A compositional system inspired by fractals

Amos Elkana

fractal |'fraktol| |, frokeol| | | frake(a)l | Mathematios

a curve or geometric figure, each part of which has the same statistical character as the whole. Fractals are useful in
modeling structures in which similar patterns recur at progressively smaller scales, and in describing partly random or
chaotic phenomena such as crystal growth, fluid turbulence, and galaxy formation.

The 20® century liberated western art music from the constraints of the tonal
system'. The tonal system that was practiced all over the western hemisphere during
the 17", 18"™ and 19" centuries, governed not only the organization of pitch but also
dictated other aspects of music composition such as structure. The more creative
composers of that period knew how to bend and shape this system to meet their needs
and desires but even so were still working within it.

Progressively through the 20" century all past rules and traditions of composition
were subject to questioning and rethinking. No other system that was invented since
then was as comprehensive as the tonal system and none created a following strong
enough to last. Perhaps this was not, and still isn’t, due to the quality of the ideas but
to the freedom composers now have to invent systems that are original and best suit
their own way of thinking.

Structure

Some time ago I decided to change my method of composing. I wanted to
experiment with predefining the structure of a composition before considering other
aspects of it such as pitch organization, rhythmic organization, orchestration, etc. I
thought it would be interesting to invent a predefined structure that I can “pour” my
musical ideas into, something like the sonata-form that was traditionally thought of as
a well defined musical structure and that was pretty much unaltered during the 18"
and 19" centuries (Charles Rosen, In his fascinating book Sonata Forms elaborately
proves otherwise). In previous works I often did not plan the structure of a new
composition in advance. I might have had initial ideas regarding structure but I
needed to let the form take shape intuitively as the compositional process came along.
Now I wanted to set up a rigorous predefined form that will be divided into clear
musical sections and will allow me the liberty of "pouring" music into them.
As aresult I came up with a method for the creation of a type of musical form that I
call the fractal form.
This method draws inspiration from two unrelated ideas. The first one is the way in
which an ordinary book is structured: The smallest unit in a book is the letter.
Grouping some letters together create words. Grouping some words together create
paragraphs. Paragraphs create chapters. Chapters create a book. This was the first
idea. The second one was the fractal notion that “...similar patterns recur at
progressively smaller scales . 1f you look at a fractal image and then you zoom in on
a part of the image the zoomed in part looks exactly the same as the whole image.

"1t is important to restate the difference between the tonal system and tonal music. The tonal system was a system
that not only established a tonal center, but also relied on major-minor scales and harmonies, cadenzas, particular
forms, etc. Tonal music, on the other hand, can be implied to any music that establishes a tonal center. Many
examples of tonal music can be found in world music and contemporary art music as well.
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The first thing to do was to find the musical equlvalent of a letter. Initially one would
probably think that the musical equivalent of a letter would be pitch (even the names
of the different pitch are letters) but actually since the structure of a piece of music
can only be experienced in relation to time, the basic unit must be a unit of duration,
for example a 16™ note. An imaginary row of infinite 16™ notes is written and then
divided into groups in order to make words (words=motives?). These words are then
grouped together to form sentences (sentences=phrases?) and so on: sentences/phrases
into paragraphs/periods, paragraphs/periods into chapters/movements and
chapters/movements into a book/composition.
The next thing to do was to invent a system that will enable me to divide this row of
notes into groups in some logical way. Using a series of numbers that were randomly”
chosen I began dividing this imaginary row of 16" notes into small groups. As an
example, the following series of numbers will be used: [5,4,3,4,5]. The first number in
this series is five so I grouped the first five notes together. The next number in the
series is four so I took the next four notes and grouped them together. The number
after that is three so I grouped the next three notes together and so on. When I reached
the last number of the series I started again with the first number looping over and
over again: [5,4,3,4,5] [5.,4,3,4,5] [5.,4,3,4,5]...

[5 4 3 4 5] [5 4 3 4 5]

Once I created words/motives out of the row of notes, I started grouping the
words/motives into sentences/phrases in a similar way: the first five words make up

the first sentence the next four words make up the second sentence and so on.
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I did the same for paragraphs/periods and chapters/movements. This processes
continued up to the chapter/movement level. Once the paragraphs/periods were
grouped into movements/chapters the process ended since I decided that the number

2 Eventually, In order to make a connection between structure and pitch organization, I extracted the series of
numbers from the notes themselves instead of choosing them randomly.



of movements/chapters in my composition/book would be the same as the amount of
numbers in my series. In this example the composition is made of five movements
since the series contains five numbers [5,4,3,4,5]. 3

Now that I had a predefined structure for the new composition I could begin thinking
about other aspects of it.

Pitch organization

I use a tone matrix” to organize the pitch material for composition. This
ordered set of tones, unlike the traditional 12-tone matrix, could contain any number
of tones, in any order and some might even be repeated within the original set. The
advantage of using a tone matrix is, of course, that all rows are derived from one and
therefore all musical ideas taken from the matrix are musically connected.
The tone matrix acts as a pool of tones from which I draw all the pitch material. By
randomly selecting single tones the matrix loses its purpose. In order to create
musically connected ideas, I impose the three consecutive notes rule: at least three
consecutive notes, in any direction, must be used before jumping to a different point
in the matrix. The following example is of a tone matrix that was derived from the
prime row 1,3,11,2,6,3,4,0. This row contains eight tones (one of which is repeated).
Six groups of notes are highlighted. The horizontal groups are either parts of prime
rows or retrograde rows while the vertical groups are either parts of inversion rows or
retrograde-inversion rows. Notice the group of notes that are taken from the sixth
transposition of the prime: 9,10,0,8. The first tone of this group starts with the last
tone of the seventh row and the second tone is the first in this row. This is to say that
the starting and ending points of rows in the matrix is irrelevant since a row may be
looped.
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? Needless to say that doing all this by hand takes way too much time so I wrote a small computer program that
does it for me. The program lets you enter a series of numbers and then prints out the structure made by that series.
I call it the Fractal Form Generator.

* A tone matrix is modeled after the 12-tone matrix that was implied by Schoenberg’s method of composing with
12 notes that are related only to one another. A 12-tone matrix displays all the possible variations of an ordered
set of the notes of the chromatic scale.



The same tone row may also be used, in different ways, to derive the series of
numbers that create the fractal form as explained above. One way is to simply use the
numbers of the tone row as the numbers for the fractal form. This might cause a
difficulty since the tone row contains numbers that are unsuitable for producing the
fractal form (the number 0 for example). Another way, that eliminates this problem
and also results in fewer numbers, is to calculate the intervals between the tones in the
tone row. And yet another way, that I personally have been using quite often, is a bit
more complicated but results in series of numbers that are particularly suited for
generating fractal forms. Here, I calculate the smallest interval between two notes and
then sum up every two consecutive intervals. The following table exemplifies this
method:

Tone Row 1 3|6 |4 |8 1110122 |5 |7 ]9 1
Intervals 213|243 1 2 2 31224
Fractal set 5 6 4 4 5 6

Rhythmic organization

As stated above, the fractal form is built from a chosen basic unit of duration.
This implies that the rhythmic organization already exists in the structure of the
composition. It doesn’t mean however that the duration of every note is the same.
Many different note durations can be extracted from the fractal form. If a letter is the
equivalent of a 16" note then a word made up of five letters can be composed as five
discrete16™ notes or a single note with a duration of one quarter tied to a 16™.
Here are a few examples of the rhythmic possibilities within this system:

5,6,10,2,4

[FRACTAL FORM - ROW OF 16 NOTES DIVIDED INTO GROUPS]
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EX.2 - SUSTAINED FIRST LETTER IN EVERY WORD:
A
1\Y

!

T 1 I
T N T T N

=! = = P =,
~— N — —

N
N

Q@ib
Il

T
L 18I
L 18

Pe— P
& T gt by @ @ 1 L gieT |
0 4 pele g 0 5

b N &~ g

% &%




=
v <
o—
S
g =
<5
)
22
Gz
TY¥s
.PV.ES
g~
g 2 &
S R=
LB
o= &
ntu
s 38
.wﬁmw
g8
S+ o
Z 9 9
==
5§ 5
trs
8 ©° 2
5 O ©
Qt.m
0D S
= 8.2
.nuw
2 8%
VJbe
£ E S
£EZ2 o
S5.E ©
& = wm
E o 2
tSﬂ
5 &
C%e
5 o S
= 8 .
2 o 8
.-
z 4 5 2
6 © =
bued
22 88
2533 x®
eXC
H &2 oc

oo e e e
oo N N .
L . . "
L N LS I
A LA A |
A|Q/ ! [ Y A
.\ “ lmv " L “ |}
s A L
ce I o<l @D D
| | | A | il
A LI AJS
Alsl i A [TOA L
.y 1 BN 1 1
| N 1, 3
A I\ I h
L ! M _ » “ I
iy LI Ml
AlQl | OA 1 WA I
NI\ 1 ml.y 1 1
e I LI h
S I >
Al L LI
ALl $A N | M
El.N | AMV H \HUI | |}
S i i
el eyl sl H
1 “ N e I
.y 1 . I |
k) ! L) ! LI i
A (A N N
H e (e 1 [
\ ! e L= N
B b R
N “ N N I
- 1 gl 1 1
[}, ! L) ! L) ! I
A (A A N
< ! N e i
= 1 ng| 1 1 -1
.M ! L) ' L) ' I
Nl R R ;
“ i o i
T 1 Inmv 1 \HD\ 1 N,
BT i i
q | m. 1 (T1%
- ! iy A s ! 1
ot | (IR | - 1
A | A | A | N
< DL £
N ke e 2

.h‘:j!' b

oo

TE T R

Shebeiels ~hobe - & Shete ~have

\

L
(I
Ax
[
¥
| 1N ) 9
A
NI [l Il
="lal| > _ L) > __ 3 [OA
LY A b 1.8
K
|
i)
Clell L) 3 [T®A
N 4 . I
k)
X
i
r & vV & 1 & on &
VH.WMV4mvwm SAE
N )
N . L) ]
- 3 |||
[} ) )
BN N llmq
By 3 i
[ uN T
[} el
BI.N
o I:
[ e 3
BR%
[N N |
c'el c ce i
s iy
e
Eil.N
N
o o of e s
=>e e >J[® =J. A
Ly
(18 L) e L)
JHRE Y
N
N
K]
Eil.N
N
S Y
{ YN e C|Te [SIA
X
N
..
Ky
Ei.N
N
as o
>/ =>T177e =11 [$[A
I
N
N
K]
mr.N
g g g \
SCML ) BC|Y & B[R Mg
< < < <
N S N S NS S
NEe O ey N
AT & ===
N\ 4

Vf\t v A
L)
1.5
ol i i i
[ (1. i
(Y8 , cl[w A
L)
il Ty gliily iy
TS TIAS TR S (TS
v E I
L. I 3
[in N N
4 L} i
XN ||
Ll N N
e .
3 e e iy
[ |
& N N
[Y HEL ) e N
nm e ™
n|mw e c e A
o I 14/ )
] ] >
>N [17® = [TT% TT®A
b8
N e HiL) L)
( v I
al e c e oA
,
il BEL] L ) ww«
)
A v v l'
>ull e =|1Tte A
-Lﬁ J.v JV L)
1)
%u ® Y T ol ® A
=il e N rmJ
BN SN %
A I 2
X u 3
L 3 ] i
£ ce : N

Excerpt from String Quartet No. 2 by Amos Elkana
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Conclusion

In this short essay I have touched upon two aspects that are inextricably linked
together, Structure and Rhythmic Organization, and another aspect, Pitch
Organization, that is generally not linked with the former two. Fortunately, as I have
shown, I found a way to extract the series of numbers that make the fractal form from
the chosen tone row and thus everything in this system comes from the same source
and is linked together. I personally prefer to leave other aspects such as dynamics and
timbre for intuition.
Up until now I have composed several works using this system. Among them are:
String Quartet No. 2, Plexure, Eight Flowers and OMI. These and other works can be
viewed and listened to in my web site: www.amoselkana.com




