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Issues of Representation in Melodic Comparison


Issues of Representation in Melodic Comparison 

The ability to recognize melodic similarity lies at the heart of many of the questions most commonly asked about music.  It is melody that enables us to distinguish one work from another.  It is melody that we human beings are innately able to reproduce, by singing, humming, and whistling.  It is melody that makes music memorable: we are likely to recall a tune long after we have forgotten its text.  

It is often the subtlety of the effect that leads us to consider the possibility of engaging a computer in our research.  Music bibliographers want to be able to overcome the deceptive impression of difference given by transposition or re-orchestration, not to mention the resolution of questions of attribution.  Music historians want dependable tools for locating tunes disguised by such devices as resequencing of elements (as in the transmission of early chant), retexting (as in motet parodies as a basis for masses), consolidation of parts (as in lute or keyboard transcriptions of chansons), and elaboration (as in divisions, diminutions, and variations).  Ethnomusicologists seeking to identify tune families depend on stress constants where melodic details, reflecting variations of text, may vary.  

The level and nature of the detail captured in a musical encoding exerts considerable influence on the kinds of searches that can be undertaken.  The directly representable components of melody are pitch and duration.   Derivable components include intervallic motion and accent.  Non-Derivable components include articulation and dynamics indications.  More general aspects of the music that may be of relevance to analytical tasks include the number of voices, instrumentation, genre, texture, and other contextual features.  The purpose of this talk is to probe two pertinent questions: (1) What is the minimum set of parameters required to define a melody?  (2) What is the minimum level of specificity required of any given parameter to support multiple uses of the encoded material? 


I. Melody

(1) Approaches to Its Study 

For two centuries or more theorists have concentrated their attention on the harmony, counterpoint, and "form" in examining the fabric of music of the past.  Rightly they proclaim that these aspects of music distinguish European art music from that of all other cultures.  In consequence, the component elements of harmony and counterpoint are rigorously and systematically described in the literature of music theory.  Such terms as "I6"  and "second species" are unambiguous in meaning, at least from the perspective of observation:  we would not identify a V7 as a I6 or fourth species as second.  The rule-based vocabularies of harmony and counterpoint are moderately supportive of efforts at artificial composition in the styles of the sixteenth and eighteenth centuries.  Bill Schottstaedt's implementations of species counterpoint following Fux's teachings1 offer an apt example.  The derivation of operative rules never expressed formally in music theoretical works has also attracted welcome attention.  Kemal Ebcio(lu's artificial harmonizations of chorale melodies set by J. S. Bach now number more than 3002,  and the task of identifying more continues.    


(2) Intellectual Frameworks

The intellectual framework for discussions of melody in European music is not yet nearly so well formed.  There were some formal discussions of melody in German and Italian music theory of the eighteenth century3, but in comparison with the copious literature on harmony and counterpoint, teachings on melody are few.  The construction of melody allowed for inspiration and experimentation, for permutation and transformation.  It was concept-based, not rule-based.  Consider the notions of a theme, a phrase, a motive, or even a fugal subject.  These are defined, in a sense, by cultural convention.  We all know, or think we know, what we mean by them in discussion; we might not all agree about precisely which notes constitute them in given instances.  It is easy for two observers to agree on the identity of "motives" and "phrases" if the object of scrutiny is as easily parsed as the first eight bars of Mozart's A-Major theme on which the variations, K. 331, were written.  This particular excerpt has been offered as a "proof" of the validity of a great range of theories of melodic construction in recent times.  It is less easy to identify motives and phrases in the rambling prose of, let us say, Glinka, or in the whimsy of seventeenth-century toccatas, of which the same commentators never speak.

Writing at the end of the eighteenth century, the theorist Heinrich Christoph Koch attempted to provide a series of "mechanical rules" for the creation of melodies.  He considered only genius to be capable of endowing a melody with beauty and only taste to facilitate the perception of this beauty.  At the present time, we can detect a rapidly growing appreciation of the imprecision of the melodic concepts in our vocabulary.  The work of Mario Baroni and his colleagues on the establishment of rule-based grammars illustrates a long-sustained attempt to bring systematics to the study of melody.  Eugene Narmour's new book on the Analysis and Cognition of Basic Melodic Structures, a long and pain-stakingly detailed study, the first of a four-volume series, brings a new level of detail to the description of one a specific melodic process(implication realization.   

A great deal of attention paid to melody occurs in the context of style-development and style-comparison studies.  The range of questions asked about melody is broad, although in numerous cases the questions may be particular to one repertory.  Music historians and analysts are especially attracted to style-based studies.  Stylistic study can focus on finite events, such as specific melodic patterns, or general principles, such as phrase structure.  Even in style-based studies there is some infiltration of the rule-based approach.  For example, the artificial composition experiments of David Cope may be said to be style-based in that they attempt to isolate procedures unique to individual composers.  From these they elaborate rule systems for procedures.  On this foundation, new compositions in the style of a designated composer are generated.   

Another approach to melody is the phenomenological one that is attracting considerable attention in studies of perception and cognition.  What does a listener consider to be a melody?  How much deviation, and of what kinds, can a listener overlook in recognizing two melodies as the same?  This is the kind of question that students of cognitive psychology are currently exploring.  It complements the pursuit by students of Gestalt psychology to determine what listeners expect to hear.     

In studying the perception of melody, however, we must acknowledge, as Koch suggested, the role of fluctuating aesthetic values.  The beauty of some musical effects is borne by clarity, of others by subtlety.  As musicians, we will always value this distinction.  As researchers using computers, we must accept the challenge of providing the same degree of informational precision for the one as for the other, and it is this challenge that I would now like to address.


(3) Preliminary Considerations

The vacuum of theoretical work underpinning studies of melody obliges us to agree on some basic terms and concepts before considering the encoding and analysis of melodic information.  These terms and concepts fall into four areas(actual and ideal melodies, locations of melodies within the work, elements of melodies, and contextual aspects of melody.

1. Actual, Prototypical, and Encoded Melodies 

My colleague Walter Hewlett points out that between an actual melody and the encoding of it there is an intermediate conceptual entity, the prototypical melody.  The prototype is a kind of generalization to which elements of information represented in the actual melody, such as rhythm, may seem irrelevant, or indeed to which unwritten information, such as stress, may seem relevant.  It is this prototype, rather than the actual music, that has the greatest influence on the way in which melody is represented.  The prototypes that we might deduce from any given scheme of encoding to have existed in the mind of the researcher, while always being the products of intentional design, can easily be misjudged.  Practical considerations have frequently been instrumental in limiting the scope of a project that ideally would have been designed more comprehensively.   

2. Incipits, Themes, and Melodies
Another distinction essential to this discussion is that between incipits, themes, and melodies.  Although my subject is melody, much of my documentary information comes from "themes" and incipits, because studies that differentiate melodies from both incipits and themes are few.  In some repertories, for example in eighteenth-century German folk songs, melody is continuous from the beginning to the end, so its essence may be fairly judged from an incipit, but in many repertories this is not the case.  In polyphonic repertories the characteristics of incipits vary markedly between voice parts.  The most important melodic information may be in the tenor in late medieval repertories; it is likely to be in the highest vocal or instrumental part in homophonic repertories of later centuries.  One is more likely to find rough equivalence of melodic importance in the various part incipits of imitative works than in homophonic ones, although in cases involving elaborate counterpoint, double subjects and other complications may be present.  

The development of classical instrumental music in the eighteenth and nineteenth centuries brought with it an ever greater tendency toward a concentration of interest on themes and a disintegration of the notion of continuous melody.  Some passages are melodically more significant than others.  The value of the melodic information in an incipit gradually decreases over this period.  Opening bars less and less frequently contain important thematic information, although they might, as in the case of Wagner, contain potent harmonic indicators of what was later to evolve.  "Theme" catalogues, such as that of Barlow and Morgenstern, are concerned entirely with the melodic material that is most memorable and most essential to the description of musical structure.   Since computers currently the virtues of genius and taste proclaimed by Koch, programs that can differentiate themes from long streams of melodic information are unlikely to appear soon.  For the moment, themes must be preselected and hand-fed.  Some of the studies that I wish to cite for their important contributions to the study of melodic encoding and analysis were conceived as cataloguing projects.  They actually deal only with incipits, even though in common parlance we speak of the resulting catalogues as "thematic".  

3. Events vs. Intervals
Another important distinction is that between events (the constituent sound elements of the work) and event relationships, in which two or more events must be grouped.  In discussions of melody we call the measure of difference between two pitches an interval.  Although in ordinary English usage the word "interval" often refers to a period of time, there is no analogous one in common use to describe the difference between consecutive durational events.  The vocabulary used to describe poetic scansion can be helpful here, but its emphasis is on stress patterns, and these patterns often extend to many notes, whereas pitch intervals necessarily describe a relationship between attributes of only two events.

4. Contextual Aspects 

Any composition has an wide array of contexts, including social, geographical, and often biographical ones.  Melodies within a work function within certain musical contexts such as meter, mode, and performing complex.  Depending on the question under investigation, it may only be appropriate that the alto voice in a four-part work be compared with the alto voices of other four-part works.  One study that has brought this level of control to the analysis and comparison of encoded data is Lynn Trowbridge's study of chansons.  One that has taken rigorous account of mode in evaluating melodic procedure is Mark Ellis's study of the Well-Tempered Clavier.   Considerations external to the music, such as genre, period, place, and movement type, can be highly relevant to its melodic details.  For example, in the large body of folk materials collected by Essen University, one would not look for the same results in exploring the melodies of the German and Chinese repertories.   


II. Representation

(1) Encoding Melodic Information
 Comparisons of encoded materials have been based on all of the following kinds of "melodic"  description: (1) sequential profiles of pitch direction (up, down, repeat); (2) sequential profiles of pitch contour; (3) sequential profiles of register-based, diatonic, chromatic, and enharmonic pitch strings; (4) sequential profiles of diatonic, chromatic, and enharmonic intervals; (5) sequential profiles of rhythmic and/or accentual attributes; (6) concurrent representations of pitch and duration; and (7) synthetic representations of pitch and duration.  Some illustrations will clarify the differences.

1. Sequential profiles of pitch direction produce strings of information based on the parameters U (up), D (down), and R (repeat).  Finding tools, such as Denys Parsons' Directory of Tunes and Musical Themes (1975), use such schemes.  In this instance, which covers 10,000 classical themes and 4,000 popular tunes, the two melodic intervals created by the first three notes are presented.  

2. Profiles of melodic contour may give more articulate information.  For example, in place of the string UU, they might tell us whether the two melodic intervals of the same "kind" are the same size or different sizes.  "Size" is a relative concept, however, and melodic length may also be determined arbitrarily.  A string of pitch directions cannot by itself produce a reliable contour, because there is no way of measuring non-contiguous intervals with each other.  For example, in the string UD it cannot be determined whether the first note was higher than, lower than, or the same as the first.   The range of difference can be appreciated by reference to one of the finding charts in May McAll's melodic index to J. S. Bach's works [Illustration 1].

3. Sequential profiles of pitch events may be (a) register-based, (b) diatonic, (c) chromatic, and/or (d) enharmonic pitch.  In some cases these are given in specific keys, in others transposed to C/a.  

(a) Register-based representations define pitch in relation to the vertical position of written notes on a clef.  IML-MIR and DARMS both work in this way.  Although it is not clear that computer researcher are aware of it, register-based systems were also in use in the last century in hymn-tune repositories.

Register-based encodings can be closed or open.  Princeton's IML-MIR is a closed system.  Pitches are identified by letter name, but no absolute octave or register information is provided.   DARMS is an open register-based system.  DARMS assigns the numbers 1..7 to the same seven-note span addressed by letter-name in IML-MIR.  Like IML-MIR, DARMS is clef-dependent.  If one takes account of both clef and pitch name, IML-MIR appears to be said to be absolute in its transcription of pitches.  DARMS, in contrast, is always relative, for pitches do not have names, but it is relative over a very long number line, for negative and positive numbers of arbitrary extent can be tolerated.

DARMS was conceived not only in the time of but also in the spirit of the Great Society of the Mid-Sixties.  According to Stefan Bauer-Mengelberg, its principal architect, it was intended that great masses of musically-illiterate clerks would be able to encode scores merely by representing the position of notes on a stave.  This intended social benefit was, of course, never achieved.   A legacy of the intent is that the debugging of DARMS code is a formidable task.  Its complexity has been compounded by the proliferation of dialects.  I have taken advantage of DARMS' provisions for non-reiteration of repeated material in providing an encoding of the Mexican folk song "La cucaracha".  

[image: image1.png]o)

b i
v .t
(5P

ANS VA o





K La Cucaracha $ 

!I1 !G !K1‑ !M3:4 

\Q. ‑1E ‑1 ‑1 / 2Q 4E ‑1E ‑1 ‑1 / 2Q 4H / 2E 2 1 1 0 0 / ‑1H. / 

RQ. ‑1E ‑1 ‑1 / 1Q 3E ‑1 ‑1 ‑1 / 1Q 3H / 6E 7 6 5 4 3 / 2H 1Q / 

‑1E ‑1 2 2 4 4 / 6Q 4H / 6E 7 6 5 4 6 / 5Q 3H / 

‑1E ‑1 1 1 3 3 / 5Q 3H / 6E 7 6 5 4 3 / 4Q 2E \Q. // 

[1 = the lowest line of the clef (here it is e').]  

(b) Diatonic representation refers to a base-7 system.  Chromatic pitches cannot be differentiated.  Modal attributes cannot be studied without additional information. 

Some diatonic systems have registral limitations.  The seven-letter vocabulary of Barlow and Morgenstern's thematic codes (e.g., CGCEG) fails to provide information about register, although in parallel with its list of codes it provides 10,000 fully notated themes, a more than adequate compensation in practical terms.    

An example in the Essen Associative Code can provide a useful illustration of diatonic codes.  More than 10,000 folksongs from various cultures have been encoded in this format.  An ESAC transcription of the Mexican folk tune "La Cucaracha" is shown below:
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REG [Amerika, Mittelamerika, Mexiko]

KEY [T0008  08  F 3/4]

MEL [‑5‑5‑5  1_3‑5‑5‑5  1_3__ 11‑7‑7‑6‑6  ‑5_.

     ‑5‑5‑5  ‑7_2‑5‑5‑5  ‑7_2__ 565432  1__0_

     ‑5‑51133  5_3__ 565435  4_2__

     ‑5‑5‑7‑722  4_2__ 565432  3_1 //] >>

FCT [Kinder - Lied]

[1 = the first degree of the scale (here f').]
Contextual information is stored in a STAIRS database; the encoding is placed in the "MEL" field.   Although the encoding looks simple, it takes account of register ( - for pitches below a designated octave, + for pitches above the same octave), sounding pitch (derived from linking the key signature with the numerals in the melody field), pitch transposed to a common key (native disposition of numeric information), duration (expressed by _, __, etc.; a note value specified in the "KEY" record is taken as a basic beat), barlines (indicated by a blank space) to facilitate the study of stress, and double barlines (indicated as shown).  The associated musical analysis package, MAPPET, supports the creation not only of pitch contours but also of inventories of intervals, durations, and pitches, of scale or mode, range, stressed tones, and five other parameters.  It is a very efficient code for the purposes it has been designed to serve.

(c)  Chromatic representation refers in the present context to base-12 systems such as the Musical Instrument Digital Interface and the working vocabulary of set theory.  In sound applications, there are some advantages to overriding the more precise information given in enharmonic representations.  These become disadvantages in analytical applications.  For example, if we assume equal temperament, inversions can be identified by size (e.g., nine semitones complementing three semitones) but not by name, since there is no way to determine whether the nine-semitone interval was notated as a diminished seventh or a major sixth, and correspondingly whether the three-semitone interval was notated as an augmented second or a minor third.    

(d) In enharmonic representations note names as well as pitches are provided.  A mathematically-definable series of numerical bases (19 was one of the first ones used) is available.  [These are discussed by Walter Hewlett in his talk on "Number-Line Systems of Musical Representation."]  Among others, the Plaine and Easie, SCORE, CERL, Teletau, and CCARH MuseData systems all provide these elements of information, and register-based systems mentioned above do as well, within the limits discussed above.  

The range of formats in use is quite broad.  For illustration, please see an incipit (from Baldassare Galuppi's opera Demetrio) in Plaine and Easie Code, which is used in the RISM cataloguing of eighteenth-century manuscripts.   
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Field
  
Data
%%000  
1000114663

%%002  
Galuppi, Baldassare

%%012  
Demetrio

[Additional bibliographical fields]

%%112A 
1.1

%%112B 
Andante

%%112C 
G‑2

%%112D 
bB

%%112E 
3/4

%%112F 
'6F/''4C4.C{6DbE}/{8nE6xCD}4D8.+6F/gF{6.E3D6.C3D}4.C'8B/

%%END

In this example, the Eb at the end of measure 1 is of special interest.  Input captured from a MIDI keyboard would be indifferent as to whether it was a D# or an Eb, and a careful editor of our time would probably call it a D#.  For the work carried out in the RISM manuscript cataloguing project (A/II), the original presentation of material is preserved insofar as possible.  For the study of scribal tradition and work transmission, such aberrations of notation are essential clues that must be preserved. 

4. Sequential profiles of diatonic, chromatic, or enharmonic intervals.  In some studies in which comparison of melodic activity is desired, the initial encoding is of intervals rather than pitches.  This inhibits data verification: one must have the actual music in hand in order to verify the information.  It also inhibits reuse of encoded material.  Yet there are situations, especially in the study of early and orally transmitted repertories, in which the original notation was merely intended to give cues to contour or intervallic activity and no precise information on pitch is given.  Correspondingly, there are many instances in studies of both early and ethnic repertories in which no precise information on rhythm is available, and for which the use of an encoding scheme designed for a high degree of precision would be inappropriate.  These properties and problems are well illustrated by the work of David Halperin with Ambrosian chant.  


5. Sequential profiles of rhythmic and/or accentual attributes may, like pitch information, be encoded or derived from encoded material.  Duration is expressed in the score from which an encoding is made, whereas accentuation exists only in performance.  Fully encoded works invariably provide extensive durational information.  Among widely used encoding schemes, SCORE is especially well suited to dedicated rhythmic analysis because all durational information is encoded in a separate string.   

Stress is especially pertinent to the study of folk repertories, and in general ethnomusicologists seem to have devoted more thought to the matter of comparing stress patterns than have musicologists.  In the studies of American folk tune repertories by Anne Dhu Shapiro and J. Marshall Bevil, indicators for stress are encoded.  In the MAPPET software for the ESAC databases, stress may be derived from encoded information.  

Profiles of stress change constitute the fourth tier of a representation scheme developed, as best I have been able to ascertain, by the Russian mathematician R. H. Zarhipov.  Zarhipov's system of intervals plus metrics4 is illustrated below.
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1: 1   2   3   4   5   6   7   8   9  10

2:   1   1   2-  2   0   1-  1-  1   4-

3: 1   4   1   4   1   2   3   4   1   3

4:   +   -   +   -   +   -   +   -   +

The four tiers of information are (1) ordinal numbers representing successive events, (2) melodic intervals, indicated diatonically at the intermediate positions, (3) ordinal numbers representing the positions within the bar on which these tones are struck, and (4) rhythmic transitions, coincident with (2), represented as "+" when moving from a stronger to a weaker position and "-" in the reverse case.  (2) and (4) can be collapsed into a single line in which the first operator following a numeral indicates melodic direction and the second stress change, e.g., 1++1+-2-+2+-0++1--1-+1+-4-+.  

6. Concurrent representations of pitch and duration occur in many score-encoding schemes.  In addition to those already named, we should remember the Florence Conservatory's Teletau system, Illinois University's CERL, and Waseda University's Standard Musical Expression (SMX).  In the last two and also in CCARH's MuseData, information about pitch and duration are explicitly stated for every note event and are provided in formats that both preserve coordinates and facilitate two-dimensional searching.  As in illustration, please see the Galuppi incipit previously shown in Plaine and Easie Code as it would be represented in MuseData format.
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$ K:‑1  M:72   Q:24  T:3/4   C:2   D:Andante

measure 0

F4    6  s          u      

measure 1          

C5   24  q          d      

C5   36  q.         d      

D5    6  s          d   [[ 

Ef5   6  s          d   ]] 

measure 2          

E5   12  e          d   [  

C#5   6  s          d   =[ 

D5    6  s          d   ]] 

D5   36  q.         d      

F5    6  s          d      



measure 3          

gF5   5  s          u      

E5    9  s.         d   [[ 

D5    3  t          d   ==/

C5    9  s.         d   == 

D5    3  t          d   ]]\

C5   36  q.         d      

Bf4  12  e          d      

/END


For analytical applications requiring a coordinated view of pitch and duration, this kind of presentation offers some advantages over such codes as Plaine and Easie, DARMS, and SCORE. 

7. Synthetic representations of pitch and duration attempt to condense diverse attributes into single symbols or at least to reduced numbers of symbols.  This is usually done to facilitate searches preconceived by the author.  Arthur Wenk designed one for his work on Debussy.  Recurrent rhythmic patterns assume a single code which is linked with a series of pitch names suited to the pattern.  In the case of Bevil's work, pitch, duration, and stress are represented in what appear to be separate digits of a single integer.  This facilitates coupled searches for particular combinations of pitch and duration, pitch and stress, and duration and stress.  From these measures multiple viewpoints on same thematic material can be obtained.   He calls the process that he studies one of centonization, in recognition of its resemblance to studies of Gregorian chant.  This is a modest claim, since Appalachian folksongs have known rhythmic and accentual details that, in combination with pitch information, greatly exceed in complexity what is knowable of the same attributes in early chant repertories.


II. Representation: (2) The Five R's:


Register, Rhythm, Repetition, Relationship, and Relevance
In existing banks of musical information that have been designed for analytic use, the three elements that seem most consistently to inhibit studies by their absence or insufficiency are registral information, rhythmic information, and the handling of the repetition of either pitch or duration.  Questions about how best to relate one kind of information to another constitute a current frontier in research on melodic analysis and comparison.   

These points may all be illustrated by reference to independent projects, and some will be cited.  It is easier, however, to compare systems by reference to a common objective.  To this end I have attempted to generate the same directional profiles used by Pont and Nettheim in their effort to test the validity of Parsons' data.  I chose this question because I mistakenly believed that it was one that could be explored with data of any level of specificity or generality.  Taking Parsons' Directory of Tunes and Musical Themes, which indicates only the direction of the first two melodic intervals in a substantial body of familiar and easily accessible (polyphonic) music, Pont and Nettheim gathered corresponding information for five monophonic repertories( chants from ancient Greece, chants from the Liber Usualis, Gaelic melodies, Peyote Indian songs, and Aboriginal songs.  The three kinds of directional motion tracked(up, down, and repeat(produce nine logical combinations.  The results of their comparison were reported by the frequencies of use of each of the nine intervallic direction patterns.  These formed the frequency-of-use lists reported in Table 1.   1 = the greatest number of occurrences.

The authors' comments on this table were published in the New Scientist in 1989 and are easily available to those who wish to study their work.  My purpose in citing their results is to raise some of the issues that must be considered in the comparison of melodies and in the reporting of the results of such comparisons.  In this case we are dealing with generality of two kinds.  First, the search itself is only for directions.  As we saw from the table by McAll, each directional category conceals a great range different contours and pitch strings.  Duration and stress, by which the relative important of pitches might be ascertained, is excluded.  Second, the tables of relative occurrence give no hint as to how much difference there is between categories.  In the interests of consistency I have followed this practice in the results I will show you, but I have also assembled the percentage figures for those who want to delve more deeply into this problem.  Many of us would argue that the first three notes of a piece are too few to give the flavor of a melody, although for the purposes of differentiating one composition from another, the RISM office in Frankfurt has recently established that in terms of pitch- and duration- specific encoding, five-note incipits seem to be definitive for eighteenth-century European instrumental works.

1.  Register
One reason that register-based systems of encoding must be differentiated from pitch-specific ones is that they are prone to errors of register-shift to an extent that can completely invalidate the data encoded in using them.  Without accurate register indications, melodic data can easily be misinterpreted.  For example, when melodies are "spelled" without any indication of register and without durational information, we will be led, as I was via Barlow and Morgenstern (which I hasten to emphasize treats themes), to such "matches" for the opening of Beethoven's Fifth Symphony ("GGGEb") as these:
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Incipit #1: Handel's Organ Concerto Op. 7, No. 1.  Incipit #2: Dvorak's Slavonic Dance Op. 72, No. 6. 
Barlow and Morgenstern provided their database in two formats((1) as musical incipits and (2) in a seven-letter code.  The presence of the actual music adequately compensates for the absence of registral information in the code.  Similarly, the thematic identifier volume (the only one currently in print) of Jan La Rue's eighteenth-century symphony catalogue provides only schematic information about pitch; for registral information we must await the publication of the music volume.  The principal themes from the opening movement of Haydn's "Military" Symphony appear as:

14646  G:DGDCBA//DEGDEDCBA H411 HAYDN
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Because of the lack of encoded registral information, I was unable to derive results from either the Barlow and Morgenstern book or La Rue's thematic identifier to compare with Pont and Nettheim's information.  This is not intended as the criticism of these works, however; they serve well the purposes for which they were intended. 

Registral problems in encoded repertories that are not easily available in score can be crippling.  The largest body of registrally-troubled musical data is what survives of the work on Josquin, Lassus, and others done at Princeton University in the Sixties and Seventies.  There were three stages in this work, and the encoding scheme, which in many other respects was commendable, gradually evolved.  Very little data seems now to survive from the last and most sophisticated of the stages, when motets by Lassus and others were converted to Fastcode.  The Josquin example shown below probably comes from the mid- to late-Sixties and utilizes IML.   

The basic register is clef-dependent and extends from the pitch represented by the lowest line to that represented by the fourth line (where the fifth is the highest).
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Pitches rising above the upper limit are prefixed with a "U" ( = upper), while those breaching the lower limit are prefixed with an "L".  The fact that there is no specification for the main register proved to be a serious weakness, for "L" and "U" may also be used to indicate a return to the main register.  Encoding errors, especially indications of an exit from the main register within a corresponding signal for a reentry, render the early Princeton data, especially the Josquin data, undependable for modern applications.  An example of this kind of representation is shown here.

$3$60$ C2,NE, D2,DE[, ] UE2/ LD2.,US, C2,A, B4/ A2,GNUS, G2 C2,DE,/ D2,I, 
R4 UE2,FI, LD4,LI,/ A4 B2 A2// 

This corresponds to the tenor voice in the following example:  
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Because the bar and page numbers of the original sources were interleaved with the musical code, this example can be traced to page 88 of Volume 4 of the Smijers edition of Josquin.  The work is the Gloria de beata Vergine.  The "U" and "L" flags seem to be correctly used here, but please note that the word "Filius" is incomplete, and that a pitch is missing at the start of the fifth bar (Bar 64 of the work).  Much more significant difficulties are encountered in deciphering the bass voice, which is encoded as follows:

$4$60$ C4 D2 B4,MI, A4,N B2,A, A4 G2,GNUS,/ F2 R2 E2,DE, LD4//

It was apparent that material was missing from the second, third, and fourth bars.  Since this material was encoded on punch cards, it seemed most likely that a card had been dropped from the deck before this work was transferred to tape.  By reference to the Smijers edition, I was able to establish that the passage should read as follows:
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We can detect that the problems are more significant than missing notes, and in fact there are registral errors of two kinds.  First, all the pitches of the bass voice should be read a third higher than first notated, perhaps suggesting that a missing clef-change indication was intended to override the pitch names presented.  Second, within the missing material two U's and an L must have occurred, for the "Agnus" is set not a third too low but a tenth too low.  Therefore, the Josquin data, at least in the format in which we have it, seems to be insufficiently reliable to use for even the simplest analytical chores.   What is not only interesting about this system but also relevant to the present enquiry is that it seems to have been effective in its purpose, which was to identify tune concordances and thus to resolve questions of authorship in a repertory "notoriously untrustworthy as regards the source and authorship of [its] contents."6
2. Rhythm
Dorothy Gross was among the first computer researchers to observe that pitch strings and melody are not equivalent.7  Recent studies in musical perception suggest that durational values may outweigh pitch values in facilitating melodic recognition.  No one would maintain that the following three themes, in which the pitch contours of the first five notes are the same (they are listed as "EDCDE" by Barlow and Morgenstern), are qualitatively the same.
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"Themes" from Brucker's Symphony No. 7, movement 3; Mozart's String Quartet in D, K. 5757, movement 3; and Schubert's Overture to Rosamund.]       

Yet a significant percentage of all computer-assisted studies of melody consider pitch to the exclusion of duration.  To cite a recent example, Aleck Brinkman, in a study of the treatment of chorale tunes in Bach's Orgelbüchlein, postulated that from any given sequence of pitches constituting a phrase in a chorale, a series of "patterns" of progressively fewer pitches existed.  Schematically, if a tune had seven pitches, Brinkman's "patterns" represented a series of pitch strings such as these:
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Brinkman does not encode durations.  The results of the searches to match all the component patterns he perceives to be in each tune (in this regard the detail of his study is exhaustive) are not unlike the results one might imagine from running a spell check program on a text lacking spaces and punctuation.  The number of "matches" is extremely high and is inversely related to the number of pitches in the "pattern".   
Brinkman notes that seconds are the most common intervals in the repertory, as indeed they are in the cantus firmi set by Bach and in much of the figural keyboard music of the time.  We can best appreciate his perspective by looking at an atypical chorale, "Mit Fried' und Freud' ich fahr' dahin."  Its first phrase contains two ascending fifths: 
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The numerals beneath the notes identity the melodic intervals diatonically.  There is no replication of this seven-interval pattern (it is identified as pattern #4) in the organ prelude.  The search programs finds two iterations of the interval string formed by the last six notes (pattern #18).  

The assumed inconsequentiality of rhythmic formulation is a disconcerting aspect of this study.  In the following passage
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Brinkman finds in the last three notes, by retrograde inversion, a reflection of notes 3 through 5 of the chorale, but the prototypical melodic segment that is suggested would seem more nearly to be
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and this lacks the pitch string cited.   The F which introduces the descending diminished fifth seems purely a consequence of the ascending sixteenth/two-thirty-seconds figure that runs throughout the work.  Further, an enharmonic or even a chromatic analysis in place of the diatonic one used would not have matched a diminished fifth with a perfect fifth.    

Correspondingly, Brinkman quotes as an inversion of the 3 through 5 "pattern" a passage from Bar 8 (marked below) in which the match bridges two phrases.  
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While great care is taken not to extract patterns that cross such joints in the look-up lexicon of pitch strings, the matching program seems to be indifferent to phrase structure.  Without information about duration or stress, or at the very least fermatas, it seems inevitable that processing will stimulate the data to overproduce results of this kind.  However, the study does have a number of strengths stemming from its consistency and in its concentration on a single repertory.    

Pitch string comparisons are entirely defensible in the study of monophonic medieval repertories, because in many cases there is no firm knowledge of durational values.  Medievalists have been making enviable progress for a number of years in studies of centonization.  John Stinson claims that when notational information is ignored and pitch sequence alone is considered in his large electronic corpus of fourteenth-century monophonic sacred music, he finds many concordances with chants of the tenth century.  The well-known work of Bryden and Hughes on Gregorian chant in the Sixties, by David Halperin on Ambrosian chant and troubadour music, by Andrew Hughes on the Divine Office, and by Richard Crocker on the emergence of chant are filling many voids in the historical picture.  That worthwhile results seem to come more easily and quickly from medieval repertories than from studies of later, more complex repertories is apparent.  Yet without more precise information about either quantitative or qualitative stress practices in the performance of these early repertories, we will not know how valid these matches really are to the aural experiences of those who lived at the time.

3. Repetition
 The representation of series of notes at the same pitch or with the same rhythmic values has proved to be a problem of significant dimensions in projects involving with the encoding of incipits, at least when dealing with the music of the eighteenth and nineteenth centuries.  In sorted lists intended to facilitate comparison, a representation of the repeated notes is crucial to source identification though less useful to studies of general thematic similarity.  Jan LaRue gives 64 as the greatest number of times a single note was repeated consecutively in the material he listed in the thematic identifier volume of his catalogue of eighteenth-century symphonies.  If we are working with short incipits, the inclusion of such repeats squeezes out the information that we really want(the prototypical melodic shape.  Bryant and Chapman, in creating a melodic index to Haydn's works, give the first four repetitions of a note as separate ciphers but use summary numerical indicators for five and more repetitions (e.g., "C6DEF...").  By the way, they represent incipits containing grace notes twice, in order not to guess which way a user will search for it.  La Rue, it can be noted above, gives grace notes full weight.  

The pitches and durations of roughly 38,000 incipits that were encoded for printing in Harry Lincoln's catalogue of Italian madrigals provide material for a very useful index of melodic interval sequences.  This index is sorted by intervallic size and direction based on the first nine discrete pitches (durations are excluded, although they were obviously necessary for printing).  Since many of the parts represented are harmonizing ones, we might consider that the case for including durations is weak.  Given the volume of the material covered, I appreciate only too well the practical problem of representing the findings.      

At the same time, the absence of repeated notes prevents confident use of these tables in attempting to match the work of Pont and Nettheim.  A feeble effort at this, based on estimating at 50 items to a column listing the number of items in each category, is shown in Table 2.  The Josquin column is left blank, because the data seemed too unreliable to use.  The first column shows the results of a search of 300 sixteenth-century Lieder encoded in ESAC.  I am happy to report that this data was readily useable. 

Since specific pitches were used in the printed incipits of Lincoln's book, it is likely to have been the intervallic index that was used in searching for attributed works that match unattributed ones.  If this is the case, it shows the insidious effects of ignoring repeated notes: a large number of the unattributed works included contain them [Illustration 3].   Those initiating projects of a similar nature will surely want to study this issue beforehand.


4. Relationship 

It is no easy matter to devise a scheme to explore the relationship of pitch to duration.  When we survey the literature reporting on attempts of this kind, we find novel solutions in almost every case.  The novelties stem especially from the analytical prototype adopted by the researcher.  One may measure pitch in relation to duration on an event-by-event basis, but studies that do this are comparatively rare.  Other approaches include coordination of intervallic and durational information, separate explorations of pitch strings and of duration strings, and tabulation of pitch string patterns in relation to rhythmic patterns.  
In the studies of Mario Baroni and his collaborators "melodic symmetries...take into account pitch contours [and] metrical patterns".9   Their work has consisted of a series of studies aimed at discovering unwritten rules of melodic construction in sufficient detail to generate new melodies in the same style.  As far as pitch is concerned, the melody is seen to evolve from a "kernel" that consists of the outer notes of a phrase.  The middle fills a space created by these poles.  This view of what is essential is distinctly different from the "divisions on a ground" and "variations on a theme" ideas, as well as from the reductionist views of contemporary analysis and Meyer's view of "filling."  By its nature Baroni's approach tolerates approximation in the representation of pitch.  Thus the finding in working with a sample of eighteenth-century French chansons that "there are no cases of phrases having the same melodic [ = pitch] contour but a different metrical structure" seems unlikely to be sustained in a broader sample with pitches encoded more precisely.  In generating new melodies in the style of the model, Baroni first generates a rhythmic pattern.  Pitch is then fitted to this pattern.  In its definitions of procedure, Baroni's work is extremely precise.  We must hope to see his methods tested in diverse repertories.

  
In his study of bebop melodies, J. Kent Williams (1985: 60) assessed the frequency of a series of pitch contours in conjunction with a list of thirteen rhythmic figures.  The two-dimensional array is an easy and obvious vehicle for examining conjunct frequencies.  All the choices about levels of detail to be represented in such an array affect both axes.  The pitch axis may consider direction or contour, diatonic or enharmonic pitch-string categories.  The rhythm axis may focus on duration or stress, or on some hierarchical scale of events or combinations of events.   Williams coupled fairly general information on pitch direction with more precise information on rhythmic figures (Illustrations 4a and 4b).  A byproduct of his work is the frequency list for the nine directional profiles shown in the rightmost column of Table 7.  Williams, incidentally, also examines the "kernel" used by Baroni, but he calls it a "cumulative interval." 

A third approach to coordinating information about pitch and rhythm is provided by Suk Won Yi in a thesis recently completed (1990) at the University of California at Los Angeles.  Starting from an orientation influenced by semiotics, linguistics, and studies in perception, he creates statistical measures of "melodic activity" as an aid to comparing melodic contours in selected Schubert and Schumann Lieder.  Eight measurements are used.  The first (intervallic change), the second (duration), and last (coefficient of melodic activity) for the first ten events of Mozart's G-Minor Symphony (K. 451) are represented by Yi in a vertically organized table, which I have rotated.     
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	Interval
	-1
	0
	0
	 ‑1
	0
	0
	‑1
	0
	8
	0

	Duration
	.25
	.25
	.5
	.25
	.25 
	.5
	.25
	.25
	.5
	1

	Mel. Act.
	 2.61
	 1.91
	 1.91
	 2.61
	 1.91
	 1.91
	 2.61
	 1.91
	 3.48
	 0.53


Yi (1990: 52) is eager to get at the problem of a truly melodic contour.  By this he means the coordinated representation of pitch and rhythm, in contrast to its common substitute, a pitch contour.  Being sensitive to the emphasis of perceptual studies, he has chosen to couple intervallic data with durational data.  To the traditional analyst of music this may seem to be an orthogonal coupling, since the size of, let us say, the first interval of a work can only be established at the precise moment when the second duration begins.  The consequence of this implied diagonal sense (the first duration and the first interval are represented as being concurrent in this study) is that patterns are in fact less evident in the statistical result than they might be in another format.  For example, in the above table the ninth coefficient fails to suggest the third iteration of the three-note pattern in the phrase.10  

It is to express the non-analogous nature of intervallic change and duration that I introduced the staggered format in the table shown above.   In Yi's original table of values, the durations represent note events, while the pitch information consists of measures of change between events.  The combination of these into a single measure of melodic activity rests of a logical asymmetry.  If Yi had simply coordinated pitch information (he uses a base-12 system) with rhythmic information, his results for the above example would have been as follows:

	Pitch
	9
	8
	8
	9
	8
	8
	9
	8
	8
	16

	Dur.
	.25
	.25
	.5
	.25
	.25
	.5
	.25
	.25
	.5
	.5


After changing the last number for duration to reflect the actual note value (Yi seems to have coupled the value of the rest (event #11) with that of the high Bb to produce his "1.0"), we find that an interesting result has emerged: repetition of a duration regularly introduces repetition of a pitch.  

This attempt to make cognitive and perceptual principles the basis for melodic analysis inadvertently poses an array of questions for logical approaches to melodic analysis.  These arise from paradoxes that inhere in our basic definitions of pitch and duration.  For analytical purposes duration must be considered to be a property of a fixed object, the note event, while intervallic size and direction are properties of motion and therefore transient.  At the same time, duration happens in time, which is itself transient.  Duration is also a measure, but in music it is ordinarily a relative measure.  Notwithstanding our ability to regulate duration in the metronomic sense, we tolerate broad ranges in this measure (tempo) as long as the inner relationships between durations are preserved.  Because associated frequencies of sound can be carefully measured, pitches are often thought of as fixed.  Yet if intervals are measures of distance, then to some approximation pitch motion must be a spatial concept.  The difference between music as sounded, heard, and/or interpreted, on the one hand, and music as represented, on the other, is depicted in Illustration 5.  It is a critically important distinction for this kind of analysis.

 
When we separate, as we must in music representation, pitch as a note attribute from duration as a note attribute, then we may consider that the pitch attribute does not occupy time, because that is the function of the duration attribute.  This anomaly is, of course, not present in sounding music, where the pitch lingers for the duration of the beat.  It does demonstrate very clearly, however, how the dichotomy of attributes than is necessary in computer applications changes something fundamental about the phenomenon under study.  It also engenders a very deep respect for the ingenuity of common musical notation, where these aspects can be rendered without uncoupling them from the object.   


  
Yi calls attention to another difficulty inherent in statistical work of this sort, one that earlier commentators have termed "statistical mush": once the information is reduced to a single measure of melodic activity for each "event", it is no longer possible to know, for cases in which numbers may match, whether the result expresses a high reading for melody and a low one for duration, the reverse, or equal measures for both.  In short, measures in which pitch and durational information are synthesized in a single figure may not help us answer musical questions about music.  In a sense, we are back to the McAll phenomenon in which a common measure of pitch direction conceals dozens of diverse pitch contours.  
 

5. Relevance
The final question about representation concerns the degree of relevance of ordinary information and everyday common sense to particular sets of encoded information.  Once we have encoded repertories and working programs, it is easy to go on and on with comparisons, without giving due weight to the comparability of what we compare.  In this regard, the importance of considering the musical context of the repertory, the work, and the encoded extract can hardly be overemphasized.   

The following tables were all devised to produce numbers that can be compared with those of pitch direction offered by Pont.  Table 3 shows pitch direction frequencies for a number of eighteenth-century repertories.  The Marcello materials come from my recent bibliographical study and the information in the last two columns comes from sample RISM data (the Galuppi data is a subset of information reported in the rightmost column).  We may note various ways in which these repertories are and are not similar.  Given that they form a geographically and chronologically homogeneous group, differentiating characteristics are easily seen.  For example, these data, while being drawn from incipits of the highest voice in works for various numbers of performers, spring from both instrumental and vocal contexts.  They are not therefore truly comparable with the monophonic repertories studied by Pont and Nettheim, nor are the Pont and Nettheim repertories truly comparable with the Parsons material, which comes overwhelmingly from polyphonic music of recent centuries. 

Since the musical genres and the periods of activity are so similar, it is interesting to go on from the Marcello table to Table 4, which gives the same kind of information for a number of works by Bach and for Handel's Messiah.  For good measure, an effort was made to included Bach's initial pitch directions as best they could be derived from McAll's pictorial profiles, which exclude repeated notes.  This, of course, makes McAll's data not directly comparable with the other items reported here, which are derived from the initial notes of all the parts, not simply the highest voice, in full-score encodings made at CCARH.  One might have sought out all the first violin parts or all the soprano parts to improve comparability, but for a really fair comparison, one would need to emulate Trowbridge's example and only compare first violin parts from works with identical scoring.  


For composed repertories, confidence in the attribution is a matter of some importance.  One item represented in Table 5, the opera Orpheus is attributed to Telemann on the basis of circumstantial evidence.  It is not beyond the realm of possibility that the work is a pastiche, however, or that it is by a different composer.  If one wished to create a profile of Telemann's usage, would one want to include in the sample the information reported in the Orpheus column?  In this selection of works, the decision would heavily weigh the outcome.    

Table 6 goes to the other extreme and forces us to ask how fine a line we want to draw between roughly similar repertories.  The statistics happen to be thin here, because we have not to date done much encoding of these repertories.  We are still dealing with the incipits of all the parts of all the movements of polyphonic works, although in this case all the parts (except some for the Beethoven concerto) are for string instruments.  What was of interest was the emphasis on repeated-note openings that likens not only the Mozart, Beethoven, and Schubert quartets to each other but also likens this repertory to the sixteenth-century Lieder transcribed in ESAC.  This similarity is likely to be superficial, since repeated notes are characteristic of accompaniment parts in string works.

Among these tables, there is only one sequence of ranks that finds a match.  It is produced by both Bach's early cantatas and Telemann's late ones.  Parsons' sequence is not confirmed by any specific repertory, despite the fact that a lot of music by Bach was included in his sample.  When statistics are well enough refined, it seems, differences rather than similarities rise to the surface.  There is, however, an interesting chronological point that ca be made simply by separating all the "contours" without repeated notes from all the ones with a repetition in the instrumental repertories surveyed (Table 7): the use of repeated notes gradually increased over time.

In Table 8, we see results for selected works from various repertories encoded at Essen University.  Herr too the diversity between groups of works is more pronounced than the similarity.  This leads us to a truism: melody is many things in many contexts.  It seems hardly desirable to compare the melodic profile of a Gregorian chant, set in long note values, with the melodic activity in florid upper voices for which it has been used to provide a foundation, or an opera aria with an organ toccata.  In our choices of what to compare we need to be very careful not to measure poetry against prose.  


III. Melodic Similarity
In conclusion, I would like to consider how some of the topics covered may relate to the prospective task of using the computer to search for melodic similarities.  To this end, let us examine a simple melody and its permutations.  The example I have chosen comes from Mozart.  This time it is the theme from the slow movement of the D-Major Piano Sonata K. 311:


Ex. 1a


Ex. 1b


Ex. 1c


Ex. 1d


Ex. 1e

While no one would dispute the interrelatedness of these passages, an effort to design an algorithm to recognize their relationship automatically could proceed in any one of a number of ways, none of them in and of itself adequate to the task.  Let us consider these possibilities:

( A pitch string representation of each example would readily separate 5d from the others.  If ties were suppressed, it would recognize 1a and 1e as being the same through the first nine pitches.  It would recognize 1c and 1d as identical through the first ten pitches.  The length of the string on which the comparison is run would obviously influence the results of the search.

( A duration profile of each example would pair 5a with 5b and would indicate 5c, 5d, and 5e to be different from each other.

( An accented-note profile capturing the pitch on each quarter-note beat would render two results(one for 5a through 5d (Ex. 6a) and one for 5e (6b).


Ex. 2a


Ex. 2b

( An accented-note profile capturing the pitch on each eighth-note beat would differentiate 5a, 5b/c, 5d, and 5e (Exs. 7a-d).

 
Ex. 3a


Ex. 3b


Ex. 3c


Ex. 3d

These examples all lack the suppleness and rhythmic variety of the actual music.  A more rhythmically varied profile can be created by capturing only the notes that are emphasized by accompaniment in the source.  Three harmonic-reinforcement profiles are thus created, the first (8a) derived from 5a, the second (8b) from 5b-d, and the third (8c) from 5e:


Ex. 4a


Ex. 4b


Ex. 4c

In order to derive these, a program must be able to determine from other voices of the work which parts are so reinforced.  This example provides another instance in which contextual information is essential to a refined result.

However, the result is still not refined enough to make good musical sense.  When we examine the music in its context we find that there is an important melodic/harmonic implication* that cannot be derived by any of these means.  This is that B (the third of a G Major triad) is the dominating tone in the second half of the second bar.  The prototypical melody that Mozart seems really to have meant is shown in Ex. 9:


Ex. 9

That Mozart avoids ever placing this note squarely on the beat may tell us something important about his style and about the difficulty of finding formulae to compensate for the melodic, harmonic, and rhythmic displacements caused by appoggiature.  

To overcome the problem posed by this example it would be necessary to design a system permitting rhythmic alteration and/or pitch substitution for the purpose of facilitating the creation of an intentional model.  Some such efforts along these lines have been made.  J. Kent Williams uses a rhythmic regularization procedure to facilitate the analysis of jazz melodies (1984), for example.  As he puts it, syncopation "is usually effected by shifting notes slightly backward with respect to the metrical grid so that they anticipate the beat . . . .  Unsyncopation . . . shift[s] the attack-point . . . ahead to make melody congruent with harmony."   Williams also removes "jazz turns" [inverted mordents], which, he says, nearly always begin on a strong beat, to facilitate melodic comparison (1985: 45).  He then studies cross-concordances between rhythmic figures and pitch contours.

Several loosely related concepts that are helpful in the location of similarly contoured melodic segments are illustrated by the German mathematician Manfred Leppig (1987).  Leppig calls attention to simple routines for finding parallel passages obscured by variant meters and to the utility of melodic shifts, suppression of repeated notes, and other minor elements of change (Exs.10a and 10b) to facilitate the location of similar themes.
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He assigns diatonic numbers to map pitch and arbitrary integers to identify durations.  He then

compares pitch strings and computes item-by-item differences, but his main aim is to establish the total number of matching tones.  A comparison of the above examples would the following series of differences:

1: 1  3  5  8  6  86 5  4  5  3  1  2   1

2: 1  1  5  5  6  6  5  4  4  3  3  223 1

D: 0  2  0  3  0  2  0  0  1  0 -2  0   0 

By various sliding routines (both horizontal to offset differences in starting position and vertical to capture ephemeral transpositions), nearly corresponding passages can be identified by the large number of zeroes their comparison generates.  In comparing durations he only computes hits (*) and misses (-).  This procedure can also be used as a simplified form of the above routine:

Pitch comparison: *  -  *  -  *  -  *  *  -  *  -  *  *
    

Duration comp.:   -  -  *  *  *  -  *  -  -  *  *  -  *

  
From these rudimentary beginnings we can see that the concept of congruence, real and imagined, is one that merits extensive investigation.  Appropriate solutions to the problem of congruence may well prove to be multiple, some suited to one repertory and others to another.  Like other analytical tools, tools for the evaluation of congruence are likely to be redefined from time to time to suit changing intellectual fashions.   We should not let this discourage us from confronting the issue, however, because such investigation is a necessary prerequisite to any serious effort to study melodic similarity in encoded data.       


Appendix

Some Early Efforts at Encoding Music

1. Pitch:

Register-based encoding systems can be traced back to the nineteenth century.  As one example, some representations devised by the Scottish hymnographer James Love are shown below.  These extracts were published in 1891 in Love's Scottish Church Music.  Love does not explain his code or its origins, but it is readily transparent.  The letter codes for notes are derived from solfegge.  A subscripted vertical bar is used for pitches below do, and a superscripted vertical bar represents those above ti.  Pitch inflections that are raised above the appropriate scale tone (whether natural or sharp) are represented by a suffixed "e", lowered pitches by a suffixed "a".  While the pitch of a grace note is assumed to be one tone above that of the ensuing note, a precise rhythmic value is given.  Duration is represented in beats based on the smallest note value, a staple of many representation systems currently in use.  Rests are represented by blank spaces (not shown here).  Slurs are indicated by underlines (Illustration XXa).


Love--EX. XXa.

Text underlay is readily accommodated.  Polyphonic representation is also possible (Illustration XXb).    


Love--Ex. XXb.

2. Rhythm

Moritz Hauptmann's efforts in the last centuryto develop a three-parameter numerical description of various rhythmic figures in their respective metrical contexts merit study.  These have recently been reprinted in Hauptmann's study of The Nature of Harmony and Meter [Illustration XX].


Illustration X.


Notes

1 Schottstaedt

2 Ebcioglu

3 Mattheson, Koch

4 As described in Bakhmutova et al.

5 Pont and Nettheim

6 Love, p. vi.

7 Gross

8 Hauptmann

9 Baroni, Musikometrika II, 211.

10 This is caused partly by the number of rests.


Bibliography

Barlow, Harold and Sam Morgenstern.  A Dictionary of Musical Themes.  New York: Crown Publishers, 1948.

Bakhmutova, I.V., V. D. Gusev, and T. N. Titkova.  "Repetition and Variation in Melody: Towards a Quantitative Study, Musikometrika II, 143-168.

Baroni, Mario.   "The Concept of Musical Grammar", Music Analysis 2 (1983), ....

Baroni, M., R. Brunetti, L. Callegari, and C. Jacoboni.  "A Grammar for Melody: Relationships between Melody and Harmony" in Baroni and Callegari (eds.), Musical Grammars and Computer Analysis, Florence: Olschki, 1984.

Baroni, Mario and Carlo Jacoboni.  Proposal for a Grammar of Melody: The Bach Chorales.  Montreal: Les Presses de l'Université de Montréal, 1978.  

Bevil, J. Marshall.  "A Paradigm of Folktune Preservation and Change within the Oral Tradition of a Souther Appalachian Community, 1916-1986." 

Boroda, Moisei.  "A Methodology of Quantitative Investigation of Methods of Variation of Segments in Song Melodies" [in Russian], Tbilisi, 1987.  

Breslauer, Peter.  "Diminutional Rhythm and Melodic Structure,"  Journal of Music Theory 32 (1988)/1, 1-21. 

Bryant, Stephen C. and Gary Chapman.  A Melodic Index to Haydn's Instrumental Music: A thematic Locator for Anthony van Hoboken's 'Thematisch-bibliographisches Werkverzeichnis, Vols. I and III  (Thematic Catalogues, No. 3).  New York: Pendragon Press, 1982.

Carterette, Edward C., Donald V. Kohl, and Mark A. Pitt.  "Similarities among Transformed Melodies: The Abstraction of Invariants," Music Perception 3(1986)/4, 393-409.

Dowling, W. Jay.  "Context Effects on Melody Recognition: Scale-Step versus Interval Representations," Music Perception 3(1986)/3, 281-296.  

bcio(lu, Kemal.  "An Expert System for Harmonization of Chorales in the Style of J. S. Bach."  Ph.D. thesis, State University of New York at Buffalo (Technical Report #86-09), 1986.

Edworthy, Judy.  "Interval and Contour in Melody Processing," Music Perception, 2(1985)/3, 375-388.

Ellis, Mark.  "Linear Aspects of the Fugues and J. S. Bach's "The Well-Tempered Clavier": A Quantitative Survey." 2 vols.  Ph.D. thesis, Nottingham University, 1980.

Gross, Dorothy.  "A Set of Computer Programs to Aid in Musical Analysis."  Ph.D. thesis, Indiana University, 1975.

Hauptmann, Moritz.  The Nature of Harmony and Metre.  Tr. W. E. Heathcote.  Foreword by Siegmund Levarie.  New York: Da Capo Press, 1991.

Koch, Heinrich Christoph.  Introductory Essey on Composition: The Mechanical Rules of Melody, Section 3 and 4, tr. and intro. by Nancy Kovaleff Baker.  New Haven: Yale University Press, 1983.

LaRue, Jan.  A Catalogue of Eighteenth-Century Symphonies: Vol. I, Thematic Identifier.  Bloomington:  Indiana University Press, 1988.  

LaRue, Jan.  Guidelines for Style Analysis.  New York: W. W. Norton, 1970.

Leppig, Manfred.  "Musikuntersuchungen im Rechanautomaten," Musica 41(1987)2, 140-50.

Leppig, Manfred.  "Tonfolgenverarbeitung in Rechenautomaten: Muster und Former," Zeitschrift für usikpädagogik 42(1987), 59-65.

Lincoln, Harry B. The Italian Madrigal and Related Repertories:  Indexes to Printed Collections, 1500-1600.  New Haven:  Yale University Press, 1988.

Love, James.  Scottish Church Music: Its Composers and Sources.  Edinburgh and London: William Blackwood and Sons, 1891.

Mcall, May DeForest.  Melodic Index of the Works of Johann Sebastien Bach.  New York: C. F. Peters, 1962.

Narmour, Eugene.  The Analysis and Cognition of Basic Melodic Structures: The Implication-Realization Model.  Chicago: The University of Chicago Press, 1990.

Parson, Denys.  The Directory of Tunes and Musical Themes.  Cambridge: Spencer Brown, 1975.

Pont, Graham.  "Geography and Human Song," The New Scientist 20 January 1990, pp. 56-8.  

Ratner, Leonard.  Classic Music: Expression, Form, and Style.  New York: Schirmer Books, 1980.

Riemann, Hugo.  System der musikalischen Rhythmik und Metrik.  Leipzig: Breitkopf und Härtel, 1903.

Rosner, Burton S., and Leonard B. Meyer.  "The Perceptual Roles of Melodic Process, Contour, and Form," Music Perception 4(1986)/1, 1-39.  

Schaffrath, Helmut.  "How to Retrieve One-part Melodies and their Variants: Ideas and Strategies of computer-aided Analysis at Essen, FRG,"  forthcoming.

Schottstaedt, Bill.  "Automatic Counterpoint," Current Directions in Computer Music Research, ed. Max V. Mathews and John R. Pierce.  Cambridge: MIT Press, 1989.  

Selfridge-Field, Eleanor.  The Music of Benedetto and Alessandro Marcello:  A Thematic Catalogue with Commentary on the Composers, Repertory, and Sources.  Oxford: Clarendon Press, 1990.

Stech, David.  "A Computer-Assisted Approach to Micro-Analysis of Melodic Lines," Computers and the Humanities 15(1981)/4, 211-221.

Trowbridge, Lynn.  "The Fifteenth-Century French Chanson:  A Computer-Aided Study of Styles and Style Change."  Ph. D. thesis, University of Illinois.  Partially duplicated in "Style Change in the Fifteenth-Century Chanson," Journal of Musicology IV/2, 146-70.

Yi, Suk Won.  "A Theory of Melodic Contour as Pitch-Time Interaction: The Linguistic Modeling and Statistical Analysis of Vocal Melodies in the Selected Lied Collections of Schubert and Schumann."  Ph.D. thesis, University of California at Los Angeles, 1990.

Wenk, Arthur B.  "Parsing Debussy: Proposal for a Grammar of his Melodic Practice," Musikometrika I, 237-256.

Williams, J. Kent.  "A Method for the Computer-Aided Analysis of Jazz Melody in the Small Dimensions," Annual Review of Jazz Studies 3(1985), 41-70.

Zarhipov, R. K.  "Construction of Frequency Lexicons of Musical Segments for Analysis and Modelling of Melodies" [in Russian], Science 41 (1965??), 207-252.

