
 

Vrije Universiteit Brussel

On the Dynamics of the Grundgestalt
De Florio, Vincenzo

Publication date:
2021

License:
Other

Link to publication

Citation for published version (APA):
De Florio, V. (2021). On the Dynamics of the Grundgestalt.

Copyright
No part of this publication may be reproduced or transmitted in any form, without the prior written permission of the author(s) or other rights
holders to whom publication rights have been transferred, unless permitted by a license attached to the publication (a Creative Commons
license or other), or unless exceptions to copyright law apply.

Take down policy
If you believe that this document infringes your copyright or other rights, please contact openaccess@vub.be, with details of the nature of the
infringement. We will investigate the claim and if justified, we will take the appropriate steps.

Download date: 26. May. 2023

https://cris.vub.be/en/publications/on-the-dynamics-of-the-grundgestalt(b4112c7a-8877-4c2f-ba7a-9f2a1e1c7543).html


On the Dynamics of the Grundgestalt

Vincenzo De Florio

Evolution, Complexity and COgnition research group, Center Leo Apostel, Vrije Universiteit
Brussel, Belgium

ARTICLE HISTORY

Compiled May 2, 2021

ABSTRACT
As well known, Schönberg’s concept of Grundgestalt equals the initial element of
a piece with the piece itself. Here I provide an interpretation of the Grundgestalt
in the light of dynamic systems theory and propose a compositional model based
on that interpretation. I show that the model can generate music from the orbits
of certain dynamic systems and I exemplify this by means of two combinatorial
procedures. Lessons learned thus far, including links to a number of compositions,
are finally provided.
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1. Introduction

In his seminal work (Schoenberg, 2014), Arnold Schönberg introduces the concept of
Grundgestalt, the fundamental form, or basic shape, of a musical composition. Quoting
from the cited article, Schönberg states that

“Whatever happens in a piece of music is the endless reshaping of the basic shape [. . . ]
There is nothing in a piece of music but what comes from the theme, springs from it and
can be traced back to it; to put it still more severely, nothing but the theme itself.”

Such a statement may sound apodeiptic and even questionable when applied to
a general context; and yet it is perfectly fitting when referred to certain models of
musical compositions. One such models is presented here—an approach to generative
music composition based on the mathematical concept of dynamic system.

Dynamic systems theory studies the properties of mathematical functions when
they process recursively certain input values (Luenberger, 1979). Said systems are
deterministic—the moment that a chosen function receives its initial value, its behavior
is set. And yet, when one observes the values that that function produces during its
loop, many interesting and sometimes surprising observations can be made. Dynamic
systems theory calls those values “orbits” and discusses the properties of the timely
progression of orbits produced by looping the function on and on—so-called “time
series”. When mapped on a geometrical space, those time series can be visualized for
instance as trajectories of points. When mapped onto a musical space—for instance,
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onto some organized system of tones—those time series generate musical pieces. The
fundamental choices here are the initial condition—the theme,–and the function, or
formula (Mart́ınez Abad, 2013), which endlessly reshapes the theme by mechanically
producing the whole piece. One could say that the choice of the function and of the
initial value determine the piece, or that that function and value represent the most
concise, or “compressed”, way to refer to the same music concept—the full piece. Yet
another way to think of the initial value is that of a genotypical representation of a
concept whose fully developed, phenotypical representation, is the musical piece.

As the reader will have already surmised, the initial value of a dynamic systems is
nothing but the mathematical equivalent of Schönberg’s Grundgestalt, and this paper
focuses on music created by mapping the orbits of dynamic systems onto systems of
tones. Because of this, I refer to such music as “Grundgestalts.”

The structure of this work is as follows:

• In Sect. 2, I exemplify the Grundgestalts with a first simple case and I introduce
the general theme-to-piece function used in this paper. I also highlight how such
function preserves modularity—a property typical of biological systems (Clune,
Mouret, and Lipson, 2013; Wagner and Altenberg, 1996).
• In Sect. 3, I present a more complex case. The dynamic system here models a

finite-state automaton of a traditional game of cards. Although characterized by
simple rules, said game exhibits complex behaviors that are difficult to anticipate.
Correspondingly, its Grundgestalts present surprising qualities, especially when
the produced musical material is orchestrated by a human composer.
• Next, in Sect. 4, I describe how I used the dynamic systems introduced in previ-

ous sections to compose Grundgestalts and hybrid compositions mixing genera-
tive and traditionally composed music.
• I then briefly present, in Sect. 5, some ideas related to the concept of

Grundgestalt that were independently introduced in the past.
• Preliminary conclusions and a view to future experiments are finally exposed in

Sect. 6.

2. Permutation dynamics

“A certain divine mathematics or
metaphysical mechanics is employed
in the very origination of things.”

Leibniz (1697)

In my papers (De Florio, 2002, 2005), I present and model a simple dynamic system
that takes as input non-negative integer numbers (i.e., numbers from set N0). Such
system represents a first case of a Grundgestalt-generating procedure. In what follows
I briefly recall its characteristics, describe an algorithm to map its orbits onto tones,
and finally use the algorithm to create a first very simple Grundgestalt.

2.1. The “next permutation” dynamic system

In order to present the first of the two dynamic systems of this article, let me begin
by considering one of its possible inputs—for instance, number 1232. As well known
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since primary school, in its decimal representation that number consists of digit ‘1’ to
represent the thousands, digit ‘2’ to account for the hundreds and units, and digit ‘3’
to represent the tens. Now, let me consider all the permutations that can be obtained
with those digits:

1223 ≺ 1232 ≺ 1322 ≺ 2123 ≺ 2132 ≺ 2213 ≺ 2231 ≺
2312 ≺ 2321 ≺ 3122 ≺ 3212 ≺ 3221.

(1)

Symbol “≺” in (1) represents a total order relationship, which corresponds to the
lexycographical order relation between strings (and the “less than” relationship be-
tween integers).

Now let me arrange those permutations into a clockwork-like circle, with the strings
orderly positioned clockwise and the “smallest” permutation at 12 o’clock as in Fig. 1.
I will call f the function that takes as input “an hour” and returns “the next hour”.

f 2123

1322

1232
1223

3221

3212

3122

2321
2312

2231
2213

2132

Figure 1.: Representation of the “next permutation” dynamic system with input ‘1223’.
Like satellites of a planet, its permutations relentlessly orbit around it.

One can easily see that, given function f and any such permutation, it is possible
to reconstruct the whole from any of its parts: for instance,

f(1232) = 1322, f(f(1232)) = f(1322) = 2123,
f(f(f(1232))) = f(f(1322)) = f(2123) = 2132,

and so forth. Like a clock hand, function f mechanically moves through all hours in an
infinite progression. Function f , which I call the “next permutation” function, is indeed
a dynamic system, and the above circle represents the orbits cycle associated with any
of the inputs in (1). Any such input can be the starting point, or the theme if you
like, which produces the basic shape associated with that theme, endlessly reshaped
by function f .

More formally, function f , the “next permutation” function, takes any number
n ∈ N0, considers its digits as a zero-padded string of characters (let me refer to such
string as s(n)), and produces a new number n′ such that s(n′) is the permutation that
immediately follows s(n) in the lexycographically ordered set of all the permutations
that are based on the digits of these numbers.

In the next section I show that f (and any function returning values in a finite
subset of N0) can be considered in the musical domain as a “theme-to-piece” function.
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2.2. From orbits to tones

Function f transforms non-negative integers into non-negative integers—its orbits.
Mapping those orbits onto timely progressing musical events is a crucial aspect of the
musical rendition of dynamic processes such as the one just introduced. There is no
unique mapping strategy and, as well known, multiple tone systems exist. In this paper
I shall focus on the classic equally tempered scale, which allows to use off-the-shelf
tools such as Lilypond (Nienhuys, Nieuwenhuizen, Reuter, and Zedeler, 2004) to easily
render a score and associate voices to freely available instrument samples. The same
algorithm is currently being applied to other tone systems, though this is considered
beyond the scope of the present work.

Again, let me begin by means of an example: I shall consider as input for f any
permutation number that can be constructed with three ‘0’ digits, three ‘2’ digits, and
three ‘3’ digits. As already mentioned, representations are zero-padded—input value
n = 222333, for instance, shall be represented as string s(n) = 000222333.

The f function presented in Sect. 2.1, given as input any number constructed with
the above mentioned digits, would “move the clock hand” one step forward, thus
producing the number associated with the next permutation number of the input
value. As in the case presented in Sect. 2, I could arrange those orbits onto a large
“superclock” consisting of 9!

3!×3!×3! = 1620 “hours”, and f would continuosly cycle
around that superclock.

I now describe the algorithm to turn a given number of orbits of the above process
into music. In order to clarify the algorithm, where deemed useful I provide examples
in angular parentheses.

(1) Choose a number of voices, v > 0 〈for instance, v = 3〉.
(2) Choose a number of orbits, t > 0.
(3) Choose an initial octave, o0, and a final octave o1 > o0.
(4) Choose a number of tones within an octave, k 〈for instance, k = 12〉.
(5) Choose a time step s.
(6) Choose a multiset of digits 〈for instance, {0, 0, 0, 2, 2, 2, 3, 3, 3}〉. Let l be the

cardinality of the multiset 〈thus, by the same example, l = 9〉.
(7) Partition the set {1, 2, ..., l} into v non-empty blocks, b1, . . . , bv. 〈By continuing

with the example in (6), let me choose for instance b1 = {1, 2, 3}, b2 = {4, 5, 6},
and b3 = {7, 8, 9}〉.

(8) Define v lists, V1, . . . ,Vv. Such lists are initially empty.
(9) Choose a starting point 〈e.g. n = 222333〉 and consider its s(n) 〈000222333〉. Let

variable I be initialized with s(n).
(10) Decompose I into v substrings, ssbi(n), 1 ≤ i ≤ v, by orderly concatenating the

digits in each bi. 〈Thus if I = 000222333 and v = 3, then the ssb1(n) = 000,
ssb2(n) = 222, ssb3(n) = 333〉.

(11) Convert every substring into a non-negative integer by selecting a base. 〈In our
example, the greatest digit is 3 thus any integer greater than 3 can be selected
as base. Here I choose for instance base 4 and interpret the substrings as base-4
integers. This leads me to decimal values 0004 = 0, 2224 = 2+2×4+2×16 = 42,
and 3 + 3× 4 + 3× 16 = 63〉. In what follows, I use di, 1 ≤ i ≤ v to refer to the
above decimal numbers.

(12) Append the v values just obtained onto the V lists:

∀1 ≤ i ≤ v : Vi.append(di).
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Figure 2.: The “next permutation” function applied to input value 000222333 (De Flo-
rio, 2020a).

(13) Compute f(n) = n′ and assign s(n′) to I. This moves the hand of the clock to
the next permutation. 〈For instance, if n = 222333, then I is set to 223233〉.

(14) Decrease t by one.
(15) If t is zero, continue to (16), otherwise execute again from (10).
(16) Calculate the minimum and maximum value in all the Vi, 1 ≤ i ≤ v. Call “min”

the minimum and “max” the maximum.
(17) Define function m, linearly mapping the interval [min,max] onto the interval

[o0 × k, o1 × k].
(18) Apply function m to each element of each V. Store each obtained value in the

corresponding element of V.
(19) For each element e′ of each V:

(a) Calculate the quotient and the remainder of the division by k.
(b) Call the quotient q and the remainder r.
(c) Select the r-th note of the q-th octave.
(d) Assign the note to variable e′.
(e) Compare e′ with the previous note e in V (if it exists). If e = e′, then

increase the duration of the previous note by the time step s and remove
e′ from V. Otherwise, move to next element of V.

The just enunciated procedure creates v lists of tones, Vi, 1 ≤ i ≤
v. The code (De Florio, 2020a), available at https://gitlab.com/Eidonko/

CombinatorialMusic, computes f and the above lists of tones, which are then trans-
lated into a Lilypond score. That score is then translated into a MIDI file, which is
finally rendered as an audio file by selecting instrument samples. The invocation of
the whole process is shown in Fig. 2.

An audio file with an excerpt of the 000222333 Grundgestalt for three voices is
available in two versions:

5

https://gitlab.com/Eidonko/CombinatorialMusic
https://gitlab.com/Eidonko/CombinatorialMusic


Figure 3.: Geometrical representation of the orbits of “000222333”.

(1) As an MP3 audiofile created through the procedure shown in Fig. 2: https://
gitlab.com/Eidonko/CombinatorialMusic/-/blob/master/000222333.mp3.
Instruments are acoustic bass, shakuhachi flute, and vibraphone.

(2) As an OGG audiofile created with MuseScore (Mus, 2021) by importing the MIDI
file produced in (1): https://gitlab.com/Eidonko/CombinatorialMusic/-/

blob/master/000222333.ogg. Instruments are overdrive guitar, flute, and harp.

Work is ongoing on another version of the above code, to be used with any type of
tonal system. Such code outputs a SuperCollider source (Wilson, Cottle, and Collins,
2011) rather than a Lilypond score1.

A geometrical representation of this Grundgestalt is shown in Fig. 3: here the di, 1 ≤
i ≤ 3 values are interpreted as the coordinates of a point in a tri-dimensional space.
The point is then used as the center of either a sphere or a cube. The radius or
side length is chosen pseudo-randomly between 1 and 5 units. Significant properties
of these representations include self-similarity (De Florio, Bakhouya, Coronato, and
Di Marzo Serugendo, 2013) and conservation of the modularity (De Florio, 2016).
From a compositional point of view, I found this of particular interesting as it implies
that slight modifications in the seed result in slight modifications in its (musical and
geometrical) development.

1Preliminary code is available at https://gitlab.com/Eidonko/CombinatorialMusic/-/blob/master/pytha.

py. It has been used to create list of tones in Pythagorean scales and in 31-tone equal temperament (Rapoport,
1987).
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3. The Heartquake dynamic system

“Musica est exercitium arithmeticae
occultum nescientis se numerare
animi” (Music is an occult practice
of arithmetics, in which the spirit is
unaware that it is counting).

Leibniz (1712)

A second and more complex dynamic system is given by the function representing
the states of “beggar-my-neighbour” matches. Beggar-my-neighbour (Paulhus, 1999)
is a game usually played by two opponents with a standard 52-card deck of cards. In
fact, rather than a game, Beggar-my-neighbour should be referred to as a combinatorial
procedure: once a pack is distributed to its players, the outcome of the game is decided.
Moreover, its rules are so näıve that it can be played by children2. Though playing
the game is easy, it is quite difficult for an external watcher to foresee the outcome
of the game at any moment because of the ease with which the fates of the game
rapidly change. Moreover, the existence of a match of infinite duration is still an open
problem (Paulhus, 1999).

A version of the game is played in Italy with the Italian 40-card pack. Its name is
“Strappacuore”. A close-to-literal translation of the name of the game would be “Pulls-
out-your-heart”, though I prefer the less literal “Heartquake” (pun with “earthquake”
intended). In (De Florio, 1995) I investigated Heartquake, formulated a mathematical
model of its combinatorial procedure, and studied some of its properties. The ones
most relevant in the context of the current paper are that Heartquake can be regarded
as a dynamic system and that it is characterized by complex behaviors such as, e.g.,
the existence of cycles and of matches whose duration and dynamic behavior is rec-
ognizeable only after a number of iteration steps as great as one likes. The major
difference between Heartquake and the dynamic system discussed in Sect. 2 is thus
that there can be “themes” that give raise to pieces that, even considering a single
cycle of orbits, may last significantly longer than what anticipated from the size of the
seed.

In what follows I first recall in Sect. 3.1 the rules and the mathematical model of a
family of combinatorial procedures. Members of the family only differ for the structure
of their pack. The rules are the same for any member, and correspond to those of
Beggar-my-neighbour and Heartquake. After this, I show that their mathematical
model is a dynamic system, and therefore any member of this family may be used as
a theme-to-piece function—in other words, it may be used to create Grundgestalts.
I conclude this section by providing an example of a Grundgestalt generated by a
member of this family of dynamic systems.

3.1. The rules of the games

Here I describe the rules of games such as Beggar-my-neighbour and Heartquake.
Games differ by the number and card values in their pack. In order to ease the treatise,
in what follows I focus on a particular case—that of Heartquake.

Heartquake is based on the 40 playing cards of the so-called Neapolitan pack. Two

2In Charles Dickens’s “Great Expectations,” Beggar-my-neighbour is the only card game that the protagonist

knows how to play as a child (BmN, 2021).
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Figure 4.: An excerpt from a Heartquake match from game {1111222344}. Cards 1, 2,
and 3 are the “good” ones.

players are involved, let us refer to them for convenience as Neal and Jack. After a
shuffling, 20 cards are given to Neal and 20 to Jack. All cards are unknown to both.
A table is available to put cards on. Players are asked to turn the card on top of their
pack. Cards belong to two classes: “good” cards, i.e., the four aces, the four twos, and
the four threes, and “bad” cards, namely the rest.

Neal starts the game by turning the card on top of his pack. The turned card is
placed on an initially empty stack face upward. Then it is Jack’s turn. This situation
goes on while both players turn bad cards, and results in a balanced reduction of both
players’ hoards and a corresponding increase of the stack on the table. The player who
first exhausts their pack, he loses the game.

As soon as a player, say Neal, turns a good card, say a g, the game enters a second
situation in which only Jack reduces his pack: in fact, Jack needs to turn up to g of his
cards in search of a good one: if he succeeds, the roles swap and it is Neal who needs to
exit the dangerous condition. If Jack fails to turn up a good card within g attemps, all
cards stacked on the table go to the bottom of Neal’s pack. Whoever wins the cards,
he is the next to turn, and the first situation starts again. If a player exhausts their
pack in search of a good card, the game is over and the opponent wins.

If we call a “game configuration” any triple consisting respectively of Neal’s sub-
pack, Jack’s sub-pack, and that of the cards piling up on the table at any given step
of the game, and if we call “state” the information of which card is on the top of the
table stack and who’s the next player to turn card, then Heartquake is fully described
by the 4-tuple

〈X,Q, δ, ω〉
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in which X is the set of all possible game configurations, Q is the set of all possible
states, δ : Q ×X → Q is a function providing the next state and ω : Q ×X → X a
function providing the next game configuration (De Florio, 1995).

For each given initial game configuration x (20 cards for Neal, 20 for Jack, and no
cards on the table) and initial state (say, Neal takes the initial step), the dynamics of
a Heartquake game is fully determined by the following recursive procedure:

{
δk+1(x) = δ

(
δk(x), ωk(x)

)
ωk+1(x) = ω

(
δk(x), ωk(x)

) (2)

It is easy to see that the very same formulation could be reached with any finite
distribution of “good” and “bad” cards, and that the resulting procedure is a dynamic
system (ibid.) The orbits of such system are a deterministically produced time series
of game configurations and states, which represent the ordered “steps” of the game,
from the initial game configuration up to its conclusion—if any exists.

The above formulation can be generalized to games with p players. When bad cards
are drawn, the players proceed in turn. Every time player a draws a “good” card, a
round of the 2-player game is played by a and the player immediately following a.
When the pack goes to either a or his opponent, the p-player version resumes. Note
that in this case the game configurations are given by p+ 1 blocks of cards.

By mapping the above time series onto notes, it is possible to generate a second
type of Grundgestalt.

3.2. Again, from orbits to notes

Given any game g structured as mentioned above, with p ≥ 2 players, and given any
initial configuration, or “theme”, x, one can for instance focus on series

(
ωi(x)

)
i>0
. (3)

If the greatest face value in a pack is m, then each orbit of function omega can be
interpreted as a p+ 1-tuple of base m+ 1 non-negative integers. Such values can then
be turned into notes similarly to how it has been shown in Sect. 2.2, steps (11)–(19).
Figure 5 exemplifies how an orbit is turned into notes in the case of p = 2 and a pack
consisting of five “aces” (good cards) and five “zeroes” (bad cards).

As clear from the picture, the above transformation produces triplets of notes. In the
generalized case, p+ 1-tuples of notes can be generated. Currently, a game simulator
has been created, though only for two players (De Florio, 2020b). Consequently, the
music presented in what follows is based on three voices, although often assigned to
multiple instruments.

In what follows I call “Heartquake Grundgestalts” (HG) those produced by the
dynamic systems discussed in this section. I use HG also to refer to the corresponding
dynamic system.

A first example of HG is 00034468. Here I consider packs with three bad cards and
then good cards of face value ‘3’, ‘4’ (twice), ‘6’, and ‘8’. The resulting HG results in a
large sequence of samples. Here I extracted 8 minutes from the whole, starting around
minute 20. Instruments are piano, bass, and Latin drumset.
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Figure 5.: Interpretation of a game configuration of a two player game with pack
{0, 0, 0, 0, 0, 1, 1, 1, 1, 1}.

4. Composing with Grundgestalts

“[. . . ] The rising of the interior song
of the soul, by memory or by heart,
as in the extrinsic creation of the
material of the musical score, from
cause to cause.”

Deleuze and Strauss (1991)

.
In the course of the last couple of years I have conducted a large number of

“ArtScience” experiments based on Grundgestalts. In other words, rather than purely
focusing on the mathematical aspects of the music of HG, I have also experimented
in creative ways with the emerging music material. In what follows I briefly describe
some of those experiments.

“Andorinha” : here, sixty-four games are chosen randomly among those in
{0, 0, 0, 1, 1, 6, 9, 9, 9, 9}. Their orbits are accumulated and then translated into
music.

“Red Sawara Tree” : this is another random selection of ten Heartquake games.
Instruments are cimbalon, double bass, drum kit, percussions, plus a rain
soundfont. In this case, the resulting audiofile has been decomposed into au-
dio “chunks” of a fixed size, and then rearranged according to my taste. I call
this a “phenotypical manipulation”.

“Mirai” : A number of Heartquake games are selected here in an unfair way: in
a first match, the good cards are all handed to one of the opponents. In the
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following matches, the good cards progressively “flow” to the other opponent.
As a consequence, the first opponent is likely to win near the beginning of the
simulations, while the second opponent shall win near the end. In the middle, the
fates are more balanced and the games likely to last longer. One could say that
the music here “describes” a change of the fates in a series of games. Instruments
are dulcimer, double bass, distorted guitar, congas, drumkit, and piano.

“Fretchel” : fifty-two games from a 22-card pack with four good cards (a ‘2’, a
‘4’, a ‘6’, and a ‘8’) are selected by choosing equidistant orbits of the “next
permutation” function.

“Teleology” : Manual selection of games from pack {0, 0, 3, 5, 5, 7, 7, 7, 8, 9, 9, 9}. The
obtained audiofile has been decomposed into “chunks” that are manually “com-
posed” together (phenotypical manipulation).

“Kot upārjanā t
¯
erai ang” : A set of matches is randomly selected from a pack; the

contribution of each part to the whole is assessed; rearrangements and removals
are made; when a contribution is seen as good though not optimal, modifications
are applied on the seed to slightly modify the resulting contribution. I call this
a “genotypical manipulation”.

“Studio Z” : Fourty equidistant matches are selected by choosing equidistant orbits
of the “next permutation” function applied to a pack of 7 bad cards and 5 good
cards (two “1”s and three “5”s). A special “recomposition” has been applied:
• I created a voice by isolating the first few seconds of the bass line and

repeating the sequence 27 times.
• I assigned the HG voices to flute, diato, harpsichord, and Latin percussions.
• I “silenced” some segments according to my tastes so as to highlight certain

combinations of other instruments.
“Fryderyk” : The three voices here are used as the main themes for three sub-

pieces—Tema I, Tema II, and Tema III. The piece is called Fryderyk mainly
because of a fragment that can be heard in Tema II and is at the core of Tema
III, the last part for piano solo.

“Mantra” : A pack with five good cards (two ‘1’s and three ‘2’s) and eleven bad
cards is played; prefixes and suffixes all made of bad cards are systematically
added to the pack; the resulting packs are played in sequence.

“Kwaidan” : a random seed, “10078970003540”, is perturbed by generating and
concatenating prefixes and suffixes. The resulting voices are elaborated into a
piece in four parts:
Seibu : “Neal’s” voice is played by bassoon and English horn. Tubolar bells

signal the end of this part.
Kwaidan : this is an orchestration of Seibu. “Neal’s” voice is played by bassoon,

English horn, strings, and double bass. Strings also play “the cards on the
table”.

Xenocronia : a xenochrony of both opponents’ voices. Instruments are bassoon,
English horn, and flute.

Jazz is for piano, drums, and double bass. The simple piano line and the bass
line are made by composing “phenotypically” the voices of the opponents.
Drums play the whole set of cards.

Several other compositions are available on https://eidon.bandcamp.com/.
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5. Related ideas

“The mantra is not varied; no sound
is added, nothing is accompanied,
adorned, etc. The mantra always
remains itself and shows itself in its
twelve facets with its thirteen
characters.”

Stockhausen (2003)

As already recalled, the concept of Grundgestalt equates the initial element of a piece
with the developed piece itself. Such concept of a part potentially able to mechanically
generate its whole can be found in many a discipline. Biology provides a significant
example: when the womb receives the seed, a wondrous “song of life” may be set in
motion. Key questions are then—where is the “true identity” of a being (or a piece
of music) to be found? Is it in the phenotype only, or maybe is the gene the only and
true “self” (Dawkins, 1976)? Or are they both an aspect of a same entity, manifesting
itself in two different domains?

Questions such as these are not new. Already in the 17th Century Nicolaas Hart-
soeker, a pupil of Thonis van Leeuwenhoek, postulated the existence of spermatic
creatures resembling in all aspects but size their developed counterparts. He baptised
them “animalcules”, among which he also placed the “homunculus”, namely the geno-
typic equivalent of man. It was the genesis of so-called Preformationism (Lawrence,
2008). Of course Hartsoeker’s thesis was soon to be rejected, and yet the idea does
hold whenever a system is able to generate and, in a sense, reproduce itself. That is
what Varela and Maturana call an autopoietic system (Varela and Maturana, 1980).
In a sense, Schönberg focuses on the same properties, albeit in the music domain. The
Grundgestalt is autopoietic music, and Schönberg’s theory may also be considered
as a genial reinvention of preformationism in music. That is why in a recent semi-
nar (De Florio, 2021) I referred to my Grundgestalt pieces as musicalculi—a word
that also hints at the mathematics of their generative processes.

A very similar idea may be found in various philosophies and religions: Leibniz
(who visited and discussed with van Leeuwenhoek) also addressed the problem of the
“true identity”, placing reality in the metaphysical domain of the monad rather than
in the physical one of the substance (De Florio, 2014; Deleuze, 1993), as Plato also
had done. A similar conclusion is reached in Sikhism, which considers the universe as
the expansion of god3. Even earlier, in Esoteric Buddhism, we find the concept of the
“True Word”, the Shingon (significantly, a translation of the word “Mantra”), which
has the ability to transform the undeveloped disciple into the Buddha (Raveri, 2014).
A similar concept can be found in even earlier times in Shintō: the “Soul Word”, the
Kotodama (Raveri, 2014), whose utterance releases (realizes) a generative force. A
geometrical representation of the unfolding of a seed into a developed “whole” can
also be found in the man. d. ala (Shōgetsu, 2021)4.

In more recent times, Karlheinz Stockhausen introduced and applied his concept
of Formel-Komposition Mart́ınez Abad (2013); Sargenti (1993). Also Frank Zappa’s

3“Millions of universes are the limbs of His Being” (“Kot upārjanā t
¯
erai ang”); “His Wondrous Plays are

enacted on millions of stages”; “Millions of expanses are His; there is no other at all” (De Florio, 2017; Khalsa,

2000).
4Most significantly, one of the man. d. ala by Shōgetsu in the cited reference is known as the “Womb World”

man. d. ala.
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Figure 6.: Spermatic homunculi as drawn by Nicolaas Hartsoeker (1695). Image in the
public domain, available on Wikipedia at https://commons.wikimedia.org/wiki/

File:Preformation.GIF.

concepts of so-called Big Note (Zappa, 2021b) and Conceptual Continuity (Zappa,
2021c) relate to the same idea: a developed concept unfolding from a single idea—a
single “supernote”, or Supergestalt.

6. Future work and preliminary conclusions

Monica: “Are ya. . . are you trying to
tell me that. . . that this whole
universe revolves around one note?”
Spider : “No, it doesn’t revolve
around it; that’s what it is. It’s one
note.”

Zappa (2021a)

In this article I have presented a mathematical model for Schönberg’s concept of the
fundamental form—the Grundgestalt. As the course of a deterministic time series is
set when an underlying process and an initial point are chosen, so the development of
a piece of music is fully determined when compositional rules and an initial theme are
selected. This translates into an autopoietic process that mechanically reconstructs a
whole starting from any of its constituent parts.

In the ongoing exploration that I have reported here, two major lessons have been
learned thus far:

• The first one is the natural emergence of complex rhythmic structures from a
simple monotonic succession of notes of equal duration (the time step defined in
Step (5) of the procedure presented in Sect. 2.2). The driver of said emergence
is Step (19) of the same procedure. Its effect is particularly evident in the pieces
produced with the Beggar-my-neighbour Grundgestalts, because the time series
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evolves according to a mixture of regular and irregular behaviors—not so with
the simpler “next permutation” dynamic system.
• A second finding is that, at least for the Grundgestalts that I presented here, an

unexpected property holds: if a seed produces a musical feature, a modification of
the seed translates in a measurable and proportional modification of the musical
feature. As an example, adding bad cards results in a proportional prolongation
of the same final note. This led me to what I called as “genotypic manipulation”
in Sect. 4: a strategy to intervene on the generative process so as to dampen or
enhance the manifestation of certain musical artifacts. From an algebraic point
of view, this fact suggests that the dynamic process turning a theme into a devel-
oped piece is a structure-preserving function, namely a monomorphism (Bucur,
Deleanu, and Hilton, 1968). This can be seen by comparing graphs such as the
one in Fig. 3: as shown in (De Florio, 2016), if seed s is a substring of seed s′,
then the graph of s is a subset of the graph of s′.

A significant result of my experimentation is that several people have been mani-
festing an interest towards the musicalculi : a famous Belgian talent scout expressed an
interest for a hybrid piece (Vergauwen, 2020); Mr. Howard Bloom (Wikipedia, 2021)
had very kind and insightful words5; several professional composers manifested their
interest for this music and its compositional process; one of them, Maestro Francesco
Forges (All About Jazz, 2021), kindly prepared a professional orchestration of the first
movement of one of the pieces mentioned in Sect. 4,“Kwaidan”. I myself am currently
experiencing a puzzling variant of a “Turing test”, in which I know that my interlocu-
tor is artificial and I have to tell whether their messages may be considered, to some
extent, “more than artificial”.

Future work includes proceeding with my experiments and compositions; simulat-
ing Heartquake games with multiple players—and so create Grundgestalts of four
or more voices; and experimenting with other families of dynamic systems (Veloz,
Razeto-Barry, Dittrich, and Fajardo, 2014). I also hope to bring soon my Grundgestalt
compositions on stage with both computer and human performers.
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Revista del Conservatorio Superior de Música de Málaga, (1), 5–22. 2, 12
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