
It	all	starts	with….

…combined	with	some	serious	procrastination

Recording																		:	http://imslp.org/wiki/Special:ReverseLookup/346055



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!
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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	I	am	not:
•Computer	scientist
•Engineer
•Musicologist
•Musician



Some	Other	Key	Facts	about	Me

•Things	I	am:
•Academic
•Administrator
•Researcher
•Professor	of	Library	and	Information	
Science

•Pub	Enthusiast



Two	Big	Motivators



Off	to	University



Misspent	Undergrad….



ASAP!!!!

Oops…

Flute	jury	time	already?
What,	no	extensions?	
I	need	to	find	something	easy	to	play…





Exciting	New	Career	Opportunities



Off	to	UWO	Library	School



New	Educational	Opportunities
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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)
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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	(Incipit,	Random)
• Query	Quality	(Perfect,	Error)
• Classification	(Intervals	grouped	into	class	of	size	3,	7,	
15,	and	unclassified	(as	given))
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Primary	Components	(Pt.	2)

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

• Phase	II:	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
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Experimental	Design

QLOC
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Mapping	Interval	to	Letters	
Example

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

CU=Unclassified	intervals	converted	to	alpha	equivalents->Precise,	but	not	forgiving	of	
errors
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Building	the	Indexes:	4-gram	
Window
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Building	the	Indexes:	5-gram	
Window
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Building	the	Indexes:	6-gram	
Window
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4-gram	Indexing	Example	(Pt.	1)

CUL4	Entry

aCdB

C3L4	Entry

aBbB
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4-gram	Indexing	Example	(Pt.	2)

C3L4	Entry

aBbB BbBB

CUL4	Entry

aCdB CdBC



27

4-gram	Indexing	Example	(Pt.	3)

CUL4	Entry

aCdB CdBC dBCC

C3L4	Entry

aBbB BbBB bBBB
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4-gram	Indexing	Example	(Pt.	4)

CUL4	Entry

aCdB CdBC dBCC BCCa

C3L4	Entry

aBbB BbBB bBBB BBBa
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4-gram	Indexing	Example	(Pt.	5)

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB
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4-gram	Indexing	Example	(Pt.	6)

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB BaBb
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4-gram	Indexing	Example	(Pt.	7)

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb aBbc

C3L4	Entry

aBbB BbBB bBBB BBBa		

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

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb aBbc Bbcc

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB BaBb aBbb Bbbb
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4-gram	Indexing	Example	(Pt.	9)

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb aBbc Bbcc	

bccC

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB BaBb aBbb Bbbb	

bbbB



34

4-gram	Indexing	Example	(Pt.	10)

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb aBbc Bbcc	

bccC ccCc

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB BaBb aBbb Bbbb	

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

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb aBbc Bbcc	

bccC ccCc cCcb

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB BaBb aBbb Bbbb	

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

CUL4	Entry

aCdB CdBC dBCC BCCa		

CCaB CaBb aBbc Bbcc	

bccC ccCc cCcb CcbB

C3L4	Entry

aBbB BbBB bBBB BBBa		

BBaB BaBb aBbb Bbbb	

bbbB bbBb bBbb BbbB
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Informetric	Properties:	Model	
Fitting

Zero-truncated	Generalized	Inverse	Gaussian-Poisson
(GIGP)	distribution:

where	f*(x)	indicates	the	zero	truncation	(as	above),	Kgdenotes	the	modified	Bessel	
function	of	order	g (see	Burrell	and	Fenton	1993),	a,	q,	and	g are	constants	determined	
by	the	data
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Informetric	Analyses:	General	
Findings
• 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
• Discrimination	values,	Lack	of	stopwords

• Notwithstanding	the	above,	question	remains:	
“What	does	a	melodic	n-gram	mean?”
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Retrieval	Experiments:	General	
Findings
• 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

• 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	Illinois



Off	to	the	Cornfields	of	Illinois



Important	Events	in	MIREX	
(aka	My)	History	

1999 Music retrieval workshop at SIGIR proposed a range of evaluation scenarios

2000 First ISMIR held at Plymouth with participants holding brainstorming sessions

2001 ISMIR at Indiana University; “Bloomington Manifesto” on evaluation published

2002 Planning grant from the Andrew W. Mellon Foundation awarded

2002 ISMIR at Paris hosted special evaluation workshop

2003 SIGIR at Toronto held Workshop on the Evaluation of Music Information Retrieval Systems

2003 Andrew W. Mellon Foundation and NSF funding awarded

2004 Audio Description Contest  run at ISMIR Barcelona

2005 First MIREX plenary session held at ISMIR London

2008 NEMA project funded by the Andrew W. Mellon  Foundation

2009 SALAMI funded by the NSF, SSHRC and JISC

2012 MIREX:NG project funded by the Andrew W. Mellon Foundation
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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

Reflecting on MIREX 
(A personal paradigm shift) 



ISMIR
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http://ismir.net
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MIREX
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http://music-ir.og
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Networked Environment for Music Analysis

NEMA
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Networked Environment for Music Analysis

NEMA DIY Interface
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Networked Environment for Music Analysis

NEMA DIY Interface
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Evaluation Reports



The	HathiTrust Research	Center:	

Providing	Analytic	Access	to	the	
Hathitrust Digital	Library’s	

5.5	Billion	Pages



Music	Content	in	HathiTrust
Scores



Music	Content	in	HathiTrust
Program	Notes



Music	Content	in	HathiTrust	–
Instruction	/Study



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,	
Illinois,	Indiana,	Michigan).

• A	range	of	programs	enabled	by	the	large	
scale	collection	of	digitized	materials.	



HathiTrust Partnership
Allegheny College
Arizona State University
Baylor University
Boston College
Boston University
Brown University
California Digital Library
Colby College
Columbia University
Cornell University
Dartmouth College
Duke University
Emory University
Florida State University
Getty Research Institute
Harvard University Library
Indiana University
Johns Hopkins University
Lafayette College
Library of Congress
Massachusetts Institute of 

Technology
McGill University`
Michigan State University
New York Public Library
New York University
North Carolina Central

University

North Carolina State
University

Northwestern University
The Ohio State University
The Pennsylvania State

University
Princeton University
Purdue University
Stanford University
Temple University
Texas A&M University
Tufts University
Universidad Complutense

de Madrid
University of Alberta
University of British Columbia
University of Arizona
University of Calgary
University of California

Berkeley
Davis
Irvine
Los Angeles
Merced
Riverside
San Diego
San Francisco
Santa Barbara
Santa Cruz

The University of Chicago
University of Connecticut

University of Delaware
University of Florida
University of Houston
University of Illinois
University of Illinois at Chicago
The University of Iowa
University of Maryland
University of Massachusetts
University of Miami
University of Michigan
University of Minnesota
University of Missouri
University of Nebraska-Lincoln
The University of North

Carolina at Chapel Hill
University of Notre Dame
University of Oklahoma
University of Pennsylvania
University of Pittsburgh
University of Queensland
University of Tennessee,Knoxvile
University of Utah
University of Virginia
University of Washington
University of Wisconsin-Madison
Utah State University
Wake Forest University
Washington University
Yale University Library
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HathiTrust “Wow”	Numbers

• 13,776,566	total	volumes
• 6,867,676	book	titles
• 355,106	serial	titles
• 4,821,798,100	pages
• 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

6010	March	2015

Institution Volumes
University of Michigan 4,722,050 
University of California 3,639,937 
Harvard University 838,122 
University of Wisconsin 561,534 
Indiana University 529,798 
Cornell University 515,753 
Penn State 389,247 
University of Illinois 348,946 
University of Minnesota 334,249 
New York Public Library 304,610 
Princeton University 252,841 
Universidad Complutense 117,322 
Library of Congress 108,892 
Keio University 90,122 
University of Alberta 76,106 
Ohio State 74,525 
Columbia University 73,396 
Northwestern University 57,000 
University of Chicago 56,981 
University of Virginia 51,207 



Data	Overview





Subject	Distribution
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Four	Key	Data	Objects













Content	Distribution

Limited	View
61% Public	

Domain
18%

US	Fed	GovDocs
5%

Public	
Domain	
(US)
14%

Open	Access
0.06%

Creative	
Commons
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Full	View
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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.

• 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.	



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



Discovering	Music	Resources	in	HathiTrust
by	Library	of	Congress	Classification

and	Subject	Headings
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Music	in	HathiTrust	by	LoC Subclass

M	- Scores

ML	-
Literature

MT	–
Instruction

Music



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

Pre	16th	Century

16th	Century

17th	Century

18th	Century

19th	Century

20th	Century	- to	1923

20th	Century	- Post	1923

21st	Century	to	2014



Resources	in	HTDL	by	decade
(between	1800	and	2010)



Resources	in	HTDL	for	Library	of	Congress	subclasses	
M,	ML	and	MT,	
by	decade



Language	Coverage

English
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Language	in	HathiTrust	Music	Resources



HathiTrust	Music	Resources
Mining	Subject	Headings

‘music’
in	
subject

LoC
Subclasses	
M/MT/ML

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



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

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

History	and	criticism	
310

Musicians--Correspondence	 227

Common	subject	headings	
from	resources	in	LoC Subclass	ML	



HathiTrust	Music	Resources	- Genres

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

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



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,	
Arranged	Scores	and	parts
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String	quartets,	Parts 67
Sonatas	(Violin	and	piano) 61
Sonatas	(Violin	and	piano)	Scores	and	parts 52



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

Re-Reflecting	on	MIREX	
(Reparadigming	my	problem	space)	



Grand	Unified	Music	Libraries

Can	we	bring	the	pieces	together?

Hmmm…Swiss	Army	Knive Approach?
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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

[Goto,	Yoshii,	Fujihara,	Mauch,	and	Nakano,	ISMIR	2011]



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

[Goto,	Yoshii,	Fujihara,	Mauch,	and	Nakano,	ISMIR	2011]



Music	Map

• Use	automatic	music-understanding	technologies

Four major types of
musical elements

Music structure
(chorus / repeated sections)

Chords
(root note and chord type)

Melody line
(F0 of the vocal melody)

Beat structure
(musical beats and bar lines)

Music	Map

[Goto,	Yoshii,	Fujihara,	Mauch,	and	Nakano,	ISMIR	2011]



96http://www.transforming-musicology.org/



97http://www.transforming-musicology.org/dlfm2017



98http://www.liederenbank.nl/index.php?actie=grasduinen&lan=en



99http://www.transforming-musicology.org/dlfm2014



UVA 2015 Fujinaga /72

❖ 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 
website

❖ Find pages that contain scores in Google Books 
(HathiTrust)
❖ HathiTrust: 6.8M book titles (4.7Billion pages): 612TB

SIMSSA
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UVA 2015 Fujinaga /72

❖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

❖Web-based user interface to view, search, annotate, and analyze scores 
❖MEI (Music Encoding Initiative)
❖Diva.js (web-based IIIF-compatible document delivery system)
❖Humdrum / music21 (analytical tools)

What would SIMSSA provide?
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OMR

SIMSSA

The Vision: Global Music Library



Mark	Sandler.	ISMIR	2015	Keynote.





Wrapping	Up

Almost	done.
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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.
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