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Markov Chains as Tools for Jazz Improvisation
Analysis

David M. Franz

(ABSTRACT)

This thesis describes an exploratory application of a statistical analysis and modeling
technique (Markov chains) for the modeling of jazz improvisation with the intended
subobjective of providing increased insight into an improviser’s style and creativity through
the postulation of quantitative measures of style and creativity based on the constructed
Markovian analysis techniques.

Using Visual Basic programming language, Markov chains of orders one to three are
created using transcriptions of improvised solos by John Coltrane in hiSgoridSteps

Still considered as statistical data, the Markov chains are examined and information is
extracted from them through the development of several statistical tools for musical
analysis. Two general categories of tools for analysis are developed: Subtraction matrices
and graphical comparisons of distributions. Using these tools and the raw Markov chain
data for musical analysis, quantitative measures for creativity and style are postulated.
These measures are based on previously developed models and definitions of creativity and
style taken from the literature. The information acquired from the implementation of the
analysis tools is applied to the models in order to provide a theoretical basis for the
development of the quantitative measures and a framework for the interpretation of the
information. Guilford's Structure of Intellect model is used for developing creativity
measures and Heen's model of the constructs of style analysis is used for determining
measures of style.

Overall, this research found that Markov chains provide distinct and useful information for
musical analysis in the domain of jazz improvisation. Many examples of Markov chains
are enumerated and tools for analysis are developed that implement the Markov chains. It
is then explained how Markov chains and the tools for their analysis can be interpreted to
determine quantitative measures of creativity and style. Finally, this thesis presents
conclusions on Markov chain portrayals, new analysis tools and procedures, quantitative
measures of creativity and style, and, in sum, that Markovian modeling is in fact a
reasonable and useful modeling approach for this application.
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Chapter 1 : Introduction and Problem Description

1.1 Introduction

To the average listener, jazz improvisation may often appear to consist of random note
selection over a given chordal structure. When analyzed relative to a deeper understanding
of music, this apparently random note selection begins to take shape into definable, and at
times even predictable, note choices. In fact, jazz improvisers implement rules, patterns,
and other structures that govern their note selection which are all demonstrations of the
style and creativity of the artist.

Since the beginning of jazz as an art form, extensive qualitative musical analysis of jazz
improvisation has been performed. However, mathematical investigations of a statistical
nature regarding the analysis of improvisation are rare. The objective of this thesis is to
explore an application of a statistical analysis and modeling technique (Markov chains) for
the modeling of jazz improvisation with the intended subobjective of postulating
guantitative measures of style and creativity based on the constructed Markovian analysis
techniques that can provide increased insight into an improviser’s style and creativity.

1.2 Problem Description

The main purpose of this research is to determine if Markov chains can be used as tools for
the analysis of jazz improvisation. It is hypothesized that Markov chains are useful tools
for modeling improvisation and that a statistical analysis of constructed Markov chains can
reveal underlying probabilities and patterns within a jazz improviser's style that may not be
apparent through other forms of analysis. The legitimacy of using Markov chains to
indicate improvisational movement (that is, note choice) is examMacdkov chains are

created from data files coded from data sets of jazz improvisation. The data sets consist of
pitches and rests and are aggregated to form the transition matrices of the Markov chains
(section 1.4 Data Sets provides further explanation of this). Data sets consisting of John
Coltrane solos in his sor@giant Stepsre examined as an example of this methodology.
Analysis of the constructed Markov chains may provide new insight into John Coltrane's
improvisation duringsiant Steps. In addition, the Markov chains may provide possible
determinants of his style and creativity and allow for the postulation of potential
guantitative measures of style and creativity.



1.3 Markov Chains

Jazz solos can be viewed as a stream of notes, or using mathematical terminology, as a
sequence of events. A Markov chain is a mathematical model used to represent the
tendency of one event to follow another event, or even to follow an entire sequence of
events. Markov chains are comprised of probabilities that reflect the dependence of one or
more events on previous events. Each note in a jazz solo may be considered to be
dependent on the previous note or notes and the complete improvised melody can be
regarded as a chained series of intervallic transitions (i.e., transitions from one scale
degree, or pitch within a scale, to another) which take place unidirectionally in time (Tirro,
1988). Hence, a jazz solo can be examined as a stochastic process and Markov chains can
be formed to analyze the probabilities of particular note selections for any improvised
melody.

Due to the fact thabiant Stepss played at an extremely fast tempo with many quick chord
changes, Markov chains with orders of one through three are used. This is because
Markov chains of order three can model all possible 4-note phrases and patterns that John
Coltrane tended to play in one scale over one chord in the song that provides the data.

It is understood that using orders of one to three is not applicable to all songs. Some songs
may require the use of higher order Markov chains to ensure the development of a more
accurate model for analysis. However, a truncation point of three is best used for this
research due to the chordal structure and tem@aoit Steps Also, this truncation point

should provide sufficient generalizability for future applications of this methodology. In
addition, orders larger than three are not considered because they are quite large, rather
cumbersome to work with, and, although possibly useful for music composition purposes,
they are not deemed necessary for this new approach to musical analysis.

1.4 Data Sets

To develop the ideas and propositions for this thesis, the selection of a musician and a piece
of music to provide the data is necessary. The data chosen for this analysis are in the form
of transcribed tenor saxophone solos performed by John Coltrane on hiSiaoh§teps

(White, 1997). Here, a transcription refers to every note played in an improvised solo
written out in musical notation. There are nine released takes (and transcriptions) of this
song - this includes the originally released versiorGiant StepandGiant Steps



(Alternate Version)as well as seven other alternate takes and incomplete takes (Atlantic R2
71984). This equates to ninety-six runs through the sixteen-bar chord structure which
formsGiant StepgThe Real Book). Each note from each solo is coded 1) by actual note
name and 2) by intervallic relationship (e.g., minor second, major seventh, etc.) to the
appropriate scale played over each chord and by rhythmic value. That is, each note name
and each note (coded as an interval of its parent scale) is entered as a data point to develop
the Markov chain probability matrices.

There are several reasons for using only one song by one artist as data for this research.
1) As Graham Collier has stated, “Recordings of jazz performances give the illusion of
permanence but, in almost all cases, recordings are simply one performance, a frozen
moment in time, and care should be taken that they are not unthinkingly regarded as the
definitive performance of a particular piece orleeplus ultraof the player’s style” (1975,

p. X.). In this particular case, there is an unusually large amount of data for this song; there
are two versions of the song and nine total recorded tak&amf Steps An analysis of

most other songs would be limited to only one take of one version (i.e., one data set) of the
song. 2) As the first implementation of Markov chain modeling in this captm#ty

research is limited to the study of note (or pitch) selection as the primary variable being
investigated. Thus, other variables such as rhythm, timbre, and other sound quality
variables are not studied. Due to its fast tempo and unique chordal strGcamteStepss

an especially useful song for only analyzing pitch because John Coltrane plays strings of
eighth notes almost the entire way through his solos. This results in the other variables
(such as rhythm and sound quality) being fairly constant throughout the solos and thus
allows the research to focus on one variable (note selection) without largely compromising
John Coltrane's true improvisational style on this song. 3) John Coltrane’s style
transformed from his earlier years to his later years as witnessed in his many recordings.
The data for this song is taken from two recording sessions (the first was on March 26,
1959 and the second was on May 5, 1959). This modeling technique can be used to
capture and model John Coltrane’s style at a brief period of time during his musical career.
4) Other artists are not considered in this research because a comparison of individual
improvisational style and level of creativity is not within the scope of this thesis.



1.5

Research Questions

The followingresearch questionsare answered regarding the methodologies developed
in this thesis.

1)
2)

3)

4)

To what extent can Markovian modeling be applied to jazz improvisation?

What is the best method to model improvisation and portray the statistical data using
Markov chains (regarding order, state definitions, etc.)

How should the Markov chains be manipulated so that the most information can be
gleaned from them?

How can Markov chains be used to develop quantitative measures of style and
creativity in the domain of jazz improvisation?

The Markovian modeling and analysis of the data sets is used to develop pitch statistics
comparing four and eight-note patterns, scale intervals used in particular chord types, and
different notes played over similar chord types. Statistics are generated based on these
guestions:

1)
2)
3)

4)
5)

How often is a particular pattern of notes used?
How many different patterns, formulas, etc. are used over a chord in the song?

How much and how often is the pitch varied in a solo (a vertical analysis of the
solo)?

How much and how often are the rhythmic phrases varied (a horizontal analysis)?
Are different patterns, scales, etc. used in similar types of chords?

The results found from these statistical questions are used to provide support in the
answering of the aforementioned research questions.



Chapter 2 : Literature Review

2.1 Markov Chains

Markov chains have been used for many applications, and have been previously
implemented in the realm of music. However, Markov chains have not been used for
musical analysis.

2.1.1 Markov Chains

Andrei Andreevich Markov first introduced his mathematical model of dependence, now
known as Markov chains, in 1907 (Howard, 1971). A Markov chain is a mathematical
model used to represent the tendency of one event to follow another event, or even to
follow an entire sequence of events. Markov chains are matrices comprised of probabilities
that reflect the dependence of one or more events on previous events. Markov first applied
his modeling technique to determine tendencies found in Russian spelling. Since then,
Markov chains have been used as a modeling technique for a wide variety of applications
ranging from weather systems (Ross, 1972) to baseball games (Bukiet, Harold, and
Palacios, 1997).

2.1.2 Markov Chains Applied to Music

Hiller and Isaacson (1957) were the first to implement Markov chains in a musical
application. They developed a computer program that used Markov chains to compose a
string quartet comprised of four movements entitledlliae Suite Hiller then

collaborated with Baker in 1963 to create a second computer music composition entitled
Computer Cantatawhich was developed using Baker’s pioneering computer program
MUSICOMP (Music Simulator Interpreter for COMpositional Procedures).

Around the same time period, Meyer and Xenakis (1971) realized that Markov chains could
reasonably represent musical events. In his Bookalized MusicXenakis described

musical events in terms of three components: frequency, duration, and intensity. These
three components were combined in the form of a vector and then were used as the states in
Markov chains. In congruence with Xenakis, Jones (1981) suggested the use of vectors to



describe notes (e.g., note = {pitch, duration, amplitude, instrument}) for the purposes of
eliciting more complex musical behavior from a Markov chain. In addition, Polansky,
Rosenboom, and Burk (1987) proposed the use of hierarchical Markov chains to generate
different levels of musical organization (e.g., a high level chain to define the key or tempo,
an intermediate level chain to select a phrase of notes, and a low level chain to determine the
specific pitches) (Roads, 1996).

Since this initial work using Markov chains for compositional purposes, many others have
contributed to this line of research including Ames & Domino (1992), North (1989), Tirro
(1988), and Dodge & Jerse (1985) and Koenig (1970). A commercial computer program
(namely, "M and Jam Factory") is even available that implements Markov chains for music
composition and allows for real-time interactive control of the Markov chains themselves
(Zicarelli, 1987). More recent research connecting music and Markov chains involves the
implementation of improved computing techniques in order to enable real-time Markov
chain computation, thus allowing accurate real-time playback of Markovian music. Lyon
(1995) has suggested using stochastic Petri nets to achieve this because the Petri net
approach removes all zero elements from a Markov chain. Essentially, Petri nets improve
the efficiency of the computing algorithms when simultaneously composing and playing
back Markovian-generated music.

All of the aforementioned research deals withabeapositionalaspects and uses of

Markov chains. That is, all of this research was focused on creating nougpat using
Markov chains. Howeverghalysisis a neglected issue in algorithmic composition,”

(Roads, 1996, p. 906). As opposed to composition, analysis is concerned with music that
has already been made. For Markovian analyses, this previously made musitpstthe

for the Markov chains. There is no existing literature on the specific uses of Markov chains
as tools for musical analysis.

2.1.3Criticism of the Use of Markov Chains Applied to Music

There has been some criticism of using Markov chains in a musical setting. The use of
Markov chains (or any stochastic method) for composition inherently implies the reliance

on essentially random note selection in many instances. When this occurs, the output may
or may not be favorable to the human ear. Levitt (1993) claimed that this reliance on
randomness tends to obscure rather than disclose the underlying foundations and practices
of music generation. To this, Moorer (1993) stated that the Markov methods used today
are not complete enough by themselves to compose high quality music consistently.



Essentially, this criticism is directed at using Markov chains to create music—that is, to use
Markov chains as the input for music composition. The criticism is not pointed at the usage
of Markov chains when modeling music that has already been created -- that is, to use
Markov chains as a tool for the analysis of an output that has been previously composed.
In other words, this criticism does not apply to the usage of Markov chains for musical
analysis.

2.2 Jazz Improvisation Analysis

The general analysis of jazz improvisation is mainly qualitative in nature. Several
guantitative analysis techniques are cited, yet none are similar to the proposed methodology
of this thesis. Following that, specific literature on John Coltrane the artist and his song
Giant Steps illustrates the present knowledge on the particular data used in this thesis.

2.2.1General Jazz Improvisation Analysis

Improvisation in music has been defined as the “simultaneous conception and production of
sound in performance” (Dean, 1989, p. ix). For the purposes of this research regarding
the analysis of improvisation, qualitative analysis refers to the assessment of the perceived
sound that an improviser achieves and quantitative analysis refers to the assessment of the
particular notes that the improviser plays.

Jazz improvisation can be generally analyzed in several different ways. Much of jazz
analysis consists of qualitative assessments of an improviser’s style (which may include
such individual variables as: phrasing, tone, general feeling, experience, speed, emotion,
and influences). Other qualitative assessments can be made of the particular musical style
(with a similar list of variables) in which an improviser composes and performs. These
two types of analysis can be found in many publications (books, biographies, interviews,
magazines and journal articles) (Gridley, 1997; Cole, 1976; Kofsky, 1970; Simpkins,
1989; Nisenson, 1993; Carno, 1959, etc.).

Jazz improvisation analysis can take the form of quantitative assessments as well. As a
beginning point for quantitative analysis, many authors have identified specific patterns,
formulae, and motives that certain improvisers use during the course of a solo (Coker,
1970; Reeves, 1995; Baker, 1980). A pattern consists of multiple notes played together
that may be transposed into any scale and used in many musical situations. A formula



refers to a short group of notes that are periodically played at certain points of an
improvised phrase. Essentially, formulas are a means of negotiating particular chords,
chord progressions, or cadences, regardless of the situation. A motive refers to a varied
group of notes that is utilized as a compositional development. Motives differ from
formulae in that they are not usually associated with any particular chord, chord
progression, or cadence (Porter, 1983).

Transcriptions of improvised solos provide the visual outlay of the actual notes played by
the improviser and supply the data for the quantitative analyses of patterns, formulae and
motives. Transcriptions of many songs are available commercially and are usually the
source data for extended explorations involving statistical and mathematical analysis of
music.

Musical analysis has been performed using statistical software on a computer. An example
of this is the research accomplished by Williams (1982) regarding themes and motives
found in Bebop music. Williams developed a computer-aided analytical procedure that
involves pattern matching (of specific characteristics), sorting (according to a predefined
scale), and calculating (various statistical performance measures). This procedure is used
to analyze the melodic style of musical themes found within and between a number of
Bebop tunes.

Jazz analysis has also been studied from a mathematical viewpoint. For example, Cohen
(1991) has developed a method of expressing jazz harmony in an algebraic context.
Through a series of mathematical proofs, Cohen has delineated specific algebraic sets to
represent scales, chords, intervals, etc. These isomorphisms are then shown to be useful
for analysis purposes in a number of musical examples, primarily regarding the
organization of chords in a song.

2.2.2 Analysis of John Coltrane and Giant Steps

Many of the qualitative variables (e.g., phrasing, tone, etc.) and quantitative variables
(patterns, etc.) mentioned above can be directly or indirectly attributed to an improvisers
influences. John Coltrane had a deep, dark, full-bodied tone that may be linked to the
influences of Coleman Hawkins, Hershel Evans, and Chu Berry. He had an extremely
large range - three whole octaves above the lowest note obtainable on a tenor sax (concert
A-flat). His sound was just as clear, full, and unforced at the topmost notes as it was



down at the bottom (Carno, 1959). The intricate phrasing that Coltrane used in his solos
may be attributed to influences from Charlie Parker, Johnny Hodges, and Lester Young, as
well as Coleman Hawkins and others. The general feeling that Coltrane portrays in his
soloing style has been likened most to that of Lester Young and Dexter Gordon. Coltrane
himself has also cited Sonny Stitt, Sonny Rollins and Stan Getz as personal favorites.
However, Gridley (1997) states that a frequent problem in determining the origin of a
player's style is that, when a player names a particular favorite, it is not necessarily the
same style that the player copies or even absorbs. "So even if we know a player's likes,
we never know for sure whether a player sounds like another player because he copied the
other, he has absorbed the same influences used by the other, or he has coincidentally
arrived at a similar approach” (Gridley, 1997, p. 227). Thus, analysis of improvisational
style with respect to a player's influences leaves much to be desired.

Coltrane's pre-1960's soloing style displayed an infatuation with chord changes and
harmonic complexity. Often in his solos, Coltrane would attempt to acknowledge every
note in every chord and every scale which might be compatible with a song. He played so
fast that notes seemed to cascade from his horn in an unending stream, spawning the term
"sheets of sound.” Playing with great emotion, Coltrane chose each note he played
carefully to fit a melodic idea or to become a critical component of a sweeping run.

Because of the technical nature inherent in his soloing style, some listeners likened his style
to hearing practice exercises or even just scales. However, transcriptions of Coltrane's
improvisation reveal that his "fast runs deviate significantly from the sequence of notes that
constitute most scales. And when you listen carefully, you discover that even Coltrane's
most scale-like and exercise-like moments have an elusive construction that distinguishes
them from practice room routines” (Gridley, 1997, p. 229-230). Hence, an in-depth
analysis may find quantitative support for this observation.

John Coltrane's infatuation with chord progressions culminated with hisSBangSteps

In this song, the chords move quite frequently and few notes are held in common from one
chord to the next. Because of this, there is little time for improvisers to develop melodic
ideas on a single chord. To this day, this song is considered a test piece for improvisers
(Gridley, 1997; Porter, 1983).

The chart foiGiant Stepgonsists of a sixteen-measure chord progression that alternates
root movement in thirds with ii-V-I progressions (see figure below). All ii-V motions lead

to B, G, or Ewhich articulates the augmented chord B-G-Because the key changes

every other measure, Coltrane implemented patterns and formulas that could be transposed
to fit each chord. One basic pattern that Coltrane used of@iaim Stepsnvolves the



first, second, third, and fifth degree of each key. He played this ascending pattern or the
reverse of it while descending from fifth to first scale degree. This particular pattern is
labeled "pentatonic” even though there are normally four notes used in each pattern (Porter,
1983). Some other downward (descending) patterns that Coltrane implements (listed as
scale degrees) are 5-3-1, 8-5-3, 5-%18-5-3-1, 97-6-5, and 7-5-3-1. Other upward
patterns that he uses include 1-3-5-7, 3-5-8-10, 3-5-7-9, and 5-8-10. Some patterns that
move in both directions are 8-1-3-5, 10-5-8-10, 5-6-7-5 and 3-1-2-3. There are numerous
other patterns, variations, inversions and arpeggios as well. In addition, there are instances
in which Coltrane uses the bebdpstale or even plays scales during his sol@iant

Steps He also uses several chord alterations includintptheand the augmented &ver

the dominant chord in bar 5 of the chart (Reeves, 1995; Coker, 1970; Cohen 1991).

The chord chart foGiant Stepgollows. (The Real Book)

Bmaj7 D7 Gmaj7 Bb7 Ebmaj7 A-7 D7
Il /1 I /1 1111 /1l /1
Gmaj7 Bb7 Ebmaj7  Gb7 Bmaj7 F-7 Bb7
/1l /1 /1 /1 1111 /1 /1
Ebmaj7 A-7 D7 Gmaj7 Db-7 Gb7
1111 /1l /1 1111 /1 /1
Bmaj7 F-7 Bb7 Ebmaj7 Db-7  Gb7
1111 I /1 1111 I /1
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Regarding rhythm on his solos@iant StepsJohn Coltrane primarily played "swung"

eighth notes (i.e., notated eighth notes, or duplets, played in a triplet feel with the second
note in the duplet accented). There are many phrases composed entirely of continuous
eighth notes with an occasional eighth note triplet used for variety. Coltrane also created
rhythmic variety by beginning phrases on off-beats, such as after an eighth rest on the first
beat of a measure (Porter, 1983).

2.3 Style and Creativity in Improvisation

From the literature review, there are neither adequate definitions, models nor measures of
style and creativity in the jazz domain. The Markovian modeling approach may be an initial
procedure in developing operational and quantitative measures of these facets of jazz
improvisation.

2.3.1Determination and Assessment of Style and Creativity

Musicologist Leonard Meyer (1989) has defined style as the "replication or patterning,
whether in human behavior or in the artifacts of human behavior, that results from a series
of choices made within some set of constraints” (p. 3). Unfortunately, this definition, as
well as most other definitions of style, are so vague that they are essentially useless. In
concordance, Cope (1991) has stated that "empirical definitions of style seem not to exist"
(p- 27). In fact, the concept of style may be too broad to classify because of the large
diversity of style and definitions of style that exist and have existed throughout the history
of music.

Yet, it is possible to describe musical style in terms of a model. In much of the literature
regarding the cognitive psychology of music, style is considered to be function of a
person’s own mental representation of music. Models of this type of theoretical
representation have been made, the most well-known and widely-accepted being Lerdahl
and Jackendoff's (1983) generative theory of tonal music (hereafter, GTTM). Essentially,
the GTTM describes the hierarchical patterns, relationships, and dependencies implicit in
the perception and mental representation of music. However, there is a large body of
research that supports the proposition that people trained in music construct different
cognitive representations of music than those not trained in music (Bamberger and
Brofsky, 1988; Handel, 1989; Duke, 1994; Debellis, 1995; and many others) [There are
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many theories, models and discussions in the literature on music and cognition that,
unfortunately, cannot be covered here because they are beyond the scope of this thesis.]

Connected to the theories of music cognition, there has been a plethora of approaches to
musical style analysis applied to the classical (traditional) music genre. Besides numerous
ad hoc approaches, some examples of this include: Schenkerian Analysis, Forte's set
theory, the semiotic approaches of Ruwet and Nattiez, and the systems of such theorists as
Riemann, Reti, Keller and LaRue. (Debellis, 1995) [Surveys of these analytical systems
can be found in Bent (1987) and Cook (1987).] However, like the theories and models of
music cognition, "classical music analysis provides a static model of structure, but...

[gives] little insight into musicadtyle' (Cope, 1989, p. 28).

Thus, the utilization of a more explicit description of musical style is useful in most cases to
simplify the procedures involved in the analysis of style. A more functional description
characterizes musical style as a list of elements or attributes (e.g., rhythm, feel, sound,
etc.) that are combined in some unique fashion (Winter, 1992). Following that description,
the term 'style analysis' can be defined as the "identifications and investigation of all
dimensions and features of musical selections, including harmony, rhythm, melody,
timbre, and form and their combined affects” (Heen, 1981, p. 1). Heen presents a
framework of style constructs (or dimensions and features) that may be a good starting
point for style analysis (see Appendix C for Heen's model).

The definition and analysis of creativity face similar dilemmas to that of defining and
analyzing style. General definitions of creativity provide no useful information. In
addition, there are many models of creativity that, for the most part, consist of simply a list
of components, factors, properties, or variables used to describe the phenomenon of
creativity. Some examples of these are listed in the two paragraphs below.

Jackson and Messick (1965) have proposed four properties of creative products:
unusualness (novelty), appropriateness, transformation, and condensation (Jackson and
Messick, 1965; Dacey, 1989; Brown, 1989; Glover, Ronning, and Reynolds, 1989).
Eysenck (1994) has suggested a possible set of cognitive variables (including intelligence,
knowledge, technical skills, and special talents), personality variables (including politico-
religious factors, cultural factors, socioeconomic factors, and educational factors), and
environmental variables (including internal motivation, confidence, non-conformity, and an
inherent creativity trait) that are likely to interact in a multiplicative fashion to produce
creative products and achievements. The properties and variables mentioned in the lists
above appear to be beneficial for evaluating creativity in a general sense but they do not
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seem to be specific enough to be applicable to jazz improvisation. However, the following
model appears to be better suited for the analysis of creativity in jazz improvisation.

Based on Guilford’s (1967) structure-of-intellect (SOI) model, Glover (1980) delineated
four components of creative behavior: "fluency (the number of ideas a person produces),
flexibility (the number of different kinds of ideas a person develops), elaboration (the
extent to which a person fills out his or her ideas), and originality (the uncommonness or
statistical infrequency of a person's ideas)" (p. 11). Yet, Glover believes that the extent to
which, for example, a piece of music possesses these characteristics cannot be determined
directly, nor can it be compared directly to another creative work of art or science. "In
other words, although the factors necessary for creativity can be specified, the exact
creativity of any particular work can not be measured" (p.Glyver argues that only

relative assessments of creativity can be made mainly because the judgment of creativity is
based on subjective individual and societal opinions.

A number of tests for general creativity exist including the Unusual Uses, Consequences
B, Thematic Apperception, and Word Rearrangement test to name a few (Eysenck, 1994).
These general creativity tests have yet to demonstrate their predictive value (Hopkins,
Stanley, and Hopkins, 1990). In fact, their predictive validity tends to be low and many
creativity tests do not correlate highly with each other (Hoepfner, 1967; Anastasi, 1988;
Thorndike, 1963b). According to Barron and Harrington (1981), it is evident that
creativity isdomain specific

As one defining aspect of creativity, divergent thinking - the ability to produce multiple
solutions to a given problem - is assumed to result from expert skill, thereby suggesting
that it may function as a domain-specific skill (e.g., skill in jazz improvisation) (Guilford,
1967; Gustafson and Mumford, 1997). Building on this idea, Jay and Perkins (1997) have
suggested that expertise "is not merely an extensive bank of content knowledge but also a
more highly organized set of...schemata that allow for rapid, recognition-like orientation to
the 'deep structure' of a problem™ (p. 10). An example of this could be the expertise with
which John Coltrane navigates through the difficult chord changes develdprohin

Steps In contrast to Glover's beliefs mentioned above, it seems that by delimiting the
analysis of creativity to specific domains, the development of creativity measures might
become easier. However, there are very few domain-specific measures of creativity.
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Thus, there is a void in the literature regarding style and creativity, especially in the area of
jazz improvisation (Sawyer, 1992). Although much has been written on the social factors,
personalities, events and recordings of jazz, little has been written on the style analysis of
jazz. The level of knowledge about jazz does not equal that of other musical genres,
leading to an "absence of problem solving methods for style analysis within the jazz
literature" (Heen, 1981, p.2). Similar conclusions arise concerning creativity. The
variables pertaining to creativity have not been operationally defined for domain-specific
tasks such as jazz improvisation and tests of creativity do not have any specific correlation
with measurements of creativity in jazz improvisation. To make matters more convoluted,
the method by which a person creates something could be considered part of their style.
For example, the way that John Coltrane creates his solo in Giant Steps is a manifestation
of his personal style. Therefore, creativity and style, in some respects, may be quite
interrelated, and thus may represent an all-encompassing cognitive style, or a holistic way
of thinking (Gustafson and Mumford, 1997).

Fortunately, some progress in style analysis has been made using statistics and computers.
Bowles (1970, p. 19) wrote that the use of statistics and computers should result in "a
more systematic and objective approach to the analysis of musical style, or content. The
computer forces more rigor on the workdays of the scholar, at the same time providing the
means for larger and thus more reliable data sampling... computerized content analysis will
lead slowly to a more satisfactory answer as to wtystreally is, at least in its

guantitative sense.” In accord with Bowles, Cope (1991) has stated that, for any musical
work that can be represented as pitches and durations in computer code, the style of that
work can be statistically analyzed and/or replicated. Substantial statistical style analysis has
only been feasible for the past few years due to the increased memory size and
improvements in calculation speed of modern computers.

Gabura (1965), LaRue (1967) and Forte (1967) were some of the first to analyze classical
music styles with computers. For example, LaRue found low pattern redundancy rates in
the music of Joseph Haydn and Gabura discovered that Haydn's harmonies move faster
than those employed by Beethoven and Mozart. More recently, Levitt (1984), Ames
(1992), Cope (1991) and Kirschen (1989) have developed computer programs primarily
used for the composition of music that attempt to imitate particular musical styles. For
example, Kirschen's Music Creator software can develop new songs based on the
combinations of several different styles of music such as that of Bach and a contemporary
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rock-n-roll group. A relevant example to this research is Fry's "Flavors Band" program
(1984), which has been used for creating computer improvisations on John Coltrane's
Giant Steps.The problem with Fry's program is that it implements its own "rules” of
improvisation and does not model John Coltrane's particular soloing style.

In sum, a review of the literature indicates that there are neither models nor analysis
techniques of style and creativity that effectively measure jazz improvisation. Granted,
style and creativity may be judged differently in reference to the level of musical knowledge
or the biases of the listener. However, "without a group of peers to evaluate and confirm
[style and creativity], it is impossible to differentiate what is creative from what is
statistically improbable or bizarre" and what is an element of a person's style from what is
not (Csikszentmihalyi, 1988-a, p.235). Thus, there is a need for research in the area
concerning the qualitative and quantitative assessment of style and creativity in jazz
improvisation.

2.3.2Measures of Style and Creativity

The question remains: Can style and/or creativity be quantified so that measurement of them
is possible? Musical analysis has yielded some qualitative assessments of style including
phrasing, tone, general feeling, experience, emotion, and the improviser’s influences.
Quantitative measures, especially in the domain of jazz music, are lacking though. By
defining particular patterns that improvisers use, researchers have begun the work towards
developing quantitative measures of style in jazz.

A similar discovery was made regarding creativity. Qualitative measures prevail, and
guantitative measures are scarce. Almost all of the measurement systems for creativity
found in the literature attempt to define general measures of creativity that can be applied
across multiple disciplines. For instance, the measurement systems try to encompass
innovations in art and music together with innovations in science and mathematics to
produce all-inclusive measures of creativity. This leads to abstract measures that rarely
provide any solid quantitative data within one domain of creative contribution.
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In general, the literature has revealed many questions regarding the statistical analysis of
style and creativity in jazz improvisation, yet no answers or proposed methodologies for
answering the questions have been provided. In addition, domain specific measures
concerning jazz improvisation have not been developed nor have methods for quantitative
comparison of style and creativity. Thus, there is a need for research in the development of
a measurement system for creativity and style in jazz improvisation. Domain specific
guantitative measurement systems for style and creativity may benefit other fields where
these attributes are studied. Used not only for the arts, these measurement systems may be
applied to business, engineering and other fields as a new assessment tools for use by the
management systems engineer or business consultant.
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Chapter 3 : Methodology

Before developing and analyzing any Markov chains, several assumptions are necessary to
facilitate the modeling approach. These assumptions delimit the scope of this thesis and
simplify the modeling techniques used in the subsequent chapter. Following the
assumptions, the selection of musggnt Stepkis discussed regarding the reasons it was
chosen as the data for this application. The software developed for the creation of the
Markov chains is then discussed. Finally, an explanation of the procedure for the specific
modeling and analysis approach used is given.

3.1 Assumptions

Assumption 1 It is assumed in this research that only monophonic musical instruments
(e.g., saxophone, trumpet, etc.) are to be modeled using Markov chains. This means that,
at any point in time, the system modeled by Markov chains can only occupy one state (i.e.,
have only one pitch value). This model is not intended to be generalized to include analysis
of improvisation from polyphonic instruments (e.g., piano, guitar, etc.).

Assumption 2 In the analysis, pitch is the only variable modeled with the Markov chains.
Thus, other variables of sound quality (including timbre, dynamics, etc.) are not analyzed.
Regarding rhythmic values, only eighth notes are used. All phrases that do not consist
entirely of eighth notes in the data sets are transformed into all eighth note phrases retaining
as many of the pitch values as possible. For example, an eighth note triplet of three
different pitches is transformed into two eighth notes retaining the pitches used in the first
and third notes found in the triplet. When sixteenth notes appear in the solos, a singular
eighth note replaces a pair of sixteenth notes with the eighth note taking on the pitch of the
first note of the sixteenth note pair. The same logic is applied to thirty-second notes for
which an eighth note replaces four notes and takes on the pitch of the first note. In
addition, grace notes are not represented in this analysis. Rests that are valued at eighth
note length or longer are transformed into all eighth note rests. For example, a half note
rest is equal to four eighth note rests. Similar logic is applied to notes held longer than an
eighth note. For example, a quarter note is modeled as an eighth note followed by a eighth
rest.
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This assumption is used because it simplifies the modeling process and is argued to be
valid because the majority of phrases found in the solos of John Coltr&@ianisteps
consist of eighth notes. Table 3.1 below displays this observation.

Methodology for creating Table 3.XGiant Steps is in common time (4 / 4), consists of 16
measures, and thus has 128 distinct eighth note beats (16 measures * 4 quarter notes per
measure * 2 eighth notes per quarter note). Each 16 measure solo is broken down into 32
half-measures and each half-measure consists of a 4-note phrase. Only 4-note phrases with
all eighth notes are counted in the "All 8th notes played". If even one grace note, triplet, or
note of greater or lesser value (in terms of time) is in a 4-note phrase, those phrases are not
considered in the "All 8th notes played" term. The "Total possible" term is simply the "# of
times thru changes" multiplied by 32. This represents the total number of all 8th note 4-

note phrases possible in each take of the song.

Table 3.1 Calculations for the Percentage of 4-note Phrases with All
Eighth Notes

Solo # # times thru changesAll 8th notes played Total possile Percentage
1 13 364 416 87.5%
2 10 272 320 85.0%
3 12 329 384 85.7%
4 8 230 252 91.3%
5 2 57 64 89.1%
6 9 247 288 85.8%
7 13 358 416 86.1%
8 13 368 416 88.5%
9 16 467 512 91.2%
GS 42 1199 1344 89.2%
GSAV 54 1493 1724 86.6%
Total 96 2692 3068 87.7%

The chart above shows that 4-note phrases of exclusively eighth notes m8Ke&tipf
the data analyzed. Because this percentage is so high, it is argued that the "all eighth notes"
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assumption involved in this modeling technique is reasonable for this particular data set. It
should be noted that other data sets may not have this high of a percentage. Thus, this
assumption of using all eighth notes may not be generalizable to all data sets of improvised
jazz solos.

Assumption 3 There is also an assumption related to the transcriptions used as the data
sets for this research. "It is inevitable that the prejudices of the transcriber and the kinds of
analysis being attempted will to some degree be reflected in the transcriptions, and so in
turn bias the interpretation.” (Dean, 1992, p. 198) While acknowledging the possible
prejudices of the transcriber and the biases inherent in his interpretation, the assumption is
maintained that Andrew White's transcriptions are accurate.

Assumption 4 Another assumption that is made concerns the different versi@ianbf

Steps John Coltrane played the two versioB&nt StepandGiant Steps (Alternate

Version) at different temposGiant Stepsvas recorded at a tempo of 276 beats per

minute, wherea&iant Steps (Alternate Versiowps recorded at a tempo of 253 beats per
minute. Despite this difference in tempo, the solos from both of these versiBrabf

Stepsare assumed to be part of the same data set and are used together in the development
of the Markov chains.

3.2 Music Selection (Data)

To develop the ideas and propositions for this thesis, the selection of a musician and a piece
of music to provide the data is necessary. As stated in Section 1.4 entitled "Data Sets",
transcriptions of improvised solos from John Coltrane on his Goengf Stepsire the

basic data used to develop the Markov chains in the subsequent chapter. These data sets
are chosen primarily because of their highly homogeneous rhythmic nature (See
Assumption 2 above) as well as the additional reasons stated in Section 1.4.

A listing of the data sets is shown below in Table 3.2. There are nine studio takes of the
songGiant Stepsecorded by John Coltrane. Transcriptions of the solos Coltrane played
were purchased from Andrew's Musical Enterprises, Inc.
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Table 3.2.Data Sets Used for Analysis

Solo # Transcription # Description Disc / Track #
1 86 Giant Steps - Original Version 217
2 278 Giant Steps (Alternate Version) 1/9
3 545 GSAV Take #1 - incomplete 7/1
4 546 GSAV Take #3 - incomplete 713
5 547 GSAV Take #4 - incomplete 7/4
6 548 GSAV Take #5 - alternate 715
7 549 GSAV Take #7 - incomplete 717
8 556 GS Take #3 - incomplete 7/21
9 557 GS Take #6 - alternate 7122
Notes:

1) The Transcription # refers to Andrew White's transcription numbering system
2) GSAV = Giant Steps (Alternate Version)
3) The Disc and Track Numbers refer to those fourichim Heavyweight Champion : The

Complete Atlantic Recording@Atlantic R2 71984)

The chord structure @iant Stepgbased on the song chart displayed in Section 2.2.2) is
shown in Table 3.4 below. A count and examination of the chords used in the song is used
to identify similarities and to enable comparisons to be made later in the Markovian

analysis.
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Table 3.3. Chord Delineation {Biant Steps

Chord Name Chord Type Beats where chord occurs in song
A-7 minor 7 25 - 28
A-7 minor 7 73-76
Bb7 Dominant 13-16
Bb7 Dominant 37 - 40
Bb7 Dominant 61 - 64
Bb7 Dominant 109 -112
Bmaj7 Major 7 1-4
Bmaj7 Major 7 49 - 52
Bmaj7 Major 7 53 - 56
Bmaj7 Major 7 97 - 100
Bmaj7 Major 7 101 - 104
Db-7 minor 7 89 -92
Db-7 minor 7 121 - 124
D7 Dominant 5-8

D7 Dominant 29 - 32
D7 Dominant 77 -80
Ebmaj7 Major 7 17 -20
Ebmaj7 Major 7 21 - 24
Ebmaj7 Major 7 41 - 44
Ebmaj7 Major 7 65 - 68
Ebmaj7 Major 7 69 - 72
Ebmaj7 Major 7 113-116
Ebmaj7 Major 7 117 - 120
F-7 minor 7 57 - 60
F-7 minor 7 105 -108
Gb7 Dominant 45 - 48
Gb7 Dominant 93 - 96
Gb7 Dominant 125-128
Gmaj7 Major 7 9-12
Gmaj7 Major 7 33-36
Gmaj7 Major 7 81-84
Gmaj7 Major 7 85 - 88
Notes:

1) The 16 measure form of Giant Steps is broken down into 128 eighth-note beats. The
"Beats where chord occurs in song" represent the four eighth-note beats corresponding to
each chord in the song. In this song, chords are repeated at different times in the 16
measure form. The above chart simply groups similar chords together to display the
occurrences of each chord type.

2) Sometimes, a chord is played for eight beats (one full measure). In the above chart,
these chords are split into two in order to retain the consistency of the analysis.

This examination of the chords used in the song shows that only three different chord types
are employed: Major 7th, minor 7th and Dominant chords. Knowing this, comparisons
can be made across different chords of the same chord type.
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3.3 Software

Transcriptions of the solos Biant Stepgthe data sets) are entered as data into a
spreadsheet in Microsoft Excel. A portion of the spreadsheet of this data is shown below.
The balance of the data is contained in AppendixMote: In Table 3.4GS1*is solo #1

in Table 3.2 and D7-5, D7-6, D7-7 and D7-8 in Table 3.4 collectively make up the half-
measure entitled "D7 (5 to 8)".]

Table 3.4. Example Excel Spreadsheet Containing Note Name Data

Bmaj7 D7 Gmaj7
B D7 G
B-1 |B-2 B-3 B-4 D7-5D7-6 D7-7 D7-8G-9 G-10|G-11 [G-12
GS1*Ab2 F2 Db2 Bb1l E2 F#2 |G#2 B2 A2 E2 C#2 |Gl
2 |E3 7 7 7]E3 7 7/D#3 |C#3 E2 A2 C#3
3 |[Db2 Eb2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al
4 7|Abl Db2 F2 E2 F#2 G#2 B2 A2 E2 C#2 Al
5 |ES3 7 7 7]|E3 7 7/D#3 |C#3 E2 A2 C#3
6 |Bb2 Ab2 F2 Db2 E2 F#2 |G#2 B2 A2 E2 C#2 |Al
7 |Db2 Eb2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al
8 |C3 7 7 |Ab2 D#3 |D3 7/B2 7/D3 C#3 E2
9 |Db2 Eb2 F2 Ab2 E2 F#2 G#2 B2 E2 71A2 C#3
10 |Db2 Eb2 F2 Ab2 E2 F#2 G#2 B2 A2 7 7 7
11 7 7 D#3 7|E3 7 7/C#3 7/D3 C#3 A2
12 |Db2 Eb2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al
13 7/E2 Ab2 Db3 E2 F#2 G#2 B2 A2 E2 C#2 Al
G S2*|Ab2 Db3 7 7|E2 G#2 7 7|C#2 E2 7 7
2 7|Db2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al
3 |C3 Eb3 C3 D3 7|B2 G#2 E2 A2 B2 C#3 E3
4 7/Db2 F2 Ab2 E2 F#2 G#2 E2 A2 E2 C#2 Al
5 |F2 Ab2 Db3 7|E2 G#2 C#3 7 |E2 A2 C#3 E3
6 |F2 Ab2 7 7|E2 D2 C#2 B1 Al B1 C#2 E2
7 |Db3 E3 Db3 E3 7|D3 B2 E3 C#3 A2 B2 C#3
8 |C3 7/|C3 7|Ab2 7 7|/E2 G#2 E2 7 |E2
9 |F2 Ab2 Db3 7|E2 G#2 B2 D3 C#3 E2 A2 C#3
10 |E3 7 7 7|D3 7 7/C#3 |C#3E2 E2 A2 C#3
G S3*|Ab2 Db3 Ab2 E2 7E2 C#2 E2 C#2 Al Bl C#2
2 |Db3 D3 E3 C#3 D3 7 7/B2 C#3 A2 C#3 C#3
3 7|Db2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al
4 7/Db2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al
5 7|Ab2 7 |Ab2 Db3 F2 G#2 B2 B2 F#2 |G#2 B2
6 |F2 Ab2 Db3 E2 7 |G#2 B2 D3 C#3 7 7 7
7 |C3 Eb3 C3 Ab2 C#3 |D3 B2 A2 G#2 7 7 7
8 |C3 Eb3 C3 Ab2 C#3 |E3 B2 D2 C#3 E2 A2 C#3
9 |Ab2 F2 Db2 Bbl E2 F#2 G#2 B2 A2 E2 C#2 Al
10 |Db3 Eb3 Db3 D3 7/B2 G#2 E2 A2 B2 C#3 A2
11 |Ab2 F2 Db2 Abl E2 F#2 G#2 B2 A2 E2 C#2 Al
12 71Db2 F2 Ab2 E2 F#2 G#2 B2 A2 E2 C#2 Al

The data in the spreadsheet are then used to create the Markov chains. The flowchart on
page 24 below gives the elementary logic required to create a first order Markov chain
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using the spreadsheet data (like that found in Table 3.4). This logic is the basis for the
code developed in Visual Basic within Microsoft Excel that is used to create Markov chains
from the data in the spreadsheets. Based on the logic of the flowchart for first order
Markov chains, chains of order two and three are constructed as well. [Note: The
"Replace" function is used in Excel to change the note names into numbers (shown in Table
3.5 below), which improves the overall run-time efficiency of the code.]

Table 3.5. Replacement of Note Names with Corresponding Numbers for
Use in the Visual Basic Code

7=Rest=0 C2=12 C3=24
C#l=1 C#2 =13 C#3 =25
Dbl=1 Db2 =13 Db3 =25
D1=2 D2=14 D3 =26
*D#1 =3 D#2 =15 D#3 = 27
Eb1=3 Eb2 =15 Eb3 =27
El=4 E2 =16 E3 =28
F1=5 F2 =17 F3 =29
F#1 =16 F#2 =18 *F#3 =30
Gbl=6 Gb2 =18 *Gb3 =30
Gl=7 G2=19 G3=31
G#1=8 G#2 =20 *G#3 = 32
Abl=8 Ab2 =20 Ab3 =32
Al=9 A2 =21 A3 =33
*A#1 =10 A#2 = 22

Bbl =10 Bb2 = 22

Bl1=11 B2 =23

Notes:

1) *indicates that these note names never occurred in any of the transcriptions. Thus, the
number "30" is not found in any data set. In addition, C#1 and A3 are the lower and upper
extremes (respectively) to John Coltrane's range of improvised notes in all solos examined
here.
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3.4 Procedure

The procedure for this research can be considered a general methodology for analysis
because the logic it follows can be applied to other pieces of music (data sets) that are based
on jazz improvisation. Granted that each piece of music may have a different form, chord
structure, tempo, musician, improvisational style, etc., and thus may require different
preliminary assumptions, a similar procedure to the one described below for developing the
Markov chain models and the tools for analysis can yield analogous results for other data
sets. In addition, this procedure uses unchanging hard data and thus the conclusions made
from the analysis are objective, reliable, and systematic in the fact that the analysis can be
entirely reproduced by another researcher if desired.

Implementing the assumptions stated in Section 3.1, the data sets demonstrated in Section
3.2, and the Microsoft Excel Visual Basic software discussed in Section 3.3, Markov
chains are created with orders of one to three. First order Markov chains represent the
transitions from one note to the next note. Second order Markov chains model the
transitions from a two-note pair to another note. Third order Markov chains represent the
transitions from a three-note phrase to the next note and enable the enumeration of all
possible 4-note patterns.

First, second and third order Markov chains are developed for:

1) all 32 half-measures of the song. Every half-measure has 96 4-note patterns associated
with it (because there are 96 runs through the song).

2) all measures that contain only one chord (e.g., the Ebmaj7 chord in the third measure of
the song). These chains include 96 8-note patterns in their creation.

3) all of the aggregated data for a single chord. For example: The A-7 chord occurs twice
within the song -- at beats 25 to 28 and again at beats 73 to 76. Both sets of 96 4-note
patterns associated with these chord occurrences are aggregated to make Markov chains
that, in this case, include 192 4-note patterns. NOTE: Each of these Markov chains are
explained individually using three different portrayal methods when they are displayed in
Section 4.1 below.

Still considered as statistical data, the Markov chains are examined and information is
extracted from them through the development of several statistical tools for musical
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analysis. There are two general categories of tools for analysis developed here: Subtraction
matrices and graphical comparisons of distributions. Subtraction matrices display the
differences between two different Markov chains. When the Markov chains of two similar
chords are analyzed using this subtraction matrix, the differences between the notes played
over each chord becomes apparent. The second analysis tool implemented is a graphical
comparison of the distribution of notes played (or states occupied) over particular chords.
Many different versions of this tool are explored and explained in detail in Section 4.2
below.

Finally, through the use of these tools for musical analysis and the raw Markov chain data,
guantitative measures for creativity and style are postulated. These measures are based on
previously developed models and definitions of creativity and style taken from the

literature. The information acquired from the implementation of the analysis tools is

applied to the models in order to provide a theoretical basis for the development of the
guantitative measures and a framework for the interpretation of the information. Guilford's
Structure of Intellect model is used for developing creativity measures and Heen's model of
the constructs of style analysis is used for determining measures of style.
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Chapter 4 : Results and Discussion

Overall, this research found that Markov chains provide distinct and useful information for
musical analysis. In the following discussion, many examples of Markov chains are
presented. After enumerating the different examples in section 4.1, tools for analysis are
developed in the following section that implement these Markov chains. The third section
explains how Markov chains and the tools for their analysis can be interpreted to determine
guantitative measures of creativity and style.

To anticipate the actual creation of Markov chains, a preliminary analysis of the data that

can be used to show the applicability of Markovian modeling techniques is the sorting of

the data sets by 4-note patterns. Based on the spreadsheet data set (found in Appendix A),
Table 4.1 below demonstrates sorted pattern data that is an example of how John Coltrane
played the same 4-note pattern at numerous different instances during his improvisation. In
the example below, John Coltrane played the 4-note pattern "Rest - B1 - D2 - A2" fifteen

out of ninety-six times over the chord A-7 occurring at beats 25 to 28. Other patterns like
"A2 - F#2 - D2 - B1" were played less frequently. In the following section, Markov chains
are shown to be useful in that they can model the usage frequencies of these observed
patterns and tendencies found in jazz improvisation.
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Table 4.1. An Example of Sorted 4-note Pattern Data for the A-7 Chord
Occurring at Beats 25 to 28

7 Bl D2 A2
7 Bl D2 A2
7 B1 D2 A2
7 B1 D2 A2
7 Bl D2 A2
7 Bl D2 A2
7 B1 D2 A2
7 B1 D2 A2
7 Bl D2 A2
7 Bl D2 A2
7 B1 D2 A2
7 B1 D2 A2
7 B1 D2 A2
7 B1 D2 A2
7/ B1 D2 A2
7B2 71A2
7| CH2 D2 A2
7|D2 7
71D2 F#2 A2
71E2 7IC#3
A2 7 7 F#2
A2 7 7 |F#2
A2 7 7 F#2
A2 V4 7 |F#2
A2 7 7 |F#2
A2 7 7 F#2
A2 71A2 C#3
A2 F#2 A2 F#2
A2 F#2 A2 F#2
A2 F#2 A2 F#2
A2 F#2 A2 F#2
A2 F#2 A2 F#2
A2 F#2 A2 F#2
A2 F#2 D2 B1
A2 F#2 D2 Bl
A2 F#2 D2 Bl
A2 F#2 D2 B1
A2 F#2 D2 B1l
A2 F#2 E2 D2
Bl D2 F#2 C#3
Bl D2 F#2 A2
Bl D2 F#2 A2
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4.1 Markov Chains

As described in the procedure in Section 3.4 above, first, second and third order Markov
chains are developed for all 32 half-measures. Every half-measure has 96 4-note patterns
associated with it (because there are 96 runs through the song). Examples of these first,
second and third order Markov chains are depicted in Table 4.2, Table 4.3 and Table 4.4
(respectively). These particular chains are portrayed with specific note names (ex. "Ab2")
as the names for the states.

Table 4.2. Example of a First Order Markov Chain for the Chord A-7
Occurring at Beats 25-28 (with Note Names)

Rest| D1 | Abl] A1 | Bl | Db2 D2 | E2| F2| GbR G2/ Ab2 A2 Bh2 B2 C8 Dpb3 D3 Eb3 EJotal
Rest| 0.52 0 D 01 0.01 0.02 0,01 0 0.08 0 0 0.07 0 0.03 |0.02 |0.05| 0.03 0.0 0.0p 87
D1 0 0 a [0 g q D 0 0] 0 1 0 0 0 0 0 0 0 1
Bl 0 0.07 0.07 0.14 0 0.07 0.64 0 0 0 0 0 0 0 0 0 0 0 0 0 |14
Db2 0 0 Q ¢ q 0.5 0 0 05 0 0 0 0 0 0 0 0 0 0 2
D2 ]0.04 0 q 0.2 0 0 0 D 0.36 0 0 0.36 0 0j04 0 0 0 0 0 |25
E2 1 0 q ¢ q D D D 0 0 0 0 0 0 0 0 0 0 0 2
F2 0.5 0] ¢ D 0 0 0 0 05 0 0 0 0 0 0 0 0 0 2
Gb2 | 0.1 q q 0.0p 0 0.34 0 0 0 0 0 0/46 0.05 0 0 0.02 0 0 0| 41
G2 0 0 q ¢ q D D 0.33 0.33 0 0 0.83 0 0 0 0 0 0 0 3
A2 10.26 0 Q q D 0 0.03 0.45 0.03 0,16 0 0 0 Q.03 0.03 0 0 0] 31
Bb2 1 0 Q ¢ q D D D 0 0 0 0 0 0 0 0 0 0 0 3
B2 ]0.05 0 ¢ q D D 0 0 0 0 0 0 09 0 0 0 0 0 0 0J05 |20
C3 0 0 Q 0 q D 0 0 0 0|5 0 0 0 0 0 0 @5 4
Db3 | 0.13 q q D 0 0.03 0 0 0 0 0 0.3 0403 0.17 0 0 0.33 0 p.17] 30
D3 0 0 a q ¢ q D 0 D 0 0.09 0 091 0 0 0 0 0 |11
E3 0.9 0] ¢ D 0 0 0 (0] 0 0 0 0 0 0 0 Q1 0 0 |10
F3 1 0 a 0 [0 D 0 D 0 0 0 0 0 0 0 0 0 0 0 2

The top row represents the next state to be occupied and the left-most column represents the
current state. The right-most column displays the total number of occurrences of the state

in the left-most column (same row). For example, in Table 4.2 above, a "Rest" occurs 87
times as a state that is occupied before moving into another state. The value "0.52" found

in the upper left corner of the matrix means that 52% of the time a "Rest" will follow a

"Rest". In other words, of the 87 times that a "Rest" occurs as one of the first three notes

in a 4-note phrase, 45 out of 87 times (52%) a "Rest" is followed by another "Rest."

[Note: The summation of all probabilities across one row equals "1".]
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In the cases of the second and third order Markov chains, the top row represents the next

note to be played and the left-most columns represent the current state (consisting of

multiple notes).

Table 4.3. Example of a Second Order Markov Chain for the Chord A-7

Occurring at Beats 25-28 (with Note Names)

31

Thtal

0]0.03

.33

Eb3 EB

0

0

0

J

Db3 D
.06 0.03 |0.03

0 011

0 033

0 0.83

0 011 Q.22

C3
0

0

0

0

0

0

0

0

B2

0 0.06

0 0l67

0 0.89

0 0.89

0 0/13

0 067

AbR A2

0

0

0

0

0

0

0

0

G2

Gb2
0 0/16

0

0 0.11

0 0.67

0 0.25

0 0.67

F2

0

0

Db2| D2

0 0.11 0.y8

0

Bl

0

0.42

D

0

0.67

Abl| Al

g 0.3

0

Rest| D1

0.611

Q 0.11

0.%

0.338

1
0

0

0.5

0

1
0
0]

0.33

39

1

0
0.6%

0
0

q
0

0

0

0.%

0

1

0
0.8

0.38

1

D1

Db2
D2

Rest
Bl

Gb2
B2

Rest|
G2

Gbh2
A2

Rest
F2

Gb2
G2

Db3

Rest
A2

E3

A2

E3

B2

Rest|
D3

Rest|

Rest| Res

Rest| Bl

Rest | Db2

Rest| D2

Rest| E2

Rest| B2
B1

Bl

Bl

Db2 | D2
D2

D2

D2

D2

E2

F2

Gb2 | Rest}

Gb2 | B1

Gb2 | D2

Gbh2 | A2

Gb2 | Bb2

G2

G2

A2

A2

A2

A2

A2

Bb2 | Rest

B2

B2

B2

C3

C3

Db3 | Rest|

Db3 | D2

Db3 | A2

Db3 | Bb2

Db3 | B2

Db3 | D3

Db3 |E3

D3

E3

E3

F3
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In the third order Markov chain below (Table 4.4), 4-note patterns are quite visible. For
example, John Coltrane played the three note phrase "Db3 - D3 - B2" 10 times with a
probability of playing an "A2" equal to "1". This means that he played the 4-note pattern
"Db3 - D3 - B2 - A2" 10 out of 96 times (10.4%) over that particular chord.

Table 4.4. Example of a Third Order Markov Chain for the Chord A-7
Occurring at Beats 25-28 (with Note Names)

Rest| Abl) A1 |B1 | D2 | F2 | Gb2 Ab2 A2| C3| Db3 D3 Eb3 EJTotal

Rest| Rest Reqt 0.75 0 0 0 0 0 q ( ) 0.13 0.13 ) 0 D B
Rest| B1 | D1 0 O 0 0 0 0 d ( 1 0 0 0 0 0 1
Rest| B1 | Db2 Qg O 0 0 0 0 1 ( D D 0 0 0 0 1
Rest| B1 | D2 0 O 0 0 0 0 d ( 1 D D 0 0 0 7
Rest| Db2| D2 QO O 0 0 0 0 q ( 1 D 0 0 0 0 1
Rest| D2 | Res 1L O 0 0 0 0 d ( ) 0 0 0 0 0 1
Rest| D2 | Gb2 0 O 0 0 0 0 d ( 1 0 0 0 0 0 1
Rest| B2 | Res 0 0 0 0 0 0 d ( 1 0 0 0 0 D 1
Rest| E2 | Res 0 O 0 0 0 0 d q D D L 0 0 0 1
Bl |D2 |Gb2 Q g q q ) D 0 0 0 0 1 0 0 0 1
Gb2 | Rest Res 1 O 0 0 0 0 q ( ) D 0 0 0 0 3
Gb2 | B1 | D2 Q g q q 0 D 0 0 1 0 0 0 0 0 1
Gb2 | D2 | Bl g 033 06y O 0 0 q g q ( ) 0 0 D ¢
Gb2 | D2 | Gb2 q q 0 0] 0 0 0 0 1 0 0 0 0 0 7
Gb2 | A2 | Rest QO O 0 0 0 0 0.67 g 0.33 D 0 0 0 D 3
Gb2 | A2 | Gb2 g q q ) D D 0 0 1 0 0 0 0 0 2
Gb2 | Bb2 | Rest D O 0 0 0 0 q ( 1 D 0 0 0 0 2
E2 | Rest| Res L 0 0 0 0 0 q ( ) 0 0 0 0 0 1
F2 | G2 | A2 0 Q Q q q 0 0 0 0 1 0 0 0 0 1
G2 | Gb2| Rest 1 O 0 0 0 0 d ( ) 0 0 0 0 0 1
A2 |Rest| Rest D O 0 0 0 0 1 ( ) 0] 0 0 0 0 5
A2 |Gb2| D2 0 Q 0 1 q 0 0 0 0 0 0 0 0 0 2
A2 | Gb2 | A2 0 0 Q 0 q ( L 0 0 0 0 0 0 0 4
B2 |E3 | Rest QO O 0 0 0 0 q ( ) 0 0 0 1 0 1
C3 |A2 |F2 1 (0 g q q 0 0 0 0 0 0 0 0 0 1
C3 |A2 | G2 0 (0 Q q q 1 0 0 0 0 0 0 0 0 1
C3 |E3 | Rest 0 0 0 0 0 d ( ) 0 0.5 0 05 0 2
Db3 | Rest| Res 0O O 0 0 0 0 d ( 1 D 0 0 0 0 2
Db3 | Rest| B2 QO O 0 0 0 0 d ( 1 D 0 0 0 0 2
Db3 |D2 | B2 0 Q g q q 0 0 0 1 0 0 0 0 0 1
Db3 | A2 | Gb2 Q Q q q 1 D 0 0 0 0 0 0 0 0 2
Db3 | A2 | Db3 0 q Qg q q 0 0 0 1 0 0 0 0 0 1
Db3 | Bb2 | Rest ) O 0 0 0 0 @ ( D D L 0 0 0 1
Db3 | B2 | A2 0 0 Q g q ( 0 L 0 0 0 0 0 0 5
Db3 | D3 | B2 0 Q g q q 0 0 0 1 0 0 0 0 0 1o
Db3 |E3 | Rest 0.256 0 0 0 0 0 q ( ) 0 D 0.50.25 0 4
Db3 |E3 | D3 q g q q 0 0] 0 0 1 0 0 0 0 0 1
E3 | Rest Res 0 O 0 0 0 0 d ( ) 0b 0 0.5 0 0 2
F3 | Rest| Res 0.5 0 0 0 0 0 ( ( D D 0 0 0 0p 2
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There are instances in Giant Steps when one chord occupies an entire measure. That is,
one chord lasts for 8 eighth note beats. An example of this is the Ebmaj7 chord that occurs
in the third measure of the song. First, second and third order Markov chains are made for
these 8-note phrases as well. [These are too large to show in the body of this text, so they
are included in Appendix B.]

The next Markov chains are defined using an intervallic relationship naming scheme for the
states instead of using note names. Intervals are named according to assumed scales over
the given chords: Major scales over major7 chords (lonian), Dorian scales over minor7
chords, and Mixolydian scales over dominant chords. Comparing Markov chains that use
note names as the names of the states can be difficult because, if two different chords are
compared, the note names of one chord must be transposed to the other to see the
comparison. By changing the naming scheme to interval names, comparisons between
different chords can be made more easily because no transposition is necessary. The
following table demonstrates how the scale degrees were labeled depending on the type of
chord.

Table 4.5. Scale Degree Names of Major, Minor and Dominant Chords

Chromatic # Major7 Minor7 Dominant
1 1 1 1

2 b9 b9 b9
3 2 2 2

4 #9 3 #9
5 3 b1l 3

6 4 4 4

7 #11 #11 #11
8 5 5 5

9 #5 #5 #5
10 6 6 6

11 b7 7 7

12 7 #7 #Hr

In the first set of three Markov chains below (Tables 4.6 to ©}jveintervals are used
to label the states. That is, states are labeled by integlatise to the octave in which they
appear. For example: A state labeled "2_5" stands for the fifth scale degree in the second



octave. The states in next three Markov chains (Tables 4.9 to 4.11) are |laledbsdlbte
intervallic names. That is, the states do not carry the octave information, only the strict
intervallic relationships. Specifically, all transitions out of 5ths are summed together and
all transitions into 4ths from 5ths are summed, regardless of octave. For instance, John
Coltrane played an "E2" to a "D2" as well as an "E3" to a "D3" over the same A-7 chord.

In theabsoluteinterval Markov chains, these two transitions are considered to be equivalent
transitions and are added together. In all of the following six Markov chains, combined
data from both occurrences of the A-7 chord are used. That is, 192 4-note phrases are
analyzed in building these Markov chains. Differences between the two intervallic naming
schemes are discussed below.

Table 4.6. Example of a First Order Markov Chain for Both A-7 Chords
Combined UsindRelativelntervallic Relationship Names

Rest| 1 4] 16] 147 21 2D 2944 [25]2#526 27 24 311 39 32 33 3304 |3 #13 5 | Tow
Rest| 0.6 b D 0 041 001 002 001 [0 G.05 [ 0 | 0 D.07 | 0 0.03 [0.02]0.03] 0.02 0.04 0.0 151
14 oo d d o0 d b 0 0 D p Jo o 11 o Jo Jo Jo Jo Jo Jo |1
2.1 oo d 1 0 b b 0 D b o o Jo Jo Jo Jo Jo Jo Jo Jo |1
22 0/ 0.02 0.0b 009 026 |0 002051 0[ 0 0o 0o o d 0 & 0 o6 0 P 43
2bd o] o o d o d do.33 033 038 D0 o] o o d o d a9 o
24003 4 b 002 037 [0 |0 002 |0 o022 [0 [0032 ] 0003 0o o 0o o &
25| od 0 d 0 0 b ok Db Jo Jo Jo Jo d2 Jo Jo lo o o [o Jo |s
2#5| 053 ) b b b b Jo Jo os o o o o o d d d
26009 4 0 005 0 o050 0 o [0 [0 d31 d.02 001 | 0o.o1| o] o] o] ss
27 oo 4 4 0 d b 0  00.33 03 003 0 p ol o d o o 4
31019 D 0O D Db b 0062 049 002 022 | 0 | 0 | 0002 po5| o] o o] 59
3bol 1 o o d o d d 0 0 6 b 06 b o Jo b o o Jo Jo |s
32008 g ) 0 D003 of] o o o oosd 0o d ol o o qo03l 3
33 oo d d o0 d b b 0 b o b o4 Jo Jo Jo [o Jo [o b6 |5
3pioisl d d 0 d b 008 0] o 0o d 0oo01d 001l 0.1 b 044 o 049 7
34 oo d d 0 d b0 o o lo o1l 00839 ol o o da o 1
35 |091 D 0 D p o] o o d o d o o 9 6009 d o 2
3#| 1 o d 0 d 0 b b b b o o Jo Jo To Jo Jo Jo |2

One general observation that can be made regarding these first and second order Markov
chains is a trend seen in the note choices that John Coltrane makes. Demonstrated above in
Table 4.6 and below in Table 4.7, the probabilities form a diagonal from the upper left

corner down to the lower right corner. This indicates that he transitioned to notes that are

in a similar range of the note that he just played. Hence, there are very few large intervallic
jumps in John Coltrane's improvisation style. Physical limitations of the saxophone may
influence this behavior.
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Chords Combined UsinBelativeIntervallic Relationship Names

22|14
2.2 |2 bl
22|24
2 4 | Rest

24121
2 5 | Rest

2 6 | Rest
26|22
26|24
26|25
26|31
2 6 |3 b9
26 (32
27|26
3_1 | Rest
3.1 |2 #5
3.1 |3 b1
3_b9| Rest
3_2 | Rest
3 bllRest
3. b12 4

3126

Rest| Rest
Rest| 2 2
Rest| 2_b1
Rest| 2 4
Rest| 2.5
Rest| 3_1
Rest| 3_2
Rest| 3_5
2 bl2 4
24122
24 125
24126
24 31
24 32
2 #5127
27131
31|27
3.2 |31
32135
33|31
3335

Table 4.7. Example of a Second Order Markov Chain for Both A-7
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Table 4.8. Example of a Third Order Markov Chain for Both A-7 Chords

Combined UsindRelativelntervallic Relationship Names
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Table 4.9. Example of a First Order Markov Chain for Both A-7 Chords
Combined Usin@AbsoluteIntervallic Relationship Names

Rest 1 b9 2 B bll 4 #11 5 #5 6 7 #7|Total
Rest 0.6 0.07 0 0.1% 0.02 0.04 0.04 0.02 0,02 0 0.05 0 0 |151
1 0.1§ [0 ¢ 0 0.02 0.05 0 0 0 0.2 0.5 002 022 |60
b9 1 a g @ ( 0 D D 0 0 0 0 0 3
2| 0.02 0.56 D D 0 0.01 0i3 0 0.01 0 0.05 0 QOo5 |81
3 g 04 o ¢ 0 D D D 0/6 0 0 0 0 5
b1l | 0.17 0.14 0.01 0.19 0 0 0.p7 0 0.2 0 Q.01 0 0 |70
4] 0.02 0.3 0 05 O 0 0 0 0.01 g 0.17 D ) 8§
5| 0.85 0.04 D D D 0 0.11 0 0 0 0 [0 0 2]
#5 0.75 @ ( 0 O 0 0 a a d 0 0.25 0 4
6/ 0.09 0.31 0.02 0.06 0 001 0.5 0 001 0 0 0 0 |88
7 0 0.33 @ ( 0 0 0 a 0 0.33 0.33 0 0 B

This type of Markov chain provides an interesting portrayal of intervallic transition
relationships which can be very useful for comparison purposes between chords. Because
note names are replaced with intervallic names and the octave information is omitted, this
matrix provides more general trends of the patternistic playing style of John Coltrane.
Examples of second and third order Markov chains using absolute intervallic relationship
names are displayed in Tables 4.10 and 4.11 below.
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Table 4.10. Example of a Second Order Markov Chain for Both A-7

Chords Combined UsingbsoluteIntervallic Relationship Names
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Table 4.11. Example of a Third Order Markov Chain for Both A-7

Chords Combined UsingbsoluteIntervallic Relationship Names
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The Markov chain that provides the best portrayal of information depends on the output
desired. For specific analysis of the actual notes that John Coltrane played during his
improvisation over particular chords, the note-named Markov chains should be used. For
general analysis purposes, the absolute interval Markov chains provide the best information
portrayal technique because they aggregate the data into a very usable format. The relative
interval Markov chains provide the same information as the note-named Markov chains,
except that they rename the state space as intervals. This renaming allows for comparisons
to be made across similar types of chords (e.g., all dominant chords) without having to
transpose the note names. Comparisons of this type are performed in the following section
entitled Examples of Analysis Tools.

4.2 Examples of Analysis Tools

The information found in the Markov chains created above can be analyzed in numerous
ways. These analyses produce many interesting findings that may have been previously
unknown without the implementation of this type of Markovian modeling. In this section,
several analysis tools and information portrayal techniques are developed in order to
present statistical findings that are used to develop a new methodology of quantitative
analysis of jazz improvisation.

In the first two sets of analyses, combined chord data (that is, data pulled from all instances
of a particular chord) are compared. For example, both occurrences of the A-7 half-
measures are aggregated (as in Table 4.9). The chords A-7 and F-7 are compared and the
chords D7 and Gb7 are compared. These two specific chord comparisons are made for
two primary reasons that justify the comparison. First, each aggregated data set contains
the same number of data points for each type of chord. Second, the chords under
comparison occur in similar positions within the song structure.

Following these comparisons, analyses are performed on one particular occurrence of a
chord (one half-measure of Ebmaj7) in contrast with aggregated data from all seven
occurrences of the Ebmaj7 chord (see Table 3.3). Further analyses are performed on data
aggregated according to chord type (e.g., all dominant chords are combined). Finally,
comparisons and conclusions are made regarding the informational value contained in
Markov chains of different orders.
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Table 4.12 below demonstrates a simple analysis technique used to compare Markov
chains. The matrix values for the first order Markov chain for F-7 are subtracted from the
first order Markov chain for A-7. This displays some inherent differences between the note
choices over similar types of chords. This analysis yields the following specific findings:

1) The 3rd is played infrequently in both of these chords.
2) The 7th is not played very often either.
3) The #7th is played frequently over the F-7 chord.

4) The b9 is never used in the F-7 chord and is used very rarely (probably as a passing
tone) in the A-7 chord.

5) The #11 is used very rarely except as a passing tone to the 4th in F-7.
6) The #5 is played very rarely as well and acts as a passing tone.

Some of these findings are particularly interesting. That the 3rd and 7th are not visited very
often suggests that John Coltrane may have played a different scale over these chords than
the standard scale assumption of A Dorian and F Dorian. The large number of #7s played
in the F-7 chord may occur because Coltrane anticipated the next chord (Bb7) in the song.
The #7 of F Dorian is "E", which is the #11 of Bb7. However, the A-7 chord also leads to
a dominant chord (D7) and the #7 is not played often in A-7. The passing tones of b9, #11
and #5 are not surprising to find and further help to determine what scales Coltrane uses
over these chords. Other interesting findings include the fact that, over the A-7 chord,
Coltrane played many more 2nds, 4ths and 6ths than over the F-7. These numbers are
bold in the subtraction matrix. Coltrane also played less (rested more often) in the F-7
chord.

40



Table 4.12. Comparison of A-7 and F-7 Combined Chords - First Order
Markov Chain

A-7 |Rest 1 b9 2 3 b1l 4 #11 5 #5 6 7 #7|Total
Rest 0.6 0.07 g 0.1% 0.02 0.04 0.04 0.02 0,02 0 0.05 0 0 |151
1| 0.18 q ¢ 0 0.02 0.05 0 0 0 0.02 0.5 0l02 0.22 60
b9 1 0 q g q 0 D D 0 0 0 0 0 3
2| 0.02 0.56 D D 0 0.01 03 0 0.01 0 0/05 0 0.05 81
3 0 0.4 q ¢ (0] 0 D D 06 0 0 0 0 5
b1l 0.17 0.14 0.01 0.19 0 0 0.p7 0O 0.2 0 Q.01 0 0 70
4] 0.02 0.3 0 05 O 0 0 0 0.01 Q 0.17 D ) 8l
5[ 0.85 0.04 D D 0 0 0.11 0 O 0 0 Q 0 27
#5 0.7% ( @ 0 0 0 0 Q Q @ 0 0.25 0 4
6| 0.09 0.31 0.02 0.06 0O 0.01 0.5 0 0.01 0 0 0 0 88
7 0 0.33 ¢ 0 0 0 0 0 0 0.33 0.33 0 B
F-7 |Rest 1 2 3 bll 4 #11 5 #5 6 7 #7 | Total
Rest | 0.69 0.02 0.001 0.01 0.03 0.p1 0 007 0 0.13 0 (.04 [190
1| 0.08 Q 0.21 D 0.03 0 0 0.p2 0O 0.46 0,03 0.16 61
2| 0.09 0.66 D D 0.2 0.03 0 O 0 0 g 0.03 35
3 0 0.33 @ 0 0 0.38 0O O 0 0 0 0.33 3
b1l 0.11 0.14 0.37 0 0.2 0.17 00 0 0 0 0 34
4] 0.1 0 0.1% D 0.71 0 0 0.02 0.02 0 0 0 41
#11 q q d ( 0 1 D 0 0 0 0 0 24
5[ 0.16 q 0 0.06 0.02 0.03 0.41 0O 0,02 0.03 0.05 0.22 58
#5 0 0 Q [0 0 0.5 D 0 0 0 0|5 0 2
6| 0.02 q 0.02 D 0 0.11 0 0.02 0 0 0 0J82 45
7| 0.55 0.09 D D 0 0.09 0 0 0.18 0 0 0Jo9 11
#7 0.31 0.51 D O 0 0 0 0.01 Q0 0.15 o.ot D 1
F-7 subtracted from A-7
Rest 1 2 3 b1l 4 #11 5 #5 6 7 #7 | Total
Rest [-0.09 0.05 0 0.14 0.01 0.01 0.p3 0J/02 -0.05 0 -0.08 0 -0.039
1| 0.1 0 0 -0.21 0.02 0.02 0 0 -0.02 0J02 0.04 -0.02 0.05 -1
1 0 0 0 q q ( (0] D D 0 0 0 3
2/-0.06 -0.1 0 D D -0.19 0.27 0 0.01 0 0|05 0 0.0246
3 0 0.07 @ q 0 D -0.33 0 0.6 0 0 0 -0.33 2
b1l 0.06 0 0.01 -0.19 0 -0.2 01 0 0.2 0 0,01 0 0 35
41-0.07 0.3 (00.35 0| -0.71 q 0 -0.00 -0.02 0.17 0 043
#11 a q g ( 0 D -1 0 0 0 0 0 0 -24
5 0.7 0.04 0 -0.05 -0.02 0.08 -0.41 0 -0.02 -0.03 -0.05 -0.22 | -31
#5 0.75 @ ( 0 D 0 -0.5 0 0 0 0 -0.25 0 2
6| 0.070.31 0.02 0.03 0 0.010.39 0| -0.01 q ( 0 -0.82 43
7(-0.55 0.24 D D 0 0 -0.09 0 0 0.15 0,33 0 -0.09 -8
#7 -0.31 -0.51 D D O 0 0 0 -0.01 0 -0.15 -0.01 0 -71
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Besides the exceptions mentioned above in the examination of Table 4.12, the distributions
in Figure 4.1 below do resemble each other. This indicates that similar scales may be used

over these similar chord types.

Distribution of Transitions out of Intervals

200
> 150+
o
% 100+ BA 7
L 50 BF-7

»m O d 9O N M 4 < 9 0 1w o ~ I~
o o - H* #*
o o #*

Intervallic Name

Figure 4.1. Comparison of the State Occupation Distribution of Particular
Intervals for A-7 and F-7 Combined Chords
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Similarly, the distributions in Figure 4.2 below are obviously quite alike. Yet, a striking
difference can be seen in the number of transitions out of "1" to "2" for the F-7 in
comparison to the A-7. Regarding Coltrane's patternistic style, this finding seems to
indicate that Coltrane uses different intervallic patterns in F-7 that include more transitions
from "1" to "2" than in A-7 chords.

Similarities in transitions out of "1" in A-7 and F-7
chords

-—

BA-7
mF-7

Probability
o
N
(63}

F-7
A-7 Chord Name

[te]
H* H* ~

Intervallic Name (Transition into)

Figure 4.2. Demonstration of the Similarities in State Occupation of the
First Scale Degree of the A-7 and F-7 Combined Chords
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In the following two figures (Figures 4.3 and 4.4), Markov chains are represented in two
different ways. The first representation usaative probabilities. In this case, the

probabilities in each row add to "1" and thus the probability for each state is relative only to
its row of data in the Markov chain. The second representation is more meaningful in that

it displays theabsoluteprobabilities -- that is, the entire matrix of probabilities adds up to

"1". In this case, the sum of all of the columns equals "1" and every state probability can

be compared on an absolute basis against each other. This latter portrayal is better because
it exhibits the proportional size of each probability in a manner that is easier to extract
information from and is easier to understand.

Graphical Representation of a First Order Markov
Chain (A-7) using Relative Probabilities

B Rest
m1
Ob9
o2
3
Obi11
H4
a5
H#5
m6
= g

Probability

Relative

Intervallic Name
(Transition out
of)

Intervallic Name
(Transition into)

Figure 4.3. Graphical Representation of a First Order Markov Chain using
therelative probabilities in the A-7 combined chord
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Absolute Distribution of Transition Probabilities
in First Order Markov Chain for A-7 Chord

_
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8 0.1+
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S 0.08- =6
(O] n7
2 0.06-
°
3 0.04-
< | Intervallic Name
0.02 (Transition out
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Intervallic Name
(Transition into)

Figure 4.4.Graphical Representation of a First Order Markov Chain using
the absoluteprobabilities in the A-7 combined chord
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Similar to Table 4.12 (Comparison of A-7 and F-7 combined chords - First Order Markov
Chain), Table 4.13 below displays some inherent differences between the note choices
used over similar types of chords. The matrix values for the first and second order Markov
chains of Gb7 are subtracted from the first and second order Markov chains of D7. This
analysis yields the following specific findings:

1) The variety of note choices (states visited) is higher for the D7 chord as opposed to the
Gb7 chord.

2) Rests are much more prevalent in the Gb7 Markov chain. This is probably due to the
fact that one of the Gb7 chords is the last chord in the song and Coltrane had a habit of not
playing through that chord in anticipation of playing on the next chord (which is the
beginning of the song's chord structure).

3) Interestingly, the 7th is rarely occupied after another note here, however the 7th starts
several 4-note patterns in the D7 chord. This can be seen in the Markov chain because it
exists repeatedly (15 out of 288 times) as a first note but very little as a note to be occupied
after a previous note.

4) The #11th is frequently visited in the D7 chord, yet never in the Gb7 chord. This can
be observed in Figure 4. 5 below. A conclusion from this finding is that Coltrane uses a
slightly different scale over the D7 chord as opposed to the Gb7 chord.

5) In both chords, the b9, the 4, and the #5 are not played that often and can be interpreted
to be passing tones if they are played at all.
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Table 4.13. Comparison of D7 and Gb7 Combined Chords - First Order
Markov Chain

D7 |Rest 1 b9 2 #9 3 4 #11 5 #5 6 7 #7|Total
Rest | 0.54 0.04 0.03 0.12 0.01 0.06 0 0/05 0.01 0.01 0.09 [0.01 [0.04 ]| 181
1| 0.37 a 0 019 O 0 0 0 [0 0 0.19 0 0.26 2y

b9 0.25 0.75% D D O 0 0 0 Q @ @ 0 (0] i
2| 0.16 0.31 0.00 0.01 0.02 0.37 0 0/04 Q.05 0 0.02 0 pP.02 | 153
#9 Q 0 Q 0.75 D 0 0 025 O 0 0 0 0 14
3| 0.01 0.07 D 0.3 0.01 0 0.01 0.57 0,01 0 Q.01 0 0 96
#11 0.1%5 0.01 0 0.15 0.13 0.2 0 0 0,03 0 Q.32 0O ¢.01 |183
5| 0.04 a ¢ [0 0 0.2b 0 0 0 0 0.38 0 033 24
#5 Q 0.1 ( 0 0.5 0 0 0 0 0 0 0 0 2
6/ 0.19 0.06 D 0.11 0 0 0 0.51 0,03 0/01 0 0 d.09 80
7| 0.13 a ¢ 0 0 0.18 0 073 O 0 0 0 0 11
#7 0.3 0.01 D 0.18 0.01 0 0 0 0.02 0 0,47 0 0 83
864
Gb7 |Rest 1 b9 2 #9 3 5 #5 6 7 #7 | Total
Rest | 0.66 0.02 0 0.16 0 0.04 0.01 0 0J06 0 0[o4 u82
1| 0.05 a 0 0.31 0 0.51 0 0 0.09 0 004 78
b9 0.25 ¢ 0 0 0.75 0 0 0 0 0 0 4
2| 0.29 0.16 D D 0 0.54 0 0 0 0 0.01] 10(
#9 0.5 a q 0 0 0.2b 0 0 0 0 0.25 4
3] 0.74 0.04 D 0.18 0.01 0.01 0,02 0 0/01 0 0 [os8
5[ 0.75 a ( @ D 0.18 0 0 0 0 0.13 8
#5 1 0 Q a @ 0 D D 0 0 D 2
6/ 0.75 0.05 D 0.08 0 01 0.05 0 0/03 0 0 40
#7 0.5 0.03 0.08 0.03 0 0 0.03 0 0/34 0 0 38
864
Gb7 subtracted from D7
Rest 1 b9 2 #9 3 4 #11 5 #5 6 7 #7|Total
Rest [-0.12 0.02 0.03 -0.04 0 0.01 0 0.05 0 0 0.03 0 Q.Q301
1| 0.32 [o -0.12 0 -0.51 0 0 0 0 01 0 0J]22 51
b9 Q0.75 0 0 -0.8 0 0 0 0 Q g @ ( D
2[-0.13 0.15 0.01 0.01 0.02 -0.17 0 0/04 Q.05 0 0.02 0 p.01 53
#9 -0.5 a 0 0.75 0 -0.25 0 025 O 0 0 0 -0.25 17
3] -0.7 0.04 0 0.13 D -0.01 0.01 0.57 -0,01 0 0 0 0 12
#11 0.1% 0.01 0 0.15 0.13 Q.2 0 0 0,03 0 Q.32 0 0.a183
5[-0.71 a ¢ 0 D 0.18 0 0 0 0 0.38 0 0p1 16
#5 -1 0.1 ( 0 0.5 0 0 0 0 0 0 0 0 0
6/-0.56 0.01 D 0.09 0 -0j1 0 0.51 -0/03 0,01 -0.03 0 (.09 40
7| 0.13 a ( 0 D 0.18 .73 0 0 0 0 0 15
#7 -0.2 -0.01 -0.08 0.15 0.01 0 0 0 -0 0 0/13 0 0 45
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Table 4.14. Comparison of D7 and Gb7 Combined Chords - Second Order
Markov Chain

Rest 1/bY 2l #9 3 4 #11 D #5 o #/7 ofld |
Rest|Rest | 0.286] 001/7] 0089 0073 0011 -0.022 0] Q047 -0.009 -0.021] 0038 0061 -1/0
Rest 1] 0.333 0 0 -0.333 0 0 0 [§ [ 0 (833 -0.333 0
Rest| b9 -1 0 0 0 [§ [§] [§ [ q D -1
Rest 2| 0.206 0 Q ¢ 0 -0.406 0 Q 0 0 q 0.2 -3
Rest 3 -0.333 0] Q 0.381 0 q 0 0.286 0-0.333 0 0 4
Rest| #11 [0 0 0.4 0 0 0 0 0 0 0.6 0 5
Rest 5 -1 Q ( D 0] 0 D 0 0 0 0(5 0(5 1
Rest| #5 -1 ¢ ) 0] 0 0] [0] 0 0 0 0 1
Rest 6 -0.2 0 0 0.1 0 -0.1 0 0.4 -0.2 0 0 0 [§
Rest 7 0 0 0 0 0] 1 g q )] D 0] D
Rest | #/ 0.083 0 0 -0.111 0 0 0 [§ 0-0.222 025 0 -5
1/ Rest| 0.375 0 ¢ 0] [0 ¢ [0 D 25 025 0 5
1 2| -0.13 0 0 [§ Q -0.203 0 0 ¢ Q 0333 0 -20
1 3| -0.5Y 0 0 -0.375] -0.02Y5 0 0 g -0.05 0 [§) 0 -40
1 6] -0.857 0 0 Q25 0] -0.143 0 05 0.25 0 [8) 0 -3
1 #7 0143 0 [§ 6] [0 [¢ Q D D -1] 0.857 0 6
b9 Rest 1 0 0 0 0 [§] § [ q D
b9 1/ 0.333 0 0.667 0 0 0 0 0 0 0 0 3
b9 |#9 -1 0 0 0 q ) [0 0 0 0 0 0 12
2|Rest| -0.02 0.03 0 a Q -0.04 0| 0.05 0 Q 0.0%5 -0.07 -5
2 1 0 0 0 Q 0 q Q ) 0] 0 0 ) :
2/ b9 0 1 [0 0 [¢ 0 9] 0 0] 2
2 2 0 0 [§ 0] [0 ¢ [0 D 1] L D
2| #9 [§ 0 6] Q ¢ q ¢ L 0 0 0] 0
2 3 -1 0 0 0 0 [§] 002] 0.961 0 § Q02 0 -2
2 #11 0667/ 0 0 [0 g ¢ [0 D D a6/ 0167 §
2 5 0 0 [§ 6] [0 [¢ Q )] D 0] 0 L
2 6] 0333 066/ 0 [§ [§] [ [§| q D 1] D
2 #1 -0.5 0 0 05 0 0 0 0 [§) [0 ¢ Q
#9 2 [§ 1 6] Q ¢ q ¢ D 0 0 0] 0 il
#9 | #11 [§] [§ [§ D 0 0 0 1 0
#9 | #7 Q 0 -1 (0 q ) [0 0 0 0 0 0 11
3| Rest| 0.862 0 Q -0.034 0 Q 0 0 -0.034 -0.552 0 -0.241 28
3 1 -0.5 0 Q ¢ [0 [0 ) 0 0 0,5 0 5
3 2| -0.056 0.127 o) Q 0 -0.111 0 Q g [0 0 0.04 7|
3| #9 0 0 [0 0 -1 0 D 9] 0] 11
3 4 -1 0 0 0 0 g 0 ¢ q D -1
3| #11 Q02 0 0 Q04| 0.06 0 0 0 [§) Q 088 0 50
3 5 0 0 [§ 6] [0 Q Q D 0 0 L
#11 | Rest | 0.846 0 0 Qo7/ [§ 0 0 q Q 0 @77 0 24
#11 1 | 0 [0 q q D q 0 0 0 0 0]
#11 2| Q333 05 0 0] 0083 0083 0 0 g Q ¢ Q 1
#11 | #9 [0 0 [6 1 D D 0 0 0 0 0 1
#11 3 Q 0 Q 0958 0047 0 0 [§) ¢ ¢ [0 Q 2
#11 5 Q 0 Q q q D q 0 0 0] 1 0]
#11 6/ 0.286 0.143 0 0.5 0 0 0 0 0.0r1 0 0 0 14
#11 | #7 1 0 (0 ( ) 0] 0 0 0 0 0 2
5| Rest 0 a ( ] 0] 0 0] 0 0 0 0 0 4
5 3 0 -0.667 0 D ) D 0.667 Q Q 0 Qg f
5 6] 0.111 0 0.111 0 0 0 0.778 9
S| #/ 1 0 [0 Q ¢ q g D U -1 0 0 0
#5 Rest 0.5 0 0 -0.5 0 0 0 0 [§) [0 ¢ Q -2
#5 1 1 0 6] [0 Q q ¢ D 0 0 0] 0
#5 | #9 g 0 [0 ¢ q q L 0 0 0 9]
6| Rest | 0.235 0] -0.04 -0.115 0 -0.08 0 0 0 g [0 g -17]
6 1 0 0 [§ 6] [0 -1 0 0 0 [§ g 0 -2
6 2 0 0 9 g 0143 0714 0 0 Q143 0 0 0 1
6 3 0 -0.75 0 -0.25 0 0 0 g [0 ¢ [0 g -4
6| #11 Q027 0 0 0351 0243 03738 0 0 9| Q ¢ Q 3
6| #5 0 0 Q 0 1 q ¢ 0] 0 0 0 0 1
6 6 -1 0 0 (0 0 ¢ [0 ) 0] 0 0 ) i
7| Rest 1 a [0 D D 0 D 0 0 0 0 0 2
7 3 0.5 0 Q 0.5 D 0 0 0 0 0 0 2
71 #11 0 0.091 0.636 0 0.273 0 0 0 0 0 0 11
#1 Rest 0.15 0 0 0033 0 -0.067 0 0 Qo5 -0.4] 0.25|-0.017 9
#7 1 0 0 [0 -1 0 0 0 0 9 Q 1 Q
#17 b9 Q 0 [0 [0 -1 0 0 0 0 g Q g -3
#1 2] 0286 0 Q Qg 0071 0143 0 0 0429 O Q071 0 14
#7 | #9 Q 0 Q q q ] q L 0 0 0 0]
#7 5 [§ 0 [§] Q Q 05 0 0 0 0 Qa5 -1 1
#i 6 -0.7] 0.03 0 -0.1 0 -0.2 0 0.97 0 0 0 0 23
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Figure 4.5 below is the same type of chart found in Figure 4.1. It demonstrates the
differences in the state occupancy distributions for the two chords. This graphically shows
that #11s were played in D7 and not in Gb7 and that rests occurred much more frequently
in Gb7 than in D7.

D7 vs. Gb7 - Distribution of States Visited
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Figure 4.5. Comparison of the State Occupation Distribution of Particular
Intervals for D7 and Gb7 Combined Chords
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Figure 4.6 demonstrates John Coltrane's tendency to make transitions into scale tones that
were in close proximity to note he was currently playing.

D7 - Transitions out of #11
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Figure 4.6. Distribution of the Next States Occupied After a #11 for the
D7 Combined Chord
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Figure 4.7 below demonstrates that, in the D7 chords, Coltrane tended to play either the
2nd or the #11th after playing the 3rd. These intervals are the closest notes to the 3rd in the
scale used.

Distribution of transitions out of State "3" to other states
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Figure 4.7. Comparison of the Distribution of the Next States Occupied
After a 3rd for the D7 and Gb7 Combined Chords
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The data below (Table 4.15) exhibits one particular Ebmaj7 chord occurrence to all seven
Ebmaj7 chord occurrences in hopes that some relationships may be found. The following
two figures provide more detail and, in fact, show the similarities of the part (one Ebma;j7
chord) to the whole (all seven Ebmaj7 chords).

Table 4.15. Comparison of One Ebmaj7 Chord to All Seven Ebmaj7
Chords Combined - First Order Markov Chain

ALL |Rest 11b9 2(#9 3 4 #11 S|#5 6/ b7 7| Total
Rest [ 0.68] 0.01] 0.02] 0.04 0/ 0.01] 0.01| 0.07| 0.01) 0.01] 0.1] 0.01) 0.01] 414
1 0 0] 0.67 0 0 0 0 0] 0.33 0 0 0 0 3

b9 0.09 0 0] 0.09/ 0.01] 0.56 0/ 0.01 0 0/ 0.01 0] 0.24] 181
2] 0.2 0/ 0.19 0 0/ 0.48 0] 0.05 0/ 0.01] 0.04 0/ 0.02] 382
#9 0 0 0 0 0 0] 0.33 0] 0.33 0] 0.33 0 0 3
3/0.14 0| 0.07) 0.28 0 0 0| 0.49| 0.01 0] 0.01 0 0] 292

4 0 0 0 0 0 0 0] 0.33]| 0.67 0 0 0 0 3
#11 ] 0.11 0] 0.07) 0.21 0] 0.15 0 0| 0.04 0] 0.39] 0.01 0] 365
5 0 0 0 0 0] 0.03 0| 0.66 0 0] 0.21 0] 0.11] 38
#5 0.4 0 0 0 0 0 0 0| 0.2 0 0 0, 0.4 5
6]0.22 0] 0.03| 0.04 0 0 0] 0.26] 0.11 0] 0.01 0] 0.33] 233

b7 0 0] 0.75 0 0 0 0 0] 0.25 0 0 0 0 4
7] 0.05 0| 0.8/ 0.01 0| 0.02 0] 0.02 0 0 0.1 0 0 93
2016

ONE |Rest b9 2 3 4/#11 5/ #5 6/b7 7| Total
Rest | 0.79 0.01] 0.01 0.01] 0.01] 0.09 0| 0.01/ 0.01]| 0.01] 0.01] 67
b9 0.08 0| 0.04 0.64 0 0 0 0 0 0] 0.24] 25
2]10.21 0.14 0 0.62 0] 0.02 0 0 0 0 0 42

3] 0.04 0.07] 0.31 0.02 0| 0.56 0 0 0 0 0 45
#11 10.13 0/ 0.15 0.26 0 0/ 0.17 0 0.3 0 0 54
5 0 0 0 0 0] 0.33 0 0] 0.33 0] 0.33 3
6]0.17 0| 0.03 0 0| 0.37] 0.03 0 0] 0.03| 0.37] 35

b7 0 1 0 0 0 0 0 0 0 0 0 1
7 0 0.81 0 0 0 0 0 0] 0.19 0 0 16
288
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Figure 4.8 below indicates that the one Ebmaj7 chord analyzed is quite representative of all
of the data for the Ebmaj7 chords. This may indicate that one scale is used over all seven

Ebmaj7 chords.

Comparison of Probabilities between one
Ebmaj7 4-note phrase and all seven
Ebmaj7 4-note phrase data

0.25
0.2 1 @ ALL
B O\E
>
.15 -
=
©
o)
©0.1
o
0.05 - '
0 | L — p— ]

© N~ N~
o

(o} ™ < — [Te]
* —

. 3t
Intervallic Name

Te]
HH*

Rest

Figure 4.8. Comparison of the State Occupation Distribution of Particular
Intervals for One Vs. All Ebmaj7 Combined Chords

53



Figure 4.9 below furthers the idea that Coltrane plays one distinct scale over all of the
Ebmaj7 chords.

Distribution of Transitions out of #11 - One 4
note phrase compared with all data in Emaj7
chords
0.4-

0.35-

=
w
|

0.25-

O ALL
B ONE

Probability
o
N

Intervallic name

Figure 4.9. Comparison of the Distribution of the Next States Occupied
After a #11 for One Vs. All Ebmaj7 Combined Chords
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Aggregating the data according to chord type (e.g., all dominant chords combined) can lead
to interesting results as well. The differences between interval usage is apparent from the
chart below (Figure 4.10). This chart was made using the total probabilities of one-step
transitions out of an interval.

Percentage Comparison of Scales Pla yed Over Dominant
Chor ds

o
()]

o
»

Total
Bb7
Ob7
Gb7

Percentage
o
w

0.2

0.1
0 M

1 b9 2 #9 3 4 #11 5 #5 6 7 #7

Rest

Interval Name

Figure 4.10. Interval Usage over Dominant Chords

Specific comparisons between third order Markov chains provide fascinating discoveries.
In the following analysis, third order Markov chains from the chords D7 occurring at beats
5 to 8 (out of 128 total) and D7 occurring at beats 29 to 32 are compared. Although these
chords are of the same type (dominant), the Markov chains make evident that the patterns
played over these chords are surprisingly different. Between the thirty-two different 3-note
phrases of the D7 (5 to 8) chord and the thirty-three different 3-note phrases of the D7 (29
to 32) chord, onlyour are exactly the same. Knowing that, it can be observed from the
same data that onfgur 4-note patterns are exactly the same between the two chords.
[Multiplied by the probabilities, there are five total occurrences the same pattern - see Table
4.18 below.] This results in a stunning realization: Out of 192 runs through these two
similar chords (96 runs * 2 chords), John Coltrane only plays the same 4-note pattern five
times! This number seems to be quite small. In addition to this, he plays the pattern "E2 -
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F#2 - G#2 - B2" (shown in Table 4.16 below as "2 - 3 - #11 - 6") 42 out of 96 times in the
D7 (5 to 8) chord (quite large), yet never once plays it over the D7 (29 to 32) chord.

Table 4.16. Third Order Markov Chain for the D7 (5 to 8) Chord

D7 - 5 to 8 Rest 1b9 2|#11 5 6|# 7 Total
Rest 1 6 0 0 0 1 0 0 0 0 1
Rest 11#7 0 0 0 0 0 0 1 0 1
Rest 2|# 7 0 0 0 1 0 0 0 0 1
Rest 31#11 0 0 0 0 0 0 1 0 1
Rest #11 6[0.333] 0.333 0 0 0| 0.333 0 0 3
Rest 6|(#11 0 0 0 1 0 0 0 0 3
Rest # 7 6 0 1 0 0 0 0 0 0 1
1| Rest Rest 0 0 0 0 0 0 0.5 0.5 2
1 2 3 0 0 0 0 1 0 0 0 2
1 2 6 1 0 0 0 0 0 0 0 1
b9 Rest Rest 0 0 0 1 0 0 0 0 1
b9 1|Rest 0 0 0 0 0 0 1 0 1
2 | Rest Rest 0.286| 0.143] 0.429 0 0 0 0| 0.143 7
2 | Rest #7 1 0 0 0 0 0 0 0 1
2 1|#7 0 0 0 0 0 0 1 0 5
2|b9 1 0 0 0 1 0 0 0 0 2
2 2 6 0 1 0 0 0 0 0 0 1
2 3/1#11 0 0 0] 0.05 0 0| 0.95 0 44
2/#11 |Rest 1 0 0 0 0 0 0 0 4
2/#11 6 0 1 0 0 0 0 0 0 1
2/#11 |#7 1 0 0 0 0 0 0 0 1
2\ #7 Rest 0 0 0 1 0 0 0 0 1
#11 Rest Rest 0 0 0 1 0 0 0 0 2
#11 2 | Rest 0 0 0 0 1 0 0 0 1
#11 3 2 0 1 0 0 0 0 0 0 1
#5 1| Rest 1 0 0 0 0 0 0 0 1
7 | Rest Rest 1 0 0 0 0 0 0 0 1
#7 Rest #7 1 0 0 0 0 0 0 0 1
#7 1 6 0 0 0 0 0 1 0 0 1
#7 2 | Rest 0 0 0 0 0 0 1 0 1
#7 2 6 0 1 0 0 0 0 0 0 1
#7 #9 #11 0 0 0 0 0 0 1 0 1
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Table 4.17. Third Order Markov Chain for the D7 (29 to 32) Chord

D7 - 29 to 32 Rest 1/b9 2|# 9 3 41#11 6|# 7 Total
Rest Rest Rest 0.833 0 0 0 0 0 0 0 0] 0.167 6
Rest 2 3 0 0 0 0 0 0 0.5 0.5 0 0 2
Rest #11 2 1 0 0 0 0 0 0 0 0 0 1
1|1#7 Rest 1 0 0 0 0 0 0 0 0 0 1
2 |Rest Rest 0| 0.333/ 0.667 0 0 0 0 0 0 0 3
3 1 |Rest 1 0 0 0 0 0 0 0 0 0 1
3 1 6 0 0 0 0 0 0 0 1 0 0 1
#11 |Rest Rest 0.2 0 0 0.6 0 0.2 0 0 0 0 5
#11 |Rest 2 1 0 0 0 0 0 0 0 0 0 1
#11 |Rest 6 1 0 0 0 0 0 0 0 0 0 1
#11 2 3 0 0 0 0 0 0 0 1 0 0 1
#11 [(#9 2 0 1 0 0 0 0 0 0 0 0 3
#11 3 2 0 1 0 0 0 0 0 0 0 0 13
#11 5 6 0 0 0 0 0 0 0 0 0 1 2
#11 6 |Rest 1 0 0 0 0 0 0 0 0 0 2
#11 6 2 0 0 0 0 0.2 0.8 0 0 0 0 5
#11 |[#7 Rest 1 0 0 0 0 0 0 0 0 0 1
5 3 1 0 0 0 0 0 0 0 0 1 0 1
6 | Rest Rest 1 0 0 0 0 0 0 0 0 0 1
6|#5 #9 0 0 0 0 0 0 0 1 0 0 1
7 |Rest Rest 0 0 0 0 0 0 0 0 0 1 1
7 3 |Rest 1 0 0 0 0 0 0 0 0 0 1
71#11 2 0 1 0 0 0 0 0 0 0 0 2
71#11 3 0 0 0 1 0 0 0 0 0 0 3
# 7 Rest Rest 0 0 0 0.5 0 0 0 0.5 0 0 4
# 7 Rest 2 1 0 0 0 0 0 0 0 0 0 1
# 7 Rest 6 1 0 0 0 0 0 0 0 0 0 1
# 7 2(#9 0 0 0 0 0 0 0 1 0 0 1
# 7 2 3 0 0 0 0 0 0 0 0.5 0.5 0 2
# 7 2 5 0 0 0 0 0 0 0 0 0 1 4
# 7 5 3 0 1 0 0 0 0 0 0 0 0 1
# 7 5 6 0 0 0 0 0 0 0 0 0 1 1
# 7 61#11 0 0 01 0.4551 0.273! 0.273 0 0 0 0 22

Table 4.18. Three and Four Note Patterns That Are Exactly the Same
Between the D7 (5 to 8) Chord and the D7 (29 to 32) Chord

D7 - 5 to 8 Rest 1/b9 2 3 #7 Total
2 |Rest Rest 0.286] 0.143] 0.429 0 0] 0.143 7
#11 Rest Rest 0 0 0 1 0 0 2
#11 3 2 0 1 0 0 0 0 1
7 | Rest Rest 1 0 0 0 0 0 1
D7 - 29 to 32 Rest 1/b9 2 3l#7 Total
2 |Rest Rest 0| 0.333] 0.667 0 0 0 3
#11 Rest Rest 0.2 0 0 0.6 0.2 0 5
#11 3 2 0 1 0 0 0 0 13
7 | Rest Rest 0 0 0 0 0 1 1

These differences found in the third order Markov chains are not readily apparent when
simply analyzing the first order Markov chains associated with the chords. Some of these
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differences may be anticipated by using charts produced from first order chains. Created
from first order Markov chains, the chart below (Figure 4.11) displays the scale tones that
Coltrane uses (as probabilities) in the two chords analyzed previously. This chart shows a
more even distribution of scale tones used in the D7 (29 to 32) chord compared with the D7
(5 to 8) chord. However, these distributions are not that dissimilar to predict the outcome
previously demonstrated by the third order Markov chains. Thus, using Markov chains of
differing orders for musical analysis purposes is quite beneficial.

Percentage Comparison of Notes Played From
Similar Chords at Different Locations in Chord
Progression

0.25
& 02
D
= 015 Bp7-5t08
€ 015
e Ep7-29 to 32
@
A 0.1 A

0.05 -

0

1 2 o 3
o #

#11

Rest

Interval Name

Figure 4.11. Scale Tones Used in D7 (5 to 8) vs. D7 (29 to 32)
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4.3 Measures of Creativity and Style

The Markovian analysis approach demonstrated in the previous two sections of this chapter
developed some interesting findings regarding the improvisational style and creativity of
John Coltrane iGiant Steps These specific findings may support the development of
generalizablequantitative measures of style and creativity in jazz improvisation based on
Markovian analysis.

From the literature review (Chapter 2), it is apparent that there is a dearth of quantitative
measures regarding style and creativity, especially in the jazz improvisation domain. This

is caused by two primary factors: 1) the lack of domain specific definitions of style and
creativity and 2) the lack of quantitative measures in the domain of jazz improvisation. To
address both of these factors, findings from the Markov chain analysis generated above are
applied to two previously developed models, one for style analysis (Heen, 1981) and the
other for the assessment of creativity (Guilford, 1967). Quantitative measures of style and
creativity are then proposed within the context of the models.

"The goal of style analysis is to identify all of the elements and their manipulations because
together they exhibit the salient and valid style characteristics, they identify general style
trends, separate one period from another, and represent innovational or conventional works
within a period.” (Heen, p. 29) Thus, even though style analysis is a holistic assessment
process, it must be broken down into measurable elements and characteristics. Heen
(1981) developed a "Range of Factors for the Style Analysis Process" for the domain of
jazz music. A portion of this list can be found in Appendix C. There are five general
categories: Melody, Rhythm, Harmony, Timbre--Texture, and Form & Growth. As seen

in Appendix C, Improvisation and Embellishments (in improvisation) fit under the category
of Melody and are most related to this thesis. Under these two topics, there are four
particular aspects that seem to lend themselves to quantitative analyses. They are a)
Individual signatures, b) Types and placement of formulae, ¢) Vocabulary, and d)
Decorative figures (embellishments vs. structural or improvisational features) including
neighbor tones, escape tones, leading tones, vibrato, shakes, special sounds, glissandi,
flutter, etc.

There is a linkage between the measurement of style and the measurement of creativity.
Because improvisation is an instantaneous form of music creation, style and creativity are
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fused together in the generation of jazz solos. Thus, the measures for each of them are
quite interrelated and should be developed in that way. [In a review of the literature
(Chapter 2 above), it is clear that Gustafson and Mumford (1997), in addition to others,
support this proposal.] In the discussion on creativity below, four of the measurable
aspects of style from the Range of Factors that Heen proposed(bduividual

signatures, Types and placement of formulae, Vocabulary, and Decorative fayares)
linked to similar components of creativity.

Regarding creativity, Guilford (1967) developed his Structure of Intellect (SOI) model
containing four Components of Creative Behavior. Although this is a general model of
creativity, the four components may be applied specifically to domain of jazz
improvisation. The components of creative behavior that make up Guilford's model are
listed and defined below:

Fluency = the number of ideas a person generates

Flexibility =the number of different kinds of ideas a person develops
Elaboration = the extent to which a person fills out his/her ideas

Originality = the uncommonness or statistical infrequency of a person’s ideas

Quantitative measures from the Markovian modeling above fit particularly well into this
model. Fluency(the number of ideas a person generates) may be measured as the number
of different patterns played over the same chord (how large \®habularyof patterns?).

That is, if John Coltrane played the same pattern many times over one chord, it could be
considered less creative (i.e., less “fluent”). This trend is apparent in some chords (e.g.,
D7 - 5 to 8), but not in others. Thus, over some chords, he was more fluent. This
measure could be used to compare different players creativity levels on the same piece of
music.

Flexibility (the number of different kinds of ideas a person develops) may be measured as
the variability of patterns used between similar chord types (ex. all D7 chords). Thisis a
creativity measure that is contained within one song (and can addréypéiseand

placement of formulai® a song). An example of this measure is found in the instance

when Coltrane implements different scales and patterns over similar chord types (as in the
case of D7 chords compared with Gb7 chords). Instances of this different scale usage are
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illustrated in the subtraction matrix (Table 4.13) and in Figure 4.5 (Comparison of the
Distribution of Transitions out of Particular Intervals for D7 and Gb7 combined chords).

Elaboration(the extent to which a person fills out his/her ideas) is similar to fluency in the
jazz domain. This component may be considered a measurement of "variety", or use of
Decorative figures Specific measures could include the number (or "variety") of different
states visited in the Markov chains, the number of passing tones used, etc. One measure
could be the calculation of how often Coltrane deviates from a scale to add “color” by using
passing tones. A specific example of this could be the number of different states
transitioned into from one particular note (Figures 4.6, 4.7 and 4.9). For example, if
Coltrane visits only five different tones in a scale over one chord, but visits eight different
tones in a scale over another chord, that demonstrates greater variety in his improvisation
over the second chord.

Originality (the uncommonness or statistical infrequency of a person’s ideas) may be
measured as the frequency (or rather, infrequency) of particular patterns played by
Coltrane. This can be observed simply by inspecting the probabilities in the Markov
chains. There are many transitional probabilities that are less than 0.005 (which are only
played once), and are thus statistically infrequent. This may not be true for other
improvisers, and consequently can be considered as a measutedividoal signature

[Note: Care must be taken in developing this measure because statistical infrequency may
not indicate skillful improvisation, but rather may point to poor note choices that were

never repeated. Thus, notes chosen from "acceptable" jazz scales may be a criteria for this
measure of style and creativity.]

Markovian analysis is beneficial in creating the statistics that can be used in developing and
evaluating these measures of style and creativity. With further progress in the refinement

of these measures, other pieces of jazz music and other improvisers can be compared
guantitatively and the validity of these proposed measures can be increased. Therefore, the
development of these particular quantitative measures may help to make the assessment of
creativity and style in the domain of jazz improvisation more concrete resulting in future
analyses that are more informative and beneficial.
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Chapter 5 : Conclusions

This chapter presents conclusions on Markov chain portrayals, new analysis tools and
procedures, quantitative measures of creativity and style, and, in sum, whether Markovian
modeling is a reasonable and useful modeling approach for this application. In addition,
this chapter provides ideas for future research based on the research conducted in this
thesis.

5.1 Conclusions

The multi-disciplinary nature of this research lends itself to many questions of differing
origins. Many of the initial questions asked in section 3.2 (General Analysis Performed)
are concerned with the validity of Markovian modeling in this domain and with the specific
statistical measures that Markov chains could provide. The other primary research
guestions are concerned with the quantitative measurement of style and creativity.

Markov Chain Modeling

It is true that Markov chains are not necessary for all of the analyses that were performed

for this research. Some of the simple ratios and counted data that were examined could
have been calculated without using Markov chains. However, Markov chains provide a
robust and easily understood method of modeling and portraying data that render some new
analysis techniques for jazz improvisation possible.

From this research, it is found that the Markov chains that are developed can identify how
often and when a particular pattern of notes is used. They can model all of the different
patterns played for any number of takes of a song and can be used as comparison tools for
scale tone analyses. Markov chains can demonstrate how much and how often the pitch is
varied in a solo and whether different patterns are played over similar chord types.
Additionally, chains of differing order provide unique information and can be used
cooperatively to exhibit different statistical facets of jazz improvisation. In general, they
can be used for identifying stylistic similarities and differences as well as for developing
guantitative measures of style and creativity. Because all of these factors are evident,
Markov chain modeling is a valid and useful technique for modeling and analyzing jazz
improvisation.
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It is debatable as to which portrayal method is best for these Markov chains. Interval
names (both relative and absolute) and note names provide distinct information and can be
used together for a more thorough investigation of style and creativity.

Because this research is based on hard, unchanging data, the analyses performed in this
thesis can be reproduced systematically to obtain the same results. Thus, this modeling and
analysis approach is reliable and consistent.

Style and Creativity

In much of the literature, researchers on style and creativity in the jazz domain have made
gualitative generalizations and then used the phrase, "an in-depth analysis may find
guantitative proof of this observation." The methodology presented in this thesis provides
that desired analysis technique. By integrating and implementing pre-existing theories and
models of style and creativity, operational definitions and corresponding measures of style
and creativity can be developed. Markov chains can be created and used for the quantitative
measurement of these historically qualitatively-analyzed aspects of music, however the
validity of these quantitative measures has yet to be tested.

Even though all of the actual results (Markov chains, figures, tables, etc.) from the analysis
of Giant Stepsre specific to that piece of music, the framework of questioning and

analysis techniques presented in this thesis are general enough so that they may be applied
to other pieces of music.

5.2 Future Research

There are many opportunities for further research based on the work completed in this
thesis. Specifically, further analysis could be performed that examines whether combined
chord data represents a better model of what John Coltrane plays vs. specific instance
chord data (i.e., all D7 chords combined vs. D7 - 5 to 8). In addition, a comparison of
data betweefiant Stepys. Giant Steps (Alternate Versiooduld be considered. This

may yield some interesting stylistic and creative results due to the differing tempos at which
each version was recorded. Comparisons across different (but similar) pieces of music
may prove beneficial as a test for the usefulness of this modeling and analysis approach.
For instance, examining the differences betw&mmt Step&and26 - 2may provide

further insights into John Coltrane's style and creativity. In addition, other improvisers
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could be modeled and compared using the exact same Visual Basic code that is developed
in this thesis.

Although the techniques developed here are used for the purposes of jazz improvisation
analysis, the Markov chains generated could be implemented for music composition. By
examining the chains, one could create the “perfect” or “most bizarre” or “most creative”
solo in the style of John Coltrane by linking particular 4-note phrases together. Ultimately,
real-time alternative solos @iant Stepsn Coltrane's style could be generated and played
through a computer or printed out and used as sight reading test material for jazz
improvisation students.

In a further development, there also may be legal applications for the code and analysis
techniques in the arena of music copyrighting. Ultimately, a piece of music could be
evaluated to see if it is too similar to another person's music.

This research is a starting point for the quantitative measurement of style and creativity.
More research should be conducted in this domain which may ultimately result in a
comprehensive quantitative measurement approach to assessing style and creativity in the
domain of jazz improvisation. Specifically, statistical comparisons between other pieces of
music and other artists would help in producing more robust and valid measures. Also, the
modeling approach and measurement tools developed here may be applied to other areas of
study outside of jazz improvisation and even outside of music in general.

In conclusion, the value of this thesis lies in the design of the data collection, portrayal and
analysis methodology. The transference of the data into more useful information through
the development of valid quantitative measure of style and creativity is the next step
required in the development of this research.
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Appendix A - Data from all transcriptions

The following 11 pages display the hard data in spreadsheet format from the transcriptions

of John Coltrane's improvisation in Giant Steps.
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GIANT STEPS B D 7 G B b 7

GS1* B D7 G Bb7
1 Ab2|F2 |Db2|Bbl1|E2 |F#2G#2B2 |A2 |[E2 |C#2|Gl |D2 |Bb1l|Abl |Gl
2 E3 7 7 7|E3 7 7/D#3|C#3/E2 |A2 |C#3]C3 |B2 |Bb2|D3
3 Db2|Eb2 |[F2 |Ab2 |E2 |F#2/G#2 B2 |A2 |[E2 |C#2|Al1 [D2 |Bbl|Al |G1
4 7/ Abl |Db2|F2 |E2 |F#2G#2B2 |A2 |[E2 |C#2|Al [D2 |Bbl|Al |Gl
5 E3 7 7 7]E3 7 7 D#3|C#3/E2 |A2 |C#3]C3 |B2 |[Bb2|D3
6 Bb2|Ab2 |[F2 |Db2|E2 |F#2G#2B2 |A2 |[E2 |C#2|/Al |D2 |F2 |E2 |D2
7 Db2|Eb2 |[F2 |Ab2 |E2 |F#2/G#2B2 |A2 |[E2 |C#2|Al1 |D2 |F2 |E2 |D2
8 C3 7 7 |Ab2 |ID#3 D3 7/B2 7/D3 |C#3/E2 |A2 |C#3|C3 |B2
9 Db2|Eb2 |[F2 |Ab2 |[E2 |F#2/G#2 B2 |E2 7/A2 |C#3|Bb2 7 7/D3
10 Db2|Eb2 |[F2 |Ab2 |E2 |F#2 G#2B2 |A2 7 7 7|C3 |E3 7|D3
11 7 7/ D#3 7|E3 7 7/C#3 7|D3 |C#3/A2 |B2 D3 [C3 7
12 Db2|Eb2 |[F2 |Ab2 |E2 |F#2G#2 B2 |A2 |[E2 |C#2|Al |[D2 |Bbl|Al |Gl
13 7 E2 |Ab2 |Db3|E2 |F#2/G#2B2 |A2 |E2 |C#2|Al [D2 |Bbl|Al |Gl

GS2* B D7 G Bb7
1 Ab2| Db3 7 7|E2 |G#2 7 7|C#2E2 7 7|Bb1|D2 7 7
2 7|Db2|F2 |Ab2|E2 |[F#2 G#2 B2 |A2 |E2 |C#2|Al |D2 |F2 |E2 |D2
3 C3 |Eb3|C3 |D3 7/B2 |[G#2E2 |A2 |B2 |C#3/E3 |Bb2|D3 |C3 |Bb2
4 7 Db2|F2 |Ab2|E2 |F#2 G#2E2 |A2 |E2 |C#2|Al |[D2 |Bbl|Al |Gl
5 F2 |Ab2 Db3 7|E2 |G#2C#3 7|E2 |A2 |C#3/E3 |Bb2|D3 7/C3
6 F2 |Ab2 7 7|E2 |D2 |C#2B1 |Al1 |B1 |C#2|E2 |Bbl|C2 |D2 |E2
7 Db3|E3 |Db3|E3 7/D3 |B2 |E3 |C#3/A2 |B2 |C#3|C3 |B2 [Bb2|D3
8 C3 7|C3 7 |Ab2 7 7/ E2 |G#2|E2 7 E2 7|C2 71A1
9 F2 |Ab2 |Db3 7|E2 |G#2 B2 |D3 |C#3/E2 |A2 |C#3|Bb2|D3 |C3 |Bb2
10 E3 7 7 7|D3 7 7 C#3|C#3/E2 |A2 |C#3]Bb2|D2 7/D2

GS3* B D7 G Bb7
1 Ab2 | Db3|Ab2 |[E2 7/E2 |C#2E2 |C#2/A1 |B1 |C#2/C2 |B1 |Bbl1l|D2
2 Db3|D3 |E3 [C#3|D3 7 7/B2 |C#3/A2 |C#3/C#3]C3 |B2 |Bb2|D3
3 7/ Db2|F2 |Ab2|E2 |F#2 G#2B2 |A2 |[E2 |C#2|Al1 |[D2 |B1 |Al |Gl
4 7/ Db2|F2 |Ab2 |E2 |F#2 G#2B2 |A2 |[E2 |C#2|Al [D2 |Bbl|Al |Gl
5 7| Ab2 7 |Ab2 |IDb3|F2 |G#2 B2 |B2 |F#2|G#2/B2 |A2 |[E2 |C2 |Bbl
6 F2 |Ab2 |Db3|E2 7/G#2B2 |[D3 |C#3 7 7 7|/C3 |B2 |Bb2|D3
7 C3 |Eb3|C3 |Ab2 |C#3/D3 |B2 |A2 |G#2 7 7 7]1A2 B2 |C#3|D3
8 C3 |Eb3|C3 |Ab2 |C#3|E3 |B2 |D2 |C#3/E2 |A2 |C#3]C3 |B2 |Bb2|D3
9 Ab2|F2 |Db2|Bbl|E2 |F#2 G#2B2 |A2 |[E2 |C#2|Al |[D2 |Bbl|Al |Gl
10 Db3|Eb3 |Db3|D3 7/B2 [G#2E2 |A2 B2 |C#3|A2 |C3 |G#2/E2 |C2
11 Ab2|F2 |Db2|Abl |E2 |F#2 G#2 B2 |A2 |[E2 |C#2|Al1 |[D2 |Bbl|Al |Gl
12 7/Db2|F2 |Ab2 |E2 |F#2 G#2B2 |A2 |E2 |C#2/Al |A2 |[F2 |E2 |D2

GS4* B D7 G Bb7
1 Ab2 | F2 7|Ab2 |E2 |F#2 G#2 B2 |A2 |E2 |C#2/ Al |D2 |Bbl|Al |Gl
2 7/Db2|F2 |Ab2 |E2 |F#2 G#2B2 |A2 |E2 |C#2/Al |D2 |[F2 |E2 |D2
3 Db2|Eb2 |[F2 |Ab2 |E2 |F#2/G#2B2 |A2 |[E2 |C#2|Al1 |D2 |Bbl|Al |Gl
4 Db3|E3 |Db3|D3 7/B2 |G#2E2 |A2 |B2 |C#3|/E3 |C3 |B2 |Bb2|D3
5 7/ Eb2 |F2 |Ab2|E2 |F#2 G#2B2 |A2 |Ab2|G2 |F2 |E2 |D2 |C2 |Bbil
6 C3 |Ab2 |Bb2|C3 |G#2 E2 7| G#2|E2 |C#2 7 E2 |E2 7|C2 7
7 7|Db2|F2 |Ab2|D2 |E2 |F#2 G#2|A2 |B2 |C#3|E3 |Bb2|D3 |C3 |Bb2
8 Db2|Eb2 |[F2 |Ab2 |E2 |F#2G#2B2 |A2 |[E2 |C#2|Al |D2 |Bbl|/Al |Gl

GS5* B D7 G Bb7
1 F2 |Ab2 7 7|E2 |G#2 7 7|E2 |G2 7 7|E2 7 7 7
2 F2 |Ab2 IDb2E2 7.G#2 B2 7 7 7/E2 IC#3Bb2/D3 71C3
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=) =) A-7 D7 G
Eb Eb A-7 D7 G
F1 |Gl |Al |Bbl|C2 D2 |E2 |G2 |F#2/D2 |B1 |Al |G#1|F2 |[E2 |D2 |C#2|E2 |A2 |C#3
C3 |A2 |G2 |F2 |A2 |F2 7 7 |ES3 7 7/ C3 7 |G#2|E2 7 7]/E2 |A2 |C#3
F1 |Gl |Al1 |Bbl|C2 |D2 |E2 |G2 |F#2/A#2| 7|A2 |C#3|E2 |F#2 G#2/A2 |B2 |C#3|E3
F1 |Gl |Al1 |Bbl|C2 |D2 |E2 |G2 [F#2A2 7|A2 |C#3/E2 |F#2/ B2 |A2 |B2 |C#3|D3
C3 |A2 |[G2 [F2 |A2 G2 7|F3 7|E2 7|C#3[B2 7 7 7 7|E2 |A2 |C#3
C2 |D2 |[E2 |G2 |[F2 |G2 7|G#2|C#3/B2 |A2 |G#2| 7 7 7 7 7|E2 |A2 |C#3
C2 |A2 7 7 7 7 7|A2 |A2 7 7| F#2|G#2/A2 B2 |C#3]A2 7|C#3|A2
Bb2|D3 |C3 |A2 |G2 |[F2 |A2 |C3 |[F#2| 7 7 7|C#3|B2 |G#2|F#2E2 |F#2/G#2|B2
C3 7 7|A2 |G2 |F2 7 7 7|B1 D2 |A2 |C#3| 7|E2 7|A2 |B2 |C#3 D3
C3 |Bb2|A2 G2 |[F2 |G2 |A2 |C3 |F3 7 7 7 |ES3 7 7 Eb3|C#3/E2 |A2 |C#3
7 7 7|E3 |E3 7 7/D3 |[C3 |A2 |F2 7|E3 7 7/D3 [C#3|E2 |A2 |C#3
F1 |Gl |Al |Bbl|C2 |D2 |E2 |G2 |F#2/D2 |F#2A2 |C#3/B2 |G#2 F#2/E2 |[F#2/A2 |C#3
F1 |Gl |Al |Bbl|C2 |D2 |E2 |G2 [F#2/A2 7|F#2|C#3|E2 |A2 |C#3A2 |B2 |C#3|E3
Eb Eb A-7 D7 G
Cc2 7 7|A1 |A2 |F2 7 7 7 7 7 7|G#2| T7|B2 7|1A2 7 7|C#3
C2 |Al |Bb1|C2 |D2 |[E2 |F2 |G2 |A2 |F#2|A2 |F#2|G#2/B2 |E2 |F#2|A2 |B2 |C#3|E3
A2 |C3 |A2 |G2 [F2 |G2 |A2 |C3 |F3 7 7|E3 |[D3 |C#3 7 7|C#3/E2 |A2 |C#3
C2 |D2 |E2 |G2 |F2 |G2 |A2 |C3 |C#3/B2 |A2 |G#2| 7 |E2 |F#2 G#2l|A2 B2 |C#3|E3
C3 7 7|A2 |G2 7 7| F#2|A2 7 7|F#2|G#2/B2 |[E2 |F#2|A2 |B2 |C#3|E3
F2 G2 7|C3 |F3 |A2 7 7 7|/D2 7 7|C#3/B2 |G#2|F#2|E2 |A2 |C#3|E3
C3 [A2 |G2 |F2 |A2 |F2 |E2 |D2 |F#2|A#2| 7|A2 |[C#3|B2 |G#2/E2 |[A2 |B2 |C#3|E3
Cc2 7 7 7 7 7 7 7 |A2 7 7| F#2|G#2/B2 |[E2 |F#21G#2 7 7 7
A2 |F2 |[E2 |D2 |F2 7 7 7|C#3/A2 |C#3 A2 |C3 |G#2|F#2 E2 |A2 |[E2 |A2 |C#3
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F-7 Bb7 Eb Eb A-7
F-7 Bb7 Eb Eb A-7
C3 |B2 |Bb2|A2 |G2 |F2 |E2 |D2 |C2 |Bb2|A2 |E2 |G2 |F2 |E2 |G2 |F#2/ D2 |B1 |F#1
D2 |E2 |F2 |D2 |A2 (G2 |E2 |D2 |C2 7 7/Bb2|A2 |F2 7 7/B1 |D2 |A2
7 7 7 7 |Eb3 7 7/D3 |C3 |Bb2|A2 |G2 [F2 |G2 C3 |E3 7 7 7
C3 |B2 |Bb2|A2 |G2 |F2 |E2 |D2 |C2 |Bb2|A2 |E2 |G2 |F2 |E2 |G2 |F#2/D2 |B1 |F#1
D2 |E2 |F2 |G2 |A2 |G2 |E2 |D2 |C2 |Bb2|A2 |E2 |G2 |F2 |E2 |D2 |B2 |D2 7|1A2
G2 |F2 |[E2 |D2 |C2 |Bbl1|Al |Gl |F1 |Al |Bbl1|D2 |[E2 |G2 |C3 7 7 7|C#2|E2
D2 |E2 |F2 |G2 |A2 |G2 |E2 |D2 |C2 |Bb2|A2 |E2 |G2 |F2 |E2 |G2 |F#2/D2 |B1 |G#1
A2 |A2 |G2 |F2 [E2 |D2 |C2 |Bb1]|A1l |C2 |D2 |E2 |G2 |F2 |A2 |A2 7 7 7 7
D2 |E2 |F2 |A2 |G2 7 7 7 7/Bb2| A2 |E2 |G2 |F2 |E2 |D2 |F#2|B2 7 7
F2 |G2 |A2 |G2 |C3 |Ab2|E2 |D2 [C2 |D2 |E2 |G2 |F2 |G2 |A2 |C3 |C#3|B2 |A2 |G#2
D#3 E3 |[D#3C#3|C3 |B2 |Bb2/A2 |G2 |F2 |E2 |D2 [C2 |D2 |E2 |G2 |F#2|A2 7 7
C3 |E3 7|D3 |C3 |Bbh2|A2 |G2 |F2 |G2 |A2 |C3 |F3 7 7 7 7 |E3 7
D2 |E2 |F2 |G2 |A2 |G2 |E2 |D2 |C2 |Bb2|A2 |E2 |G2 |F2 |E2 |D2 |F#2 7 7 7
F-7 Bb7 Eb Eb A-7
D2 |E2 |F2 |C2 |G#2|E2 |C2 |Al |A2 71E2 G2 |F2 |A2 C3 |C#3|B2 |A2 |G#2
7 7 71A2 |A2 7 7 71A2 |G2 |E2 |D2 |C2 |D2 |[E2 |G2 |F#2/D2 |E2 |A2
A2 |G2 |F2 |D2 |E2 |[F2 |G2 |A2 |F2 |G2 |A2 |C3 |F3 |C3 7 7 7 7 7
C3 |Ab2|Bb2 |Db3|G#2|E2 |C2 |G#1|A2 |E2 |G2 |E2 |F2 |D2 7 7 7 7 7
7 7 71E3 |E3 7 7/D3 |C3 |A2 |Bb2|G2 |A2 |G2 |F2 |C2 |A2 |F#2|D2 |B1
7 7 7|E3 |E3 7 7/D3 |C3 |Bb2|A2 |G2 |F2 |G2 |A2 7|1E3 7 7 7
7 7 7|E3 |E3 7 7/D3 [C3 |Bb2|A2 |G2 |F2 |G2 C3 |C#3|E3 7 7
C3 |B2 |Bb2|A2 |G2 |F2 |E2 |D2 |A2 |F2 |E2 |G2 |F2 |G2 |A2 |C3 |C#3|A2 |F#2/D2
A2 7 7|E2 |G#2|C3 7 7 7/C2 |D2 |G2 |F2 |G2 |A2 |C3 |C#3 7 7 7
C3 |B2 |Bb2|A2 |G2 |F2 |E2 |D2 |A2 |F2 |E2 |G2 |F2 |G2 |A2 |C3 |C#3|A2 |F#2/D2
F-7 Bb7 Eb Eb A-7
C3 |A2 |F2 |A2 |G2 7 7E2 |G2 |[E2 |G2 |E2 |F2 |D2 B2 |A2 7|/A2 |C#3
7 7 7 71A2 |A2 |G2 |F2 [E2 |D2 |[C2 |Bbl|A2 |C2 |D2 |E2 |F#2|D2 |[B1 |F#1
F2 7 7 7 7|C3 7 7|C3 |E3 7/D3 |C3 7 7|C#3|E3 7 7
7 7 7|C3 |C3 7 7 7|C3 |A2 |E2 |G2 |F2 |A2 C3 |C#3|E3 7 7
Cc3 7 7 7 7/C3 7 71C3 |A2 |G2 |F2 |A2 |[F2 |D2 |A2 |C#3 7 7 7
C3 |B2 |Bb2|A2 |G2 |F2 |E2 |D2 |C2 |D2 |E2 |G2 [F2 |A2 C#3]C#3/D3 |B2 |A2
7 7 71C3 |C3 7 7/B2 |A2 |F2 |E2 |G2 |F2 |B2 A2 |C#3|E3 7 7
7 7 7 7 |A3 7 7/G3 |[E3 |C3 |C3 7 |C3 7 Bl |D2 |A2 |C#3|E3
E3 7 7 7|C3 |Bb2|A2 |G2 [F2 |A2 7/C3 |F3 7/C3 |D3 |C#3 7 7|A2
A2 |A2 G2 |F2 |E2 |D2 |[C2 |Al |A2 7F2 G2 |G2 7 71A2 |F#2/D2 |B1
7 7 7 7 |C3 7 7/Bb2|A2 |E2 7 7|F3 |C3 7 7|/B1 |D2 |A2
7 7 7 7 7 7 7 7 7/C3 7 7|C3 7 C#3|C#3 7 7 7
F-7 Bb7 Eb Eb A-7
7 7 7 7|A1 |G2 |E2 |D2 |[C2 |D2 |E2 |G2 |F2 |G2 |A2 |C3 |C#3|B2 |A2 |G#2
Bb2 7 71F2 |A2 |G2 |E2 |[D2 [C2 |D2 |E2 |G2 [F2 |G2 C3 |C#3|B2 |A2 |G#2
7 7 7 71C3 7/E3 |D3 |C3 |Bb2|A2 G2 |F2 |G2 C3 |C#3|E3 7 7
D2 |E2 |F2 |D2 |G#2|/E2 |C2 |Bbl1l|Al1 |C2 |D2 |E2 |G2 |F2 |E2 |D2 |F#2/B1 |D2 |A2
C3 |B2 |Bb2|A2 |G2 |F2 |E2 |D2 |A2 |F2 7 7 Bl D2 |A2 |A2 |F#2/A2 |F#2
A2 |A2 (G2 |F2 |[E2 |D2 |C2 |Bbl1]|A1 |C2 |D2 |E2 |F2 |G2 |A2 |F2 |A2 |F#2/E2 |D2
7 7 7|C3 |C3 7 7/Bb2|A2 |F2 |E2 |G2 |F2 |B2 7|C#3|E3 7 7
7 7 7 7 7 7 7 7 7/A2 |C3 |E2 |G2 7/F2 7 71B1 |D2 |A2
F-7 Bb7 Eb Eb A-7
D2 |E2 |F2 |D2 |G#2|F2 |C2 |Bbl1l|Al1 |C2 |D2 |E2 |G2 |F2 |E2 |G2 |F#2/D2 |B1 |F#1
C3 |B2 |IBb2/A2 |G2 |F2 |E2 ID2 |C#2/Bb2IA2 |E2 G2 [F2 7 71B1 1D2 A2
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7|Ab2|F2 [C2 7|Eb2 | Db2|Ab1 [D2 [E2 |F2 |D2 [G#2|E2 |Cc2 |A1 |E2 |[F2 |G2 |A2
Eb3| 7| 7[c3 |Ab2|F2 71 7] 7]E3 7/D3 |c3 |G#2/E2 |D2 [c2 |D2 [E2 |G2
c3 |Ab2[F2 |[pb2| 7| 7] 7] 7]|c3 |E3 7| 7]|c3 7l 7] 7|lca | 7 Bb2

7] 7] 7] 7| 7] 7] 7|eb3|ep3| 7| 7| 7|en3| 7| 7/Db3|c3 |Bb2/A2 |G2
c2 |Ab1/Bb1[c2 [Db2|Eb2|F2 |Ab2]|C3 |G#2[E2 [C2 |A2 7 7|E2 |62 [E2 [F2 |C2
Db3|Ab2|Bb2|C3 [Ab2|F2 |Eb2|Db2[D2 [E2 |F2 |D2 |G#2|E2 |Cc2 |G#1|F2 [G#2[A2 [C3
c3 7| 7[lab2|F2 [pb2] 7] 7| 7] 7] 7/p3 | 7| 7|c3 [Bb2|A2 [F2 [E2 |G2
Ab2 [F2 |Eb2|Db2|F2 71A2 [G2 |G2 7] 7|E2 |G#2] 7/E2 |A2 |A2 |C3 7
Ab3| 7] 7] 7| 7] 7] 7| 7]|c3 |Ep3| 7/c3 |c3 [Bb2|A2 |G2 [F2 |G2 c3
c3 |Ab2|Bb2|c3 [Ab2|F2 |Db2|Bbi|c3 |B2 [Bb2|A2 |G2 |F2 |E2 [D2 [c2 [D2 [E2 |G2

B B F-7 Bb7 Eb
Ab2 [F2 |Eb2|Db2|[F2 71A2 |G2 G2 7| 7/p2 |G#2[E2 [c2 |Bbi|A2 |C2 |D2 |E2
Ab2 [F2 |Eb2 |Db2|F2 |Ab2|C3 |B2 |Bb2|A2 [G2 [F2 |[E2 [D2 [c2 |Bbi|A1 |c2 |D2 |E2
Ab2 [F2 |Eb2[C2 [F2 7| Ab2]C3 71 7] 7] 7]cs 7| 7|Bb2|A2 [F2 [E2 |G2
C3 |Ab2|Bb2[c3 [Ab2|F2 |Eb2|Db2|D2 |E2 |[F2 |D2 |G#2|E2 [Cc2 [Bbi|A1 [c2 D2 |F2
Eb3| 7| 7/c3 |Ab2[F2 7| 7]|c3 [E3 7/D3 |c3 [Bb2[A2 |G2 [F2 |G2 c3

7|Ab1|Bb1[C2 [Db2|Eb2|F2 |Ab2|C3 |B2 |Bb2|A2 |G2 |[F2 |[E2 |[D2 [A2 | 7|F2 |D2
Ab2| 7| 7/F3 |[Eb2| 7|/pb2] 7|A2 |A2 |G2 |[F2 |E2 [D2 [c2 |Bbi|A1l [c2 [E2 |F2
Ab2| 7| 7/Gb2|F2 7] 7]|Eb2 A2 7]G2 [F2 [E2 71 7] 7 7 7

B B F-7 Bb7 Eb
c3 7] 7/Ab2|F2 7] 7] 7|c3 |pb3Eb3 Cc3 [Bb2|A2 G2 |F2 |G2 c3
F2 [Ab2[F2 [Eb2|Db2[Eb2F2 [Ab2[c3 B2 IBb2/A2 G2 [F2 [E2 (D2 |c2 [D2 [E2 [G2
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=0 Db-7 Gb7
Eb Db-7 Gb7
F3 |C3 7 7 7 7/C3 |Db3|C3 7 7|Ab2
7 7 7 7|Eb2 | Gb2| Db3|Ab2 |Bb2 |C3 |Eb3
F1 |Gl |Al |[C2 |F2 7 7 7 7 7 7 7
F3 7 7 7 7/F3 |Eb3|Db3|C3 7 7|Ab2
F3 7 7 7 7|/Eb3 7 7|Eb3 7 7/C3
F2 |G2 |A2 |C3 |F2 |Db2|Bb1l/Gb1|C2 |Abl |Bbl C2
A2 |C3 7 7 7 7 7 7|C3 7 7
F2 7 7 7 7 7 7| Ab2 |Ab2 7 7 7
G2 |F2 |E2 |D2 |F2 |D2 |Bbl|Gbl|C2 7 7|Abl
F3 7/C3 |D3 7|C3 7 7]1C3 7 7 7
F2 |G2 |A2 |C3 [F2 |Db2|Bbl|Gbl|C2 7 7|Abl
F2 |G2 |A2 |C3 |Db3 7 7 7 7 7 7 7
7 7 |Eb2 |F2 |Ab2 | G2 7 7 7 7 7
Eb Db-7 Gb7
F3 |A2 7 7 7 7 7 7 7 7 7 7
F3 |C3 7 7 7 7 7 7 7 7 7 7
F3 |A2 7 7 7 7 7 7 7 7 7 7
F2 7 7 7 7 7 7 7 7 |Ab2 7|/Gb2
F2 7 7 7 7 7 7| Ab2 |Ab2 7 7|Gb2
F3 |C3 7 7 7 7 7| Eb3[EDb3 7 7|Ab2
C3 7 7 7 |Eb2 |Gb2 7/C3 |C3 7 7|Ab2
F2 |D2 7 7 7 7 7| Ab2 |Ab2 7 7|/Gb2
C3 7 7 7 7 7 7/C3 [C3 7 7/Bb2
F2 |D2 7 7 7 7 7| Ab2|Ab2 7 7 7
Eb Db-7 Gb7
Gl |C2 7 7 7 7 7/Bb2|C3 7 7|Ab2
Al 7 7 7 7 7 7 7 7 7 7 7
F2 G2 |A2 |C3 |Eb2 |Gb2 7/Bb2|C3 |Ab2 7 7
F2 | G2 7|C3 |F3 |A3 7| Ab3 7 7 7 7
A2 |F2 |E2 |G2 |Gb2 |Eb2 |Bbl|Abl|F2 7 7|/Db2
F2 G2 7|C3 |Eb3 7 7/C3 7|C3 7|Ab2
F3 |F2 7 7 7 7 7/C3 [C3 7 7|Ab2
C3 7 7 7 7 7 7/C3 [C3 7 7/Bb2
F2 | G2 7|C3 |Db3|Bb2|Gb2| Eb2|C3 7 7|Ab2
7 7 7 7 7 7/C3 |C3 7 7/Bb2
F3 7/C3 |D3 |C3 7 7 7 7 7 7 7
F2 |G2 |A2 |C3 |Db3|Bb2|Gb2|Eb2|Ab2 7 7 7
Eb Db-7 Gb7
G2 |F2 7 7 7 7 7 7 7 7 7 7
G2 |F2 |[E2 |D2 |F2 |Db2|Bbl|Gbl|C2 7 7|Abl
F2 |G2 |A2 |C3 |Db3|Bb2|Gb2| Eb2|C3 7 7|Ab2
F2 7 7 7 7 7 7 7 7 7 7 7
F3 7/C3 |D3 |C3 7 7 7|Db3|C3 7 7
F2 7 7 |Eb2 |F2 |Db2 7 7 7 7 7 7
F2 7 7 7 7 7 7 7 7 7 7 7
7 7 7 7 7 7 7 7 7 7 7
Eb Db-7 Gb7
F3 7|Eb2 |Bb2|C3 7 7|Bb2[Ab2 7 7|Gb2
F2 1G2 |A2 IC3 |Db3 7 71C3 71C3 |Ab2 7
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Eb Db-7 Gb7
E2 D2 7 7 7 7 7 7 7 7 7 7
F3 |C3 7 7 7 7 7 7 7 7 7 7
7 7 7 7 7 7 7/C3 |C3 7 7| Ab2
F2 |G2 |A2 |C3 |Db3|E3 |C3 |Bb2 7 |Bb2| Ab2 7
7 7 7 7 7 7 7 7|F2 |Gb2| Ab2|Bb2
F2 7 7 7 7/F2 |Db2|C2 |Bbl|Bbl 7 7
C3 7 7 7 7 7 7 7 7 7 7 7
F2 7 7 7 7 7 7 7|Ab2 7 7 7
7 7 7 |Ab2 [Ab2 7 7|F2 |Ab2 7\F2 7
Eb Db-7 Gb7
7|G2 |F2 7 7 7 7 7 7 7 7 7
F3 7 A2 7 7 7 7 7 7 7 7 7
E2 7G2 |[F2 |F2 7 7 7 7 7 7 7
F2 7 7 7 7 7 7 7 7 7 7 7
F2 7 7 |Eb2 [Gb2 | Eb2| Gb2 |Db3 |C3 7 7| Ab2
7 7 7 7|Ab2 7 7/F2 |Ab2 7 7 7
7 7 7 7 7 7 7|Ab2 |Ab2 7 7)G2
A2 |G#2|Bb2|A2 7 7 7 7|Db3 7 7 7
F2 |G2 |A2 |Db3|Db3|E3 |Db3|C3 7|C3 | Ab2 7
F2 |G2 |A2 |C3 |Db3|Bb2|Gb2|Eb2 |C3 |Ab2 7/Bb2
7 7 7 7 7 7 7|Ab2 |Ab2 7 7| Gb2
F2 |G2 7|C3 |Db3|A2 |F#2D2 |Ab2 7 7 7
F3 7 7 7 7 7 7|F3 |F3 7| Eb3 7
Eb Db-7 Gb7
F2 7 7 7 7|F2 |Db2|Gbl [C2 |Abl|Bbl|C2
F2 |G2 |A2 |C3 |F2 |Db2|Bb1l|Gbl |C2 7 7| Abl
G2 |F2 7 7 7 7 7 7 7 7 7 7
F3 7 7 7|Db3 7 7/C3 |C3 7 7| Ab2
F2 |G2 |A2 |C3 |F2 |Db2|Bbl|Gl |C2 7 7| Abl
7 7 7 |Eb3 [EDb3 7 7 7 7 7 7 7
F2 |G2 |A2 |C3 |Db3|Bb2|Gb2|Eb2 |Ab2 7 7 7
C3 |A2 |G2 |F2 [ADb2 7 7|F2 7|F2 |Eb2|Abl
G2 7|F2 7 7 7 7 7 7 7 7/E3
F2 7 7 7 7|F2 |C2 |Gbl [Gbl 7 7 7
F2 |G2 |A2 |C3 |Db3|Bb2|Gb2|Eb2 |Ab2 7 7/E2
C3 7|F2 7 7 7 7 7|Eb3 7 7 7
F2 |G2 |A2 |C3 |Ab2|F2 |Db2|Abl |Eb2 7 7|Db2
Eb Db-7 Gb7
F2 |G2 |A2 |C3 |F2 |Db2|Bbl1|Gbl |C2 |Abl| Bbl|C2
Db2 |E2 |F2 |G2 |F2 |Db2|Bbl|Gbl |C2 |Abl | Bbl|C2
F3 |C3 7 7 7 7 7 7 7 7 7 7
A2 |C2 |D2 |[E2 |F2 7 7 7]C2 7 7| Abl
F3 |C3 7 7 7| Eb2| Gb2 |Db3 |C3 7 7| Ab2
F3 7 7 7 7 7 7 |Db3 [Db3 7 7| Ab2
F2 7 7 7 7 7 7 7|F2 7 7|Eb2
C3 7 7 7 7 7 7 7 7 7 7 7
F2 |E2 |G2 |E2 |F2 |G2 |A2 |C3 |F2 |Eb2|C2 |Abl
C2 |A2 |Gl |F1 |Gbl|Abl Bb1l|Db2|C2 |Abl|Bbl| C2
7|/C3 |F3 7 7 7 7 7 7 7| F3 7
F2 7 7 7|F2 7|Db2|Bb1|C2 |Abl|Bbl|C2
Gl 7 7 7|F2 |Eb2|Db2|Bbl|C2 7 7| Abl
F1 |Al 7 7 7 7 7 7 7 7 7 7
F2 |G2 |A2 |C3 |Db3|A2 |Gb2|Eb2 7 7 7 7
F2 1G2 |1A2 IC3 |Ab2 7 71Ab2 7 7 7 7
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