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ABSTRACT 

Algorithmic composition is applied to a wide variety of 
composer/machine interactions. The term computer aided 
algorithmic composition (CAAC) is generally accepted to 
describe this activity in its various guises. Many software 
programs and computer procedures that are appealing to 
a composer yield results that reflect a microstructural 
composition strategy. Large scale formal events seem to 
have been a secondary concern for the early contributors 
to computer music and little has been written concerning 
macrostructural shaping and transitional linking in algo-
rithmic composition. This paper examines a possible so-
lution for generating larger musical constructs and a 
method to link them together. 

1. INTRODUCTION 

More than thirty years after the codification and adoption 
of the MIDI standard, algorithmic composition has 
evolved to cover a wide variety of techniques that include 
different levels of interaction between the composer and 
the computer. Christopher Ariza offered up a hybrid term 
to cover the work in this field: computer aided algorith-
mic composition (CAAC). As this term is generally ac-
cepted to cover a multitude of approaches, and it will be 
used here. Ariza stipulates that “a CAAC system is soft-
ware that facilitates the generation of new music by 
means other than the manipulation of a direct music rep-
resentation” (Ariza, p. 1). Using the criterion of an “equal 
in, equal out” approach, the mere use of a computer in 
music is not recognized as computer music. This elimi-
nates notation programs and the use of a hard drive to 
replace linear (analog or digital) tape in typical recording 
systems.  A CAAC system allows for the manipulation of 
musical “stuff”, often using numeric representations, log-
ical operations and data manipulation.  The MIDI stand-
ard with its sometimes frustrating limitations is still rather 
elegant in its ability to translate musical gestures that the 
computer can render into sound. While many musicians 
still reject the use of the computer in any musical en-
deavor, instead favoring intuitive processes, we should be 
well past the discussion of whether or not the computer 
should be used. Like a double-edged sword, the capital-

istic producers and performers of commercial music have 
integrated the computer into most every aspect of produc-
tion while composers still meet resistance when confess-
ing to use algorithmic procedures.  As Phil Winsor stated 
in Automated Music Composition, “The question to ask is 
not, ‘Is it possible to apply the computer to musical prob-
lem solving, but rather, how can it be applied in a mean-
ingful way’…” (Winsor, p. 4). 

2. COMPOSER/MACHINE                       
INTERACTION 

Often, a composer’s initial interaction with the computer 
is as a substitute for the piano. The computer becomes the 
composer’s tool bench. This begins a journey of discov-
ery oftentimes altering the composers view of musical 
style and the use of the musical elements. Achieving the 
desired musical output requires a detailed problem-
solving approach that often challenges the descriptive 
stylistic “bullet points” that often pass for analysis.  The 
speed of processing available allows the computer to out-
put a vast amount of material for examination and evalua-
tion. The almost instantaneous feedback is invaluable for 
the evaluation of generated material. This outputting is 
much faster and more exhaustive than an individual could 
accomplish senza macchina. For some composers, the 
computer generates the material and the composer uses 
intuitive means to manipulate the material. For other 
composers, a higher level of interaction with the machine 
is desired. The composer seeks additional compositional 
control through the addition of processing control to the 
musical parameters.    
    How are larger compositions created when the com-
puter is generating material? Many computer music au-
thors have advanced the notion of “top-down/bottom-up” 
aspects of composition. This may be accomplished with 
or without a computer but for the purposes of this paper 
computer composition is implied. In his excellent book 
Composing Music with Computers, Eduardo Miranda 
discusses these approaches. He states that algorithmic 
software tends to be bottom-up with the computer gener-
ating material (via improvisation and/or experimentation) 
and the composer chooses and stores promising material 
for future manipulation. This material becomes the basis 
for creating larger sections. Computer aided composition 
software often uses a top-down approach: the composer 
begins with a compositional plan or program with the 
composer making decisions concerning the criteria for 
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each section (Miranda, p 9). Miranda allows that most 
composers use both approaches. 
    Nick Collins cites Miranda stating that the bottom-up 
approach is driven by the material and that top-down ap-
proaches are quite lacking in the history of algorithmic 
composition. While templates of existing forms may be 
used (Collins quotes the wonderful Doug Hofstader term 
“templagiarise”) the interaction of the generated materials 
and the formal template are “not always so well algo-
rithmized” (Collins, p. 108).  
   The consensus seems to be that most composers work 
in both top-down and bottom-up fashions during the 
course of realizing a composition. However, there is little 
research available that suggests methods for developing 
larger musical constructs. Two notable exceptions come 
from Christopher Dobrian and the doctoral dissertation of 
Jeremy Leach, whose writings explore methods of larger 
macrostructural design. Both writers take a hierarchical 
approach in their designs and of the two, Dobrian uses 
Schenkerian analysis terms and concepts overtly. A 
commonality in their thinking is the use of change as a 
contrast to stable areas, which allows for the construction 
of larger sections of music. 

3. MACRO-STRUCTURAL                  
CONSIDERATIONS 

Leach defines a rapid change of state as a “catastrophe” 
and describes such events as “c-regions”(changing re-
gions). Leach uses and X-Y axis to illustrate these chang-
es of state (Figure 1). 
  

 
     Figure 1.  The change behavior for x and y values. 
 
     Leach constructs an algorithm utilizing subdivision to 
expand a “starting unit into a complete composition with 
structural relationships explicitly defined by a given data 
set” (Leach, pp. 81-82).  
     Dobrian uses the terms “stasis and transition” to de-
scribe stability and change over time (Figure 2). 
 

 
Figure 2. Diagrammatic example of stability and          
change.  

 

     Dobrian states that “a structure is ornamented by de-
parture and return. A static segment is ornamented with a 
transition to another level and each transition is orna-
mented with a static segment.” Like Leach, Dobrian also 
provides an X-Y axis example (Figure 3). 
 

 
   Figure 3.  Graphic representation of the Dobrian code. 
 
      He further states that experiments in algorithmic 
composition had focused on “phrase level” events. This is 
typical of the bottom-up approach which required the 
composer to use intuitive processes to develop the work 
and produce a larger composition. This led Dobrian to 
believe that the composition of larger forms was “fertile 
terrain for systematic and algorithmic cultivation” (Do-
brian, p. 3). He developed an algorithm (in C) to develop 
contrasting sections: 

 
while ((nextx-x)>=minseg{ 

if (y==next y) 
ornstasis ( ); 

else orntransition ( ); 
} 

 
     The code stipulates while next x-x is greater than or 
equal to the minimum specified segment, if y is equal to 
next y ornament stasis or else ornament transition. The 
code is elegant in its simplicity and effective when im-
plemented. Dobrian demonstrates a composition example 
(in MaxMSP) using this algorithm to control the follow-
ing musical elements: 

 
Polyphony 
Pitch class 

Octave registration 
Loudness 

Orchestration 
Tempo 

Note Values  
Legato 

 
     In this example, a probability table for each dimension 
made stochastic choices for pitch, loudness, duration and 
timbre. The duration of the composition was determined 
by the speed of the temporal functions. One could keep 
the temporal functions and replace the contents of proba-
bility table to create divergent compositions. 

4. COMPOSITIONAL APPLICATION 

Using the code supplied by Dobrian, a real-time patch 
was derived in MIDIWonk, a graphic programming envi-
ronment that excels in MIDI data manipulation. Before 
detailing the implementation of the “Macrostructure” 
patch a brief explanation of the previously programmed 
instrument called “OneVoice” is offered. “OneVoice” 



had yielded good results using probability curves and 
random processes to generate a monophonic melody. The 
flow chart for that instrument follows: (Figure 4). 
 

 
 

  Figure 4. “One Voice” instrument flow chart. 
 

   The output of the probability curve module, driven by a 
clock module, supplies values to the rhythm and pitch 
module groups. The pitch material is mathematically ma-
nipulated (using modulus math) into the (MIDI) range of 
the desired instrument and the rhythms are quantized into 
a range from (2-192) representing the range of the MIDI 
sync clock (based on 24 pulses per quarter note). The 
rhythms are bounded by user controls to set a range of 
rhythmic values.  
   Velocity values are supplied by an array populated with 
random generated values (in a specified range) to gener-
ate variety in the attack velocity of the pitch material. 
Transposition is bounded plus/minus 6 semitones. The 
transposition is initiated by a random clock feeding a 
random integer generator which, in turn supplies the 
transposition in the aforementioned range.  
   A legato function is implemented which bypasses the 
usual MIDI note off event and waits for a MIDI note on 
message to change the pitch. This eliminates the often-
times repetitious aspect of random probability distribu-
tions.  
   The velocity and transposition functions were imple-
mented to increase the musicality of the outputted materi-
al. Nothing sounds less human or more machinelike than 
equal velocities for all pitches and the human animal 
quickly tires of a never-changing, repeated pitch class. 
   This instrument was converted into a “macro” which 
allowed for multi-voice polyphonic music to be easily 
configured and generated. While the results were quite 
satisfactory, the bottom-up nature of the generated music 
begged for a method to create larger sections with greater 
contrast. The “Macrostructure” patch programmed using 
Dobrian’s algorithm utilizes “OneNote” macros as the 
outputting instruments. 
   The “Macrostructural” patch utilizes an “Array Slider” 
module with 10 user programmable faders. A “Step Ar-
ray” module output moves from one fader value to the 
next. That movement is dependent upon the result of a 
“Greater than or Equal to” module which performs the 
comparison of values from Dobrian’s algorithm.  A user 
programmable knob allows for the creation of longer or 

shorter sections by increasing the value to be compared. 
The change initiated by the movement through the step 
array is the tempo of the output. With a system clock con-
trolling the entire patch, it is logical for tempo to be the 
first agent of parameter change. Since the user can indi-
cate tempi with a wide range of values, a “Slew” module 
was introduced for a smooth transition between adjacent 
but disparate tempi (Figure 5). 
 

 
 
Figure 5. Flow chart for tempo changes to system clock.  

 
   Once the change message was sent, the “OneVoice” 
macros received the velocity, rhythmic value and trans-
position information. Sending the same information to 
each macro instrument yielded unsatisfactory results. 
When the outputting modules were sharing the same ve-
locity and rhythmic information, the result lacked the 
subtlety and variety associated with human performance. 
The resulting sameness was obvious and unmusical. A 
solution that yielded better results was to set up overlap-
ping zones. These zones were much like velocity curves 
in sampling instruments.  
   The MIDI velocity range was divided into overlapping 
zones (in the range from 35-120) and placed in “Step 
Array” modules. A “Random Integer” module triggered a 
“Switch” module that sent different zone information to 
the macro instruments. This yielded a musical result as 
each instrument in the ensemble could perform in a dif-
ferent velocity range. The same approach was used to 
send different rhythmic value information to the instru-
ment macros. Overlapping rhythmic zones were stored in 
an array and randomly selected by a switch module. Pitch 
material was the same for all “OneVoice” macros but if 
change was desired the use of existing scales, serial pitch 
classes or logical sieves could be implemented in the 
same fashion (Figure 6). 

 

 
 
  Figure 6. Velocity (and rhythmic) zone diagram. 
 
The Control Panel for four voices (showing Array Slid-
ers, Segment Adjustment, Tempo Count, Tempo Slew, 
Transposition and Instrument) and the modules for veloc-
ity zone processing follow (Figures7 and 8). 
 



 
Figure 7. Control Panel for four instrument “voices.” 
 
 

 
    Figure 8. Velocity (and rhythmic) processing modules. 
 
   The output of the “Macrostructure” patch yielded excel-
lent results and allowed the generation of sections of var-
ying size. By using the same tempo shape with the array 
sliders and changing the segment size, the Ursatz of larg-
er sections could be used to define the formal shape of 
smaller sections. 

5. TRANSITIONS 

As often happens, a successful implementation leads to 
new expressive demands requiring new programming 
solutions and so it was with the “Macrostructure” patch: a 
new concern arose. While the sections were longer and 
the contrasts provided episodic formal division, the 
changes were often abrupt and lacked thematic connec-
tion. This problem is also typical of music generated in a 
bottom-up fashion. Interesting material is followed by 
(hopefully) more interesting material, but little or no con-
nection exists between them. This led to the examination 
of possibly deriving transition sections to link the larger 
constructs. One would have to forego the real-time output 
of the patch since a transition needed both the material 
just heard and the material to be heard. This, like non-
computer composition, would need to be accomplished 
“out-of-time.” The sectional material would be recorded 
as would the transition. The transitions would then be 
inserted into the recorded output of the patch. Music 
Wonk provides real-time processing of the material and 
allows for MIDI output to be routed to and recorded in 
any standard DAW. This is accomplished via a software 
MIDI interface like loopMIDI. 
   As is the case with macrostructures in CAAC, there is 
little written concerning transitions. Jeremy Leach states 
that notes nearer to a transition have greater significance 
for the listener (Leach, p. 99). He based this on the percep 

 
 
 
 

 
 
tual work and experiments of Diana Deutsch. The notion 
is that listeners remember information from the beginning 
of a transition but middle events are not as prominent to 
the listener. Leach presents additional arguments: transi-
tions tend to be shorter than the surrounding stable musi-
cal material and transitions can also model hierarchical 
structuring. Using examples from visual art and natural 
phenomena in biology, Leach develops a model using a 
“hierarchical backbone upon which to structure resulting 
compositions” (Leach p.102). The size of the element at a 
specific level will determine the number of “smaller c-
regions” (changing regions)” into which a c-region 
should be divided. This approach to structure again in-
vokes the theoretical concepts of Schenker. While appre-
ciating the conceptual notions of Leach, his model is part 
of a larger programming construct and implementation to 
the existing macrostructural patch already in use was 
deemed impractical. 
   There is no lack of examples of transitions in music 
literature. The bridge theme that connects two thematic 
areas with different tonal centers in a sonata might be the 
most familiar. The connecting area is an example of har-
monic instability often accompanied by irregular and 
asymmetrical constructs in melody, rhythm and phrase.   
A transition can be as simple as a prolonged element that 
is redefined in the context of a following section (a com-
mon tone), a transition with completely new material or a 
transition that, as Shoenberg stated, contains the “liquida-
tion of motival characteristics” (Schoenberg, p.179). The 
notion of motivic liquidation infers the fragmentation and 
lessening of motivic elements across a time span. It 
would be followed by the new section. In the context of 
the macrostructural patch it was thought that attempting 
to overlap material from two adjacent sections would be a 
type of “liquidation” of material.  At the same time, it 
would preserve the stochastic aspects of the program.  



   To compare the materials from two varying sections 
and create a transition section, “Read/Write Array” mod-
ules are used to accept mirrored output data from the 
“OneVoice” modules. This contains the material for any 
two sections that could be linked by a transition. Three 
types of data are recorded: note data, velocity, and 
rhythmic values. The contents of the “mirror” array is 
divided into two groups of three data files. One group 
contains the pitch, rhythm and velocity of Section 1 and 
the second group contain Section 2 material. These files 
are loaded into the array group for processing and record-
ing (Figure. 9). 
 

 
   
Figure 9.  Transition flow chart using material from two 
sections.  
    
   It was conjectured that more velocity choices would 
add to the variety of the transitional section. To this end, 
arrays that provide values for crescendos, decrescendos, 
and a combination of the two were added. Each array was 
input to a “Switch” module which is toggled by a random 
integer. The number of switch choices is parameter- de-
pendent. The pitch and rhythm switches have two choices 
(one for each array); the velocity switches have four 
choices (velocity values of the original velocity material 
and three additional velocity curves). Upon receiving a 
clock message at the strobe input, the switch will activate 
and start the transition with material indicated at the 
switch output. This portion of the patch is displayed in 
Figure 10. 
     For the initial test, the outputted array material from 
one instrument was recorded as MIDI data in a DAW 
program. The track was inserted into a previously record-
ed session of the source sections. The transition material 
was compared to the sectional material that was meant to 
precede and follow the transition. Besides the array ma-
nipulation, further “out of time” work involved making 
space in the original track for the transition material. The 
additional velocity curves helped produce a satisfying 
dynamic shape to the transition and, while the material 
from the source arrays were not comingled, the result of 
the combination of the source material worked quite well.  
   Subsequent test runs of the same material yielded dif-
ferent switch choices in keeping with the stochastic na-

ture of the original patch. Some runs placed the second 
section material before the first which created a “fore-
shadowing” of the larger section to come with a sonic 
“reminder” of the section just heard. This was deemed the 
most effective and musically satisfying test outcome. 
Using a random output from the Transition array was 
most unsatisfactory; the connection to the source material 
became unrecognizable. While the material was 
comingled the effect of this yielded no sense of transition 
at all. Adding the additional “OneVoice” instruments 
greatly increased the number of arrays necessary to ac-
commodate the musical elements. It was decided to place 
the Section and Transition arrays in macros to declutter 
the work space and streamline the patch. Macros for the 
velocity zone arrays and the rhythmic value arrays were 
also implemented. The process of placing multiple tracks 
of transition material was time-consuming and the best 
results were obtained after compositional manipulation of 
the generated data. The overall complexity of the 
“Macrostructure” patch was increased but the ability to 
add transitions, although “out-of-time”, was welcomed. 
Recognizing that this is a rather singular approach to a 
generative transition, it still provides a method to access 
the processing power of the computer to provide material 
for the composers’ examination and manipulation.  
 

6. CONCLUSIONS 
 

Historically, formal considerations have not been at the 
forefront of computer music concerns. For the pioneers in 
both electronic and computer music, perhaps the burden-
some process of generating sound and processing data 
precluded concerns with larger formal considerations. 
With the increase in the speed of processing and the per-
vasive nature of computer accessibility, computer musi-
cians are able to embrace more than the bottom-up ap-
proach to algorithmic composition. Creating larger algo-
rithmically generated works with macrostructural control 
is obtainable when a “top-down” approach uses one ele-
ment to trigger changes in multiple elements. Tempo is a 
logical candidate to initiate the change since generally 
one system clock controls most programs. The resultant 
sectional contrast fits the notion of stability followed by 
transition (or catastrophe) as found in the writings of Do-
brian and Leach. Schenkerian concepts are espoused by 
both authors indicating the desire to use hierarchical, or-
ganizational concepts in the design of their algorithms. 
Hierarchical structures are relevant even with stochastic 
organization of the musical elements. The Dobrian algo-
rithm yields excellent results and by changing the size of 
sections, a single formal design can be used to generate 
both background and foreground events. Leach uses a 
hierarchical backbone that links background and fore-
ground levels and is the basis for the compositional or-
ganization in his program. Although several years have 
passed since the writings of Dobrian and Leach were 
published, “bottom-up” programs remain an excellent 
entry point for many composers interested in algorithmic 
composition.  
   The exploration of macrostructure and transition dis-
cussed here were driven by the authors’ desire to expand  



 
Figure 10. Section 1 to Transition Array module.  
 
beyond “bottom-up” approaches and find satisfactory 
methods to approach larger sections or entire pieces. 
When using generative programs, logical aural connec-
tions between disparate (or similar) sections is generally 
absent. Designing a control process to yield a method of 
transitioning was a logical “next step.”    
   It should be mentioned that today much emphasis is 
placed on sample manipulation and digital processing as 
a working method to generate materials and whole com-
positions. This seems to be another “bottom-up” ap-
proach but it does resemble the crystallization analogy 
employed by Varese when discussing form. Future sound  
events become a resultant of current event manipulation. 
Form is a resultant not a “primary attribute” (Varese, p. 
16). Regardless of the method employed to generate ma-
terial, the shaping of sound across time is a concern for 
most composers and macrostructural considerations still 
 remain an area for exploration and compositional re-
search. 
   Transitions seem to be mentioned less than macrostruc-
ture in computer music writings. It is possible to generate 
formal sections that abut each other; however, it some-
times creates too abrupt a change. A transition can make 
changes between sections smoother and more musically 
pleasing. Since transitions involve a connection of music 
already heard to music yet to be heard, a composer must 
sacrifice the “in time” generation of a real-time program 
and return to an “out of time” compositional solution. 
This involves multiple arrays controlling multiple musi-
cal parameters as well as recording and manipulation of 
material. There is a fair amount of manipulation to gener-
ate the material and place it in the composition. The re-
sults obtained by this method would seem to make that 
effort worthwhile. 
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