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Abstract

In the past few decades, several scientific approaches, often grouped under the umbrella of nonlinear dynamical systems theory, have emerged aiming to model the unpredictable behavior of systems that involve cooperation and competition and in which the whole is greater than the sum of its parts.  While the full complexities of musical performance are still beyond the scope of these approaches, their emphasis on nonlinearity and collective dynamics offer insight into the complexities of musical production, interaction, and reception, with particular relevance to our understandings of improvisation.  Looking to the emerging fields of chaos and complexity studies, we investigate the dynamics of freer forms of improvisation, focusing on the importance of transitional moments and the ways in which listeners (both audience and performers) attend to and process performances in qualitative ways.  We illustrate these ideas with an analysis of a 1973 performance by Sam Rivers’ trio with Cecil McBee on bass and Barry Altschul on drums [“Hues of Melanin”].  Using insight from both nonlinear dynamics and the phenomenology of time, we highlight the various types of phase transitions that occur and their variable saliency for listeners as the improvisation unfolds.   

Paradoxically, complex systems, whether in music or physics, produce turbulence and coherence at the same time . . .  As mathematicians topple the tyranny of the straight line of Euclidian geometry, one is reminded of that ecstatic sense of discovery with which 20th-century [musicians] proclaimed their liberation from the bar line.

– Richard Steinitz

In 1959, Whitney Balliett, the longtime jazz critic for The New Yorker magazine, published a book of essays that memorably described the music as The Sound of Surprise.  Balliett heard in jazz the unpredictable and the astonishing: qualities that continue to provide awe and wonder to performers and listeners alike. Thirty-five years later, mathematician John L. Casti grouped a number of emerging scientific fields–often with ominous names like catastrophe, chaos, complexity, and criticality–under the general title “The Science of Surprise.”  Do these senses of surprise have anything in common?  Musicians and audiences tend to be most interested in the very human surprises of individual and collective creativity.  While scientists have traditionally been most comfortable discovering predictable regularities in the external natural world.  But in the past few decades, scientists have confronted the limits of reductionism and are discovering new and exciting ways to study the emergent patterns of nonlinear systems.
In the same year that Balliett fixed his memorable phrase into the jazz lexicon, C.P.  Snow published a book titled The Two Cultures, in which he described a breakdown in communication between the sciences and the humanities, a breakdown that he considered to be a hindrance to solving (or even discussing) many of the most pressing problems the world faces.  In the second edition of his work, Snow optimistically predicted that a “third culture” would emerge and close the communications gap existing between the two.  Although much does still separate the sciences from the arts and humanities–and some separation may arguably always be important–the emergence of a “third culture” that would improve the communication between the two seems both immanent and eminently desirable.  While there are most certainly pitfalls associated with interdisciplinary research, some remarkable similarities are beginning to emerge as scientists, scholars, and artists continue to explore the dynamics of complex systems.  

In typical complex systems, the future emerges out of the interaction of many forces, each leaving its trace on the course of events.  As opposed to systems that may simply be complicated, complex dynamical systems exhibit the possibility for adaptation and emergent behavior by being open to energy influxes from outside of the system and through their own highly interconnected nature.  Their dynamics are hard to predict but not entirely random.  They can exhibit regularities, but these regularities are difficult to describe briefly and impossible to describe over time with absolute precision. 

Creating the conditions for complexity requires two things: an irreversible medium and nonlinearity.  The irreversible medium of most complex systems is time.  Whether one is interested in a physical, biological, social or artistic phenomenon–say a snowflake, an ecosystem, a political movement, or an improvised music performance–it is the notion of time that creates the complexity and affords the sense of surprise that make these systems both fascinating and fragile.  Nonlinearity describes the property of a system whose output is not proportional to its input.  Many nonlinear systems display an extreme sensitivity to their initial state and subsequent perturbations, such that a small change in one variable can have a disproportionate, even catastrophic impact on other variables.  Among these, those dubbed “chaotic” display unpredictable behavior, or in the language of chaos theory, have “strange attractors.”  Iterating nonlinear equations can produce surprising breaks, loops, recursions, and all varieties of turbulence.


As a result, much of modern nonlinear dynamical systems theory is qualitative rather than quantitative, in that it only tries to predict the possible general shapes of processes, rather than actual numerical values of parameters that may be associated to them.  Most “real-world” phenomena exhibit nonlinear behaviors, from the explosive outcome of earthquakes, to population dynamics in an ecosystem, or the spread of ideas in modern society. Murray Gell-Mann famously described the study of nonlinearity as the “study of non-elephants.”  But since nonlinear equations can introduce extreme difficulties and uncertainties into the mathematical modeling of natural systems, scientists have focused the bulk of their attention, until recently, on the elephants.  

Like other complex dynamical systems, the exact development and structure of a free jazz improvisation is inherently unpredictable, and yet through certain shared understandings, nuanced interactions and interconnections, and a shared cognitive ability to attend to and parse musical sound, dynamical orderings can emerge that are both surprising and comprehensible. Without predetermined arrangements or techniques for managing the flow of the music (such as a Butch Morris-style “conduction” or a John Zorn-style game piece), the ability to transition as a group from one musical “idea space” or interactive approach to another becomes critical.  These “bifurcations” and “phase transitions,” to borrow the language of dynamical systems theory, represent collective decision-making and play an important role in the music’s formation and reception.  From a phenomenological perspective, transitions may appear to happen either on their own or to be directed by certain individuals or by the group as a whole, but in nearly all cases their appearance is acknowledged by the group and necessarily influences subsequent developments and interactions.  Small-scale transitions continuously occur within the ensemble as relationships and ideas are dynamically articulated, but larger-scale transitions occur less frequently, often at moments of unexpected synchrony as the flow of the ensemble coalesces around a common idea space, or at moments when a need for new complexities (or more comprehensibility) is felt by one or all of the members.  An important goal for this paper is to study the structure of the phase spaces of improvisation, with a particular focus on the transitions between phases.
The Phase Space of Improvisation

This kind of thing happens in improvisation.  Two things running concurrently in haphazard fashion suddenly synchronize autonomously and sling you forcibly into a new phase.

– Cornelius Cardew
 

The phase space of a system is a multi-dimensional “map,” sometimes referred to as its “geometry of possibilities,” which allows investigators to describe and analyze a system’s dynamics.  The number of dimensions of a given phase space is based on the degrees of freedom available for change.  For instance, the motion of a standard pendulum can be mapped into a two-dimensional phase space charting its relative position and momentum.  The motion of a car driving in open terrain could be mapped into a four-dimensional phase space corresponding to the two dimensions of direction available and the relative momentum of the vehicle moving in each of those two directions.  A rocket ship moving freely in space has available an extra dimension of direction and momentum, increasing its phase space dimensions to six.


Conventional music notation, whether used as a prescriptive score or as a descriptive transcription, details a single dimension of time (running steadily from past to future), a pitch dimension (lower to higher) for each available voice, and additional markings that can describe changes in tempo, dynamics, and articulations, etc.  As notated, these dimensions are discrete, not continuous.  Pitches come in 12 chromatic varieties with octave displacement, time markings (rhythms) are available in a limited number of divisions, primarily of twos and threes, and dynamic, tempo, and articulation markings also come in a limited array of options.  Without a doubt, contemporary composers and skilled transcribers have expanded and elaborated on these available options, but the static, two-dimensional representation of music on notation paper, by necessity, limits a more complete description.  The frequent reliance on notation as a compositional, performance, and analytical tool in the traditional academy has also tended to shape our perceptions and evaluations of music in subtle ways.


Of course music performance, in its vast cultural and historical variety, is not discrete in this fashion nor is it limited to these prescribed/described dimensions.  Jazz history is littered with stories, from Pee Wee Russell to John Coltrane, of performers who, when given a detailed transcription of their improvisations, could not in fact even perform them!  Musicians can and do explore the continuous features of all these notated dimensions, as well as others such as timbre and phrasing that are even more difficult to notate conventionally.  Free jazz, without a strong allegiance to notation and with an often more flexible approach to temporal, tonal, and timbral dimensions, would seem to imply a huge number of degrees of freedom and an enormously complex phase space.
  But phase space diagrams, just like more conventional forms of mapping, bring into focus aspects of reality that might otherwise be lost in details.
  In more technical language, phase spaces are lower dimensional subspaces of state space, since only certain variables have a key role.  Since music lives when it is heard and understood, we will construct models of musical experts (either performers or listeners) rather than models of disembodied pure music, a vacuous abstraction that cannot ever really exist.
  Our emphasis is on a space of possible understandings of paths within the phase space of free jazz.  

Rivers of Consciousness


The subjective experience of time is clearly crucial to music in general and to improvisation in particular.  Both performers and listeners continually look into the future and the past in order to engage with music and its meanings as they unfold.  Our experience of time, according to phenomenologist Edmund Husserl, differs greatly from the usual scientific analysis of time as a point moving along a line at a constant rate.
  Although actual experience necessarily occurs in the present, Husserl observed that the experience of the flow of time includes a continual "sinking away" of present events into the past, and that the immediate past can be experienced in the present, but in a different "mode" from that in which it was originally experienced.  For example, we can "hear" an "echo" of a phrase just played for about 10 seconds after, but details are lost after a greater elapsed time.  Husserl named this mode of experience retention, and it has been experimentally verified and given a neurological basis in what is called "sensory memory.” Humans also continually anticipate what might come next, which Husserl named protention; this is what makes it possible for us to experience the sensation of surprise.  It is important to note that both of these components of perception are, in modern jargon, involuntary and “hardwired” into the brain.


One of the most fundamental and also most mysterious features of music (and of experience generally) is the way in which what is essentially a continuous flow gets divided unconsciously and nearly instantaneously into "chunks," each of which has a distinct qualitative character.
  In philosophy, the phenomenological units of experience, including their qualitative "feel," are called qualia (the singular form of this Greek word is “quale”).  So the study of musical segmentation is a case study in qualia analysis, and it is an interesting empirical observation that these qualia are hierarchically structured.  In typical popular songs, for instance, experienced listeners can easily recognize (and with some training, identify) various musical segments that correspond to an introduction, verse, chorus, bridge, or individual phrase.  Although far less stereotypical, similar phenomena of hierarchical segmentation also occur in free jazz improvisation.  But the relative unpredictability of these freer musical approaches highlights both the importance and the difficulty of explaining how hierarchical segmentation occurs.  


Musical configurations and their corresponding qualia may become more or less solidified for the listener depending on their saliency, which provides an estimate of how relevant previously heard musical qualia are to what is expected next.
  If left alone, the saliency of a quale will gradually decay, but when it or something related to it is heard, then its saliency increases, since it becomes more likely to be relevant to future musical events.   When a listener (or performer as listener) hears what they expect, there is low complexity, and when they hear something unexpected, there is a higher complexity.  Free jazz players tend to avoid low complexity regions (called “basins of attraction” in systems theory) while constantly creating new patterns, or patterns of patterns, in order to keep the energy going, all the while working to maintain the coherence of the performance.  They must metaphorically surf the “edge of chaos,” ensuring continual development and excitement without exceeding the cognitive abilities and aesthetic interests of listeners.  


Despite Balliett’s description of jazz as “the sound of surprise,” music that is maximally surprising would not, in fact, be maximally interesting or “good.”  Perhaps the most distinctive aspect of both the classic forms of jazz and the freer forms of improvisation that have emerged since the 1960s is the sense of freedom engendered by the music.
  This sense does not arise just from surprising listeners, but from doing so in appropriate (and moderate) ways that involve manipulating expectation through the transformation of both large and fine grain structure.  These transformations are best exemplified by the dynamic and hierarchical aspects of musical perception and cognition and are, of course, tied to the enculturated and embodied expectations of specific listeners.  As Davey Williams eloquently states, “free improvisation is not an action resulting from freedom; it is an action directed towards freedom.”
  Because of our overriding focus on linearity, we are accustomed to thinking in terms of centralized control, clear chains of command, or the straightforward logic of cause and effect.  The freer forms of group improvisation challenge us to shift our analytic gaze towards collective dynamics and decision-making, and the emergent, self-organizing, and synergetic aspects of ensemble performance.


In order to explore a dynamical systems model of improvised music, we introduce here some more precise definitions and mathematical equations that could eventually offer the possibility of running software simulations of improvisations over some sufficiently limited phase space.  Those readers with a particular aversion to mathematics may comfortably skip the rest of this section.  Our primary goal here is to define two functions that describe the dynamic qualities of music and listening. By music, we mean music making, the dynamic process of sound unfolding in time from instruments, in response to any predetermined instructions that may exist (the "score" in a generalized sense) and to the control exercised by musicians, plus of course any applicable fixed acoustic properties of instruments, microphones, halls, etc.  By listening, we mean the active, dynamic process of understanding music, which includes the hierarchical segmentation of what has been heard into qualia, the anticipation of what may come in the future, the saliencies associated with these, as well as the current state of relevant memories.  These define two functions that are tightly coupled, in that the current state of each acts as the control of the other.  Therefore, our evolving understanding of music and the future directions it may take are determined by what sounds are heard now and our expectations based on what has been understood about what was heard before.


There are two main classes of dynamical systems models, those based on “discrete time” and those based on “continuous time.”  The former are simpler but still interesting as approximations to the latter, and so we focus on discrete time systems in this paper. To begin, let n be the number of musicians involved, and let i vary from 1 to n, denoting these musicians.  In the case of multi-instrumentalists, n could correspond to the number of instruments used (Sam Rivers, for instance, uses five instruments – tenor and soprano saxophones, flute, piano, and voice), or one could subdivide the set of phases by the instrument that each musician is currently playing (which, for example, would clearly show that Sam most often uses voice in rapid alternations with flute).  Let mi(t) denote the sound produced by musician i from time t to time t+1, where t is an integer indicating the number of time units elapsed.  This unit is somewhat arbitrary, and might for example be the reaction time of the musicians, or 1/8 of a beat, or 1/10 of a second.  The total musical sound is a superposition of the sounds of the individual musicians, defined by m(t) = m1(t) + m2(t) + … +mn(t).
  Now let xi(t) denote the state of musician i at time t; this should include retention, protention, short term memory, and long term memory, as well as all currently salient qualia with their saliency levels.  Note that the long-term memory component of xi(t) will include cultural patterns and predispositions for musician i, so our model is far from denying the importance of social and cultural factors.


Two functions do much of the “hard work” in modeling music making.  Let fi be the sound transition function for musician i; it tells what sound mi(t+1) that musician i will produce at time t+1, given the musician's state xi(t) at time t and any influences on performance at time t+1, whether provided by a score in its broadest sense, denoted si(t), or through more subtle contextual factors.
  And let gi be the state transition function for musician i describing that musician's next state xi(t+1), given the current state xi(t) and the just prior total musical sound m(t).  We conjecture that active listeners try to construct a minimum complexity description of what they hear now, by combining and transforming fragments of what they heard before and what they expected to hear now.
  These fragments are the qualia stored in xi(t), while the types of transformations (such as repetitions, transformations, etc.) are stored in long-term memory, in each case with an associated weight, which reflects the cognitive difficulty of using that fragment or transformation.


Then the following is the complete set of dynamical equations for the music making of n musicians, according to the theory sketched above:  

mi(t+1) =  fi(si(t+1), xi(t))      for i=1,...,n
m(t) = m1(t) + m2(t) + … +mn(t)

xi(t+1) =  gi(m(t), xi(t))          for i=1,...,n


The first equation is a formal statement of the definition of music; what musician i does next depends on what the score, if any, says and on that musician's current state, including the understanding of what has gone before, and the anticipation of what might be next.
  The second equation says that the total sound is a superposition of the sounds of the individual musicians.  And the third equation provides a formal statement of the definition of listening previously given: the next state of musician i depends on the sound heard and the present state. Thus, for n musicians, the system has 2n+1 equations.  The nonlinearity of the system arises from the great complexity of factors involved in the transition functions for performance and listening, and the fact that the state of each system acts as the control of the other.
   Moreover, small details in musical production or listening attention can, when seized upon by participants and active listeners at appropriate moments, trigger transformations in the musical performance or in its reception and comprehension, such that the eventual outcome is disproportionate to any initial causes.  


Our subsequent analysis of "Hues of Melanin" includes some observations about fi, such as the ways in which the group signals and negotiates transitional moments, but we do not attempt to determine this function in detail, since this is probably impossible, and in any case would be far too complex to be useful.  Because the active, human process of listening is the essence of music,
it is worth considering in some detail the qualitative nature of the state transition function gi.  Of course, human listeners are not capable of doing arbitrarily complex computations in real time; musical forms that are not in their musical memory system may not be understood unless they are very simple, and even familiar musical forms can come in pieces that are too complex to process.  The strategy (unconsciously) used by human listeners to overcome this difficulty is to anticipate what might come next, and then compare what does come with what was expected, using the precomputed understanding if there is exact agreement, and modifying the closest approximately equal precomputed understanding as little as possible if there is not exact agreement.  Since this is done in real time, it can fail badly for unfamiliar forms of music, resulting in a sense of confusion and displeasure.  On the other hand, it seems to work remarkably well for familiar forms of music, and even gives a sense of pleasure when approximate understandings are readjusted.
  The level of surprise at a given moment of listening is determined by the difference between what is heard and what is expected; more technically, it corresponds to a measure of conditional complexity.

          Although from the perspective of an uninitiated listener, contemporary or so-called “avant-garde” musical forms, such as free jazz, may seem to veer in the direction of confusion and displeasure, they, too, play with familiarity and expectation in similar ways, as we hope the following analysis will highlight.  A respondent to a recent internet survey that we conducted among audiences of free jazz and free improvisation described the qualities of performance to which he attends as a listener this way: 

Pulse, texture, use of the instrument's full frequency-range, dynamics, density, timbre, interplay between performers when there is more than one.  That's too much to keep in your conscious mind all at once, but after a while one learns how to recognize these elements intuitively and from then on listening attentively becomes easier.  I think that's one reason why it is so hard for some listeners to appreciate free improv music -- they are used to listening for melody, and not used to listening for density or texture, so they don't know how to decode freely improvised music and as a result it ends up sounding like random noise to them.

Hues of Melanin


To illustrate these ideas in a specific musical context we would like to focus on a few transitional moments in the work of Sam Rivers’ trio (with Cecil McBee on bass and Barry Altschul on drums) from their 1973 concert at Yale University, released as “Hues of Melanin.”
  Despite his longstanding dedication to composing challenging music for large jazz ensemble, and his well-respected small group compositions and recordings (especially his 1960s sessions for Blue Note), multi-instrumentalist Sam Rivers may be best know for his dynamic and exploratory trio work.  In this intimate and flexible setting, Rivers has been creating compelling music-in-the-moment for nearly four decades.  We had the pleasure of hosting Sam Rivers and his current trio at UCSD in February of 2004 for a week of performances, presentations, and workshops.
  During his visit Sam told us that his greatest contribution to the history of jazz lies in being one of the first to adopt what he terms “spontaneous creativity”—an approach to improvising without preconceived structures in which everything is created “on the spot.”
 

Perhaps the most remarkable aspect of Rivers’ improvised trio performances, both then and now, is that a delicate balance and order unfailingly emerges, despite the fact that Sam swears that he does not plan any details in advance.  Since we invited trombonist George Lewis to be a surprise guest at one of Sam’s performances, we can attest to the fact that nothing was discussed ahead of time.  Sam has stated elsewhere that, “The communication is in the music while we are performing.  I set a tempo into what we are going into and they’re listening to me.  We go in and out of tempo by listening, it’s an intuitive kind of playing.”
 

During a talk to our undergraduates, Sam also admitted to a preference for music that undulates in an organic manner, foregrounding moments of tension and relaxation, complexity and simplicity.  This connection to natural rhythms, frequencies, and processes is apparent even in the titles he has chosen for his work: Streams, Waves, Contours, Colors, Crosscurrents, Crystals, Sizzle, and Hues, for example.  Nonlinear dynamical systems theory arose from studying natural processes, such as heartbeats, tides, seasons, and plant growth.  The similarity of these with the organic feeling found in much free jazz is one indication that the connections we are attempting to build between the two are not accidental.  For example, sudden transitions from one stable state to another, technically called bifurcations, occur in both, and can be interesting, pleasing, or disconcerting.  Such behaviors cannot arise in the linear dynamical systems that were the focus of research on natural systems until recently.  Although Sam feels that “titles come last,” he states, “I really try to put a word with the music that will in some way express what the music is all about.”
  In the liner notes to his 1978 album titled Waves Sam admitted to “thinking in terms of forces of nature . . . the motion of waves, changing currents, changing flow.”  

These changes in flow are apparent in “Hues of Melanin,” often occurring every two or three minutes as the trio moves between more and less dense textures and between moments of rapid propulsion and phlegmatic rubato.  They also frequently switch between periods of polytonal exploration, extended harmonic drones, and more open sections exploring chromatic and timbral variation.  Figure 1 provides a phenomenological reading of the various transitions between sections and subsections that occur in “Hues of Melanin.”  For it, we borrowed terminology about transition types from Tom Nunn’s useful book, The Wisdom of the Impulse, although many of the trio’s dynamics do not fall neatly into one of his seven categories.
  The large-scale sectional transitions in “Hues” are most easily recognized by a shift from shared tempo to more open rhythmic realms, or vise versa.  We designated subsections for moments of minor cadences or moments at which the group’s synchrony or dialog is most pronounced.  The catalysts for these phase transitions vary, but a few common ones include trill-like figures, repeated tones, or a gradual descent that can signal a slowing of pulse and energy.
  And a quick, tossed-off melodic fragment or rhythmic impetus is often used to jumpstart the group’s up-tempo explorations. 

For example, at approximately two minutes into the trio’s improvisation, Rivers begins a trill figure on soprano that triggers Cecil McBee and Barry Altschul to relax their dense and intense development, in favor of more sparse musical territory (A3 in FIGURE 1).  And at approximately seven-and-a-half into the performance, Rivers plays another trill that eases the group’s energy, then follows it with a quick melodic fragment that triggers Altschul and McBee to shift into up-tempo exploration (D).  While these signals frequently come from Rivers’ horn, the other two members also can and do initiate these transitions.  For instance, Cecil McBee often adopts a similar trill figure on his bass to function as a sectional cue, or he improvises a figure that gradually descends into the lowest register of the instrument to signal a slowing of pulse or lessening of energy to the other musicians.  And withdrawing and re-entering into the trio texture, as Barry Altschul often does, or shifting instruments (and adding voice), as Sam Rivers is prone to do, provide other opportune moments for musical transitions and nonlinear dynamics in the performance.
FIGURE 1 - Sections and Subsections of “Hues of Melanin” 

Transition types: 

T1  sudden/unexpected segue – an unprepared, immediate change with unexpected continuation

T2  pseudo-cadential segue – an implied cadence with sudden and unexpected continuation

T3  climactic segue – a peak moment that stimulates unexpected change and continuation

T4  feature overlap – one feature of the antecedent section is sustained and becomes part of the consequent section

T5  feature change – a gradual change of one feature that redirects the flow (usually subtly)

T6  fragmentation – a gradual breaking up, or fragmenting, of the general texture and/or rhythm

T7  internal cadence – a prepared cadence followed by a short silence then continuation with new material.  (In addition to presenting a moment of resolution, an internal cadence can signal a moment of extreme unpredictability in the performance since there is always the possibility that it will become the final cadence of the improvisation.)

Letter
Time
Transition Type (salient detail)

Overall Texture/Tempo

A
0:00





FREE – introductory call

A2
0:46
T5 (bass repeated tones-Ab)

repetition/density

A3
1:57
T2 (soprano trill D-Eb)


relaxation/intensify

A4
2:33
T2/T4 (cadence on C)


layered complexity

B
3:02
T1 (soprano descending phrase)

FAST tempo

B2
4:06
T5 (soprano and bass dialog/glissando)

B3 
4:26
T5 (bass drone)

B4
4:55
T5 (soprano pedal tones)

C
5:29
T2 (soprano trill on D)  


FREE

C2
5:48
T7 (drum cadence)

C3
6:43
T2 (soprano high note)

C4
7:05
T2/T4/T6 (soprano and bass low A)

D
7:35
T7 (trill/melodic trigger)


MEDIUM tempo

D2
9;20
T6 (drums fall out of time)


begins to fragment

E
9:54
T7 (cadence to B/unison trill on E)

FREE – intensifies

E2
10:29
T1/T6 (melodic trigger leads to fragmentation)

E3
11:04
T2 (C- tonality, unison G, drum cadence)

F
12:02
T1 (melodic trigger)


FAST tempo

G
13:10
T2 (trill on D) followed by T5 (bass groove)
GROOVE

G2
14:04
metric sync

G3
14:52
T6 (bass triggers descent)


FREE

H
15:17
T7 (trill, drum cadence)


bass solo w/ voice&perc

H2
16:45
T6/T5 (flute and voice hollers)

FREE – intensifies

I
17:55 
T7 (drums drop out, bowed bass)

flute solo
I2
18:18
T5 (bass overtone bowing, voice and flute)
more activity

I3
18:50
T2 (flute cadenza, bass drone)

I4
19:25  
T2/T5 (flute, bass, drums, activity, voice)
intensifies

J
20:00
T7 (brief flute solo, drums bring in time)
FAST tempo – very complex

J2
21:24
T5 (bass rises, interaction, flute&voice)
FREE – interactive

J3
22:00
T2/T4 (drums briefly relax)

K
22:36
T6/T1 (flute descending phrase, drums time)
FAST – bass drone

K2
23:47
T5/T6 (melodic fragment)


FREE

K3
24:30
T2 (trill)




FREE – voice

L
25:25
T7 (voice and bowed bass sync - unison)
voice with bass drone, sparse drums

L2
26:30
T5 (flute reenters, bass bowed harmonics)

L3
27:15
T2




flute solo
M
28:23
T1 (flute trigger, bass figure, G mixolydian)
MEDIUM tempo

M2
29:10
T5/T6 (bass alternates whole step)

begins to fragment (esp. bass)

N
29:56
T2/T6 (vocal scream, drums drop down)
FREE



N2
30:50
T2/T5 (bass drone, speed drums and flute)
intensity (screams!)

N3
31:41
T6/T7 (flute chromatic descent, ritardando)

O
32:00
T1 (flute melodic trigger) now expected
MEDIUM/fractured tempo

O2
32:40
T5 (flute fast runs, bass drones)

P
33:30
T6 (voice, bass drone, drums) transition
drum solo (transition to piano section)

Although these catalysts can be effective to trigger sectional transitions, their use and result never becomes predictable, frequently producing dramatically different results over the course of an extended performance.  For example, ten-and-a-half minutes into “Hues of Melanin” Rivers interjects a melodic catalyst that does not provoke a complete shift to shared tempo, but rather a gradual collapse into a drone-filled melodic and rhythmic space.  Soon a powerful moment of sync arrives when Rivers and McBee land on the same pitch during a gradual scalar ascent, provoking a moment of heightened intensity and spurring increased collective exploration.  Finally, a fresh melodic fragment by Rivers launches the trio into an up-tempo improvisation full of gentle tug-and-pull between the three members (E2 to F).

Perhaps the most difficult aspect of highlighting the subtleties of the structural transformations and transitions that take place in free jazz is providing a sense of their hierarchical complexity.  The linear aspects of cause-and-effect style playing and analysis can be interesting, but the nonlinear, part-whole relationships that emerge in performance frequently convey more subtle meanings to listeners and performers.  For instance, the transitional devices used early in the trio’s performance—the trills and melodic and tempo triggers—diminish in cognitive “weight” when they reappear at subsequent moments, necessitating altered formulations and responses and highlighting new strategies of collective expression and interaction in order to maintain the overall complexity of the performance.  And on close analysis, certain sub-sections of the performance have enough similarities to give the listener the impression that the “phase spaces” of the improvisation are almost warping in on themselves at times. Attractors in the phase space of nonlinear, chaotic systems are often described as analogous to pulling taffy.  Points that may at first be close together can quickly diverge only to nearly reconnect at surprising moments in the future.

For example, an intense group development begins to bifurcate at five-and-a-half minutes into the performance (C1) when Sam Rivers lands on a trill on concert D, followed by a medium-tempo melodic trigger that briefly initiates a Latin-esque groove from Barry Altschul.  The group, though, quickly dissolves out of this groove to explore a rubato, modal area in A, followed by a decisive climax on D (C3).  Another moment of synchrony arrives as soprano and bass land on an A pedal tone (C4), but the need for additional complexity leads the group into more distant, chromatic areas (C to C4).

A similar and equally intense development thirteen minutes into the performance is subdued by another soprano sax trill on concert D.  This time, however, the groove that was prematurely halted appears to emerge gradually out of a strong, flowing, funk-type bass line provide by Cecil McBee.  The sprightly, modal exploration is still there, layered on top of a reformulated groove in such a way that the earlier moment is both remembered and reconfigured.  At just after the fourteen-minute mark, the trio arrives at a shared pulse and meter–perhaps provoked by the strong “add-of-four-into-one” figure by Altschul that seems to lift the energy of the entire group (G2).  Although the moment of synchrony is clearly felt by all, the players also quickly begin to work against the groove and any strong sense of tonality so that the nonlinear dynamics of the improvisation will continue to evolve (G).

Our final example—one we have dubbed “coupled oscillators”—is drawn from near the end of this 35 minute improvisation and illustrates how even the sectional structure and transitional nature of this trio’s music can evolve into a complex layering or coupling of multiple tempos and textures (N2).  Rivers is by now on flute and voice and the trio seems able to successfully articulate, not a unified sense of pulse or texture as in many of the previous examples, but the coexistence of conflicting and complementary expressions and motivations.  We hear a sort of speed pulse in the drums, a type of sheets-of-sound playing in the flute, and a powerfully articulated and varied drone in the bass.  Even as Sam improvises a final melodic fragment to signal a collective transition back to a shared sense of tempo for the trio (O), the saliency of this type of transitional gesture, which has been used several times by this point in the performance, has increased to the point at which new strategies for responding are required to maintain the complexity and interest of the performance.  We hear a new sense of tempo referenced by the group, but in rather loose and playful ways that immediately deconstructs this more traditional performance practice.

The notion of signifyin(g), best described by Henry Louis Gates, refers to a mediating strategy for discourse, rooted in pan-African discursive mythologies, involving aspects of repetition and revision to create double meaning, indirectedness, and subtle humor.
  To signify is to replace the static concepts of signifiers and signifieds (objects-persons, places, things) with a dynamic in which dialog informs all modes of communication and meanings become malleable and, at times, intentionally ambiguous.
  In a general sense, our aim here has been to provide some cognitive explanation for how this process of signifying, which is deeply entrenched in African American arts, language, and music, invokes a subtle and continual play of reference and revision, of complexity and comprehensibility.  We conjecture that these occur, at least sometimes in music, after the saliency of a quale has become so large that it is incapable of sustaining surprise, and can therefore be used as a riposte, a goad, or even a rebuke.  Complexity then arises from the failure of the quale to conform to its previously established role.  Another way to put this is that the system becomes increasingly unpredictable and hence chaotic as the saliencies of cadences rise to a critical level.


With regards to the general practice of Sam Rivers’ trios and the specific dynamics evidenced on “Hues of Melanin,” we find that:

(1) The improvisation as a whole can be segmented into sections, each a region of phase space, on which intersubjective agreement by expert listeners can be obtained.

(2) Within each segment, performers shift among a number of "voices," each of which is again a certain region of phase space, again with transitions that are intersubjectively stable.

(3) Thus, the phase space is hierarchically structured.  However, different performers may have different subspaces for their own particular set of voices.

(4) Transitions among segments are often prefigured by certain figures, which have quite different saliencies for performers: some are quite subtle, while others are rather obvious; all can be considered cadences, in a broad sense of that term.  A short trill to signal a lessening of intensity and a quick melodic fragment to establish a sense of tempo appear to be the strongest transition triggers in our data set.  Weaker markers include figures that descend to a strong low note, and hints (of varying strength) of V/I chord sequences.
(5) The presence of a transition-prefiguring cadence may not actually produce a transition, and even when it does, there may be a period of reorganization that precedes it.  These figures may at times be repeated, which increases their saliency as transition triggers, but also increases the expectation that they will produce novel, and therefore more complex results on each reoccurrence.  At certain levels of complexity, obvious cadence points may even be intentionally ignored or subverted.

Final Remarks

An important goal of improvised music appears to be self-organizing as an ensemble in such a way that critical levels of complexity, responsiveness, and surprise, can be reached and maintained over the course of an extended performance.  In more mainstream jazz settings, this critical level is most apparent in the balance between preconceived or known aspects of a tune's formal structure, and the improvisatory treatment of harmony, melody, and rhythm by all of the players involved.  For a performance to be both successful and surprising, there must be a balance between the players at any given moment conforming to and exceeding their individual preferences and practices, the expectations of the specific song, the specific context for performance, and the shared tradition of idiomatically-appropriate playing.  In freer improvised music settings, musicians also aim to balance complexity and coherence as the individual and collective voices congeal and combine within the ensemble.  While each new gesture could conceivably trigger a structural transition in the music, players must not allow themselves to be overwhelmed by the speed of interaction and availability of options in order to avoid potentially crippling states of oversaturation and indecision.  


In a workshop setting with our graduate student improvisation ensemble, Sam and his trio did stress the importance of interactions and awareness, but they also made it clear that certain levels of complexity would emerge only if individuals stay true to their own creativity.  Both inexperienced and overbearing improvisers tend to focus too much attention on what they, as individuals, are responsible for.  The inexperienced improviser can, through indecision or a reliance on overly simple cat-and-mouse type interactions, offer too much “inertia” and not enough “weight” to the situation.  And the overbearing improviser can offer too much “weight”–in the overpowering strength of his or her ideas and convictions–and not enough “inertia” in the form of measured interactions so that a critical level of complexity and coherence is never achieved.  In one case, the coupling between listening to and producing music is too tight, and in the other it is too loose.  A story recounted by Steve Lacy about his time spent playing with Thelonious Monk highlights the issue for other forms of jazz as well.  Lacy said of Monk, "He mostly told me what not to do."  Monk would remind Lacy to "play your part, I'm accompanying you.  Don't pick up on my things."  In other words, offer some “weight” to the improvising situation. But Monk also told Lacy to "make the drummer sound good… Don't play everything.  Just play certain things, let other things go by."

Although dramatic transitions can conceivably occur at any moment in the freer forms of jazz, in practice, experienced improvisers tend to explore ideas, identities, and relationships for considerable stretches of time.  If distantly related ideas were circulating at every moment, the complexity that resides at the “edge of chaos” might never be achieved.  Free jazz improvisation certainly requires focused listening, quick reflexes, and extreme sensitivity to the group flow, but it equally demands individual fortitude and tenacity not to be overwhelmed by the speed of interaction and the availability of musical options.  Sam Rivers expressed it this way: 

I want to keep moving and experimenting and not be repetitious.  I mean when you’re reading The Iliad and The Odyssey, you don’t repeat!  You just keep going and going!  But how do you do that?  Because you have experience with so many different types of melody, so many different kinds of music.  So that’s how you become creative and prolific in improvising.


An important goal of our approach has been to demonstrate that these freer forms of musical improvisation, those that have often been dismissed as “chaotic” in the pejorative sense of the word, may actually reveal “chaotic dynamics” that demonstrate turbulence and coherence at the same time.  Borrowing poetic language from the new sciences when commenting on Paul Bley’s album titled Chaos, Fred Bouchard writes: “the music’s splintered fragmentation implies a new wholeness, its seeming chaos a fresh order, its complexity a ringing simplicity, its turbulence an inner peace.”
  The findings of nonlinear dynamical systems theory require that we confront and rethink ingrained notions of order and disorder, simplicity and complexity.  Jazz music has, for its brief century or so of development, challenged many of the same notions in the artistic community.  Swing and improvisation, hallmarks of even the most conservative definitions of jazz, both rely on nonlinear dynamics to create the sense of surprise in listeners that Balliett and countless others have found so dear.  Since roughly the 1960s, freer styles of performing have pushed the ideas of nonlinear musical dynamics even further, challenging the adequacy of older musicologies and highlighting the need for innovative approaches to studying the emergent properties of musical performance and musical consciousness.  These performances often have a sense of coherence like that of a natural process, rather than an artificial symmetry like that of a classical sonata or a 32-bar AABA song form.
  We have focused on the hierarchical complexity of the phase space of improvised music and the pronounced moments of bifurcation or transition, in which improvisers give listeners the subjective experience of being delicately poised between evolving along two or more quite different paths.


Not only is science evolving, as nonlinear, qualitative models and computation intensive analyses overtake older linear models that demand explicit solutions, but also music and the arts are evolving, as representational, individual centered, works are being overtaken by interactive, socially oriented, nonlinear forms.  By drawing on aspects of these contemporary sciences, we hope to infuse into academic discussion a way of looking at all music–but improvised music in particular–that takes account of its inherently dynamical nature and focuses attention on the act of listening, since music only lives when it is heard and understood.  We also hope that our approach might contribute, in some small way, to the emerging “third culture” in which scientific and literary/artistic sensibilities can be seen to offer, not identical, but compatible, ways of investigating human activity, emotion, and consciousness.
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NOTES

� Steinitz (1996:17). Steinitz uses the word “composers” instead of musicians, highlighting the fact that much of the limited scholarly work on the relationship between the sciences of chaos and complexity and contemporary music has focused on the work of so-called “new music” composers (see also Lochhead 2001).


� Cardew (1971:xvii).


� Although the bibliography of works discussing free jazz is lengthy (see Gray 1991), only a few authors have offered detailed analytical work (see Block 1990 and 1997, Jost 1994, and Westendorf 1994).  See also Bailey (1991) for his notion of non-idiomatic improvisation, which for him and others, involves a more complete departure from the traditions of American jazz.


� We must be careful not to assume any ontological status for the abstractions involved in modeling, no matter their complexity.  Models are always constructed by human beings for some particular purpose and should not be viewed as definitive descriptions of reality.  We believe that models of music should always be grounded in the realities of human experience, social as well as bodily.


� For more discussion, see Goguen 1977 and 2004.


� For more discussion of technical topics in this section, see Goguen (2004), where it is also argued that qualia are the essence of consciousness, and in particular, have associated emotional tones determined by their relations to other qualia.


� Husserl's retention, because it is “hardwired” and operates involuntarily, acts as a kind of neural buffer that differs from the short term and long term memories that have been much studied in psychology.  Of course, both short- and long-term memory play important roles in music, as does transpersonal historical memory at the social and cultural level.  And even though retention and protention operate involuntarily, their effectiveness can be enhanced by conscious attention. 


� These are very often temporal segments in musical analyses, but our cognitive discriminations are not necessarily always so simple.


� Saliency should be thought of as a technical concept that will have to be determined empirically.  It is related to protention, but since it also involves expectations over periods that can greatly exceed 10 seconds, it has much in common with the notion of anticipation found in Meyer (1956).


� For more discussion, see Borgo 2002 and 2004.


� Williams (1984:32-34).


� In some cases, one might want to add time-varying volume controls for each sound.


�  Formally, si(t) denotes the directions (if any) provided to musician i for the interval from t to t+1. While we have been most concerned with freely improvised music that often does not utilize a score, the work of many artists from Cecil Taylor to the Art Ensemble of Chicago demonstrates the subtle ways in which “scored” elements may be seamlessly integrated into improvised performance.


� See Goguen (2004) for a more detailed discussion.


� A subtle point is that one might want mi(t) as an additional argument for some instruments, such as an organ in a room with a lot of reverberation


� The first and third sets of n equations each form a discrete time dynamical system in the usual sense of formal dynamical systems theory, where the first argument of the transition function is a control parameter and the second is the state.  The fact that the state of each system acts as the control of the other says that these two systems are “tightly coupled,” since each involves feedback from the other.  The state space mi for musician i in the first system (for music) is the set of all values that mi could potentially take, and the state space xi for musician i in the second system (for listening) is the set of all values that xi could potentially take.  So the state space for the total system is the product of 2n spaces, for the mi for i=1,...,n and the xi for i=1,...,n (a separate space is not needed for m, because it is determined by the mi).  Note that each mi and xi is likely to have a high dimension, so that the dimension of the total state space will be much more than 2n.


� This helps to explain the ongoing pleasure that musicians encounter when transforming familiar materials in subtle ways.


� For more discussion, see Goguen (2004).


� Rivers, Sam. 1998 [1973]. Trio Live. GRP CD 278.


� Sam Rivers’ current trio is based in Orlando, Florida and features Doug Matthews on bass and bass clarinet and Anthony Cole on drum set, piano, and tenor saxophone.


� Although Cecil Taylor, Ornette Coleman, Albert Ayler, and others had certainly made an earlier impact with freer forms of improvising, even they tended to rely on structuring devices or short melodies that were learned ahead of time to organize their ensembles.  In an interview, Sam stated: “The idea of a non-harmonic approach had occurred to me, but I just didn’t know how to put this situation together.  Cecil Taylor and Ornette Coleman provided me the key that opened the door, and I walked right in along with them” (Turner 1982:4).  Sam Rivers’ earliest professional experiences improvising in a freer manner were with a group of classically trained musicians at a Boston art gallery (McGaughan 1998:12).  Saxophonist Steve Lacy reckons that his album titled The Forest and the Zoo  (1966) may in fact be “the first completely free lp” (Watson 2004:182).


� Quoted in Turner (1982:4).


� Quoted in Turner (1982:5).


� See Nunn (1998:52-54). Nunn’s terminology, while useful, relies on a linear conception of musical flow and cannot easily accommodate moments in which the collective phase space becomes rather dense and tangled.  He does, however, acknowledge that oftentimes several of these transitional approaches may be in play at once.


� We would like to thank Ryoko Goguen for her helpful observations about these transitional catalysts.


� There are also some strong similarities and connections between the sections marked I2 and L2 in Figure 1 with their bowed bass passages and flute modality.


� Gates (1988).


� For important work on signifyin(g) in jazz studies see Borgo (2004), Murphy (1990), Monson (1996),  Tomlinson (1991), and Walser (1995), as well as Zbikowski (2002), who also incorporates insight from music theory and cognitive linguistics.


� Quoted in Day (2000:108).


� Quoted in McGaughan (1998:12).


� Bouchard (1998:n.p.).


� Of course the performance of a sonata or an improvised treatment based on a 32-bar song form can exhibit an organic quality that is not bounded by the syntax of the form. 
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