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Mathematics and Computation in Music

2nd Biennial Meeting, June 19-22, 2009, Yale University, New Haven, CT
~

smcm-net.info
mcm2009.info
mcm2011.info

@fcr 2007!

Jourral of

Mathematics and Music

Pierre Boulez )
3rd Biennial Meeting, June 15-17, 2011, IRCAM, France

MuSA.RT

NAE 2010 US Frontiers of Engineering 4



Elaine Chew: De-mystifying Music and Its Performance

9/24/10

MuSA.RT

Interactive tonal analysis and
visualization

Spiral Array Model
Chew 2000

Algorithms

Key finding (Chew 2000, 2001)

?@‘b ==srs
y ! e
T

A

NAE 2010 US Frontiers of Engineering



Elaine Chew: De-mystifying Music and Its Performance

Algorithms

Key finding (CogSci 2001)
Segmentation (ICMAI 2002, INMR 2004)
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Key finding (CogSci 2001)
Segmentation (ICMAI 2002, INMR 2004)
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APPLIED MATHEMATICS COLLOQUIUM

The Mathematics in Music
A CONCERT-CONVERSATION WITH ELAINE CHEW

Algorithms

Key finding (CogSci 2001)
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Segmentation (ICMAI 2002, INMR 2004) Technology
Pitch spelling (ISMIR 2003, ICS 2005, CMJ 2005) Review
Interactive visualization (ACM MM 2003) LA Concert Rehearsal Jan 2007
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of historic
performances
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ESP

ESP

A literal take on the driving metaphor for expressive performance
< 4 " I v‘ r E
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of Higher Education

ACM TechNews
Research Outcomes |t ikles

Design and Implementation (NIME 2005)
Tempo Smoothness (ACE 2006)
Roadmaps as Interpretations (AMC MM 2006)

Designed using Francois’
SAl software architecture
style and MFSM middleware

Research Outcomes

Design and Implementation (NIME 2005)
Tempo Smoothness (ACE 2006)
Roadmaps as Interpretations (AMC MM 2006)
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Research Outcomes

Design and Implementation (NIME 2005)
Tempo Smoothness (ACE 2006)
Roadmaps as Interpretations (AMC MM 2006)

Brahms Hungarian Dance No. 2: symmetric phrasing vs. '\4\}

gestural interpretation

Open Courseware
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Spring 2010

course announcement

ISE 575 Topics in Engineering Approaches to Music Cognition

675b

CSCI 575b

Daniel J. Epstein Department of Industrial and Systems Engineering
University of Southern California Viterbi School of Engineering

Instructor:

- This course explores the role of

echew@usc.edu musical prosody in conveying
GER-241, (¢ 8 414 diverse interpretations in
musical performance.
Performers manipulate musical
parameters such as tempo,
loudness, and articulation, so as
to focus attention and facilitate
parsing of musical features, and
to create emotional affect. The
class covers computational
techniques for measuring
prosodic cues such as timing
and loudness (and time
permitting, timbre) in music,
the resulting accents and
phrases, and how they map to
perceived prominence and
grouping. The class emphasizes
learning by example, and
learning by doing. The expected
work includes reading of
contemporary scientific
literature on the topic, writing,
presentation, discussion, and a
final project.

: Daciel ) Epstetn Depastment of Baduatrial snd Systems Enginearing

Spl’lng 2010 Unéversity of Southern Calforsis Andew and Ersa Vierdi School of Engineering

Introduction

'Week 1 Irbodaction 10 he course. and 15 concepts of beat, tamgo, and loudness.

Oan 12) Listening axampies inchkude: Kreisler, Bach’s Unaccompanied Violn Sorata, Glenn Gould's recordngs of Bach's Goldbeng Varations, Bratrs’ Menganian Dances.

'Week 2 Paimer, C., & Hutching, 8. (2008). Wnat is mesical presody? In B. H. Ross (Ed.), Psyehalegy of Leaming and Motivation, 48 245-278. | POF | reponts: [ Loatlachadies,
obmmicarsyecen, teexsel, schaokie )

(Jan 18) Homewsck 18 Bring 0 poce of music that has varatons is Iampo or oudness 10 thare with the class. Download and nstall CAMIUL'S Sor Vs ser

Reythm in Music and Speech

‘Week 3 Patel, AD. herses, J R, & Rosenbeny, J C. (2008). Compariag the riythm and malody of speech and mus: The case of Brtsh Englah ard French. Joumal of e
Acoustcal Society of Amenca, 11030343047 | P06 | presentation: [ Sataee ] reports: [ thatiachates. el e, raageael, schansder |

(Jan 26) hrarsen, JR_ Patel, AD. & Ohgushi, K (2008). Perception of hyfvnic grousng depends on sudiory expesence. Jourmal of he Acoustical Society of Amenica, 124
22632211, | POE | presennsion. | rue | reports: [ Lhatiachaniee, bgtdi |
Patel, AD. (2008). Musical rythes, knguistic mythm, and human evolution. Music Perception, 24 90-104. [ POF | presentation: | nnagoosl | seports: [ tagooe |

(an 28) Specal Event: Attend the ‘oliowing Sk by Anruddh Patel 1 take place at 3 20pm in Doheny 240 - Ry in Speech and Musc. Anrouncement: [F0F]

Beat and Tempo: Tracking and Analysis

'Week 4 Dieon, §. (2001) Automatic Extracton of Tempo and Beat fom Lxpressve Pecdormances. Joumal of New Music Ressarch, 30(1135-58 [ P0F | presantation |
thatiactanee | reports: | BOaTactenen. (NAGoR. remasamy govindarapu. schaniier |

(Feb 2) Downoad Discr's Boaifioo! sofware (requres Java 1.5 or Nigher). Beat backing srangies.
Doson, §. & Widmee, G. MATCH: A Mysic Alignment Tock Chest. In Procsedings of he 2 infl Cond on Measic Information Reteval, London, UK, 482457 | 201 |
presentston: | mshmicaraysoan | reports: [ thattachacee. DGh. raaooee |
Downioad Disor's MATCH software (Jrva, sy platform), o the Sonic Visusiser MATCH Ve sugie.

'Week § Timemers, R, Ashiay, R, Desain, P, and Heigink, H. (2000} The influence of musical content on lerpo nubato. Journal of New Music Research 20025131188 [ 1T |

(Feb 8) Cammun, A, Mazzarng, B, Ricchesi, M., Timmaens, R, and Volge, G. (2004). Mutimodal Aralysis of Expressve Gesture n Mesic and Dance Peclormances. n
Gesture-flaned Commuricaton in Human-Competer hteracton, Sprnger Lecture Notes i Computer Scence 2515 Read the introducsion (p 20-27). Section 4
(p30-37) [ POF)
Tisemers, R (2005). Predicting the simiarity between axprassive perfosmances of muse bom of terrpo mnd Joumal of the Socety
of America, 117{1) 301399 [ POF | presentation: | satankier |

Tempo and Loudness: Visualization

'Week 6 Lasgeer J & Goedl W. (2003) Visusizing Expressive Performance n Termpo-Loudsess Space. Computer Music Journal, 2N4) €9-23 | POF | presertasion: [ vah )

(Feb 16) Goosl. W, wt Amomu) Six Famous Planists Py Chopin Pleces.” In Proceedings of the ith
Intermationsl Conlarence mﬂwllﬁ]wlrmﬂ]

'Week 1 Geactnen, M. Goetl W. w . Widrmer, W. (2000). Phase piane Regresestation snd Viaualestion of Geatural Structune in Expressive Timing Jourral of New
&-Mw)\bﬁ&(iﬁ’lmu]

(Feb 23) Mcs W)MMMWM . In of e B C Muso Retrieved. [ POF |
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Analysis Tocls
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A+d
B+d

2002
Jun | Remote Media Immersion (RMI) Inital Demonstration
Oct [ Internet2 Meeting: Large Room RMI Demonstration
Dec [~ DIP v.0: Distributed Duet (audio only)
2003
Jan [ Recording from Streams.
Jan {— Remote Master Class with New World Symphony
Jun {— DIP v.1: Duet with Audience (audio/video unsynch)
["2008
Jan [— Two-Way Live HD Streaming LA, Hawaii, Miami Experiments
Feb-Apr — DIP v.2: Two-Way Baseline User Studies
May | A: first time players perform under delayed conditions
B: player 1 and player 2 swap parts (symmetry test)
Jun C: players practice to compensate for delay
D: players perform with both partner and self delayed
Sep [ One-Way Live HD Streaming on Internet2: Austin, Texas
2005
Jan-Jun | Developing objective measures for analyzing MIDI data
Developing HYDRA architecture for better query and retrieval
b, 77 g

/ \, | struggle to keep time,
{_goneraity ““'”""/ interprotation compromised

/ \\
gt

conscious dificult extremely _almost
of dal difficult  impossible|
may be

to compensate

<.,..,.u. g
1

|
D: tolorable with practice
|

[

+d +d

»

°/+_11\A(.3\+d
\/ B+d

+d

DIP: Evaluation of Ensemble Coordination

Distributed Immersive Performance (ETP 2003)

Auditory delay of other’s playing to self (MusicNetwork 2004)
Auditory delay of own playing to self (NASM 2004, MusicNetwork 2005)

Segmental tempo analysis (SMC 2005)
Automatic alignment of duet performances (ISMIR 2010)
Evaluation of ensemble coordination
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MIMI

Multimodal Interaction in Musical Improvisation

MIMI

Mimi’s international debut at MCM 2007 at the Berlin Musical Instrument Museum
on the historic Seiler piano
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Analyzing
Musical
adl T Creation

Mimi & Isaac Schankler
People Inside Electronics Concert

Boston Court Performing Arts Center
Pasadena, California, June 5, 2010
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Christos Papadopoulos, Christos Kyriakakis, Anja Volk

Students

Yun-Ching Chen, Ching-Hua Chuan, Brian Highfill, Jie Liu,
Chandrasekar Rajagopal, Murali Ramasamy Govindaraju,
Carley Tanoue, Katie Wolf, Aaron Yang

USC Viterbi

USC IMSC Artists
Isaac Schankler, Dennis Thurmond, Tosheff Piano Duo
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links

music computation and cognition lab (research and projects)
www-rcf.usc.edu/~mucoaco

topics in engineering approaches to music cognition (open courseware)
www-scf.usc.edu/~ise575

publications
www-rcf.usc.edu/~echew/bibliography
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