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EXPERIMENTS IN STOCHASTIC APPROXIMATION OF
MUSICAL LANGUAGE

1. Let us consider an abstract system S characterised by  collection
E of different (o, if it is useful, partly coinciding) states,

These states of the system are called wenfs because they coincide
with musical occurrences. For example E could be a pre-fixed system
of chords and in such a case the system $ is an abstract syntactic
instrument able to produce those chords. B could be a system of
shythms and in such a case S will be an instrument able to produce
shythms, and so on.

2. For a pre-fixed E let us construct a matrix [py;] i j = 1,2...5)
whose elements are probabilistic weights. The number pi gives the
probability that the event & & E is followed by the event ¢ € E.

IE E s the collection, for example, of the chords used in 2 part
of the already existing musical literature, as for example in Tralian pop
music from 1970 to 1980, the matrix [Py] is given by numbers propor-
tional to the frequency with which we pass from 2 chord e to a chord
¢ in that literature, Alternatively if B is an atbitrary collection of
chords which we propose to use for composing, then the [py] is a
mattix to be established in advance so as to give to our compositions
2 particular harmonic character.

We can say the same about thythms, imitations, volumes,
timbres, ctc.

3. Let S be a system in the state e and let [pr,] be the matrix
that _characterises S.

‘This system tends to change its state. To pass from e to the next
state there are v possible choices (including the possibility that S does
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not change state but remains in the state ¢y =c). Let us assume to
work not with [py] but with the matrix [p*,,] obtained by normal-
izing the matrix

[zl = [pas] + [ans}

where: [quil s a correction matrix defined as follows,
The elements of a correction matrix are fixed by the formula

[qstes sl = £G+9) A <jtn jEssvi,s=012.)

where f(p) is a function defined in the set {0,1 ... v—1} and with a cho-
sen trend rapidly decreasing from a prefixed maximum to zero.

We can call such a matrix a peak matrix. The function £p) gives
the outline of the peak, We can potice that the outline fnction £(p)
has been chosen independently on the j index. This means that we
can execute on 2 Markov matrix of v order v corrections Qy, Qays -
Qq differing from each other not by the shape but only by the posi-
tion of the peak (thete is only 4 translation along the main diagonal
of the matrix).

Theotem — By correcting a Markoo matrix: [pu] with @ matrix Qg
that has a sufivienily bigh peak, and developing S, then the most probable final
state of S is ex, and this state is stochastically steady.

(The demonstration is omitted).

4. Now let us have a system § with v states c, €z, .. ¢, making 2
collection E. Let M = [py] be the. Maskov matrix pertinent to S. By
starting from 2 prefixed state  let us develop S according to the pro-
babilities contained in the matrix M corrected with a fixed correction
mattix Qq, We will thus obtain (in 2 stochastic sense) at 2 certain
point the state e After reaching this state let s again develop S
according to the probabilities contained in a matrix M+ Qg as
previously obtained by corsecting M with Qq. After some time we
~ill obtain the state s In this way we can construct, by starting from
2 sequence of correction matrices, 2 sequence:

(1) %3, %2, oo X Fnpzy oo

of probable states of S.

We will call a chain of states such as (1), & guided Markov chain per-
tinent to system S. We can see that the states (1) are random if considered
separately, but, nevertheless, the chain (1) can break into sections in each of
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which the variable state tends to the state cx if in that section the correction
matrisc Quy predominates. In this sense the chain (1) has been called guided.
Now let us consider n different systems (of in part coinciding):

Sw, s@, .. sw

regulated by the respective transition mattices
M, M@, . M©

and by the correction matrices

0> QB - QAR
That is to say that every system SO has its own transition matrix
MO® and a collection of correction matrices: Q) Qs Q) -
which have in common the shape of the peak (pat. 3), that s, con-
structed with the same function £0 (p).
We will obtain n guided chains

A5, o 20, 30, (=1,2,.0)

o, equivalently, only one guided chain
PR

of vectors of events,
This chain of vectors is the skeleton of a composition. It is enough
t agree to connect, for example, to the fizst component of every
wector a chord, to the second a hythm, to the third the outline of
an imitation, to the fourth 2 volume, to the fifth & timbre, and so
on, and to have at our disposal a set of syntactic rules to translate
every vector into a short musical part (that we can call measute).

5. By the algorithm presently put forward the software for the
automatic composition of musical scores has been produced. The
artistic value of the compositions obtained in this way involves consi-
derations of psychological and acsthetic nature that ate beyond the
aim of this article.

The software has been produced at the Mathematics Institute of
the University of Milan by means of the computer Digital PDP 11.

‘The authors wish to thank Professors Massimiliano Lunelli, Alberto
Marini, Antonella Tonolli and Marzia Bonecchi for their much appre-
ciated co-operation.
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