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What This Book is About



This book is about creating rhythms via a mathematical approach that
uses combinatorics, de Bruijn sequences, Christoffel words, paper
folding, and probability. We don’t expect the reader to know what any
of these terms mean. They are all explained in the book.




The methods discussed in the book can be used to produce an almost
endless variety of new rhythms, and in the process, traditional ones
pop up too.




Other than the last chapter on stochastic rhythms, the mathematics
used is at a very elementary level. If you’re comfortable with a
little bit of algebra and you know for example that
4! = 1 x 2 x 3 x 4 = 24 then you should have no problem.




On the book’s website
(abrazol.com/books/rhythm1/),
you will find command-line programs for doing calculations and
creating rhythms. The programs are written in the C programming
language, and will have to be compiled before you can use them. You do
not have to know C to use the programs or understand the contents of
the book. There is a C language compiler for every major operating
system. A good one that is also free is
gcc. There is nothing operating system
specific about any of the programs, so you should have no problems
compiling them on any computer.




The book contains many rhythms, and those that refer to the book’s
website have MIDI files associated with them that you can listen to.
You can go to the website and listen to all the rhythms, or if you’re
reading an ebook version, then there are individual links to the MIDI
files.  There is a MIDI player for every major operating system.
A good free one is TiMidity.




May you create beautiful rhythms.




Stefan Hollos and Richard Hollos

Exstrom Laboratories LLC

Longmont, Colorado

Feb 21, 2014
















Introduction



If you look at rhythms as any recurring sequence of events, then we
are immersed in them: days and nights, tides, the lunar cycle, the
seasons, harvests, migrations, the solar cycle. So we and the other
animals have an intimate familiarity with, and often an affinity for
them, even enjoying their representation as a sequence of sounds.




The most basic rhythm making instrument is the drum. Gorillas use
their chests as drums, and macaque monkeys show social dominance by
drumming objects. One of the most primitive man-made drums, from the
Brazilian Catuquinaru Indians, was made by digging a hole in the
ground, then dragging a hollow log over it.
11The Drum: a History, pg 90, Matt Dean, 2012




Clearly one of the major uses of rhythms in the animal world is for
communication and signaling. But rhythms are also the foundation of
music so it is natural to ask what it is about a particular rhythm
that makes it interesting.




For something to be interesting to us it needs to have structure at
many levels. A tree has branching patterns at different levels. There
is the branching of the main trunk and those branches will further
branch and so on, down to the branching of the twigs. It is the way
this hierarchy of branching produces the whole tree that makes it
interesting.




Mountains are another example. If mountains were simply a conical
shaped part of the landscape, that you could climb up, then they would
not be nearly as interesting as they are. Anyone who has climbed
mountains knows that they can be whole worlds unto themselves. There
are hidden valleys, ridges, cliffs, small plateaus, small lakes, and
countless other features that are washed out when looking at the
mountain from a distance. It is the variety of features at different
levels that makes mountains so fascinating.




There are various ways that levels of structure can be produced. Self
similarity is one way. In this case the whole is composed of scaled
copies of itself. It you look at one of the main branches of a tree,
chances are that it will look similar to the tree as a whole. A
mountain is the sum of smaller mountains. A coastline looks the same
at different scales. The study of self similarity is called fractal
geometry and the person most responsible for developing the field is
Benoit Mandelbrot. It is still very much an active area of research.




One way to get self similarity is to have simultaneous correlations at
many different levels. We say two things are correlated if one of them
depends in some way on the other. The position of a twig depends on
the position of the branch it is connected to, which in turn is
dependent on the position of the branch it is connected to, and so on
down to the position of the tree itself.




Two of the methods discussed in this book are ways to directly create
rhythms with a self similar structure. We call them Christoffel
rhythms and Folding rhythms. Both these methods can be used to create
an almost infinite variety of rhythms, either individually or combined
in different ways. Some of the most popular rhythms in the world turn
out to be Christoffel rhythms.




We start by looking at general combinatorial methods for creating
rhythms. These are based on what are called integer compositions,
binary necklaces, integer partitions, and de Bruijn sequences.  Next
come Christoffel rhythms, Folding rhythms, Natural rhythms and finally
stochastic rhythms which come from generating random numbers with
different degrees of correlation, i.e. different degrees of
predictability.
















What is a Rhythm?



In its most general form, a rhythm is simply a recurring sequence of
events. The motion of the sun, the planets, and the moon across the
sky can produce rhythms. Even though the individual motions have more
or less constant periodicities, together they can produce complex
patterns. The orbit of the moon and the rotation of the earth interact
to produce the rhythm of the tides. The orbit of the earth around the
sun produces the rhythm of the seasons. The sun has an eleven year
sunspot cycle that varies the intensity of colorful auroras in the
night sky.




The beating of a heart produces complex rhythms. Here you have a
recurring event but the timing can vary widely, speeding up, slowing
down, and sometimes missing a beat altogether.  Walking is a rhythmic
process where the timing and nature of the rhythm can change suddenly
when going from a walk to a run. These are examples of free rhythms
where there are recurring events but the timing can be almost
anything.




In this book we are going to look at mostly measured rhythms where
time is divided into fixed intervals and events always occur at the
beginning of an interval. Two events are always separated in time by
an integer number of intervals. Most music uses measured rhythms where
the events are note onsets. By a note we mean any sound that can be
produced by a musical instrument. A note can be produced by striking a
drum, pushing a key on a piano, or strumming a chord on a guitar. A
note can also sometimes mean a silence which is called a rest in
music.




In music the time intervals of a measured rhythm are called pulses or
beats. We will call them pulses so that we can reserve the word beat
for drum beats. A rhythm consists of a sequence of note onsets that
are separated by integer numbers of pulses. The length of each note is
also an integer number of pulses. Two rhythms may be played
simultaneously to create a more complex rhythm. We call two or more
rhythms played simultaneously a rhythm set. A rhythm is usually
repeated several times, or two or more rhythms may be played in a
repeating and alternating sequence.











