ED 043 650

AUTHOR
TITLE

INSTITUTION
SPONS AGENCY

BUREAU NO
PUR DATR®
GRANT
NOTE

EDRS PRICE
DESCRIPTORS

 ABSTRACT

use in thematic indexing for music research:
and keypunching cf data--themes of which now number about

encoding,

DOCUMENT RESUME

240 TE 499 847
Lincoln, Warry B.

A Study of Computer Techniques for Music Research.
Final Report.

State Univ. of New York, Ringhamton.
Office of Fducation (DHEW), Washington,
of Research.

BR-9-8-101%

30 Jun 70

OEG-2-9-420101-1067(010)

13p.

D.C. Buresau

*Computer Programs, *Data Bases,
*Music, Music Theory, *Research

Data Processing,

work in three areas comprised this study of computer
(1) acquisition,

50,000 (primarily 1€th Century Italian vocal music) and serve as a

test base for program development;

(2) development of computer

programs to process this data; and (3) development of special

comovuter typodgaraphy for music printing.

It is recommended that work

in each of these three areas be continued as desirable and feasible

in musicological research.

(Appended are lists of papers and articles

summarizing work on this profect, samples of music typography showing
incipits in interval sequeice order, and a computer print-out showina

composer, title, page, source, genre, and serial number.)

(JMC)




U5, DEPARTMENT OF BEALTH, EDUCATION & WELFARE
QFFICE OF EDUCATION

THIS BOCUMENT HAS SEEN REPRODUCED EXACTLY 4§ RECEIVED FROM THE
PERSON OR ORGANIZATION ORIGINAIING 1%, POINTS OF VIEW OR QPINIONS
STATED DO NOT NECESSARILY REPRESENE OFFICIAL DIFICE OF EDUCATION
POSITION OR POLICY.

Final Report
Project No. 9-B-101

Grant No. OEG-2-9-420101-1067 (010)

eD0 43650

A STUDY OF COMPUTER TECHNIQUES
FOR MUSIC RESEARCH

Harry B. Lincoln
Department of Music
State University of New York at Binghamton
Binghamton, N.Y. 13901

June 30, 1970

CBG-besss
Ph 2¥

Education position or policy.

The research reported herein was performed pursuant to a grant with
the Office of Education, U.S. Department of Health, Education and
Welfare. Contractors undertaking such projects under Government
spongorship are encouvraged to express freely their professional
judgment in the conduct of the project. Points of view or opinions
stated do not, therefore, necessarily represent official Office of

U.S. DEPARTMENT OF
HEALTH, EDUCATION AND WELFARL

2

TE 499 847

.

Office of Education
Bureau of Research




Acknowledgments

Grateful acknowledgment is made for the encouragement, cooperation
‘and professional help given by Mr. Robert Roberson, Director of the
Computer Center at State University of New York at Binghamton. The
programmer for this project, Mr. Christian Granger, 1s also a capable‘
music theorist and composer, and his combination of skills and enthusiasm

has been a major asset to the work described in this report.




Table of Contents

Acknowledgments « + + o ¢ ¢ 4 s 1 0 4 b e 4 e 4 e e e e e e e e 2
SUDMATY + + o o« & o o 4+ 4 4 e 4 o 4 4 e s 0 b s e e e e s h
Background for this Research Project . . . ¢« ¢« ¢« v v o 4 s s o o s s ¢+ 5
Research Procedures of the 1969-1970 Project . . . .‘. T
Results of the Project . . ; T T T T T SRR |
Conclusions and Recommendations . . . I I R 8
Appendices:

Appendix  Summary listing of papers, articles and reports . . . . . 10

Exhibit A Sawmple page of music printing by special
computer typography « « « « ¢ ¢« ¢ ¢ ¢ 4 ¢ 4o o4 s o0 oo 1

Exhibit B Example of computer listing of composers
and ticles L] 1 ] L] L] L} L] L] L] L] . L] L] L] 1 ] L] L] L] L] L] L] L] L] L] L} 12

Exhibit C Example of computer listing of alphabetized
titles and compoBers . . « « ¢« 4 o v 0 4 s v or e e e w13

e G ot i A . o A AR, ot s Bl



: ‘ SUMMARY

This project comprised the third year's work of a three-year research
proposal. (The first year's work was carried out under USOE Project No. 7-
8276, Grant No. 1-7-078272-3898 and the second year's work under USOE Project
No. 8-~B~089, Grant No. OEG 0-8-080089-4581). The original purpose of this
research was to develop computer programs, necessary data and procedures for
using the computer in a special field of music commonly known as thematic
indexing. During the third year's work this purpose h.s been extended toward
a broader study of computer techniques for music research including the devel-
opment of special computer typography for music printing.

Work in three areas was carried out simultaneously during the third year's
work:

1. Acquisition, encoding and keypunching of data. The data bank of
themes, now numbering some 50,000, serves as a test base for the programs de-
veloped under the project and is available for consultation by other
researchers.

2. Development of special programs for information retrieval, pattern
matching and organization of data for publication by direct photo copy of
computer output. Attempts to develop programs for precise pattern matching
of melodies (treating the melody as a wave form) have not yet proved successful,

3. Development of necessary hardware, programs and procedures to permit
printing of music on the high-speed computer printer. Special type slugs for
the printer were designed and manufactured in a joint effort with the IBM
Corporation's Glendale Laboratory in Endicott, New York and are row available
to the profession. A sample of music printing is appended to this report as
Exhibit A,

An appendix lists five articles and five papers summarizing work under this
project during the past three years.




BACKGROUND FOR THIS RESEARCH PROJECT

This project comprised the third year's work of a three-year research
proposal. The original purpose of this research was to develop computer pro-
grams, necessary data and procedures for using the computer in a special field
of music commonly known as thematic indexing. During the third year's work
this. purpose has been extended toward a broader study of computer techniques
for music research including the development of special computer typography for
music printing.

A summary of the background work for the three-year project was given in
the final report to the first year of funded research under project number 7-8276,
USOE Grant No. OEG 1-7-078272-3898. This summary narrated the traditional 'hand"
methods of developing thematic indices of music, including the preparation of
the pilot project which had been carried out to test the feasibility of automating
these operations. The final project was carried out using the 4,000 opening themes
(known as incipits) from 1,000 four-voice pieces of a 16th century Italian reper-
tory known as the frottola. This music was encoded in the machine readable Pord-
Columbia Music Representation along with data on composer, title, sources, etc.
A computer program was written which extracted the interval sequence from the
representation. (For example if the melody ascends the interval of a second, a
42 is printed; if it descends into a second a -2 is printed, etc.) The interval
sequence is calculated through the aeventh interval and these sequences can in
turn be arranged in numerical order, thus making it possible to group together
melodies with the same contour. The pilot atudy showed that heretofore unidenti-
fied duplications and borrowings in the frottola repertory do indeed exist and
proved the feasibility of applying these techniquesgs to much larger repertories.

During the first year of the funded project a large amount of data was ac-
quired, encoded and keypunched. Programs were written to extract greater varieties
of information and to permit more effective formats in the computer print-outs.
Other musicologists were invited to submit incipits to the data bank which had
grown to about 25,000 themes. During this period a Conference on Thematic Indexing
was held in Washington, D.C., on November 4, 1967, and was attended by twenty-three
musicologists and music librarians with interests in thtematic indexing.

During the second year of the funded project there was (1) continued acquisi-
tion, encoding and keypunching of data, (2) continued merging of materials from
other researchers, with the data bank reaching a total of about 40,000 cards of
information, (3) continued comparison of print-outs and pattern matching with orig-
inal music to determine effectiveness of the rescarch design and (4) work was
begun on developwent of special hardware, proprams and procedures to permit printing
of music on the high-speed coamputer printer.

The development of the special susi tyvogiaphy, mentioned in (4) above at-
tracted wide intereat and as itt impo. -anc¢ became increasingly evident it has
modified the direction of the overall proje .t. In addition to the interest in the-
matic indexing as such, the project has broadened to a study of computer applications,
including the development of new hardware, which can be of value to a wide range of
music research interests. These Interests include not only musicological work, but
also potential applications to libraries, secondary muasic education and certain
phases of music publishing.

i . i e e s e -




RESEARCH PROCEDURES OF THE 1969-1970 PROJECT

As in the first two years of the project several procedures were carried out
simultaneously during the 1969-1970 work. These are listed below with indication
of changes in emphasis and comparison to earlier work.

1. Continued acquisition, encoding and keypunching of data.
The files of data which have been carefully compiled during the past four

years represent the most extensive collection of machine readable information
"on early music avuilable anywhere. This 1s not a "closed" file but rather

a data bank which will be expanded in the future either by the principal
investigator himself or with the use of student help available through the
Music Department. Music colleagues from other parts of the country have also
contributed to this data bank and it is expected that this collaboration will
continue. An example of a welcome interest in collaboration 1is that of

Mr. Paganelli, the music librarian at the Conservatucy of Music in Bologna,
Italy, who is preparing an extended listing of incipits of anonymous 16th
century Italian material held by his library.

During the latter part of this last year's project the principal investigator
visited music colleagues in Italy, Hungary and Czechoslovakia, describing

the work being carried out under this project and inviting participation in

the data bank. He was encouraged by the response to these visits. In addition
to the interest of Mr. Paganelli, mentioned above, it appears that material
will be forthcoming from Professor Filip at the University of Bvatislava,
Czechoslovakia. Every effort will b2 made to get correctly encoded material
from these sources in order to enrich the local data bank.

2, Modificatione in the search for pattern matchings in the original music.
During the pilot project and the first year of the project consideragble time
was spent comparing the pattern matchings and other computer citations with
the original music in order to test the validity -/ ' oviginal thesis of
the project. As the tntal aount of encoded materia. e.panded this became a

. tedious and time consuming procedure and it was enp..ience with this routine
which was one of the motivations for developing a computer printing of the
music itself. Because the computer printing is proving successful we have
postponed further comparisons of pattern matchings with original mueic except
in those instances where the matchings seem particularly precise or have cer-
tain interesting characteristics.

inued development of necessary hardware programs aud procedures to
peruit printing of music under F igh speed computer printer.
The development of the means of }~inting music on the high speed computer
vrinter has taken on fncreasing 11 :frest and importance throughout this
project. The computer cent v . {iaucud the developrent and purchase of a
minimum set of type characters (it 2 cost of $2400) ‘rom the I1BM Corporation
Glendale laboratory in nearby Endicoii, New York. Tuese were delivered in
Spring 1969 and programmiug was begun to permit their use. This programming
proved to be quite complex since the computer paper moves in only one direc~
tion and thus the program must first develop- a two-dimensional array in
storage and thenproperly distribute the printing of the characters as the
paper moves through. The program has aleo been devised so that, for example,
there is more space following a whola note then following a half note, ete.
This spacing of notstion is important to appearance and legibility.




Throughoui the year we have experimented with various formats and arrange-
ments of materials using the special type characters. From the Moore
Business Forms Company we ordered a supply of 40,000 pages of specially de-
signed preprinted staff paper. Since the computer is "pin driven' (by means
of equally spaced holes on the left and right edges of the paper) it is
possible to maintain a very accurate registration of type and staff lines
for thousands of pages.

'Exhibit A, attached, shows a sample page (or a xerography copy thereof) of

the most rzcent printing of music by ccmputer. We have type characters per-
mitting printing of whole notes, upper and lower stemmed half and quarter
notea, whole and half rests, flags for smaller note values, dotted notes and
bar lines. It is obvious that this 18 a minimum set of type but it is adequate
for a simple melody such as those used in indexing a 16th century music. I:
will be necessary Lowever to develop more characters in the future to fully
utilize the procesa. In June 1970 consulations were begun with the IBM Glen-
dale Laboratory to investigate the possibility of developing a few more
characters, especially good and flat sharp signs, eighth rest and quarter rest.

5. A beginning has been made in the use of the computer typewriter terminal
for the inputting of data to the computer. A typewriter is faster than a
keypunch and permits on-the-spot corrections and changes more readily. At
present the data can be typed using a RAX program which simply stores the
data and then permits transference of the data to cards during the night
when the computer is avaiiable for "batch processing" of materials. When we
move to a larger computer (an IBM 360/67) in September, 1970, it will be
possible to enter the data directly into the project's own Aata bank.

RESULTS OF THE PROJECT

1. A very large data bank of eariy music (primarily sixteenth-century Italian
vocal music sources) has been developed during the three years of the project
" and is aveilable to other researchers as well as serving as test material for
computer programs written under this project. About 50,000 th-mes are stored
in the data bank along with composer and title information on ¢ ver 8,000 com-
positions. Listing by composer, titles and other formats are available to
researchers. Exhibits "B" and '"C: show examples of such listings. 1In
Exhibit "B" composers are listed alphabetically with titles listed alphabeti-
cally under each composer. Exhibit "C" 18 a double spaced alphabetical listing
of all titles, with single spacing when a title is duplicated. This arrange-
ment permits quick checking of duplicate titles, mony of them examples of two
settings of the same text by different composers ~ther listings which have
been generated include arrangements by genre and by source.

2. Effective programs have been daveloped and are operative to compute interval
sequences from incipits and to arrange and format data according to interval
sequence. The basic programs for arranging by interval sequence were developed
during the first year of the project and examples were appended to the final re-
port of the first year's work. Since that time much effort has gone into
developing more sophisticated programs to make possible arrangements of incipits
taking into consideration both pitch and rhythm. The basic theoretical idea

is to treat melody as a wave form developed on the x and y axes of a graph with
rhythm as the x (horizontal) axis and pitch as the y (vertical) axis. Given
this mathematical representation of a melody it should be possible to use pat-
tern matching programs to find identical or similar melodies, even when melodies
have been transposed or slightly changed. Progress has been made on this phase
of the project but to date it is not possible to report a completely satisfactory
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result because of programming complexities in translating the Ford-Columbia
representation of the music into a graphical representation. Work on this
important phase of the project will coatinue in the couming year.

3. A music typography for the high-speed computer printer has been developed.
These special characters are now available from IBM and the following listing
indicates the catalog number for each character. Note that some characters
require two type slugs.

Slug 836288 Dot, upstenm,vertical Slug 836291 eighth note
portion of breve rest flags

Slug 836289 upstem and downstem segments Slug 836262 Half and whole
rests
Slug 836290 upstem and downstem segments
eighth flag, upstem Slug 836293 Black note heads

Slug 836294 Open note heads

It 1s expected that in the academic year 1970-1971 several new characters will
be added to the above set. The first to be developed will be quarter rest,
eighth rest and the flat signs (on line and on space).

CONCLUSIONS AND RECOMMENDATIONS

1. This project bas demonstrated the desirability and feasibility of
using the computer as a tool in musicological research, with emphusis on
its use in thematic indexing. The effort concentrated on three areas:
a) acquisition of data, b) development of computer programs to process this
data and c) development of specisl hardware (equipment) components to make
possible the printing of music by the high-speed computer printer. It is
recommended that the following work be continued in each of these three areas:

a. Acquisition of data. Although the present data bank is large enough
for demonstrating the effectiveness of programs as they are developed it is
by no means a complete listing of sixteenth-century Italian vocal musical.
There is a need in the profession for complete thematic indices of the madrigal,
the motet and of other repertories. Expansion of the present listing in any
of these areas will necessitate work not only by the present investigator but
by other contributing scholurs. It may be desirable in the future to formalize
this cooperation by settiag up an international committee within a professional
organization such as the International Musicological Society.

b. Development of computer programs to process data. As indicated earlier
in this report there is stil need for more sophisticated programs to order

melodic incipits in a manner permitting precise citations of matchings and sini-
larities. The succes..rul solution of this problem may require consultation

with persons in mathematics or outside prograrmers who have had extensive experi-
ence in problems of pattern matching.

¢. Development of special hardware (equipment) components. At present
the emphasis in hardware development in this project lies in the area of music
typography. This should be continued until a large enough set of music symbols
is available to permit printing of any standard music notation. Because of
limited space on the print chain of the computer it will eventually be necessary
to purchase a chain devoted only to music research and not shared with other
disciplines as at present.




2. It has been increasingly evident to this researcher that there are
potential 1library applications of this research. Although the thematic
index is a standard research tool, it ie expensive to print in the usual for-
mat. The music typcgraphy described above makes it possible to print the
standard library card (3x5) containing music notation as well as textual in-
formation. There are many potential applications, including folk song
repertories, popular music, lieder, to name but a few, which deserve investi-
gation.

3. Finally, it is recommended that the computer typewritcr terminal be
investigated as a means of entering data and of performing certain calcula-
tions in this research. A limited amount of work has been done cn the
Binghamton campus to explore this possibility and with the installation of a new
computer in Fall 1970 it is hoped to pursue this further. The present project
depends on card input. It is still not clear that replacing card 3input with
typewriter terminal input would result in a clear advantage, but it is a
possibility that should be explored. Ultimately, the use of terminal input
and output will make the data bank directly accessible (by phonz lines) to
scholars at distant points.




APPENDIX

Summary listing of papers, articles and reports

covering work in using the computer in mugic research
during three years of funded research (from USOE!, 1967-1970

Articles

"Musicology and the Computer: The Thematic Index," in Computers in Humanistic

Research (E. Bowles, editor), Prentice-Hall, 1967, pp. 184-192,

"Some Criteria for Preparation of Thematic Indices by Computer,” in
Elektronische Datenverarbeitung in der Musikwissenschaft, (H. Haclmann, editor)
Regensburg, 1967, pp. 57-62.

"The Thematic Index: A Computer Application to Musicology" in Computers and
the Humanities, Vol. 2, No. 5, May, 1968, pp. 215-220.

"A Computer Application in Musicology: The Thematic Indéx", Information
Processing 68 (International Federation of Information Processing Societies),
Amsterdam, 1969, pp. 957-961.

"The Computer and Music Research: Prospects and Problems,“ in Bulletin of
the Council for Research in Music Education, Fall, 1969, pp. 1-9.

Papers

"The Frottole Repertory: A Pilot Study in Information Retrieval,' national
meeting of American Musicological Soclety, New Orleans, December, 1967

"A Computer Application to Musicology: The Thematic Index," International
Federation of Information Processing Societies, Edinburgh, Scotland,
August 15, 1968.

"A Computer Produced Thematic Catalog," New York State Chapter of the Music
Library Association, Ithaca, New York, November 2, 1968.

"Recent Developments in Computer Applications to Musicology,' Washington, D.C.
Chapter of the American Musicological Society, February 18, 1969.

"Teaching Computer Applications in Musicology,” Symposium on Introducing the
Computer into the Humanities, IBM Departmcnt of Education, Poughkeepsie,
July 1, 1969.
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(Editor) The Computer and Music, 354 pp., Cornell University Press, 1970.
(Preface by editor)
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