Other commissioned 
works include Tembusu Evenings for solo cello, performed by Qin Li Wei at the 
inaugural Performers’ Voice International Symposium at the Yong Siew Toh 
Conservatory of Music; Of Passion and Passages, conducted by Lim Yau and 
performed by the Singapore Symphony Orchestra in celebration of Keppel 
Corporation’s 40th Anniversary; Shades of Oil Lamps, commissioned by the National 
Arts Council and performed by the London Sinfonietta at the Singapore Arts Festival 
2008. In 2005, in celebration of Singapore’s National Day, he wrote The Way of Play for 
the Cincinnati Percussion Group and the Singapore Chinese Orchestra, and for the 
celebration in 2004, he performed on the computer with the Singapore Chinese 
Orchestra in his work, Night of Electric Winds, together with Yeh Tsung.  

Ho serves on arts advisory panels and committees with the Ministry of Culture, 
Community and Youth, the National Arts Council and the Ministry of Education. In 2003, 
he was the organizing Chairman for the 29th International Computer Music Conference 
held for the first time in Southeast Asia at the National University of Singapore. He has 
served as an elected Vice-President and Regional Director for Asia/Oceana on the 
Board of the International Computer Music Association and was the Artistic Director and 
Co-organizer for the International Exchange Composers Concerts between Singapore 
and Japan in 2005 and 2006 respectively. He is the founding President of the 
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Composers Society of Singapore, which is a country member of the Asian Composers 
League. He currently serves as the Vice-Chairman of the Asian Composers League 
Executive Committee and was the Chair of the organizing committee for the 31st Asian 
Composers League Festival and Conference 2013 held in Singapore.      

Webpage - www.hocheekong.com 
 
 

____________ 

Daniele Ghisi 

Composer 
 
 

Daniele Ghisi was born in Trescore Balneario, near Bergamo 
(Italy), in 1984. He studied mathematics at the University of Milan-
Bicocca, graduating with 1st class honours. He also studied 
composition at the G Donizetti Conservatory in Bergamo—initially 
under A. Colla, and later under S. Gervasoni—and in 2007 took a 
diploma with 1st class honours, winning the J. S. Mayr prize.  
 
He has participated in numerous seminars on composition with 
Billone, Solbiati, Corghi, Lachenmann and, in particular, at the 

IEMA with George Benjamin and the Ensemble Modern (Frankfurt, 2005) and at Voix 
Nouvelles with Brian Ferneyhough, Michael Jarrell and François Paris (Royaumont, 
2006). He has won recognition in various national and international music competitions 
such as the V. Bucchi, O. Sindici, E. Ocon and GERMI competitions and has also won 
the Rotary, J. S. Mayr and Wildenstein prizes. In 2008 he participated in and won the F. 
Donatoni International Meetings. 
 
Ghisi has received numerous commissions from various bodies including, in recent 
years, the French Ministry of Culture, Royaumont, GRAME, the Fondazione Spinola-
Banna per l’Arte, the Venice Biennale, RadioFrance, the Divertimento Ensemble, the 
PlayIt! festival, the Ernst von Siemens Stiftung (for music@villaromana), the Archipel 
Festival and BergamoMusicaFestival. In 2008-2009 he participated in IRCAM’s Cursus I 
in Paris, and in 2010-2011 he returned to IRCAM for the Cursus II. In the same period 
he served as composer in residence for the Transforme session in Royaumont. In 2009-
2010 he served as composer in residence at the Akademie der Künste (Berlin) and in 
2011-2012 as a member of the Académie de France en Espagne—Casa de Velàzquez 
in Madrid. In 2012-2013 he worked as a research composer at IRCAM (Paris) and in 
2013-2014 as a research assistant at the Haute École de Musique in Geneva. 
 
Ghisi’s music has been performed by ensembles and orchestras including L’Itinéraire, 
Ensemble Modern, Musikfabrik, the Divertimento Ensemble, FontanaMix and the 
Orchestra Regionale della Toscana, by soloists like S. Accardo, E. Calleo, F. Dillon, E. 
Torquati and F. Venturini, and in festivals such as MiTo, the Archipel festival, the Venice 
Biennale, the Lyon Biennale, Agora, the Play It! festival and Voix Nouvelles. 
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He is a co-founder of the blog www.nuthing.eu, to which he contributes regularly. He is 
also a creator, together with Andrea Agostini, of the projec "bach: automated 
composer’s helper" (www.bachproject.net), a real-time library of computer-aided 
composition, for which in 2012 he won the AFIM-Jeune Chercheur and A. Piccialli 
prizes. The premiere of his opera La notte poco prima della foresta was performed in 
September 2009 at the MiTo festival (Milan). Daniele Ghisi began to collaborate with 
Casa Ricordi in 2011 with his cycle of lieder abroad. 
 
Webpage - www.danieleghisi.com 
 

____________ 

 

J. S. BACH/WEBERN   
Fuga (Ricercata) a 6 voci for orchestra from The Musical Offering 

 

First Violin   

Hong Mengqi  Liu Minglun

Brenda Koh  Ci Huan

Chen Ying (violin)  Li Ruoyao

Hsu Yu-Chia  Tsai I-Yun

Hu Hongming  Huang Yu-Ting

Lim Hao Wei  Korniev Oleksandr

Second Violin   

Chikako Sasaki  Zhao Chunyi

Liu Sitong  Hsieh Li-Chung

Chang Ping Hsiang  Kimberlyn Wu Peishi

Kim Kyu Ri  Ho Si Min Placida

Zhang Sen  Shi Xiaoxuan

Viola   

Wong Kin Chung  Li Yue

Samantha Yihshyuan Lee  Liu Zhangjuan

Chen Ying  Lin Hung-Yu



65 

Mukhammadyor Tulaganov  Mervin Wong Wai Kit

Cello   

Christopher Mui  Yu Ssu-Yang

Oleg Vasilevskiy  Park Kunsil

Wu Fan  Shin Minji

 
Double Bass 

 

Terrance Charles Fitzgerald  Sun Chenguang

Ji Muzi  Wang Runan

  

Oboe   

Bernice Lee Wen Ting  Jeremy Wong Kum Fai (E.h) 

  

French Horn  Flute

Vadim Shvedchikov  Wu Chieh-Chi

  

Trumpet  Clarinet

Lau Wen Rong  Benjamin Wong Kheng Mun 

 Jang Zion (B.cl)

  

Trombone  Bassoon

Xia Zhengwei  Liang Geng

  

Timpani  Harp

Sandra Chang Hio Man  Kiew Shi Hui Charity
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____________ 

 
DANIELE GHISI                            
Come di tempeste 
 

Violin 1  Violin 2

Orest Smovzh  Liu-Yi Retallick

Viola  Cello

Wong Kin Chung  Christopher Mui

 

____________ 

 
HO CHEE KONG     
Visions of Earthstone 
 

Piano  Violin

Jonathan Shin Zi Yang  Tsai I-Yun

Cello   

Oliver Scott Randall  

 

____________ 

 
WEBERN                                 
Concerto for nine instruments, Op. 24 

 

Flute  Oboe

Wu Chieh-Chi  Bernice Lee Wen Ting 

Violin  Clarinet

Chikako Sasaki  Benjamin Wong Kheng Mun 

French Horn  Viola

Vadim Shvedchikov  Liu Zhangjuan
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Trumpet  Trombone

Lau Wen Rong  Xia Zhengwei

Piano   

Ho Kai-Li   
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Plenary Session 5: Educating the Mathemusical 

Sunday, 15 February 2015, 13h15 

Chair: Louis Chen 

 

____________ 

Mathematical Thought and Empirical Approaches in Music Higher Education 

Yang, Jian 

Associate Professor and Deputy Director, National Experimental Teaching 

Demonstration Center of Digital Media Art, Nanjing University of the Arts, China 

____________ 

Abstract: Mathematics and music had very similar close relationships in the ancient 
educational thoughts of both the East and the West. Although such relationships seem 
to be not as intimate as before, there are certain circumstances where the 
‘mathemusical conversations’  can be properly encouraged in contemporary higher 
education of music. Among several interdisciplinary courses for music majors, Music 
Acoustics is the one that most reflects the intimacy between mathematical thought and 
musical art. The core conceptions of ‘harmonic series’, ‘pure tone’  and ‘complex tone’ 
can be better introduced using the plucked string model presented by both the 
equations and the online interactive app (www.emus.cn/pluckedstring, 2003), which is 
also an important bridge connecting the milestones such as ‘partial differentiation’  and 
‘Fourier analysis’  in natural science and the fundamental norms such as scale and 
harmony in music. During the past decade, musical performance and related studies 
have become a new stage to apply mathematical and empirical approaches. 
Computational and visual methods including 3D spectrum, pitch-aligned waveform, 
tempo-dynamic curve and performance worm are frequently applied to demonstrate 
musical attributes, structure and artistic intentions by researchers in papers, but are not 
yet widely recognized as effective means for everyday teaching even if there is an 
online platform (www.vmus.net, 2013) on which anyone can obtain these analytical 
graphs by just clicking a few buttons. Because of the stereotype that new technology 
and empirical measurement usually makes musical art dull and lifeless, the deep 
integration of music and mathematics is not smooth although there are quite a few 
examples ingeniously combining humanistic objectives with scientific methods. 
“Separated in their early stages,”  the art and science will “become one again when both 
reach their culmination”  (Flaubert, 1852). We eagerly expect the ‘culmination’  and 
cultivating musicians and scientists seamlessly integrating the two ways of thinking. 
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____________ 

Action and Symbol: An Essential Tension 

Jeanne Bamberger 

Professor of Music and Urban Education, emerita, Massachusetts Institute of 

Technology, USA 

____________ 

Abstract:  

“Music is the arithmetic of the soul, 

which counts without being aware of it.” 

Leibniz 

-— 

There is an essential and generative tension in the meeting between noticing time and 
stopping time to note it. L. Smolin, a physicist, in his book Time Reborn (2013), puts it 
this way: 

By succumbing to the temptation to conflate the representation with the reality 
and identify the graph of the records of motion with the motion itself, these 
scientists have taken a big step toward the expulsion of time from our conception 
of nature. (p.34) 

If students can be helped to recognize and appreciate the efficacy of what they know 
how to do already, “keeping time”  (which can’t be kept), clapping, dancing, they can also 
be helped to grapple with symbolic conventions that are often expressing a distinctly 
different world and way of knowing it. In this way students gain respect for their already 
powerful action knowledge, while also gaining access to a repertoire of other, still silent, 
possible foci of attention. This is the foundation of a relationship in which teaching and 
learning become reciprocally generative. 

To carry out this agenda, I have created a computer-based environment, Impromptu, in 
which 11–12 year old students as well as college students are using everyday 
mathematics such as proportion, ratio, fractions, and common multiples to discover and 
to describe the relevant structures that organize perceived musical time. Through 
composing coherent percussion pieces within varying kinds of constraints, students are 
enhancing their active musical perception as well as their understanding of the structure 
of mathematical abstractions. 
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____________ 

Educating the Mathemusical: Balancing the Equation 

Don McLean 

Dean of the Faculty of Music, University of Toronto, Canada 

____________ 

Abstract: “If I were not a physicist, I would probably be a musician. I often think in 
music. I live my daydreams in music. I see my life in terms of music.”—Albert Einstein 

“When you come to a fork in the road, take it.”—Yogi Berra. 

“Above all, I miss a main theme, a real melodic idea.”—Alban Berg to H.E. Apostel 

Why do we educate people?  How might we do it better? Are there particular ways to 
develop the mathemusical? At what stages do mathematical and musical paths 
converge and diverge? What is the position in higher education of mathematical 
learning? Of musical training and research? 

Prelude. I recount some personal educational tragedies. (Yes, there are things we 
should not do.) Then reflect on the balance of physics and music (cf. Karl Paulnack) and 
on the need to find one’s element and tribe (Ken Robinson). I go on to consider 
international and Canadian contexts of recent achievements in mathematical learning 
and ongoing challenges to music education (OECD and University rankings, “extra” 
curricular design). 

Development. I have been involved in several interdisciplinary initiatives, notably 
CIRMMT (Centre for Interdisciplinary Research in Music Media and Technology) in 
Montreal, and MaHRC (Music and Health Research Collaboratory) as well as MBBH 
(Mind Brain Behaviour Hive) in Toronto. I review the role of music (as well as 
mathematics and other disciplines) in developing the interdisciplinary environment and 
integrative thinking that characterizes these projects. 

Interlude. Mathemusical case study: James Stewart (1941-2014), mathematician (Fields 
Institute), musician (violinist), architectural innovator (Integral House), rights advocate 
(diversity), philanthropist, and international best-selling author—of calculus textbooks. 

Coda. I conclude by reflecting on several fundamentals of mathemusical experience: 
creativity (compositional, generative, problem solving), technique (notation, problem 
solving, strategic practice), interpretation (interaction, performance, application), 
improvisation (importance), analysis (modeling, narrative, detail), impact (social, 
cultural, economic), and affect (aesthetics, emotional impact, peak experience)—why 
we do it. 
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____________ 

Yang, Jian 

Associate Professor and Deputy Director, National Experimental Teaching 

Demonstration Center of Digital Media Art, Nanjing University of the Arts, China 

 
Yang, Jian obtained his bachelor's, master's and doctoral degrees 
in engineering, violin and musicology respectively and is an 
associate professor and deputy director of the National 
Experimental Teaching Demonstration Center of Digital Media Art 
at Nanjing University of the Arts, China. He is also the director of 
China Musicology Network, council member of Society for Western 
Music in China and the concertmaster of Nanjing Philharmonic 
Orchestra. He gives concerts regularly and has published many 
award-winning articles, books, CDs and apps. Yang's sojourn in 

Cambridge, UK as a visiting scholar of Music Faculty and St John's College in the 
academic year 2013-2014 led to media coverage in outlets such as BBC, Cambridge 
University Website, Cambridge News and CCTV (China Central Television). Recently, 
he was awarded the First Prize of the 14th Fok Ying Tung Education Foundation 
Outstanding Young Teachers of Higher Education, one of the most highly recognised 
prizes for young scholars in China. 
 
Website — media.nua.edu.cn/s/70/t/670/19/ed/info6637.htm 

 

 

____________ 

Jeanne Bamberger 

Professor of Music and Urban Education, emerita, Massachusetts Institute of 

Technology, USA 

 
Jeanne Bamberger is Emerita Professor of Music and Urban 
Education at the Massachusetts Institute of Technology where she 
taught music theory, music cognition, and was Director of the 
Teacher Preparation Program in Math and Science. Her interests 
include musical development and learning, in particular aspects of 
representations among both children and adults. She was a 
student of Artur Schnabel and Roger Sessions and has performed 
extensively as piano soloist and in chamber music ensembles. She 
attended Columbia University and the University of California at 
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Berkeley receiving degrees in philosophy and music theory. Her most recent books 
include (1995) The Mind Behind the Musical Ear (Harvard University Press), (2000) 
Developing Musical Intuitions: a Project-Based Introduction to Making and 
Understanding Music (Oxford University Press), and (2013) Discovering the Musical 
Mind: A View of Creativity as Learning (Oxford University Press). 

Website — web.mit.edu/jbamb 
 

 

____________ 

Don McLean 

Dean of the Faculty of Music, University of Toronto, Canada 

 
Professor Don McLean has been Dean of the Faculty of Music of 
the University of Toronto since January 2011, where he and his 
colleagues are pursuing an ambitious program of renewal and 
expansion. From 2001-2010, he was Dean of the Schulich School 
of Music of McGill University in Montreal and Chair of the Board of 
CIRMMT (Centre for Interdisciplinary Research in Music Media 
and Technology). A graduate of the University of Toronto and the 
Royal Conservatory of Music, Professor McLean’s research areas 
include the music of Alban Berg and New Viennese School, motive 

and hierarchy in Schenkerian theory and analysis, the emotional impact of music across 
multiple genres, and the policy and practice of higher education in music. Renowned for 
his innovations in interdisciplinary teaching and research, and success in infrastructure 
development, he speaks internationally on the changing context of music in the 
academy and in society. 

Webpage — 
www.music.utoronto.ca/faculty/faculty_members/faculty_a_to_m/don_mclean.htm 
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Tea and Jam 

Sunday, 15 February 2015, 15h30 

____________ 

 

No Clapping ‘til the Music Stops 

 Noam Elkies, piano 

 

OMaxical Conversation 

 Gérard Assayag, OMax 

 Bernice Lee Wen Ting (MUS3), oboe 

 

Chord Geometries in Italian Pop 

 Moreno Andreatta, piano 

 

____________ 

 

No Clapping ‘til the Music Stops 

"No Clapping 'til the Music Stops" is a study in canons for piano solo suggested by 
Reich's Clapping Music.  Both hands maintain the same 12-beat pattern till the end, 
starting in unison but with the left hand inserting an extra beat every 8 or 12 measures 
until they synchronize after completing the cycle (but how did they end up together 
again rather than a whole measure off?). — Noam Elkies 
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OMaxical Conversation 

OMax is a technology that allows a virtual musical agent to learn straight from the 
musicians playing live and to develop its own musical discourse in dialog with the 
musicians based on stylistic and timbral imitation.  OMax creates a cooperation 
between heterogeneous components specialized in real-time audio signal 
processing,  high level music representations and formal knowledge structures, and 
combines an artificial listening machine with interactive learning and cognitively inspired 
memory model. Video and musical examples at  
www.dailymotion.com/bookmarks/RepMus/1. — Gérard Assayag  

 

Chord Geometries in Italian Pop 

By taking some typical Paolo Conte’s harmonic progressions as a starting point, I’ll 
show the relevance of a geometric approach in the organization of the formal structure 
of some recent songs. A special emphasis will be given to Hamiltonian Cycles within the 
Tonnetz, as they have been used in a series of poetry-based “Hamiltonian Songs” (from 
Aprile,  with text by Gabriele D’Annunzio to La sera non è più la tua canzone, with text 
by Mario Luzi). Videos and musical examples available at the author’s music web page: 
repmus.ircam.fr/moreno/music. — Moreno Andreatta 
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Plenary Session 6: Geometries 

Sunday, 15 February 2015, 16h00 

Chair: Chung-Shih Hoh 

 

____________ 

What Is Geometric About Music? 

Richard Cohn 

Professor of Music, University of Sydney 

Battell Professor of Music Theory, Yale University 

____________ 

Abstract: Although music does not directly possess geometric properties, some basic 
resources of geometry produce powerful representations of musical systems. Pitch and 
time are both strictly ordered, and thus can be modeled as punctuated lines, and their 
interaction as a Cartesian grid. From the 14th century, theorists used grids to model the 
interaction of generated durational series (and by extension, of meters), and 
isomorphically the interaction of generated pitch series. One such grid, Euler's Tonnetz, 
has been developed recently as a map of triadic harmony. Under enharmonic 
equivalence, it transforms into the more complex geometry of a hyper-torus. More 
recently, theorists have developed this model into a map of harmonic progression. 
Tymoczko, building on Callender's interpretation of pitch as continuous rather than 
punctuated, embeds a related map inside a general model of chords of constant 
cardinality, and further generalizes the model to multiple dimensions. The talk ends by 
pointing to recent geometric models of atonality (Roeder) and of microtiming in Balinese 
gamelan (McCall). 
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____________ 

Vectors and Voice Leading 

Dmitri Tymoczko 

Princeton University 

____________ 

Abstract: In my talk I will describe what I believe to be one of the most general and 
fundamental connections between music and mathematics, a kind of “translation 
manual”  that allows us to associate basic concepts in music theory with ideas from 
contemporary geometry. The most fundamental entries in this translation manual 
associate chords with points in an orbifold, voice leadings with vectors (or, given the 
structure of the spaces, homotopy classes of paths in the orbifold), and scales with 
metrics. Using this translation manual we can translate back and forth between the 
visual and the musical realms, creating spatial representations that allow us to 
understand not just particular pieces but also more general constraints on musical 
styles. But even without these visual representations, a focus on vectors or voice 
leadings opens the door to new statistical understanding of even the most basic 
questions about traditional music. 
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____________ 

A Topological Approach of Musical Relationships 

Jean-Louis Giavitto 

Senior Computer Scientist, French National Centre for Scientific Research (CNRS) 

Researcher, IRCAM's research lab in Sciences and Technologies of Music and Sound, 

France 

____________ 

Abstract: The notion of space is often summoned in music theory, both for the 
composition of new pieces or for the analysis of existing pieces. The spatial metaphor is 
instrumental to convey musical insights but it is also a very effective heuristic to develop 
new computer tools to assist musicians in their creative processes. 

This presentation explores some spatial representations of musical notions based on 
elementary concepts in algebraic topology: melodic and harmonic transformations, all-
interval series classification or generation, style recognition... The basic idea is to 
represent simple musical objects (for example pitches, chords or intervals) by 
elementary spatial domains and their relationships (e.g., their co-occurrence or their 
succession) as neighborhood relationships. The topological notions of incidence, path, 
boundary, obstruction, etc., are then used to unravel the musical structure. For instance, 
a musical sequence can be represented as a path in a cellular complex materializing 
the chord structure and the look of the path reveals some information concerning the 
musical strategies used by the composer. Applying geometrical operations on 
trajectories leads to musical transformations of the initial piece. Etc. 

We attempt to explain the "Unreasonable Effectiveness”  of spatial representations in 
music by some profound connections between the organization of percepts and some 
topological relationships. In particular, we investigate the links between the topological 
approach sketched and the Formal Concept Analysis developed in symbolic learning.
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____________ 

Richard Cohn 

Professor of Music, University of Sydney 

Battell Professor of Music Theory, Yale University 

 
Richard Cohn is Professor of Music at the University of Sydney, 
and Battell Professor of Music Theory at Yale University. He is 
author of Audacious Euphony: Chromaticism and the Triad's 
Second Nature (2012, Oxford University Press). A co-edited 
volume on David Lewin's phenomenological writings is due out 
from OUP in 2015. Currently in preparation is The Nature of 
Musical Meter: States, Spaces, Syntaxes, and "A Platonic Model of 
Funky Rhythms." Cohn is founding editor of Studies in Music 
Theory from Oxford University Press, and has served as executive 

editor of the Journal of Music Theory. 

Webpage - yalemusic.yale.edu/faculty/cohn 
 
 
 

____________ 

Dmitri Tymoczko 

Princeton University 

 
Dmitri Tymoczko was born in 1969 in Northampton, 
Massachusetts. He studied music and philosophy at Harvard 
University, and was awarded a Rhodes Scholarship to do graduate 
work in philosophy at Oxford University. He received his PhD in 
music composition from the University of California, Berkeley. He 
is currently a Professor of Music at Princeton, where he has taught 
composition and theory since 2002. He lives in Philadelphia with 
his wife, Elisabeth Camp, who teaches philosophy at Rutgers 
University, their son Lukas, who was born in 2008, and their 

daughter Katya, born 2012.  

Dmitri's music has won numerous prizes and awards, including a Guggenheim 
fellowship, a Charles Ives Scholarship from the American Academy of Arts and Letters, 
two Hugh F. MacColl Prizes from Harvard University, and the Eisner and DeLorenzo 
prizes from the University of California Berkeley. He has received fellowships from 
Tanglewood, the Ernest Bloch festival, the Mannes Institute for Advanced Studies in 
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Music Theory, and was the composer-in-residence at the Radcliffe Institute for 
Advanced Study. He was awarded a Bicentennial Preceptorship from Princeton, and 
has been the Block lecturer at the Society of Industrial and Applied Mathematics. He 
has published one book with Oxford University Press (A Geometry of Music), and two 
CDs with Bridge Records (Crackpot Hymnal, for classical instruments, and Beat 
Therapy for jazz/funk ensemble). He is currently working on an album of rock-inspired 
pieces that mix electronics with acoustic instruments.  

In addition to composing concert music, Dmitri enjoys playing rock and jazz and writing 
words. His articles have appeared in the American Mathematical Monthly, the Atlantic 
Monthly, Berfrois, Boston Review, Civilization, Integral, Journal of Music Theory, Lingua 
Franca, Music Analysis, Music Theory Online, Music Theory Spectrum, Science, Seed, 
and Transition. His article "The Geometry of Musical Chords" was the first music-theory 
article published in the 130-year history of Science magazine. He has been invited to 
speak to audiences of musicians, philosophers, cognitive scientists, mathematicians, 
physicists, and the general public; articles about his work have appeared in a variety of 
newspapers and magazines, including Time, Nature, and Physics Today.  

Webpage — dmitri.tymoczko.com 

____________ 

Jean-Louis Giavitto 

Senior Computer Scientist, French National Centre for Scientific Research (CNRS) 

Researcher, IRCAM's research lab in Sciences and Technologies of Music and Sound, 

France 

 
Jean-Louis Giavitto is a Senior Computer Scientist at the French 
National Centre for Scientific Research (CNRS) and a researcher 
in IRCAM's research lab in Sciences and Technologies of Music 
and Sound (a joint lab between IRCAM, CNRS and Sorbonne 
Universités - UPMC Univ Paris 06 and INRIA Rocquencourt 
MuTant project). He is co-founder and former director of the IBISC 
laboratory in Computer Science, System Biology and Complex 
Systems at the University of Evry in the south of Paris. 

One research direction developed by Jean-Louis Giavitto is the building of topological 
objects to represent various musical objects and processes in musical composition, with 
the aim of using the spatial vocabulary to capture harmonic and melodic properties, the 
notion of style, or the architecture of a musical piece at several levels. His research 
work includes also the development of a programming language for the management of 
real-time musical interactions between musicians and computers in the context of 
Antescofo, a score following system used at IRCAM for the production of mixed pieces.  

Webpage — repmus.ircam.fr/giavitto  
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Panel 2: Mathemusical Convergences 

Sunday, 15 February 2015, 18h15 

Moderator: Elaine Chew 

____________ 

 

What's in the future?  Cooperations, convergences... 

Panelists: Moreno Andreatta, Margaret boden, Clifton Callender, Stephen Emmerson, 

Jean-Louis Giavitto, Bernard Lanskey, Paul Schoenfield, Yang Jian 
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Poster Abstracts 
____________ 

 
Genetic Algorithms Based on the Principles of Grundgestalt and Developing 
Variation 
Carlos Almada 
 
This article integrates a broad research project, whose main objective is to study 
systematically the principles of developing variation and Grundgestalt under analytical 
and compositional perspectives. Both principles were elaborated by Arnold Schoenberg 
and are associated with the organic musical creation, or else, the gradual production of 
a large set of motive-forms and themes from a small group of basic and abstract 
elements (the Grundgestalt) by recursive use of transformational processes, which 
corresponds to the developing variation techniques. The present paper describes a set 
of three sequential and complementary computational programs, modeled as a genetic 
algorithm complex, forming a system created for organic production of variations from a 
basic structure, i.e., the system’s Grundgestalt, or, in the research’s terminology, its 
Axiom. An Axiom is defined as a brief two-dimensional musical fragment (i.e., it 
presents both rhythm and intervalar configurations), like a conventional motive. The first 
and principal program is subdivided into three phases: (1) From the Axiom—input as a 
monophonic MIDI file—are abstracted two one-dimensional structures (its intervalar and 
rhythmic contours), that are transformed into numeric vectors. (2) These structures 
(named, respectively, I- and R- chromosomes) become the basis for parallel production 
of rhythmic and intervalar abstracted variations (geno-theorems or gT’s) by sequential 
and/or recursive application of a number of algorithms (production rules) in several 
generations. This procedure corresponds to which is named developing variation of first 
order, in other words, the production of abstracted offspring. A special algorithm 
calculates the “parenthood” degree of each produced gT considering its referential form 
(one of the chromosomes in the first generation or its gT’s ancestor, in the following 
generations) which is expressed as a real number, the coefficient of similarity (Cs), 
ranging between 0 (absolute dissimilarity) and 1 (identity). (3) The crossing-over of pairs 
of gT’s (rhythmic + intervalar) results in a matrix of feno-theorems (fT’s, concrete 
melodic structures). The second program is employed to form more complex musical 
unities (axiom-groups or aG’s) by concatenating two or more selected fT’s according to 
several user’s decisions. The well-formed aG’s can be considered as “patriarchs” of 
their own lineages, and are stored in a special matrix (LEXICON), which comprises the 
basis for the operations in the third program, which is dedicated to the processes of 
developing variation of second order, or else, to yield concrete offspring, by similar 
application of production rules (including “mutational” ones, responsible to random, and 
almost imperceptible transformations) at the pre-produced aG’s. The resulting forms are 
labeled as theorem-groups (tG’s) and are also stored in the LEXICON matrix, 
“genealogically” organized by a special index, the GödelVector. The method has 
already been applied to the composition of several pieces, of distinct instrumentations, 
characters and styles, by providing a large number of variants that can be used by the 
composer melodically and harmonically. 
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History and Perspectives on Rhythmic Tiling Canons 
Hélianthe Caure  
 
Dan Tudor Vuza introduced the musical concept of rhythmic tiling canons in the nineties 
as the art of filling the time axis with some finite rhythmic patterns and their translations, 
without the superposition of onsets. This extensive work has been done without the 
awareness of Hajós's 1949 paper, which introduced the mathematical concept of group 
factorizations while solving the Minkowski conjecture. Both of these papers have been 
linked as two distinct approaches to solving the same problem: tiling the time line. Its 
beauty comes from the variety of its exploration methods. Besides the use of both 
musical and mathematical points of view to understand it, the age of the problem and its 
mathematical implications have made it a crossroads of many mathematical fields. 
 
For sixty years, numerous mathematical tools have been used, with constant progress 
to the exhaustive understanding, though never attained, of how and when a given 
pattern would tile. The history and modern research on the subject are fascinating but 
extensive and intricate. Mathematical fields as diverse as analysis (for instance, the use 
of the Fourier transform is one of the main modern research areas), computational 
models (in the fifties, de Bruijn introduced the use of trees for the study of quasi periodic 
tiling), or even combinatory have been used. More recent works are trying new 
approaches through field theory and set theory. The clear and thorough display on the 
poster of every major step made on the subject, and what mathematical tools have 
been used, would be enriched with their chronological and logical links, and the 
perspectives they open. As rhythmic tiling canon is still a domain of rich enough interest 
to be one of the main thematic sessions of the Mathemusical Conversations, but is very 
dense, such a summary would be welcome for any interested mathematicians.  
 
The benefit of a poster presentation, compared to a talk, is the geometrical and musical 
representations of rhythmic tiling canons. These make this difficult problem musician-
friendly and really easy to perceive and understand for non-mathematicians. 
Composers have been developing these representations while using rhythmic canons 
as composition tools, turning them progressively into a powerful aid for mathematics 
education. A conference for a large audience on tiling and music was held in Montpellier 
(France) in September 2014, which was a formidable opportunity to bring mathematics 
to everyone with the help of music. 
 
There is currently no reference guide for interested researchers and musicians on the 
complex field of rhythmic tiling canons. Making one in a visual way would allow using it 
also as a pedagogic tool, intriguing for the well-informed as well as the general public.  
 
Keywords: rhythmic tiling canons, mathematical models, representations, history 
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Complexity of Musical Patterns  
Yuping Ren and Charo I. Del Genio 
 
In this project we analyse music using pitch and time information by employing a 
network projection. Each network represents the music played by a single instrument; 
multi-layer networks are constructed for ensemble music pieces. The nodes in the 
networks correspond to pitch and duration pairs, and the edges are added when the 
nodes are connected in the music as a time sequence. The statistics of such a network, 
such as adjacency matrices, degree distributions, clustering coefficients and centralities 
are calculated and plotted. Through the application to a variety of music pieces, we 
characterize network observations in which exponential, power-law distributions are 
found, implying the robustness of musical structures. The number of components and 
the loop structures of the networks are studied by employing the topological data 
analysis (TDA) method. Using TDA, a modern data-driven idea of persistent homology, 
we calculate the Betti-number barcode intervals and plot the persistence diagrams of 
individual musical networks, using weights for filtration. From the annotated barcode 
intervals, we can retrieve musical patterns frequently used by the composer. The 
difference between the persistences are summarised by plotting the distribution of 
interval groupings by varying music and varying instruments. Compared with results 
from random, complete, scale-free and small world networks, we show salient 
differences between the structure of those networks and the music networks. 
 
Keywords: music, network, TDA (Topological data analysis) 
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Generating Two-Part Inventions Using a Machine Learning Approach 
Somnuk Phon-Amnuaisuk 
 
A two-part invention is a style of musical composition that has two simultaneous 
independent melody lines. Both melody lines are written as a counterpoint where each 
line expresses independent melodic and rhythmic characteristics. However, logical 
harmonic progression emerges from both independent lines. Traditionally, music 
students learn rules for writing counterpoints. These rules are patterns extracted by 
humans and form an essential theoretical music knowledge.  
                                                                                                     
In this poster, we discuss a computational model that learns the prominent 
characteristics of two-part inventions from real world examples and then use the learned 
model to generate new two-part inventions. The crucial points in learning knowledge of 
structural patterns in music concerns the following important questions: (i) what kind of 
knowledge is extracted? and (ii) how this knowledge is exploited? 
 
Algorithmic composition has been investigated by AI-music researchers and various 
computation techniques have been employed to model this creative process. Music 
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knowledge has been abstracted at a symbolic level in which music theorists converse 
and a computational model such as a rule-based system can exploit this knowledge. 
Music knowledge has also been exploited using other soft-computing approaches.  
 
Here, data mining techniques are employed to extract useful patterns from examples, at 
the abstraction level of melody, harmony and rhythmic patterns. These patterns are 
summarised into constraints which will be used by SARSA, a reinforcement learning 
model. SARSA learns an optimal policy by sampling the state space to estimate the 
utility of state-action pairs , : 
 

, ← , , , , 
            
where  is the learning rate and  is the discount rate. By carefully selecting the 
representation of states, actions, rules and contexts, a complex problem such as 
algorithmic composition could be dealt with and reasonable output is obtained with 
comparatively less effort. 
 
Keywords: algorithmic composition, data mining, reinforcement learning, SARSA 
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A Study of Sound Micro-Organization Random Processes for Perception 
Purposes 
Jocelyne Kiss and Serge Lacasse 
 
Organizing micro events for sound composition in order to consider the user’s 
perception is the question we would like to discuss here in the context of building real-
time automatons. More specifically, we wish to propose the application of a random 
function that could provide a large range of data (Haramoto, 2008) and at the same time 
participate in the process of organizing sound in such a way that it provides an 
impression of polarization (Forbes, 2012). Random functions are by default not efficient 
and do not display real aleatory function (Goldreich, 1986). (Also these randomisations 
do not provide the impression of organization.) Rather, it only produces a display of 
data. We are looking for a function that could both provide a huge bank of data and 
constrain this data within a given pool that would give the impression to the user that an 
organisation is at play (Loy, 2006). Organizing the sound in order to produce an 
impression that an orientation is given is an important factor in artistic applications, 
even, and especially at a micro level. Indeed, the random effect gives most of the time 
the opposite impression of an organisation. So if we could introduce, in the same 
process, both randomization and an impression of direction, this type of function would 
be closer to a musical way of thinking (Kugel, 1990)1. In previous studies we used 
strange attractors (Kiss, 2010, 2003) in order to build a similar impression. However, 
depending on the kind of data used, this system fails to come back to “the same point” 
quickly enough to get noticeable (and thus to give a sense of organization). In this 
paper, we propose instead to have recourse to a Brownian motion construction in 
dimension 2 (Legall, 1986). In dimension 3, the system would be great for 
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randomization only. In dimension 2 (Revuz & Yor, 1991), the movement will eventually 
have to come back to the starting zone. Admittedly, the time variable is a challenge; but 
it can be resolved by considering it as a variable that could be scaled independently. 
Controlling this factor allows us to control the system so it gives an impression of 
polarization within the confine of a given effect or process. We will present Pure Data 
building blocks using few patches as examples in automatic music composition.  
___________________________  
1We choose the proposition of Revuz and Yor (1991) in order to build a Brownian 

motion . This model is based on Fourier series such as for the time interval t ∈ [0,1] 
and the variables Nk, Nk", in which all the coefficients are independent Gaussian, we 
have:  

   
√2

2
  cos 2 1 sin 2 .   

  
 
Keywords: Brownian motion, sound micro-organization, random processes, perception, 
composition 
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Coarsening Maps as Mathematical Foundations of Reductive Analysis  
Immanuel Albecht, Martin Rohrmeier, and Stefan Schmidt 
 
Reductive forms of analysis have been central in music research and constitute a topic 
that bridges music theory, music cognition, computational and mathematical 
approaches to music. Originating from Schenkerian analysis (Schenker, 1935), a 
number of approaches of reductive analysis have been proposed based on harmonic, 
voice-leading or contrapuntal representations (e.g. Lerdahl & Jackendoff, 1984; Keiler, 
1978, 1983; Narmour, 1992). While many of the music theoretical approaches remained 
largely formally underspecified, several formalizations were proposed recently that used 
formal languages and related computational approaches (e.g. Steedman, 1996; 
Rohrmeier, 2007, 2011; De Haas et al, 2010; De Haas, 2012; Marsden, 2011; Katz & 
Pesetsky, submitted; Hamanaka et al, 2006; Granroth-Wilding & Steedman, 2013).  
 
Our contribution analyses the concise algebraic foundations underlying reductive 
analyses. We may assume that events in musical time cannot take place prior to 
themselves and that if event A takes place prior to B, which takes place prior to C, then 
A also takes place prior to C (see also: Marsden, 2000). We propose the notion of 
coarsening maps between irreflexive and transitive musical time relations as a device 
that allows one to structure pieces of music hierarchically in order to analyze their deep 
structure (abstracting from harmonic or other building block choices) in a way 
arising/derived naturally from the properties of the perception of time and the elapsing of 
non-synchronous events. In this context, coarsening maps may further be regarded as 
the pure mathematical concept underlying the common process of combining 
contiguous musical elements into bundles with a common surface or function as it is 
done for harmonic analysis on different levels of granularity. Therefore, a complete 
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analysis ranging from the smallest musical elements to the most rough reduction of 
large parts of a musical piece gives rise to/specifies an underlying classification tree that 
coincides with a chain of musical time relations that are linked by coarsening maps, and 
an annotation of that underlying coarsened time relation.  
 
Further employing an appropriate scoring function that scores the grammaticality, 
coherence or preferability according to style-specific or cognitive constraints for each 
piece of information that is annotated to the coarsened time relation, it is possible to 
compute an order of preferability of different given reductive analyses of a piece of 
music.  
 
Finally, all such chains of coarsened time relations with respect to any fixed piece of 
music have the mathematical structure of a complete lattice, which is due to the relative 
independence of the finer grained analyses of smaller musical elements that are too far 
apart of each other in order to be necessarily correlated. In a computational context, this 
structural feature of locality may be exploited in order to find the best possible analysis, 
i.e., the chain of coarsened time relations together with an annotation, with regard to 
some given scoring function; and it also may be exploited in order to find an estimate of 
a scoring function that maximizes the score of a set of given analyses of musical pieces. 
 
Keywords: reductive analysis, coarsening maps, musical time relations 
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A Creative Patterning of Pitch-Class Sets: A Mathemusical Approach  
Stace Constantinou 
 
Composers such as Arnold Schoenberg, Milton Babbitt, and Elliott Carter have created 
a diverse range of musical material using combinatorial methods for the organising of 
pitch material, and the resulting harmonic content. Indeed, Elliott Carter has published a 
book detailing his pre-compositional work called Harmony Book. 
 
The Pitch-Class sets, as provided by Allen Forte in his book The Structure of Atonal 
Music, offer a comprehensive collection of pitch materials for composers to work with, in 
realising harmonic content. But they offer little by way of guidance, in organising 
combinations of patterns within the sets. This is perhaps because the number of 
possible combinations is so large that such a work would be incomprehensible. Yet 
pitch order may be an important factor in the realisation of novel musical compositions. 
The number of possible combinations for any given hexachord is 720, for example. And 
there are fifty unique hexachords in Forte’s collection. Writing out each permutation 
would mean ordering each of the 3600 individual patterns, then deciphering which to 
use. Selecting the most compelling set of patterns is a choice, perhaps, best left to the 
individual composer, who may find that certain permutations, whilst mathematically 
discrete, sound too similar, or insignificantly (musically) varied, to be of use.  
 
Using ideas developed during my recently completed doctorate study, I reveal an 
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approach for filtering the large number of possible permutations of Pitch-Class sets. By 
finding patterns within the Pitch-Class sets, then applying these within the music, it is 
possible to filter unwanted, or unnecessary, permutations, thus reducing the number of 
possibilities to a usable sample. Such an approach can also be extended to include 
microtones, by distorting the existing patterns by microtonal steps. 
 
The actual patterns used to filter and distort the Pitch-Class sets may vary; indeed, part 
of the rationale for this paper is to encourage experimentation with different types of 
pattern. Nevertheless, as a simple example,  consider any four-note Pitch-Class set and 
the pattern of prime numbers: 2 to 23. Given that there are 24 (four-note) permutations, 
these may be filtered down, using the prime numbers 2, 3, 5, 7, 11, 13, 17, 19 and 23, 
to nine. In addition, each of the nine selected patterns may be distorted, also using 
prime numbers, e.g. 2, 3, 5, and 7. Whereby the prime number represents the number 
of microtonal steps of distortion applied in, say, one-eighth tones.  
 
The purpose of this paper is to share my findings with a view to encourage critical 
feedback, and offer the possibility of collaborating with other composers, theorists, 
mathematicians, and programmers. For example, the processes I outline may perhaps 
be computerised. 
 
Keywords: patterning, creative, Pitch-Class sets, filtering, distortion, prime numbers, 
permutations, combinations 
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An Automatic Performance Analysis System Focused on Vibrato using Filter 
Diagonalization Method and Statistics 
Luwei Yang, Khalid Z. Rajab, and Elaine Chew 
 
Different performers display different interpretations of the same piece of music. For 
scripted music, these differences lie mainly in the expressive dimensions, such as 
tempo, dynamics, vibrato and portamento. The mathematics underlying these 
expressive nuances can further performer-style and cross-cultural analyses. Our work 
focuses on automatic detection and analysis of vibratos, a fundamental expressive 
device, and systematic analysis of their mathematical properties. 
 
We propose a probabilistic automatic vibrato performance analysis system that can 
greatly speed systematic research and advance performance pedagogy. This system 
features the end-to-end process from audio signal vibrato extraction to vibrato analysis 
statistics output. The system consists of two modules: vibrato detection, and vibrato 
analysis. The vibrato detection module features a novel application of the Filter 
Diagonalization Method (FDM) to frame-wise vibrato detection. The FDM’s advantage 
over the traditional Fourier transform is that its output remains robust over short time 
frames, allowing frame sizes to be small enough to accurately identify local vibrato 
characteristics and pinpoint vibrato boundaries. For each frame, the FDM returns the 
frequency and amplitude of a given number of harmonics. We apply and compare two 
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decision-making methods—Decision Tree and Bayes’ Rule—to determine vibrato 
existence. The Decision Tree requires the frequency and amplitude range thresholds to 
be set manually. These two threshold ranges can be set according to the known vibrato 
statistics. For example, previous studies showed that violin playing results in higher 
vibrato rates and significantly smaller vibrato extents than voice and erhu. Bayes’ Rule 
takes advantage of the estimated probability density distribution of the frequency and 
amplitude of the FDM output. Once vibrato existence has been confirmed, the vibrato 
analysis module computes and returns the statistics of rate, extent and sinusoid 
similarity. 
 
The vibrato detection results show that the FDM (F-measure around 0.88 for Bayes’ 
Rule) significantly outperforms the FFT for short time frames <0.25s, the FFT having 
insufficient frequency resolution to provide an answer in many cases. The FDM is 
further compared to a recent cross-correlation-based vibrato detection method and is 
shown to consistently perform better for both short (<12s) and long (50-60s) audio 
samples. The results also show that Bayes’ Rule usually has better performance than 
the Decision Tree. For vibrato analysis, an evaluation on 1800 synthesized vibratos 
show high F-measure values for vibrato detection (0.9873), and high correct rates for 
vibrato parameter extraction (99.53% for the vibrato rate, 98.43% for the extent, and 
96.85% for the sinusoid similarity.) The system is also applied to a real dataset 
consisting of six recorded solo erhu and two unaccompanied violin performances to 
demonstrate the differences in vibrato characteristics between erhu and violin. The 
system’s outputs are compared to, and shown to be consistent with, those produced 
using manual segmentation in our previous research, thus demonstrating the feasibility 
of this approach to vibrato performance analysis. 
 
Keywords: vibrato detection, performance analysis, filter diagonalization method 
 
 

____________ 

Partitional Analysis and Melodic Texture 
Pauxy Gentil-Nunes 
 
Partitional Analysis (PA; Gentil-Nunes & Carvalho, 2003) is an original proposal of 
mediation between mathematical abstractions derived from the Theory of Integer 
Partitions (Euler, 1748; Andrews 1984; Andrews & Ericksson, 2004) and compositional 
theories and practices. Its main goal is the study of compositional games and has been 
used in the pedagogy of composition and creation of new pieces. The abstractions 
involved allow the biunivocal homology between heterogeneous fields, like texture, 
orchestration, timbre, melodic structures and spatialization. It also provides an 
exhaustive taxonomy for the fields as well as its topology and metrics. The point of 
departure of Partitional Analysis, inspired by the work of Wallace Berry (1976), is the 
consideration of binary relations between concurrent agents of a musical plot. The 
relations are categorized in collaboration and contraposition types, according to given 
criteria (congruence between time points and duration, belonging to a line inside a 
melody, proximity of timbre or orchestral group, spatial location in the stage, and so on). 
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This categorization underlies the constitution of the partitions and at the same time 
leads to the establishment of the agglomeration and dispersion indices (a, d). Two 
graphs are constructed from the indices. The partitiogram, where the indices are plotted 
one against the other, constitutes a phase space and generates a graph called the 
Partitional Young Lattice (PYL), where all the adjacency relations are categorized and 
assessed. The indexogram arises from plotting both indices against a time axis and 
presents the temporal progression of partitions, in a wave-like representation. Linear 
Partitioning is the application of PA to melodic texture, based on fundamental 
Schenkerian concepts of melodic conjunction and disjunction and the concept of line as 
an internal compounding element of melodic structures. Although this concept has been 
central to the work of several authors, like Hindemith (1937), Costère (1954), Meyer 
(1973), Lester (1982) and Narmour (1992), among others, there has not been so far a 
quantitative and relational evaluation of lines under the framework of melodic texture. 
The categorization of linear types (line, arpeggiation and compound melody, for 
instance) in fact can be represented by partitions, following the criteria of independence, 
promoted by the development of adjacent conjuctions, and interdependence, created by 
consecutive adjacent disjunction. Through Linear Partitioning, six basic operations are 
found in linear structures: portamento, opening, activation, prolongation, convergence 
and closure. The analysis of the interactions between these procedures leads to the 
formulation of linear partitioning, the exhaustive taxonomy of melodic behaviors and the 
possibility of its handling as a formal construct. Some functions were developed inside 
the MATLAB environment and are integrated in the author’s software Parsemat® for 
Windows. The module Partlin® is presented as a button in the interface and can 
generate graphs (partitiogram and indexogram) and tables. The research also covers 
some sub-projects including the reassessment of melodic analysis of other authors, 
mainly Meyer and Narmour; analysis of solo pieces from Darmstadt period; and 
expansion of the proposal to analysis of contour in general. 
 
Keywords: Partitional Analysis, melodic texture, Theory of Integer Partitions, musical 
composition, musical analysis 
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Textural Contour: Relations Between Textural Progressions and Melodic Contour 
in Claude Debussy’s Prélude à l'après-midi d'un faune 
Daniel Moreira de Sousa and Pauxy Gentil-Nunes 
 
This paper proposes the extension of basic principles of the Musical Contour Theory 
(MCT), developed mainly by Robert Morris (1987), to the textural domain. MCT is 
constructed from abstractions of levels, ordering them from 0 (lowest level) up to n–1 
(where n is the number of different levels in the structure), and assessing the relations 
between the levels. The transposal of such abstraction to the field of texture can reveal 
the movements of textural complexity, toward the measuring and comparing between 
different textural configurations. This present proposal is called Textural Contour. The 
methodological tools and concepts provided by the Partitional Analysis (PA; Gentil-
Nunes & Carvalho, 2003) can handle textural organization using numeric 
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representations (partitions) that express the relations of compounding musical elements 
in the texture, allowing for its measurement. The PA is a new and important analytical 
tool that makes possible the examining of musical texture using Wallace Berry’s 
proposal (1987) and the Theory of Integer Partitions (Euler, 1748; Andrews, 1984), 
constituting a partially ordered organization that relates partitions by its transformational 
process in a taxonomy that encompasses all partitions from 1 to a determined number 
using mainly the inclusion relation (Andrews & Ericksson, 2004). This organization is 
presented using a Hasse Diagram based on the Partitional Young Lattice (PYL). Such 
organization allows the creating of a contour based on the adjacency relations between 
partitions and its complexity levels, revealed by the internal configuration, therefore 
establishing textural progression curves. The Textural Contour provides an abstraction 
of textural progressions enabling a broader view of the progressions and relations of 
texture. This contour can be manipulated through canonic operations from Musical 
Contour Theory (inversion, retrogradation, and retrograded inversion) and can also be 
analyzed by Michael Friedmann’s (1987) descriptive tools for analysis of contour. Two 
computational tools (Partitional Operators and Contour Analyzer) were developed to 
facilitate the systematization and application of this proposal both as an analytical tool 
and as a compositional possibility. This paper concludes with an application of 
methodological use of the Textural Contour in the analysis of Claude Debussy’s Prélude 
à l'après-midi d'un faune, comparing possible relations between the melodic contour of 
the flute introduction and the overall textural progression. 
 
Keywords: Musical Contour Theory, Partitional Analysis, textural contour, melodic 
contour, Claude Debussy’s Prélude à l'après-midi d'un faune 
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Validating an Optimisation Technique for Estimating the Focus of a Listener 
Jordan B. L. Smith and Elaine Chew 
 
Many musicologists and music psychologists are interested in the phenomenon of 
attention: what do listeners pay attention to while listening to music, and how does this 
affect their perception of musical structure? Studies of disagreements between listeners’ 
analyses have found that such differences can usually be attributed to (among other 
factors) listeners paying attention to different musical attributes than one another, but 
repeating such findings at a large scale remains a challenge. Alas, while those studying 
visual attention have the benefit of eye-tracking devices, there is no comparable ear-
tracking technology, so auditory attention cannot be directly observed. 
 
With this in mind, we proposed in previous work an algorithm for estimating what a 
listener has focused on in the music by examining how the listener’s analysis, 
represented as a set of structural boundary annotations and segment labels, relates to 
features extracted from a recording. Self-similarity matrices (SSMs) consist of the 
computed similarity of all pairs of points in a recording and are widely used to visualise 
and estimate structural analyses. Our algorithm uses quadratic programming to 
minimise the distance between the listener’s analysis and a set of SSMs based on 
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different musical features. By decomposing the matrices into section-wide blocks based 
on the listener’s analysis, the optimal solution estimates the relative attention paid to 
each feature in each section. 
 
As an extension to this work, we validate our algorithm by applying it to a large set of 
artificial stimuli. The stimuli have been systematically composed in order to have 
different features (harmony, melody, rhythm and timbre) change at different times, 
creating musical passages with ambiguous forms: for example, a passage may have 
form AAB with respect to rhythm, and form ABB with respect to melody. We 
demonstrate that our algorithm is able to correctly estimate the feature that best 
explains a given analysis. 
 
These stimuli were previously used in an experiment showing that paying attention to 
one feature led listeners to choose the analysis matching that feature more often. The 
present results establish that our algorithm could have accurately predicted the 
attentional focus of the listeners based on their responses, and hence demonstrates 
that our algorithm is a valid means of estimating a listener’s focus based on their 
analysis. 
 
Keywords: formal analysis, structure, segmentation, quadratic programming, attention 
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Linking Dynamic Score Markings with Statistical Properties of Perceived 
Loudness Changes in Audio Recordings 
Katerina Kosta, Oscar F. Bandtlow and Elaine Chew 
 
Expressivity is an essential part of musical performance. Although many computational 
models and probabilistic and statistical functions have been established for modelling 
tempo and intensity, and changes in these properties, few models attempt to map these 
parameters to an ontology for musical expression. Our study aims to discover the 
connections between performed loudness in audio recordings and dynamic 
representations in the score by analysing the mathematical essence of their 
connections. Dynamic markings prescribe loudness levels in performance. In a musical 
piece, the same dynamic markings may not always correspond to the same loudness 
levels. Analysing changes in audio dynamics forms an important part of understanding 
the meaning of dynamic markings as employed in the score such as p (piano) and f 
(forte) and their practical manifestations in the audio signal. We posit that reasons for 
significant differences in dynamic values between instances of the same dynamic 
markings can be formalized as rules that take into account the local sequential context 
for the dynamic marking. 
 
Large-scale analysis of the practical meanings of dynamic markings is hampered by a 
lack of accurate and efficient methods for automatic beat annotation and segmentation 
by loudness. Our study uses as data the collection of recorded performances in the 
Mazurka project (www.mazurka.org.uk), which offers a large collection of interpretations 
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of the same Chopin piano pieces. First, we propose and test a multiple-file alignment 
method that allows score-beat positions to be propagated from one annotated file to 
multiple recordings so as to align beats in the score to loudness values (in sones). Next, 
we present two complementary studies on dynamic markings and loudness levels. 
 
The first study considers the loudness levels in the music at score positions 
corresponding to dynamic markings. Statistical analysis of the data reveal how the 
absolute meanings of dynamic markings change, depending on the intended (score 
defined) and projected (actual) loudness levels of the surrounding context in the 
particular music performed. Next, we propose a method for abstracting the shaping of 
the dynamics through score time within the performances, by presenting the results as 
dynamic landscapes. The analysis shows that while a considerable number of 
performances are unique in their dynamic landscapes, nevertheless specific patterns 
can be discerned from groups of recordings. These patterns help us create an intended 
dynamic marking map, represented by a loudness envelope, for each musical piece. 
The resulting map represents the interpretation of dynamic markings as the piece 
progresses; conversely, the map is crucial for understanding dynamic changes in the 
audio as they correspond to intended loudness.  
 
The second study seeks to establish the mappings from performed loudness to score 
features. We introduce a novel use of the Pruned Exact Linear Time (PELT) change-
point detection statistical algorithm to segment loudness information into different 
dynamic levels. Change-point algorithms have been applied to domains such as 
climatology, bioinformatics, finance, oceanography, medical imaging, and birdsong 
detection. To our knowledge, changes in audio dynamics have not been considered as 
data to be analyzed in such a fashion. We show that significant dynamic score markings 
do indeed correspond to change points. Also, change points in score positions without 
dynamic marking serve to enhance the expressive representation of musical structure, 
such as the ending of a musical phrase.  
 
The findings of the two studies provide key steps towards dynamic marking 
transcription, dynamic level synthesis and shaping, and performance studies on large 
corpora of recordings. 
 
Keywords: performance, analysis, statistics 
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Tritonet - A New Approach to Music Harmony 
Tolga Zafer Özdemir 
 
Tritonet is a new concept in music theory. Based on the circle of fifths, the geometric 
simplicity of its mechanism reveals a clear observation of harmonic relationships in the 
music. It opens a new window for a composer to think about harmony in terms of 
tendency and resistance. 
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Harmony, in a broader sense, is a science which deals with the relationships between 
frequencies. Keeping the term in mind with this manner, music theory lessons can be 
expected to explain the harmonicity and inharmonicity of sounds, which is aesthetics-
free. It should deal with the laws of physics and explore the duality between tendency 
and resistance in sound motions. 
 
The circle of fifths is one of the best and probably the oldest visual helper for identifying 
the relationship in between the sounds. Having twelve notes placed at a perfect fifth 
apart from each other, the circle of fifths looks like a watch. Adding two new parts, 
anchor and the nightline, schema gains symmetry and ensures the correct note-naming. 
 
With the help of system: 

• The education age goes lower due to the simplicity and visual help of the 
schema. 

• The harmonic analysis feature helps students see how other composers have 
used the harmony. 

• Students can use their knowledge in order to create an individual voice, right 
from the beginning. 

• Music harmony, as a simple educational system, can be reached by more 
people. 

• Fundamental theory can be completed in a shorter amount of time. The 
education can fit into one year, even two hours as a crash course. 

• Users can put their musical ideas into reality in a more efficient and quick 
way. 

 
Live performance with software based on the Tritonet concept can be watched in 
demos: 

vimeo.com/103606124 
vimeo.com/95174714 
vimeo.com/tolgaozdemir/tritonetmindmusic 

 
Keywords: harmony, geometry, Tritonet 
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Anthropomorphic Visualisation of Melodic Contour Based on Lissajous Figures 
Tzu En Ngiao 
 
Scientific evidence supports the existence of psycho-cognitive mechanisms for 
perceiving equivalence in spatio-temporality between the musical and visual modalities. 
We also have a deeply ingrained tendency to anticipate and apprehend dramatic and 
causal visual narratives involving anthropomorphic subjects and imageries. Composers 
have long seized upon the isomorphism between visual contours and musical contours, 
and attempted to derive melodic lines by tracing the visual profiles of thematically 
relevant subjects, underlying the creative potential of interrogating the difference 
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between abstract pitch contours and anthropomorphic forms. Hence it would be 
interesting to develop an approach to pitch-spatial music visualisation where 
anthropomorphic visual feedback could be worked to the advantage of encouraging and 
delineating the processual creation of melodies. In addressing anthropomorphic forms, 
it is inevitable that we should further narrow in on the human facial form. Without the 
face—distinct facial profiles and character identity—figures of the human body and 
limbs are hardly more anthropomorphic than abstract representations that trace formal 
outlines quite similar to them. An anthropomorphic music visualisation approach could 
be adapted to the effort of setting up the right phenomenological conditions in 
comprovisation environments for coaxing a directional creative process of improvising a 
melody in parallel to sketching a face. The potential of seeing a human face could be 
the carrot (or stick) for improvisers to create melodies. Unlike most music visualisation 
approaches which seek to map individual musical pitches to visual elements or 
parameters in a syntagmatic fashion—whereby each musical pitch is parsed for visual 
mapping without regard to the larger context such as its relation to preceding pitches—
the visualisation approach for processual melodic creation would need to adopt a more 
paradigmatic strategy as the formation of a melodic contour rests on the succession of a 
collection of music pitches. In this paradigmatic audiovisual mapping approach, melodic 
lines could be broken down into contour components approximating that of a sinusoidal 
waveform. To construct a visual homologue of a human face, there needs to be a way 
of aggregating these abstracted sinusoidal components into graphical entities that 
approximate the spatial ratios characterising the face, much like the polygon mesh 
figures used in computer graphics. Lissajous figures may provide the answer to this 
end. They can be generated from the fusion of two sinusoidal components, and this 
fusion could be performed continuously on consecutive sinusoidal components 
abstracted from melodic contours. We could capitalise on the different shapes and sizes 
of Lissajous figures to construct spatial ratios for the depiction of a variety of facial 
identities. The more asymmetrical the alignment between two sinusoidal components, 
the more complex the Lissajous mesh figure would be. This property becomes highly 
relevant to our intended mapping of highly melodic entities to the human face. Highly 
symmetrical and repetitive sinusoidal components or flat linear contours abstracted from 
less melodic (or non- melodic) figures—such as arpeggiated figure, ascending or 
descending gestures or long sustained tones—would be more inclined to produce 
simpler, or less mesh-like, hence less anthropomorphic Lissajous figures. 
 
Keywords: music visualisation, pitch-spatial visualisation, Lissajous figures, sinusoidal 
waveforms, anthropomorphic, comprovisation environments 
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The Opera Experience. Applying a Multimodal Theory of Music Performances 
Aishwarya Nair and Patrick Becker 
 
The traditional music theory is a text-based affair: to gain insights in the structure of a 
musical work it solely analyses the notated elements of music. Yet, experiencing music 
in everyday life or even in a concert performance has little to do with the score. It is 
rather a multimodal experience to visit an opera, go for a rock concert or to listen to a 
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jazz ensemble for example. To think about music theory as a theory which describes 
the phenomenon of performed music at a whole, one has to leave the text-based view 
and add the visual, the auditive plus the lyrical dimension of a music performance. 
 
This approach refers to music as a Gesamtkunstwerk, a fundamental form of art. At this 
point, it meets the theory of conceptual blending, since the different sensual stimuli 
merge together to form a unique band. For a new music theory, based on musical 
performances, this concept is a key for analyzing and explaining the multimodal 
perspective on music. 
 
It was Richard Wagner who basically coined the term of Gesamtkunstwerk and put his 
main works under this aesthetic maxim. Therefore we are taking an example of his 
opera Parsifal to show how music theory can benefit from taking a new perspective on 
musical experiences. From a DVD-production by Daniel Barenboim and the 
Staatskapelle Berlin in 1992 of Parsifal, we took the aria of Kundry “Ich sah das Kind an 
seiner Mutter Brust” in which she reveals Parsifal’s origin and the fate of his parents. 
Parsifal resists her following seduction and becomes “welthellsichtig” instead; he turns 
from being a fool to a wise man, being capable of fulfilling his destiny. Therefore, 
Kundry’s lamentation is a key scene for the whole opera, its turning point, dramatically 
and musically highly interesting because of its connection of Kundry’s seduction, the 
reveal of Parsifal’s origin and the subsequent destruction of Klingsor and his magic 
garden. 
 
In our analysis we are broadening our horizon and implementing the visual, auditive and 
lyrical dimension of the excerpt, showing how to achieve a higher understanding of the 
scene through a multimodal approach. We will show how this approach is capable of 
theorizing Wagner’s complex music which is strongly interconnected to the lyrical and 
dramatical dimension. 
 

____________ 

Mathesis as the Philosophy of the Beauty of Music 
Rima Povilioniene 
 

The idea of the art of sounds based on mathematics that is referred to by Gioseffo 
Zarlino as numerus sonorus or numerus in sono has been developed for centuries. It is 
called perhaps the longest-lasting interdisciplinary dialogue. The logic of the structure of 
music is identified with the logic of a mathematical equation, and a musical composition 
is defined as “a dramatically, passionately told mathematical story” (Hammel, 1997). In 
the sphere of musical research the conception of musica mathematica is in essence 
related to one of the trends of music – attributing the theory of music to science and 
classifying as musica theorica / theoretica / contemplativa / speculative / arithmetica. 

 

Most likely one of the answers to the question of where vitality of the idea of interaction 
between music and mathematics lies is the perception that mathematics is the principal 
cause and source of the all-embracing beauty. The idea of a mathematically 
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substantiated world was developed as far back as antiquity and was in line with the 
outlook of the later epochs too: Galileo Galilei called mathematics the ABC by means of 
which God described the world, the Hungarian mathematician Paul Erdős spoke about 
the imaginary divine book which contained the most beautiful mathematical proofs, and 
Herbert E. Huntley who investigated the beauty of the Golden Section stated that the 
feeling of a scientist who is proving a theorem is identical to admiring a masterpiece of 
art because this is also creative work (Huntley, 1970). Alexei Losev related the definition 
of beauty to the number while stating that beauty was something “impersonal”—neither 
spirit nor personality but a non-qualitative structure—i.e., the number (“the primary 
kernel”, “the clasp of the entire construction”; see Losev, 1963, and Losev, 1999). 

 

The attitude to mathematics as the art of the beauty of numbers had an effect on the 
environment too: operations with numbers, regularities of symmetry and proportions 
have become beauty formulas in different spheres of art. The aesthetised conception of 
mathematics made the original imprints of mathematicised composition of music in 
every epoch especially concentrating in the practice of composing contemporary music. 
The 20th-21st century music composing process is investigated as a compendium of 
experiences of the earlier epochs and traditions of musical numerology (e.g. the models 
of additivity, progressions, symmetry and proportions, the application of combinatorics 
of music, kabbalistic numbers, Christian numerology, the creation of musical messages 
encoded in numbers, etc.) as well as the integration of innovative ideas that are based 
on very formalised idioms of mathematical nature (such as complicated mathematical 
formulas and models, mathematical theories, fractals, chaos, groups, probabilities and 
others). The use of computer possibilities transforming the algorithm processes into the 
sphere of composing contemporary music extended considerably the spectrum of 
generating ideas and opened wider the immense layers of the implementation of the 
musica mathematica phenomenon. On the other hand, the practice of computerised 
composing of music opened the way to innovative analytical approaches as well as 
rising of the metacomposition term, which defines what is more than a traditional 
musical composition. 

 

Keywords: mathesis as the background of music, numerus sonorous, beauty of 
numbers 
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An Empirical Evaluation of Musical Distance using a Computational Model 
Goktug T. Cinar, Jose C. Principe 
  
Concepts of musical distance are top-down concepts, i.e. proposed by experts based 
on music theoretic concepts. It would be very interesting to link these concepts to the 
representations that resemble the ones found in the auditory cortex. To achieve this we 
should use a bottom-up approach to get the representations from acoustic signals, 
otherwise we will never know if the suggested organization is contained in the musical 
structure. This requires a self-organizing system that will extract such a structure from 
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the acoustic signals, with as little number of free parameters as possible. Our aim in this 
work is to utilize the representation space created by the Hierarchical Linear Dynamical 
System to obtain distances between notes/triads. 

 

The Hierarchical Linear Dynamical System (HLDS) was introduced in Cinar and 
Principe (2014) as a self-organizing architecture that can cluster time series. The idea of 
a nested HLDS is having a model that would consist of one measurement equation and 
multiple state transition equations. The system is nested in the sense that each state 
transition equation creates the causes/states that would drive the lower layer. This 
introduces a top-down flow of information. In the nested HLDS we drive the system 
bottom-up by the observations, and top-down by the states with an apriori constraint 
that provides a local stationary context for the dynamics since a sound lasts mostly 
unchanged for a short period of time. The design of the top layer stabilizes the input 
dynamics and provides a representation space. An important characteristic of the 
methodology is that it is adaptive and self-organizing, i.e. previous exposure to the 
acoustic input is the only requirement for learning and recognition. 

 

In recent experiments we have shown that the representation space that the algorithm 
learns preserves the organization found in the musical scales for monophonic notes, 
and exhibits the properties suggested in the theory of efficient chromatic voice leading 
and Neo-Riemannian theory for triads. The models trained on isolated pitches place the 
pitches that are direct neighbors in the Riemannian Tonnetz close to each other. This 
suggests that the self-organizing model also puts emphasis on the harmonic 
relationship between the pitches. The models trained on isolated triads place triads with 
smaller voice leading distances close to each other. This is in line with the findings 
obtained in the monophonic case as shared harmonics between the triads increase as 
the voice leading distance decreases. We demonstrate these behaviors both in a case-
by-case manner and by averaged results obtained by studying multiple independently 
trained models. These findings show that the self-organization of the HLDS, which is 
learned from acoustic signals in an unsupervised manner, resembles and supports 
music theoretic concepts of distance. 

 

Keywords: musical distance, self-organizing models, linear dynamical systems 
 


