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An Introduction to Music
Information Retrieval:

Musicological Implications

What it says on the tin



The promise of music
information retrieval

Are we there yet?

What it really says on the inside!



The promise of music
information retrieval

Are we there yet?

A Brief Professional History

J. Stephen Downie
3 July 2017



Buckle Up

A zillion more slides to go!



Some Key Facts about Me

* Curious

* Love music, its theory and its history
* World-class procrastinator

* Love extensions of all sorts

* Hate practicing

* Love collaborations

* Hate practicing



Some More Key Facts about Me

*Things | am not:

* Computer scientist
*Engineer
* Musicologist

* Musician



Some Other Key Facts about Me

*Things | am:
* Academic
* Administrator
* Researcher

* Professor of Library and Information
Science

e Pub Enthusiast



Two Big Motivators
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Off to University




Misspent Undergrad....

| dRRCaRE




Oops...

Flute jury time already?

What, no extensions?

| need to find something easy to play...

ASAP!!T]



Sonate

C major

B

J.S. Bac

3

BWYV 103

Andante

el
-

F1 @ Wy T T T T T T g
L VORI SO0 TS oA K VR VOO 700000 O B DO SIS N e 13
s S U O 000 v, NG U YUY O SO DN OO P00 G = - o J O L OO

SH0

4r ™ Pre

e

Lo U T T T T T T T T T e e Tl

O NN O S =" o SRRSO WO 7" e S == e e S SR R WO
o S -

'140
==

1

2

-

s

h

N
Y
i
i
1
1
i
|
L

—f
-

ol
—

Y W .-.
e wamtem S =t . e S

4RI WA BN N M
£an VOURE AE VDN UV ST MO 000 N 0N 00t 108

AN ¥

3

Allegro




Exciting New Career Opportunities

When U need to
get to class
on time - in comfort

cab LIMITED




Off to UWO Library School




New Educational Opportunities




The PhD Thesis

* Evaluating a Simple Approach to Music Information
Retrieval: Conceiving Melodic N-grams as Text

* 9354 Folksongs as test collection (McNab’s modified
version of the Essen Collection)

* Premise 1: Apply principle of parsimony (simple first,
existing IR techniques)

* Premise 2: Enough information in an monophonic,
interval-only, representation to make effective retrieval
possible (highly reductionist)



Primary Components (Pt. 1)

* Music interval = letter
* N-gram of intervals = word

Experimental Factors:

* N-gram Length (4-,5-, and 6-grams)
* Query Length (6, 8, and 10 intervals)
* Query Location (/ncipit, Random)

e Query Quality (Perfect, Error)

* Classification (Intervals grouped into class of size 3, 7,
15, and unclassified (as given))



Primary Components (Pt. 2)

* Phase 1: Informetric Analyses
* “stopwords”
* distribution model fitting
* term discrimination
* entropy, etc.

* Phase Il: IR Experiments

 built test database/query set for each combination of factors
used Salton’s famous SMART text retrieval system
used traditional tf * idf term weighting
used traditional cosine correlation coefficient for ranking
used IR measures of normalized precision and recall



Experimental Design

QLEN

QLoc
Incipit Random
QQUAL QQUAL
CellN=30
Perfect Error Perfect Error
CLASS CLASS CLASS CLASS
15 Ccu 7 15 Cu 7 15 Ccu 7 15 cu
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NLEN
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Mapping Interval to Letters
Example

ry P n b
—05 7T . & a ¥ G — 4 B
Interval. 0 +2 -3 +1 +2+2 0 +1 -1 -2 -2 +2 -2 -1 +1
C3Cod: a B b B BB a B b b b B b b B
CUCode: a C d B C€CC a B b ¢ ¢ C ¢ b B

C3= Parsons’ Repeat, Up, Down: Contour->Lossy, but forgiving of errors

CU=Unclassified intervals converted to alpha equivalents->Precise, but not forgiving of
errors

21



Building the Indexes: 4-gram
Window

A

L1




Building the Indexes: 5-gram
Window

A

%
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Building the Indexes: 6-gram
Window
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4-gram Indexing Example (Pt. 1)

-

)
0 +2 -3
a B b
a C d

C3 Code:
CU Code:

B
B

C3L4 Entry CUL4 Entry

aBbB aCdB



4-gram Indexing Example (Pt. 2)

C3 Code:
CU Code:

C3L4 Entry CUL4 Entry

aBbB  BbBB aCdB  CdBC
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4-gram Indexing Example (Pt. 3)

—<
-3+ 4242
C3 Code:

b B B B
CU Code: d B CC

C3L4 Entry

CUL4 Entry

aBbB  BbBB bBEBB aCdB  CdBC dBCC
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4-gram Indexing Example (Pt. 4)

C3 Code:
CU Code:

C3L4 Entry CUL4 Entry

aBbB  BbBB bBBB BBBa aCdB CdBC dBCC BCCa

28



4-gram Indexing Example (Pt. 5)

C3 Code:
CU Code:

C3L4 Entry CUL4 Entry

aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa
BBaB CCaB
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4-gram Indexing Example (Pt. 6)

C3 Code:
CU Code:

C3L4 Entry CUL4 Entry

aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa
BBaB BaBb CCaB CaBb
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4-gram Indexing Example (Pt. 7)

C3 Code: '
CU Code:
C3L4 Entry CUL4 Entry
aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa

BBaB BaBb aBbb CCaB CaBb aBbc
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4-gram Indexing Example (Pt. 8)

ep?

l

.
Oc‘['\)é.

+1 -1 -2
C3 Code: b b
CU Code: b C
C3L4 Entry CUL4 Entry
aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa

BBaB BaBb aBbb Bbbb CCaB CaBb aBbc Bbcc
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4-gram Indexing Example (Pt. 9)

C3 Code:

-2
b B
¢ C

CU Code:

C3L4 Entry CUL4 Entry
aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa
BBaB BaBb  aBbb Bbbb CCaB CaBb aBbc Bbcc

bbbB bccC
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4-gram Indexing Example (Pt. 10)

l-

llll

2 2 +2 -2
C3 Code: b b B b
CU Code: ¢ ¢ C ¢
C3L4 Entry CUL4 Entry
aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa
BBaB BaBb aBbb Bbbb CCaB CaBb aBbc Bbcc

bbbB  bbBb bccC ccCc
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4-gram Indexing Example (Pt. 11)

Illl

\2 +2 ' -1
C3 Code: b B b b
CU Code: ¢ C ¢ b
C3L4 Entry CUL4 Entry
aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa
BBaB BaBb aBbb Bbbb CCaB CaBb aBbc Bbcc

bbbB bbBb  bBbb bccC ccCc cCcb
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4-gram Indexing Example (Pt. 12)

4 Y

+2
C3 Code: B
CU Code: C

o TN o
o o <
= ® = < —e

C3L4 Entry CUL4 Entry
aBbB BbBB bBBB BBBa aCdB CdBC dBCC BCCa
BBaB BaBb  aBbb Bbbb CCaB CaBb aBbc Bbcc

bbbB bbBb bBbb  BbbB bccC ccCc cCcb CcbB
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-1tting

Zero-truncated Generalized Inverse Gaussian-Poisson

(GIGP) distribution:

(1_9)% (“%)x o
K (a[l-0)7) X
x=12,3,.

[ (x) =

ey (@)X

1—

nformetric Properties: Model

(1-0)" .

K, (ali-0]2) '

(@)

where f*(x) indicates the zero truncation (as above), K, denotes the modified Bessel
function of order y (see Burrell and Fenton 1993), o, 0, and y are constants determined

by the data
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Poisson Probability



nformetric Analyses: General
-indings

* N-grams hold many similarities to text “words”

* Some combinations of n-gram length and
classification scheme have properties similar to, or
better than, than text:

* GIGP model fitting

* Term weights (IDF values)

* Entropy values

e Discrimination values, Lack of stopwords

* Notwithstanding the above, question remains:
“What does a melodic n-gram mean?”



Retrieval Experiments: General
-indings

* Level of fault tolerance noted with shorter n-grams
 Lack of fault tolerance using classification schemes

 Strong interaction of Query Length, N-gram Length,
Query Quality
e Overall, surprisingly effective retrieval noted:

* With errors: CUL4 index with longer queries
* Without errors: CUL6 index with longer queries

* Notwithstanding encouraging results, data set was
limited in scope and queries were simulated



Off to the Cornfields of lllinois
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Important Events in MIREX
(aka My) History

Music retrieval workshop at SIGIR proposed a range of evaluation scenarios
First ISMIR held at Plymouth with participants holding brainstorming sessions
ISMIR at Indiana University; “Bloomington Manifesto” on evaluation published
Planning grant from the Andrew W. Mellon Foundation awarded

ISMIR at Paris hosted special evaluation workshop

SIGIR at Toronto held Workshop on the Evaluation of Music Information Retrieval Systems
Andrew W. Mellon Foundation and NSF funding awarded

Audio Description Contest run at ISMIR Barcelona

First MIREX plenary session held at ISMIR London

NEMA project funded by the Andrew W. Mellon Foundation

SALAMI funded by the NSE, SSHRC and JISC

MIREX:NG project funded by the Andrew W. Mellon Foundation
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Reflecting on MIREX
(A personal paradigm shift)

Grand Challenge 2015: Jamendo Dataset |Audio Tempo Estimation

Audio Beat Tracking Discovery of Repeated Themes & Sections

Audio Cover Song Identification Query by Singing/Humming

Audio Fingerprint Singing Voice Separation

Audio Melody Extraction Symbolic Melodic Similarity
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Publication !Dhi m%.gﬂ
1. International Society for Music Information Retrieval Conference 31 41
2. Psychology of Music 28 44
3. Music Perception: An Interdisciplinary Journal 24 32
4. Musicae Scientiae 18 33
5. Journal of Research in Music Education 18 27
6. Journal of Music Therapy 18 26
7. New Interfaces for Musical Expression (NIME) 18 24
8. Journal of New Music Research 16 23
9. Music Educators Journal 15 21
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MIREX HOME

X

Contents [hide]

“http://music-ir.og

ved In MIKEX 2U1/
6.1 Mailing List Participation

6.2 Wiki Participation
7 MIREX 2005 - 2016 Wikis

Welcome to MIREX 2017

This is the main page for the eleventh running of the Music Information Retrieval Evaluation eXchange (MIREX 2017). The International Music Information Retrieval Systems Evaluation Laboratory (IMIRSEL)
at School of Information Scie s & . University of lllinois at Urbana-Champaign (UIUC &) is the principal organizer of MIREX 2017

The MIREX 2017 community will hold its annual meeting as part of The 18th International Conference on Music Information Retneval @, ISMIR 2017, which will be heid in Suzhou, China, October 23-28, 2017

J. Stephen Downie
Director, IMIRSEL

Task Leadership Model

Like ISMIR 2016, we are prepared to improve the distribution of tasks for the upcoming MIREX 2017. To do so, we really need leaders to help us organize and run each task

To volunteer to lead a task, please complete the form here § . Current information about task captains can be found on the 2017:Task Captains page. Please direct any communication to the EvalFest §

2
2

EX 2006 Results mailing list
» MIREX 2005 Results

What does it mean to lead a task?
yccount vequest



Networked Environment for Music Analysis + * »

‘nema
X NEMA

. O Remote Executors
Workflow Processing - i O G
Me;ndreSaverClusier :  Mated - O

NEMA Flow Service

User Interface

Web Application

« Delegat
Content Repository Service
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Networked Environment for Music Analysis e

X NEMA DIY Interface.”*™®

P
@ Flow Type | NEMA DIY - Mozilla Firefox

a -c

j & Flow Type | NEMA DIY

File Edit View History Bookmarks Tools Help

@ (&

v ][

Done

NEMA DIY

Select Tas

Please selectat

Melody Extract

Keywords: M
Description:
second evalua
submission to
contour from |

We use mainly
analysis, insta
knowledge is ¢
auditory strea

The result of t
overall accura
non-melody pi

Version 0.7.0-SNAF

Jobs » Edit Profile Administration -

@ Flow Type | NEMA DIY - Moszilla Firefox

File Edit View History Bookmarks Tools Help

o (4

Jobs > Edit Profile

Please enter the Job details, and edit the properties of the task

Enter the Job Name: Melody Extraction KD1

Enter the Job Description:

Component Name: SubmissionComponent
Description: Submission Component

Edit Properties

Component Name: RemoteNemaProcessComponent

Description: Remote execution component that converts input NEMA n
command formatting template of the chosen process), using file paths t
machine, transfers the input files to the remote machine and executes t
is harvested from the remote machine and read back into NEMA models

Edit Properties

Component Name: MelodyTaskSelector

NemaData Objects encoding the test set data

Edit Properties

[ Review Job and Task Settings }

Version 0.7.0-SNAPSHOT | XHTML Valid | CSS Valid | Logged in as: admin

p
O Upload the Executable | NEMA DIY - Mozilla Firefox

File Edit View History Bookmarks Tools Help

Q@ -cxo

j & Upload the Executable | NEMA DIY

NEMA DIY

Upload the Executable

Specify the executable type: Java

Select the group: imirsel v

Executable JAR or ZIP file containing JAR

Main class including the package: org.imi

Operating system required to run the ex¢

Version 0.7.0-SNAPSHOT | XHTML Valid | CSS Valic

Done

Description: Select a Melody task from the Nema Repository Service. Outputs 5 objects: 1) a NemaTask
Object defining the task, 2) a NemaDataset Object defining the dataset, 3) List NemaData Objects encoding the
list of tracks used in the experiment (with ground-truth data), 4) A Map of test NemaTrackList Objects to a List

© 2009-2010 IMIRSEL

Done

1nhea

3> Fdit Drafile

Adminictratinn >

1 naniit

Haln

[ @ 0 the anpuments | NUMA CFY - Mucite Fowton
[ée (oe Jow Iegiory fockmeda Jooh ey
Go-cxa g

o T the srguments | NOMA DIY

NEMA DIY

Decty the Argumernts 4o the Java Froce

Vpbeaded Ceecutable Archove o

Verbose Execwtion GC: yes

Werbiaue Euncution Class: pot

Werbous Exacution 1N ces

Sywtem Assartionn: eate ® Siate

Tnable Aasertinn Facbages (0 o b

Memary: max 104mmnSidn -

Syvtem Properties  *

able Asvartion Packages: 00g mrtel sema lest

prvasiiogpngconigd - comglogang propente

frebeera s b

Covircmmant Vanasbles  ©
ANT_OAE

Ingest Filen: =
Melody TexFie -

Ondgeet Pikes »

Classsicance Taxt P de .

Chns Argamsest Tlage  +

« Conbeyyents peeqentas

- pache-ant 7

Cancel
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Networked Environment for Music Analysis e

X NEMA DIY Interface."&™®

Scheduled
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o
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)
o
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Duration

4.08.32

00:12:01

00:14:28

Mirex2010 Train and Classify task template - with precomputed features --8RPC1 (LATIN)

. Mirex2010 Train and Classify task tempiate - with precomputed features -

Job Status : Finished

Job Type * BRPC (latin)
Schedule Time : 2010-08-08 12:09:09.0
Submitto Meandre . 2010-08-08 12:09:11.
Start Time : 2010-08-08 12:09:39.0
Finish Time : 2010-08-08 14:02:30.0

Explore Results
resulits

Select As Submission ) ( Download Log ) ( Cone )

Delete This Job

{

{11210
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Moandre Execution

(ALl rights reserved by DITA, NCSA,
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{Preparing flowm:
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Execution started at:

ingine version 1.4.7
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Transferred from database At:Sum Aug 08 21:29:2) Cor 2010

[2010-08-08 12109138.0)

(2007-2009)
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LICENSE.
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a ¢ a
N e fna MIREX 2010: Audio Chord Description - MIREX09 Dataset
a ° a
Introduction | Summary | Detalled Evaluation Metrics | RRHS1 | RRHS2 PVYM1 PP1 MD1 ko1 | Ewl | MK1 | OFG1 | Ews |

Ew2 EW3 UU0S1 | MM1 | cwBl Comparative plots \ Significance Tests Raw data files |
Introduction

Description
Field Value
Task ID 17
Task Name MIREX 2010: Audio Chord Description - MIREXO09 Dataset
Chord transcription task requiring participants to annotate and segment the chord events in the MIREX09chord transcription dataset.
Please note that:
Task « Evaluations are performed at the triad level,
Description o results for both pretrained algorithms and algorithms trained and tested under 3 fold cross-validation are reported here.,
« pretrained algorithms are likety to have been trained on the evaluation dataset hence they are expected to achieve higher results than algorithms
evaluated on held out data,
Subject 2
Metadata ID
Subject
Metadata Name R
Dataset 1D 3
Dataset Name | MIREXD9 Chord
Dataset MIREX 2009 Chord transcription dataset composed of Christopher Harte's Beatles dataset (C4DM, Queen Mary's University of London) and Matthias Mauch's
Description Queen and Zweieck dataset (C4DM, Queen Mary's University of London)
Date report .
genersted Aug 6, 2010 7:56:08 PM

Legend [top)

’ Submission code ‘ Submission name ‘ Abstract POF ‘ Contributors
cwe1 ChordiD POF Taemin Cho, Ron Weiss, Juan Bello
EW1 LabROSA Chord Train/Test 2010 PDF Daniel Ellis, Adrian Weller 5 1
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Music Content in HathiTrust
Program Notes

FALSTAFF

YRICAL COMEDY IN THREE ACTS

ARRIGO BOITO

(English Version by W. Beatty Kingston)

MUSIC BY

GIUSEPPE VERDI




Music Content in HathiTrust —
Instruction /Study

A GUIDE TO MUSIC

FOR BEGINNERS AND
OTHERS

BY
DANIEL GREGORY MASON

AUTHOR OF ‘‘THE ORCHESTRAL INSTRUMENTS AND WHAT THEY DO,”’
‘“BEETHOVEN AND HIS FORERUNNERS,”’ ‘' THE ROMANTIC COM-
POSERS,”’ ‘' FROM GRIEG TO BRAHMS,”” AND CO-AUTHOR
OF ''THE APPRECIATION OF MUSIC”

NEw YORK
The H. W. Gray Company
SOLE AGENTS FOR

NOVELLO & CO., LTD., LONDON
1910




HathiTrust is...

A trusted digital preservation service enabling
the broadest possible access worldwide.

An organization with over 100 research
libraries making up its membership.

A distributed set of services operated by
different members (California Digital Library,
lllinois, Indiana, Michigan).

A range of programs enabled by the large
scale collection of digitized materials.
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HathiTrust “Wow” Numbers

e 13,776,566 total volumes
* 6,867,676 book titles

e 355,106 serial titles

* 4,821,798,100 pages

e 618 terabytes

* 163 miles (262 km)

* 11,193 tons

* 5,369,893 volumes(~39% of total) in the public
domain




Contributions by Library, Apr 2015
~ Instituton ~ Volumes —
University of Michigan 4,722,050 | 12000000 |
University of California 3,639,937 ———————
Harvard University 838,122 ——e
University of Wisconsin 561,534 10,000,000 1 ——
Indiana University 529,798 o *
Cornell University 515,753 —_—
Penn State 389,247 R —
University of lllinois 348,946 8,000.000 |
University of Minnesota 334,249
New York Public Library 304,610
Princeton University 252,841
Universidad Complutense 117,322 6,000,000 -

Library of Congress 108,892
Keio University 90,122
University of Alberta 76,106
Ohio State 74,525 4,000,000
Columbia University 73,396
Northwestern University 57,000
University of Chicago 56,981
University of Virginia 51,207 2,000,000

10 March 2015 60




Data Overview




Language Distribution of All Works in HathiTrust, April 2015

109 other langugaes, 12.76%
Latin, 1.36%

Arabic, 1.69%

Italian, 2.62%




Subject Distribution

Bibliography, Library Geography, Anthropology, Auxiliary Sciences of History General Works

Science, and General and Recreation Agriculture V— 1%
Information Resources 2% 2%
2%

History of America
3%

Music

0,
Law 3%

3%
Political Science

Education
3%
History of the United States and
British, Dutch, French, and Latin
America
3%

Philosophy, Psychology, and
Religion
7%

Mil
Sci




Bibliography, Library Agriculture _ Auxiliary Sciences General Works Military

Science, and General 2% of History 1% Science
Informatlozr;/Resources Geography, Anthropology, 1%  _ 1%
; /

and Recreation

History of America
3%

Political Science
3%

History of the United States and
British, Dutch, French, and Latin
America
3%
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Content Distribution

US Fed GovDocs
5%

Open Access
0.06%

Creative
Commons




How Do We Legally Overcoming
Copyright Restrictions?

LEARN FROM MIREX!




Non-Consumptive Research Paradigm

Bring the
COMPUTATION
to the
DATA!




Non-Consumptive Research Paradigm

* No action or set of actions on part of users, either
acting alone or in cooperation with other users over
duration of one or multiple sessions can result in
sufficient information gathered from collection of
copyrighted works to reassemble pages from
collection.

e Definition disallows collusion between users, or
accumulation of material over time. Differentiates
human researcher from proxy which is not a user.
Users are human beings.
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B8 HTRC Portal Home  About  Worksets ~  Algorithms Results HTRC Data Capsule ~ Data~ Help~ docdownie1 ~

Meandre_Classification_NaiveBayes

Description: This analysis will perform NaiveBayes Classification. Given a workset (that was uploaded as a csv file) containing the workset volume ids as a "volume_id"
attribute and labelled data as a "class” attribute. Loads each page of each volume from HTRC. Removes the first and last line of each page. Joins hypenated
words that occur at the end of the line. Uses the replacement rules (learmed from our usage of Google Ngrams data) to clean OCR errors, normalize to British
spelling and normalize for period spelling (or you can change this to your own custom replacement rules). Performs part of speech tagging. selecting nouns,
verbs, adjectives and adverbs. Lowercase all tokens. Counts the tokens remaining for each volumes eliminating tokens with count of 1. Selects the number of
attributes specified by num_attributes to use in modeling. Removes attributes that exist in only one volume and removes attributes that exist in all documents.
Splits the data randomly into a training (60%) and testing (40%) set. Performs uniform discretization of frequency counts of the tokens by creating 2 equally
spaced bins between the minimum and maximum for each scalar column. Creates a NaiveBayes model on the training set. Calculates the accuracy of the
training and testing set and outputs the confusion matrix. Outputs the predicted value of the volumes in the training and testing sets. NOTE: The volume limit is

1000.
Version: 1.2
Author: Loretta Auvil

Please enter a job name: (required)

000mixed_grill@docdo::Meandre_Clas::18:58:14 "

Please select a workset that has a "volume_id" and "class" attribute. (required)
@® Select a workset from my worksets © Select a workset from all worksets
000mixed_grill@docdownie1 v

The labelled input workset is a workset (csv file) that you have uploaded containing the "volume_id" and "class” attributes.

Please provide a url that contains a text file of replacement rules (default: http://sandbox.htrc.illinois.edu/data/text/ngram_corrections.txt) (optional)
http://sandbox_htrc.illinois.edu/data/text/ngram_corrections.txt

The replacement rules are used for cleaning and normalizing tokens.

Please provide the number of attributes to keep for modeling. (optional)
1000

The number of attributes to keep for modeling.

Please provide the percentage to use for the training set. (optional)

60

The percentage to use for the training sets.

Please provide the percentage to use for the testing set. (optional)

76
https://sharc.hathitrust.org/viewalgorithm?algorithmName=Meandre_Classification_NaiveBayes&message=+



Discovering Music Resources in HathiTrust
by Library of Congress Classification
and Subject Headings




Bibliography, Library Agriculture _ Auxiliary Sciences General Works Military

Science, and General 2% of History 1% Science
Informatlc)zr;Resources Geography, Anthropology, 1% |  — 1%
(o]

and Recreation
History of America
3%
Political Science
3%
History of the United States and
British, Dutch, French, and Latin
E ‘

3%



Music in HathiTrust by LoC Subclass

MT —
Instruction




Exploring Music Resources in HathiTrust




Exploration Facets

Publication Date

Language

Subject Headings

Genre
Full Text




Publication Dates

All Classified Titles Classified M, ML, or MT

M Pre 16th Century

B 16th Century

17th Century

W 18th Century

B 19th Century

20th Century - to 1923

M 20th Century - Post 1923

B 21st Century to 2014




Resources in HTDL by decade

(between 1800 and 2010)
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M, ML and MT,
by decade

Resources in HTDL for Library of Congress subclasses
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4000
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0

B M (scores)

B MT (instruction)

B ML (literature)




Language Coverage

Langauge in HathiTrust Language in HathiTrust Music Resources

Italian
3%

Japanese
3%




HathiTrust Music Resources
Mining Subject Headings

Beyond LoC
Classification,
additional
resources can
be found by
searching
subject
headings.

oC
lasses
T/ML




Frequently represented subject fields values
containing “music”

Music 24,565
Piano music 5,045
Folk music 2,026
Popular music 2,023
Organ music 1,930
Orchestral music 1,861
Church music 1,388
Songs and music 1,295

Music theory 1,217




Music Literature Subject Headings

Common subject headings
from resources in LoC Subclass ML

Music--History and criticism 432
Music--Philosophy and aesthetics 406
Music--Periodicals 315
Music--20th century 310

History and criticism

Musicians--Correspondence 227




HathiTrust Music Resources - Genres

Biography 7880
Government publication 1071
Discography 310
Catalog 285
Festschrift 249
Dictionary 125
Tune-books 36
Encyclopedia 17
Handbook 8

Common genres, with character sequence “music” in at least one subject heading




HathiTrust Resources with parts
(from Subject Headings)

String quartets 115
Violin and piano music 92
Violin and piano music, Arranged 87
Violin and piano music, Scores and parts 77
Violin and piano music, 71
Arranged Scores and parts
String quartets, Parts 67
Sonatas (Violin and piano) 61

Sonatas (Violin and piano) Scores and parts 52




Re-Reflecting on MIREX
(Reparadigming my problem space)

MIREX 2015 TASKS

Grand Challenge 2015: Jamendo Dataset

Audio Tempo Estimation

Grand Challenge 2015: J-DISC Dataset

Audio Train/Test tasks

Audio Beat Tracking

Discovery of Repeated Themes & Sections

Audio Chord Estimation

Audio Downbeat Estimation

Audio Cover Song Identification

Query by Singing/Humming

Multiple Fundamental Frequency
Estimation & Tracking

Real-time Audio to Score Alignment (aka.
Score Following)

Audio Fingerprint

Singing Voice Separation

Audio Key detection

Structural Segmentation

Audio Melody Extraction

Symbolic Melodic Similarity

Audio Onset detection

Set List Identification

Music/Speech Classification and Detection




Grand Unified Music Libraries

Can we bring the pieces together?

Hmmm...Swiss Army Knive Approach?

92



Songle

A Web Service for Active Music Listening
Based on Music-Understanding Technologies

........

AIST, Japan

Masataka Goto
Kazuyoshi Yoshii
Hiromasa Fujihara
Matthias Mauch
Tomoyasu Nakano

AAAAAAAAAAAAAAAAA




Songle (http://songle.jp)

* Web service for active music listening

— Allow end users to enjoy
popular music (MP3, YouTube, SoundCloud, etc.) on the web
by using music-understanding technologies

s Sonsle T, st o, o oty [0 9. A

O vome B Atats  JSBosgs W Maving Y Simdadty Gt () My Page

) Sonsle

8 Hore B Artats & Songe W Raridng ‘fmu ) Wy Page v [ o oo
C BRI D IR 01:18 /04:49
¢ What is Sengle?
1 — — — e ey
*—
S _
L — = == = =
l=". { —
e
New: ¢ Searc
A =
a 2 4 A A A a 4
2 Recently corrected songs (Recent edits) AL AARAA AR A ARA A AR ARAAARAAARAAARAAARAAARA A
Puy Bt Ot 81 Mekudy I8 Owns (0
RED) oo DENDE] wilvoT L —— Paprste Sy S e ovpaay © 2901-2004 ATST Senge Pyt JBATY




Music Map

* Use automatic music-understanding technologies

s Sonsle Tile, artst name, o chords (e.g.. Am.F.G.C)

Search
8 Fome |2 arizte 1 Sonae | |l Ranking |17 Similarity Grapn || My Page

& I think of you by Jeff Manning

ite (staff.aist.go.jp) / Edit History / Key Help / Embedded Player

Editor / Visualizer {H =& Q)

B on¢ bu m¢ BE & Q

\AAA A AAAA AAA A AAAAAAA
Play | BeatEdit Chord Edit = MelodyEdit = Chorus Edit

)) Volume C_——f——1 J/ Playmode Play from chorus

Four major types of

musical elements

Music structure
(chorus / repeated sections)

Am

= Chords | G/

(root note and chord type)

Melody line

(FO of the vocal melody)

/\/\/A\/\/\/\A\/\/\/\A\/\/\/\A\/\/\/\A\/\/\/\/}\\/\? '
2\ Language en © 2011-2014 AIST Songle Project . ZBAIST B e at S t r u Ct u re

(musical beats and bar lines)



.| TRANSFORMING MUSICOLOGY

NEWS BLOG ABOUT PEOPLE EVENTS RESOURCES PUBLICATIONS API

Transforming Musicology is funded under the AHRC Digital Transformations in the Arts
and Humanities scheme. It seeks to explore how emerging technologies for working with
music as sound and score can transform musicology, both as an academic discipline and
as a practice outside the university.

The work is being carried out collaboratively between Goldsmiths College, Queen Mary
College, Oxford University, the Oxford e-Research Centre, and Lancaster University with
an international partner at Utrecht University.

NEWS

2015-06-02: DHOxSS Digital Musicology Scholarship
2015-03-02: Research Assistant / Software Engineer

2014-11-13: Hearing Wagner in the Being Human Festival
2014-09-16: DLfM a Success for Transforming Musicologv

2014-08-27: DLfM Registration

2014-06-12: Transforming Musicology Challenge at DLfM

2014-06-03: AHRC Doctoral Studentship in Computational Musicology
2014-05-16: Digital Libraries Workshop

2014-05-13: Mini-projects Selected

2014-05-02: Research Associate - EIEPHAT and Transforming Musicology
2014-03-06: Mini-projects Deadline Approaching

2013-12-17: Transforming Musicology Mini-projects

2013-10-30: AHRC Doctoral Studentship in Hearings of Wagner's Letimotives for
the Ring. 1876—1976

» 2013-10-18: AHRC Doctoral Studentship in Music and Social Media

Read more

Arts & Humanities
Research Council

http://www.transforming-musicology.org/

CONTACT US

96




Si=t=z: DIGITAL LIBRARIES FOR MUSICOLOGY

s
o F K|

4th International Digital Libraries for A
Musicology workshop (DLfM 2017)

SATURDAY 28TH OCTOBER 2017 ( ICPS

Shanghai Conservatory of Music, 20 Fenyang Road, Xuhui district, Shanghai VUM’M A
200031, China PREVIOUS WORKSHOPS
Proceedings published in ACM ICPS pLrM 2016
DLFM 2015
A satellite event of ISMIR 2017 DLFM 2014
NEWS

) ) DLFM 2017 IS KINDLY SUPPORTED BY:
* 29 June 2017: Following several requests, we are able to offer a short deadline

extension until 3rd July 2017 (23:59 UTC-11) for updates to papers which have .
already submitted their title, authors, and abstract by the 1st July 2017 (23:59 UTC-
11). Further extensions may be available in exceptional circumstances, but are not
guaranteed -- please contact dlfm2017@easychair.org

¢ 26 June 2017: Paper submissions close at the end of this week on 30 June! Registration
for the workshop will open in August. For those attendees looking to arrange local
accommodation, the location for DLLfM 2017 is confirmed as the Shanghai

Conservatory of Music, 20 Fenyang Road, Xuhui district, Shanghai 200031, China. since 1927
* 19 June 2017: We are now accepting paper submissions on easychair. Authors can RN T L= T
submit until Friday 30th June. .t 14 = —3’:’ ‘3 Pz_.

SHANGNAT CONSIERVATORY OF Music

* 25 May 2017: We are pleased to announce that the DLfM 2017 proceedings will again
be published in the ACM Digital Library as part of the ICPS series.

CALL FOR PAPERS

In 2017 DLfM calls for paper submissions to two tracks: a ‘proceedings track’ for short and
full papers which will be presented at the workshop and published in the workshop
proceedings; and a “Transforming Musicology challenge’ track for presented papers and
posters. ;:‘Fl(le_::le)arch

Workshop location
Shanghai is one of the most populous cities in the world, a major international gateway to

China and an important academic centre, housing over thirty universities and colleges. As
a location for a satellite workshop of ISMIR, it is especially convenient, being on the route

http://www.transforming-musicology.org/dlfm2017
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Dutch Song Database stanza search

-

e

-
Kl

v

| search || AND v || all words (songs) v | sort by | year v

Browsing the Dutch Song Database

For an impression of the content of the Dutch Song Database (over 170.000 songs) we suggest some routes
for browsing:

Songs with audio

Songs with audio

s with full texts

Songs about specific subjects

s with a story

Songs with audio

Souterliedekens are rhymed psalm translations in Dutch, set to popular tunes. They
were made by the Utrecht nobleman Willem van Zuylen van Nyevelt, who is also
responsible for choosing the more than 150 meleodies. In this way he hoped to get the
youth to sing psalm texts. The Souterliedekens were published in Antwerp in 1540. It is
the first complete Psalter in any European vernacular. Nowadays we are most interested in
the music: thanks to the melodies of the Souterliedekens, represented in mensural
notation, we can sing many of the original secular texts. These texts are only known from
sources without music, such as the Antwerp Songbook (1544). By combining the texts
from the Antwerp Songbook with the melodies of the Souterliedekens we can reconstruct
the popular music of the sixteenth century.

You can listen to the first stanza of all the Souterliedekens, sung by a choice of Dutch and
Flemish singers, recorded in 2001 for the Repertorium of Dutch Songs until 1600.

all Souterliedekens

Songs from Under the Green Linden For his radio program Under the Green Linden Ate _¥
Doornbosch made some 5,000 receordings of old songs sung by people who had sung them
in the beginning of the 20th century during work on the fields or at home, sitting 'under
the green linden'. Because of the oral tradition every version is different. Listen to all our
recordings of some ballads:

Daar ging een heer dikwijls van huis (A Man Went Often Away From Home - The False

http://www.liederenbank.nl/index.php?actie=grasduinen&lan=en
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SI y SS i Sihblé Interface for Music
IVl p \ . Score Searching and

The Single Interface for Music Score Searching and Analysis project (SIMSSA) is teaching computers to recognize the musical symbols in digital images of
musical scores, linking materials from the shelves of libraries and museums from around the world in a single digital forum

Our goals include:

« Creation of a 21st-century architecture for processing music documents

« Transformation of symbolic representations into searchable data

« Search and analysis tools for large digital music collections

« Public access to musical data that can be studied, analyzed, and performed

For more information, please contact Ichiro Fujinaga

Le Projet SIMSSA (Single Interface for Music Score Searching and Analysis, que I'on pourrait traduire en frangais par « Interface unique pour la recherche et
I'analyse de partitions musicales ») a pour objectif d'apprendre aux ordinateurs a extraire les symboles musicaux de partitions musicales ayant &té
numérisées. |l a également pour objectif de réunir en un seul lieu virtuel les collections de bibliothégues et de musées du monde entier.

Nos objectifs incluent :

« créer une infrastructure du XXle siécle pour le traitement de partitions musicales;

« transformer ces partitions musicales en données recherchantes;

« développer des outils de recherche et d'analyse pour de grandes collections de partitions musicales numérigues;
« donner accés a ces collections musicales afin qu'elles puissent étre étudiées, analysées et interprétées.

Pour plus d'information, veuillez communiquer avec Ichiro Fujinaga

l * Social Sciences and Humanities Conseil de recherches en C dhl
Research Council of Canada sciences humaines du Canada ana a

& McGill Schulich School of Music DIDMAL  DISTRIBUTED DIGITAL MUSIC
& MCU1 Ecole de musique Schulich ARCHIVES & LIBRARIES LAB

. e e Fonds d herche
(G BNy Centre for Interdisciplinary Research Société et culture

YUYl in Music Media and Technology Québec

http://www.transforming-musicology.org/dlfm2014
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¥ McGill it
SIMSSA

 Prototype for “Google scores” minus Google

% OMR (optical music recognition) is required for full-text
search

“» Sophisticated music query (based on ELVIS)

% Access to digitized scores world-wide from a single

S .’ TEe > omn i : '
) ) - VYV U 9 | A g & e

SIMSSA | e siuriiing e UVA 2015 Fujinaga



¥ McGill i
What would SIMSSA provide?

** Web-based optical music recognition (OMR) system with score editors
“* Rodan (Remote Online Document Analysis Network)
“* Gamera + Aruspix (a combination of existing OMR software)
“* Verovio (open-source music engraver)
“» “Gradsourcing” to correct errors
<+ Early music

SIMSSA | S5 seurcing and Ans UVA 2015 Fujinaga



The Vision: Global Music Library




CALMA

Computational Analysis of the Live Music Archive

Live Music
Archive
audio
conversion
feature
extraction 2
store feature
blob
generate
calma RDF

/  feature

feature
extraction 1

extraction ...

< > link C >
calma.linkedmusic.org u etree.linkedmusic.org

Mark Sandler. ISMIR 2015 Keynote.

Linked data service for a big music
collection

Metacata
* user generated
» agudio feature extraction

Provide data for research

Basis for tools to navigate the Live
Music Archive

data 'inked to etree (~140,000
performances)
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Wrapping Up

Almost done.



Closing thoughts

* Are we there yet?

* No, but the pieces to make it happen are
at hand

* Can MIR help musicology?

* Absolutely
* Need to resolve data issues
* Perfection is the enemy of the good
* Need to shift questions
* Requires some mental agility
* Need to manage expectations



THANK YOU!

Thanks to the great ISMIR, Digital Library and Digital
Humanities Communities

And thanks to everyone who let me steal their slides.



