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INTRODUCTION

1. The Modeling of Mﬁsic
The object of this dissertation is to provide a framework
for the modeling of musical structures of a more formal nature
© than conventional verbal style analysis. Our notion of "model"
follows the definition given by Marvin [Minsky] in his paper,
""Matter, Mind and Models":
To an observer B, an object A* is a model of an
object A to the extent that B can use A* to answer
questions that interest him about A.
In order to establish a formal approach, it is necessary to
make some basic decisions about what is to be formalized. In
other words, we shall have to'makevsome assumptions (hopefully,
of a general enough nature) about the sorts of questions which
the observer will ask of the model. As Susanne [Langer] has
noted, it is the questions, rather than the answers, which

characterize different philosophies; and the same is true for

the different approaches to musical analysis.

The actual questions of a philosophy are rarely stated in
their most explicit form; rather, they are implicit in the

Weltanschauung -- those basic attitudes which are taken for

granted -- of the philosopher. Therefore, as a starting point




for our own study, we should attempt to dig out the questions
underlying conventional analytic techniques. It is, perhaps,
unfair to characterize a school of thought by its extremes; but
extremes are most useful in revealing basic foundations. Music
analysis has two such extremes, and we shall consider examples

of both.

The following is from an analysis by Daniel Gregory [Mason]
of Haydn's Symphony No. 93:

But the most Beethovenish trick of all is perhaps

the modulation back to the last entrance of the

main theme of the finale of this same symphony.

The key of the movement is D-major; Haydn, however,
getting himself well established in F-sharp minor,
harps on C-sharp as the dominant of this distant

key; many C-sharps are heard, in a persistent rhythm
of two shorts and a long, until one has forgotten all
about the original key of the piece; the C-sharps
fade away to piano, then to pianissimo, then to silence;
when suddenly, in the same rhythm, three loud D's
bring the piece emphatically back to the home key,
and forthwith it proceeds merrily upon its way.

At the other extreme we have Gydrgy [Ligeti]'s discussion of
Pierre Boulez:
+ « . the compositional process can be reduced to

three working stages: Decision I -- Automatism —--
Decision II.




Decision I

A, Selection of elements
B. Choice of an arrangemént for these elements.
C. Choice of the further operations to be carried

out with these arrangements ('arrangements of
arrangements') and mutual relationships of
the individual arrangements to each other.

Automatism

Elements and operations, once selected, are, as it
were, fed into a machine, to be woven into structures
automatically, on the basis of the relationships chosen.
Decision IIT

The automatically derived structure is to some extent
crude, and one must work on it further, taking decisions
in dimensions that are not employed mechanically. If,
for example, the parameter 'dynamics' or 'register' has
not been passed into the machine, then one can work over
the crude structure by directing these left-over parameters.
This can be done aleatorically, or with definite formal

aims, such as to form or avoid particular connections
within the given crude structure.

Fortunately, not all analyses which take Ligeti's approach are
so negligent of what is actually heard in a composition, but many
such analyses seem to stem from the question, "How may one build a
musical composition?"  Hence, they tend to be similar in form to a
recipe in a cookbook. Mason's concern, on the other hand, regard-
less of his use of language, would appeaf to be based on the question,

"What do we hear in a given piece of music?" The analysis is
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essentially a description of the events as they pass by in an effort

to orient the ear of the interested listener.

What we would like to do is find a middle road between these
two extremes. If we are to be at all concerned with the act of
listening to a musical composition, then we cannot overlook, as does
Ligeti, what is heard in the course of its performance. On the other
hand, unless we want to accept every work of music as an entity totally
isolated from all other compositions, we ought to account for certain
structural and organizational concepts which may be found in a wide
variety of musical works. Thus, given a composition, C, we should
like a model, C*, of which we may ask such questions as, 'What are
the most commonly heard motifs in C?", "Is there any relation between
these two fragments?", or "In what ways is C similar to another compo-

sition, C'?"

These questions are, of course, of a secondary nature. The
expression of our own basic question takes a bit of probing into

our own Weltanschauung. We might possibly express it as follows:

"What are the processes underlying musical structure?" In his

Guidelines for Style Analysis, Jan [La Rue] dismisses the word "form,"

replacing it with the notion of '"the growth process":

The style-analytical view of musical form
as a resultant and combining element requires
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a fresh, stimulating term to express

the vitality and immediacy of a functional
approach as well as to dissolve the
rigidities suggested by the unfortunately
static word "form." Happily the word
"Growth" admirably fulfills these needs,
since its connotations include both the
feeling of expansive continuation so
characteristic of music and also a
parallel sense of achieving something
permanent. . . If the Guidelines have
accomplished anything thus far, they should
have instilled a settled habit of regard-
ing music first as a process of growth,
then attempting to understand this growth
by an analysis that fully reflects the
character of musical flow.

However, for our purposes, it will be preferable to regard such
"growth" as an interaction of several processes, rather than as a

single, unified process.

Hence, what we require is a formal representation of processes.
However, this is basically what a computer program is. (See Knuth's

definition of a computer program in his book, Fundamental Algorithms.

[Knuth, 1968]) It is, therefore,vreasonable to consider the design
and implementation of musical models within the formalism of pro-
gramming languages. The bulk of our work has been the development
of such a language, EUTERPE, designed explicitly for this purpose.
However, before we give any specific details, let us first consider
a general example of how a piece of music may be modelled within

the format of a computer language.
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2. An Example

Consider the familiar round, "Frere Jacques:'"

r

* £ 38 43¢

Example 2.1
This score constitutes a symbolic model of the melody, but it
says very little about structural organization. Its basic function

is a representation in visual symbols of an auditory event, While

this is a very elementary notion, our first task must be to translate

these symbols into some format more closely related to a computer

program. We might do this as in the following flow chart:
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begin
T,

¢ quarter
d quarter

v
e quarter
¢ quarter

v
C quarter

v
d quarter

v
e quarter
C quarter
e quarter
f qugrter /////’—?l

v /
g half // a eighth
e quarter g eighth
f quarter f eighth .
g half e quarter

V v
g eighth C quarter
a eighth Cc quarter
g eighth G quarter

W
eighth ¢ half

e quarter c quarter
¢ quarter G quarter

v y
g eighth ¢ hal

ei&

Example 2.2
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A flow chart, such as this one, is a diagrammatic abstraction
of a computer program. - It has a beginning (begin) and an ending
(end); all other items in the diagram afe specific events which
may occur in the course of the program's execution. The order in
which these events occur is specified by the arrows which connect
them. Each event has two symbols: a letter of the alphabet and
a word. These constitute a coding of those features of the music
notation which we wish to represent, i.e. the pitch and duration

of each note of the melody.

What more can we achieve other than a simple coding? One of
the most obvious features of this melody is that every even-numbered
measure is a repetition of its predecessor, and it might be useful
to include this information in our model. In the following rep-
resentation, we treat each of the four repeated measures as a
separate entity, each of which is accessed twice by a main program

which realizes the tune .
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begin

begin ey cC quarter — d quarter — e quarter)

lj 4? quarter ~——3 end

l/___; begin ——3 e quarter ——3 f quarter — g half —» end

¢/

___; begin ——> g eighth ————>> eighth —3» g eighth —

‘l,/ éjf eighth ——g» e quarter —3 c quarter-®end

® —Dbegin ——> c quarter —3 G quarter —3 c quarter-pend

94
i

end

Example 2.3
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In the terminology of computer languages, welwould say that we
have expressed the tune in terms of four subroutines, and the main
program serves simply to outline the overall structure. [Knuth, 1968]

defines subroutines as follows:

When a certain task is to be performed at several
different places in a program, it is usually undesirable
to repeat the coding in each place. To avoid this
situation, the coding (called a "subroutine') can be put
into one place only, and a few extra instructions can be
added to restart the outer program properly after the
subroutine is finished. Transfer of control between
subroutines and main programs is called "subroutine
linkage."
Subroutine linkages may thus be used for the most basic modeling of
redundancies. As we shall see, they may be applied not only to

themes and phrases, but even to materials as small as simple motifs.

Now let us consider the contents of the phrases in more detail.
For example, the rhythmic pattern of the second phrase is the same
as that in the last phrase, while the melodic pattern is a trun-
cation of that of the first phrase, only transposed up two scale
degrees within the key of C major. If we express the determination
of pitch and duration as two coordinated, but separate, processes,
we can send the duration process to the fourth subroutine and the
pitch process to the first subroutine, with a suitable pitch trans-
position. To represent the truncation within our formalism, we

need the notion of an exit. This is an instruction which causes a
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subroutine to execute its end at some specified, premature time.
In this particular example, we wish to enable the exit after three
notes have sounded. Thus, we arrive at the following flow chart for

the second phrase:

begin
pitch duration
transpose up \ exit after
2 scale degrees third note

in C major

\L ‘!-——a {phrase 4}

;
exit after
third note

J

{bhrase l} gé;-—- U
end

Example 2.4
(We have referred to the subroutines for the first and fourth phrases
simply by the labels in the braces; they are the same as in Example

2.3.)

Notice that our flow chart for this particular subroutine has

the same basic format as the flow chart for the main program, i.e.
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it specifies a beginning, and ending, and a sequencing of specific
eQents. Thus, a subroutine is basically a program, just like the
main routine. The only reason it is subordinate is because it is
accessed by a higher-level'process. Furthermore, as is the case

in this example, a subroutine may call other subroutines which are,
for that computation, subordinate to it. The entire compﬁtation is
thus a hieraréhy of processes which depend on each other in a manner

determined by the way they call each other.

Our representation of the tune has been monophonic, but the
song "Frere Jacques'" is actually a round. To specify the polyphonic
structure we may define several programs in parallel which all access
this tune program (hence, treating it as a subroutine) but do so'at
different times. Thus, if we wish to have four voices in the round,

we would have the following:

to tune program

begin 1 ——> o

begin 2 -—)éest 2 measures

begin 3 __)rLest 2 measu?

—~

begin 4 - rest 2 measures

Example 2.5
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Our representation of the tune has been monophonic, but the
song "Frere Jacques" is actually a round. To specify the poly-
phonic structure, we may define several programs in parallel which
all access this tune program (hence, treating it as a subroutine)
but do so at different times. Thus, if we wish to have four voices
in the round, we would have the following: Notice that this last
flow chart specifies no endings. Whenever the melody is completed,
it simply begins again. Hence, the realization will never stop;

it is an ideal round which will continue ad infinitum.

Let us summarize the features of this new model which we wish
to substitute for our score. Like a score, our model is a sym-
bolic representation of those events which constitute a performance
of the composition. We may say that an actual performance is a
realization of the model. Hoﬁever, in addition to representing
those events which form‘the composition, the model provides a sym-

bolic representation of these events as a configuration. [Langer]

writes of '"the power of language to embody concepts not only of

things, but of things in combination, or situations."

Similarly, we have this power in our model. Furthermore,
these configurations are expressed as a hierarchy. Different
relationships occur at different levels, some of which depend on

each other, others of which are independent. Such a hierarchy




attaches a priority to each element of the model and thus allows us
to consider the generality of the model. For example, "Three Blind
Mice" is another four-part round which is very similar to "Frere
Jacques." Is this particular model of any.use in the modeling of

"Three Blind Mice?"

At the topmost level — that of the actual canonic formation
-- it is perfectly compatible. The second voice enters two measures
after the first; the third, two measures after the second; and the
fourth, two measures after the third. As far as actual content is
concerned, however, the structures are somewhat different. For
purposes of argument, let us consider the following, slightly simpli-

fied, version of "Three Blind Mice."

oY

Example 2.6
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The first six measures follow the "Frere Jacques" model very
closely -~ each even-numbered measure repeats its predecessor.
However, the last two measures do not conform to this model. The
penultimate measure is anofher repetition of the fifth measure, and

the last measure repeats the first.

This poses no serious problem. The fact that measures are
repeated means that we can still store them as subroutines. However,
because the repetition scheme is different, we require a different
procedure of subroutine calls. Let us try to design a model for
"Three Blind Mice' which is somewhat more general -- general enough

to perhaps accomodate "Frere Jacques'" as well.
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e = begin= {measure 1} ———>p end
v
£

-3 begin

¢ —=Ppbegin =P {measure 3} == end

v_
4

|
<

s —Pbegin ——3p {measure 5} =——3» end

S

G <

®
=}
[a R

|

‘

pemse

o
Ig_“- L o(—F
=]

Example 2.7
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In this example we have not written out the notes of the
individual measures but have again simply referenced them in
braces. Actually, the second of these inner subroutines could be
written to call the first (using a technique similar to, but

simpler than, the device used in the "Frere Jacques" example):

begin

|

transpose pitch up
2 scale degrees in
C major

l to first "inner"
o ______.;b ;
subroutine

)

end

Example 2.8

o
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However, we are more concerned with the compatibility of "'Frere
Jacques" with the higher-level structure. The main routine calls
four subroutines; this much is compatible. The first three of
these subroutines eacﬁ call a thematic subroutine twice; this is
also compatible. The last subroutine also has two subroutine
calls, but these are to different thematic subroutines. If these
are modified to call a fourth thematic subroutine twice, we have a
‘model of "Frere Jacques." Thus, the two programs are alike to a
depth of two levels of the subroutine tree, as well as sharing the

same structure of voice entries in the round.

Hence, we have established a symbolic formalism wherein we
may represent the similarities and’differences between two tunes.
k Wifhyé feﬁumodifiéations, wé could include other canonsvwithin our
model; and the modifications which would be necessary would tell
us about the structural relationships among these new additions.
Thus, we see that in a practical sense, we have analysed a small
corpus of music in the format of computer programs. We are no
longer concerned simply with the notes from which a piece is com-
posed but with a structural ébstraction which is more general than
a description of a single composition. Now we consider the matter

of putting an actual computer system to such an application.
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3. The Role of EUTERPE

EUTERPE first appeared in 1967 as "a computer language for the
expression of musical ideas" ([Smoliar]). It was implemented to
realize, in real time, musical scores, presented in the format of
the language, using an eleme%tary sound-synthesis program for output.
As such, a composer could experiment with music in up to six parts of
such complexity that it could not be easily realized at a piano key-

board.

At the time of its implementation, EUTERfE was used primarily
for coding musical notation. Whiie elementary features such as
transposition and subroutine linkages were part of the language, it
was not until the summer of 1970 that the author discovered that
such features, with a few modifications, could provide many valuable
"short cuts" in representing certain conventional musical forms.

At that time, the language was expanded to its current form.

EUTERPE now has three basic uées. It still has the ability to
play the music it represents; however, the primary significance of
the language is that it provides a formalism within which models such
as those discussed in the preceding section, may be designed and im-
plemented. This, in turn, may eventually lead to a more formal ap~

proach to the understanding of music.
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The understanding of music is an extremely vague notion, and
there is very little which we can say about it in relation to
EUTERPE at the present time. As we saw in the preceding section,
we have established a technique of modeling which may be general-

ized beyond the sphere of a single musical composition. Any more

formal work in the understanding of music will probably have to

involve a language for manigulating models, such as C. [Hewitt]'s
PLANNER. However, we suspect that EUTERPE will prove valuable in
providing a data base with which such a higher-level language can

work.

In the following chapter we shall offer a full presentation of
EUTERPE. We anticipate that this will appeal to three fields of
interest. First of all, there is the value of EUTERPE to the

musicologist. Such a reader ﬁill probably be concerned mainly

with the formal principles of the language @nd their relationship
to musical. structures. A composer, on the other hand, may have
a more practical interest; he might'want to know how to go about

using such a system if he has it at his disposal. Finally, the

- computer scientist will probably be interested in the design and

implementation of the language for its own sake. Hence, we shall

also provide the details of this aspect for such interested
persons. We shall try to organize our material so that the reader
interested in only one of these approaches may safely bypass the

other two.
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Chapter 1
The EUTERPE System
1.1. Musicological Foundations

1.1.1. The Procedural Approach

As we stated in the Introduction, ou£ primary goal is to establish
a formalism for the modeling of music, and we intend to approach this
goal through a consideration of the processes underlying musical struc-
tﬁré. We have already cited Jan La Rue's consideration of musical
form as a growth process, but this is really only half the story.
La Rue still treats the musical score ;s a source of data which under-
goes a series of transformations -- a reasonable approach within the
confines of verbal analyéis.

If we are working within the realm of computer languages, we
may also choose a suitable representation of music as data; but we
may also regard scores as rograms, i.e. processes. The representa-
tion of data as processes has been used by Winograd very successfully
in his language-understanding system ([Winograd, 1971]); and we shall
see that it will also serve our musical purposes. This is, in fact,
the approach we took in the flow chart in Example 2.2, where each
note of the '"Frere Jacques" tune was represented as a separate event
(or, in computer terminology, instruction). The execution of the program
consists of the execution of these instructions in their defined se-
quence, which is simply the playing of the notes in their proper order.

Computer instructions which specify notes will be called note

words; those which are not, we shall call control instuctioms. The
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The major distinction betﬁeen note words and control instructions is
that the former are défined for some finite period of time ﬁhile the
latter are assumed to take place instantaneously. However, it is the
control instructions which specify how the note words are to be executed;
and thus the control instructions will forﬁ the basis of our abstract
style analysis.

In this section we shall first establish some basic conventions
of format. Then we shall consider the design of note words and the
repertoire of control instructions. We shall describe these control

instructions primarily on the basis of their musicological foundations

and will defer a more specific definition to Section 1.2,

1.1.2 Note Words

In Example 2.2 note words were specified by two elements of data
-- a specification of glggh and a specificétion of duration. This is
the abstraction of conventional five-line staff notation., The level
on the staff determines thé pitch, and the shape of the note represents
its duration., (When we actually define the implementation of note
Qords,'we shall account for a third factor, which we call articulation,
which will specify a portion of a note's duration to be silenced before
the next note is sounded; however, we need not consider such matters
in this section;)

Our approach to pitch will be a microtonal one. We shall regard
the octave as being divided into 72 equal units. (In this dissertation

we shall call this smallest unit a microtone; more accurately, it is
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a twelfth-tone, i.e. a sixth of a semitone.) ‘This apportionment con-
tains the conventional chromatic apportionment of the octave into
twelve equally-tempered parts (semitones); but each semitone is further
tempered into six equal microtones.

We shall introduce the symbolism used in the EUTERPE language
so that we may avoid the representation used in Example 2.2, Pitch
is represented by a string of at least two symbols, each separated by
a space, There is one exception to thig rule, however, in that we
shall represent rests by the single symbol R. (A rest is essentially
the null pitch specification.)

The first of these symbols is a single letter specifying an octave.
This octave encompasseé the gamut from C up to B (along with any
chromatic alterations by accidentals). The_symbol is one of the
following letters: H, I, J, K, L, M, N. K ié the octave which
begins at middle C.

The second symbol specifies the location within the given octave.
Conforming to standard notation, this symbol is one of the following
letters: C, D, E, F, G, A, B. Semitonal and microtonal chromatics
are atained by adding extra symbols. FL and SH designate FLat and
SHarp, respectively. Q denotes inflection by a Quarter-tone (i.e.
three microtones) upward, while P, the corresponding inflection down-
ward. $ and % indicate, respectively, raising and lowering by a
sixth~tone (two microtones); and T and U stand for raising and lowering
a single microtone. Since the resulting 72-tone octave 'is even-

tempered, a note word containing several chromatic symbols will
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designate the proper enharmonic, i.e. C double-sharp (C SH SH) is
identical to D and A U U is the same as A %.

By way of example, the following pitches specify an A melodic
minor scale beginning and énding on the A below middle C: J A, J B,
KC, KD, KE, KF SH, KGSH, KA, KG, KF, KE, KD, KC, J B,

J A. The following is a microtonal passage using the notation of
Ezra Sims (as specified in his article in the Harvard Dictionary of
Music [Apel, 1969]), along with the corresponding pitch symbols in

EUTERPE ([Sims]):

LF Sup L £ SH Lo P Y L6 sH %

CASHPY L B

Example 1.1.2.1
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We shall represent duration by a single symbol without spaces.,
1T will denote a whole note, 2T a half note, 4T a quarter note, and
so om. (Theoretically, we may continue indefinitely; however, in the
actual EUTERPE system, 32T is the shortest of these durations.)
Concatenation of a "3" to the right end of this symbol causes the
duration to be interpreted as if it were under a triplet bracket
(i.e. 8T3 is a triplet eighth note, a note whose duration is two-thirds
that of 8T). Replacing the T by a D causes the note to be interpreted
as if it were dotted (i.e. 2D is a dotted half note with duration
three-halves that of 2T).

Conventional staff notation does not provide an absolute designa-
tion of pitch. The actual pitches are not known unless one knows the
nature of the instrument playing them. A B-flat clarinet and an
oboe, both playing the same line, will sound different pitches. Like-
wise, duratim is related to some 6verall tempo indication which, in
its most specific form, is expressed as a metronome marking.

We shall say that pitch and duration are defined relative to
bitch and duration parameters, respectively. These parameters provide
the necessary informatim for a specific realization of the note words.
For example, in Example 2.4, the command to "transpose up 2 scale
degrees in C major" did not specifically change the note words in
the phrase subroutine but simple effected an alteration of the parameter
which provided a specific interpretation of the note words.

Modification of parameters is one of the two basic tasks of

control instructions. The other is transfer of control. We shall
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consider this latter aspect first as it is more fundamental to the

functioning of our system.

1.1.3. Transfer of Control

The main function of a flow diagram is that it defines the sequence
of a.given set of events. When certain parts of this sequence are
redundant, we would like to be able to express them as such. Through
devices of control transfer, it is possible to access a given event
more than once and from more than one point in the sequence. There
are two basic approaches to transfer of control: simple transfers
and subroutine linkages. We have already seen examples of both in
the Introduction.

A subroutine, as has already been observed, is actually a program
in its own right. In our diagrammatic abstractions in the Introduction,
subroutines had their own _ggg._r_x_ and end points. They were accessed
by an arrow from a dot to the begin mark; and when the énd was reached,
the program would pick up where it left off at the dot. The only
thing that made a subroutine subordinate was the knowledge that it was
called by a program at a higher level; yet even a subroutine was
capable of having subroutines of its own. The structure of subroutine
calls is thus hierarchical, and it provides a more formal approach to
what [La Rue] loosely calls "dimensions." Passages of smaller di-
mensions would be such elements as motifs and phrases, i.e. programs

calling few subroutines, which would often be called as subroutines.
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The larger dimensions encompass entire works or even groups of works,
and these would correspond to top-level programs.

However, not all musical structures are hierarchical in nature.

In Example 2.5, our four-véice representation of '"Frere Jacques,"

the second voice does not "call" the first voice's program with a delay
of two measures; it simple repeats it. Likewise, the third voice
repeats the prog?am of the second, again with a delay of two measures;
and similarly for the fourth voice. The program for the first voice
is not subordinate to that for the second, and we do not employ a sub-
routine linkage. In this case the transfer of control is accomplished
to.a simple transfer.

A dmple transfer does not effect an entry to a subordinate program
which has its own beginning and ending; it simply shifts the process
to some remote sequence of events. In this case it causes the second
voice to enter the program for the first voice. Moreover, the loop
after the linkage to the tune program is also a simple transfer; it
specifies that after the subroutine for the tune has been completed,
it should be called again. Thus; the arow points back to the location
of the subroutine entry.

In this example the four voices of the round are defined by four
independent programs which happen to share much of the same code.
Alternatively, we may have a situation in which the different voices
are processing different code, but the contrdl of one voice is to be

influenced By another. Willi Apel applies this principle in his
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interpretation of two-voice melismatic organa, in which the upper
voice (duplum) sings lengthy, elaborate passages against sustained
tones in the lower voice.

Obviously, the singer of the duplum will
take the lead, and the singer of the tenor
will follow suit, beginning simultaneously
with the first note, and changing to the
second note somewhere in the middle of the
melisma (always with the first note of a
group sign, of course), where a suitable
consonance occurs. ([Apel, 1953])

For example , here is Apel's transcription of an Alleluia from

the Codex Calixtinus ([Apel, 1953]):

8 he ~ ‘a.
Example 1.1.3.,1
The upper voice may be represented simply as a sequence of pitches

as follows (we assign arbitrarily the duration of a quarter note):
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Example 1.1.3.2
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The lower voice, on the other hand, may be represented as a series of
loops, each of which sustain the tone which is being held and which

are cued in by the upper voice:

begin

V
tra 2 ——>Ei/p 4T

K D 4T

¥
K D 4T

v
K C 4T

v

2 —>
tra Q;i/A 4T

y
K D 4T
-y
K E 4T

v
K D 4T

v
K C 4T

v
etc.
Example 1.1.3.3

While this representation will realize the score properly, it has
one major disadvantage. The lower voice is not being represented as
a continuous line (i.e. part) but rather as a series of isolated events
which are triggered by the upper voice. It would be more desirable
to specify the tenor in a sequential form similar to that of the
duplum, and to restrict the upper voice's role to one of simply ad-
vancing the lower voice through its sequence. To accomplish this, we
may use the notions of indexing and indirect addressing.

Let us begin with the notes for the tenor arranged in their

proper sequence:
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J A 4T

v
J G 4T

v
etc.
Example 1.1.3.4
Next we specify a pointer fwhich we shall indicate by an asterisk) which
will simply indicate the first note of this sequence.
* ===3>7J D 4T
v
J A 4T
¥
J G 4T
v
etc.
Example 1.1.3.5

Now we may specify the repetition of a tone in the lower voice as

follows:

begin 2

v
G’ﬂ-—)* —==> 7D 4T

J A 4T
y

J G 4T
v

etc.

Example 1.1,3.6

The sign @ denotes indirect addressing; it specifies execution of the

location indicated by the pointer *, rather than a direct transfer to *.



-37-~-

However, this will not help us advance through the sequence of
pitches. To do this we need to attach an index to the pointer. The
index takes the location indicated by the pointer and increments it
by some designated number of steps. Thus, we may denote the indexing

of the pointer * by the index I as follows:

(1)
* === 7 D 4T

v

J A 4T

J G 4T
¥

etc.
Example 1.1.3.7
When the index is set to zero, the pointer designates the first note

(J D); if it is set to one, the next note (J A) is indicated; and so

forth.

In this case all the upper voice needs to do is increment the
index at the appropriate times. The two voices now have individual

programs, but the upper voice controls the lower voice by altering its

index:

begin 1
v

I<0 (set I to zero)

K D4t
¥

K D 4T
7

K C 4T
v

141+l (increment I by one)

K D 4T

v
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v
K E 4T
K D 4T
v
K C 4T

etc.

~o =T~ 5J au4r
=2>3J G 4T
etc.,
Example 1.1.3.8
Thus we see that transfer of control may extend from one voice
to another in two ways. In our first example, the voice taking control
simply gave a command which was to be executed by another voice.
This is the basic mechanism of intervoice control in EUTERPE and it
applies to the specification of parameters as well as to sequencing
of events. In the second technique the commanding voice altered a
location accessed by the affected voice. In theory, this is really
the same as in.the first example; however, this latter case operates
at the level of the program, while the former operates at the level
of the processor.
In these examples we have considered intervoice control primarily
with regard to simple transfers. However, it is easy to see how they
may also be applied to subroutine calls. Furthermore, intervoice

control may influence not only the time at which a voice enters a
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subroutine, but also the location at which it leaves the subroutine,
Thus, through intervoice control, a voice may leave a subroutine before
it has arrived at the end mark, owing to a command given by a remote
voice.

Such intervoice transfer of control constitutes an interruption
of the process being executed by the affected voice. If this interrup-
tion occurs betweeninstructions, then it is easy to return from the
subroutine to where the main program left off. However, as we shall
see in Section 1.2.3, such an intervoice call might interrupt the
sounding of a note; in which case the return is not as simple. We
shall discuss the mechanism of such an interruption in this fﬁture

section.

1.1.4. Pitch and Transposition Parameters

As we mentioned in Section 1.1.2, the symbolic represéntations of
pitch and duration provided in note words establish definitions relativei
to parameters. For example, in the case of pitch, the fundamental
parameter specifies that pitch which sounds when middle C is notated.
(All other notated pitches are, of course, altered accordingly; this
is the general principle of transposing instruments.) We shall also
establish other parameters which will be employed in the definition of
pitch.

There are two ways in which the fundamental pitch parameter may

be defined. It may be defined absolutely, that is, by specifying




actual pitch which it is to take as 1ts value, or relativelz
spec1fying an intefval éscending or descendlng, from its current value
which determines its next value. For example, were we to transcribe

a B-flat clarinet part, we. might specify that the. pitch parameter be

set to J B FL (the B-flat below middle C); this would be an example of
an absolute definition. Alternatively, we may describe the B-flat
clarine§ part as one which sounds all its pitches a whole tone lower than
they aré notated. Hence, we need only specify that the pitch parameter
be displaced down a whole tone (assuming the initial value to be K C);
this would be a relative definition.

Thus far, we have conveyed the impression that the fundamental
pitch parameter is the conents of some distinguished location in the
processor., This is not quite the case, as all parameters are stored
on stacks. A stack is the most fun@aqeptal[mgaps of altering data
and keeping track of the alterations so thét they may be later undone,
and this will prove to be very valﬁable to us,

Knuth defines a stack as "a linear list for which all insertions
and deletions (and usually all accesses) are made at one end of the
list" ([Knuth, 1968]). We shall call this specified end the top of
the stack, and it will be our only point of access. Thus, pitch
parameters will be stored on a stack whose top contains the current
value of the pitch parameter.

We are using a stack rather than simply a distinguished location
because we intend to insert and delete information. In fact, stacks

will be built and manipulated according to the following rule of thumb:
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Initially, a stack contains only one value which is at its top;
when a parameter is defined absolutely, this value at the top is
replaced by the value prescribed by the definition; when it ig defined
relatively, the new value is iﬁserted into the stack, becoming the
new top; the earlier value may be restored simply by specifying that
the top of the stack be deleted.

Let us consider an example of such stack manipulation. Initially,
the pitch parameter is defined so that notated middle C is interpreted
to sound as middle C. This means that the pointer designates a word

whose contents is K C:
pointer

KC

v

Example 1.1.4.1
An absolute alteration of the pitch parameter would entail, for example,
an instruction stating that notated middle C is to sound as G above
middle C. In this case, the word indicated by the pointer would be

modified as follows:

%% KG

Example 1.1.4.2

From this position, we can reutrn to the original situation by another

absolute definition, re-establishing middle C to sound as middle C and
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returning to the conditions of Example 1.1.4.1, or we can invoke a
relative alteration of the parameter specifying that all pitches are

to be transposed down a perfect fifth. This latter approach would

add a new value to the stack:

.

Example 1.1.4.3
t

AR
aje

-Now we have three ways to have ﬁiddle C sound as G above middle C from

1

this position. If we use absolute definition to specify that middle

C soﬁnds as G above middle C, we obtain the following:

ARl =
(2] {]

_\__)'

Example 1.1.4.4

If we use a relative definition and specify that all pitches are to

be transposed up a perfect fifth, the stack would assume the following

form:

K
_X
4

QOO

Example 1.1.4.5
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However, the simplest plan of action would be to merely delete the top

element of the stack:

= < e

Example 1.1.4.6

(We shall occasionally speak of '"pushing down" and "popping up" parameters
when such alterations take place. These terms are a bit counter-
intuitive, but they are also standard usage. Knuth has offered the
following parenthetic apologia:

People often say they push down an item onto

a stack, and pop up the stack when the top

item is deleted. This terminology comes

from an analogy with the stack of plates

often found in cafeterias, or with stacks

of cards in some punched-card devices. . .

The brevity of the words "push" and "pop"

has its advantages, but these terms falsely

imply a motion of the whole list within

computer memory. Nothing is physically

pushed down; items are added onto the top,

as in haystacks or stacks of boxes. ([Knuth, 1968])

This pitch parameter thus defines strict intervallic displacement
of the pitches designated by the symbols in a note word. However,
this is not the only type of transposition we might wish to represent.
In tonal music transposition is more often expressed in terms of scale
degrees with respect to a given tonality. We shall account for such
transpositions by a éeparate parameter which we shall call the

transposition parameter.

Like the pitch parameter, the transposition parameter will be
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- represented as a value at the top of the stgck. ’ This value may be
assigned by an absolute'&efinitioﬁ which désignates the number of scale
degrees, up or down, of transposition. It may also be defined relatively
by specifying an integer (positive or negative) to be added to the
parameter; as with the pitch parameter, this will cause the insertion
of a new value at the top of the stack. Finally, we may specify the
deletion of the'top of the stack.
Of course, tonal transposition can only be defined with respect
to a given tonality. For our pﬁrposes, the establishment of a tomality
is determined by the ascending and descending forms of a particular
scale.  Such a point of view essentially reflects [Schoenberg]'s
fundamental notion of tonality:
A tonality is expressed by the exclusive

use of all its tones. A scale (or part of

one) and a certain order of the harmonies

affirm it more definitely.

A scale consists of a block of data, rather than a single, dis-

tinguished location. Howevei, scales, too, may be defined on either
~ an absolute or a relative basis. In the former case, the entire
block is written out at the current top of the stack, while in the
latter, it is pushed down and a new block is created. A relative
definition may be expressed by an integer from 1 to 7, i.e. a scale
degree. (Conventionally, this argument would be given in Roman
nuﬁerals; but this is an unnecessary inconvenience in an actual computer
system.,)

With two parameters, the pitch of a note word might be interpreted
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in two possible ways, depending on which was applied first, For
example, suppose the current value of the pitch parameter is K F, the
value of the transposition parameter ig 3, the onality is that of C
major, and the pitch in the note word being processed is K C, If the
pitch parameter is enable first, followed b§ an application of the
transposition parameter, the resulting ptich is K B (first up a perfect
fourth and then up three scale degrees). On the other hand, if the
transposition parameter is processed first, the result is K B FL
(first up three scale degrees to F and then up a perfect fourth).
We shall establish the convention of tﬁe former interpretation --
an application of the pitch parameter followed by an application of
the transposition parameter.

Actually, there areoccasions when these two parameter stacks are
somewhat less than adequate, Consider the following example, inspired —

by Richard Strauss and posed, after Cecil Forsyth, by Ezra [Sims]:

i 8b wC A w8 .c

=
- =—=c= ] ———

Example 1.1.4,7

When this rather complex set of crookings for horn and bass horn is

realized, the following score obtains:
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%?,1:?

;‘g. | ‘FF:" ] 1

Example 1.1.4.8

»d

Let us consider how this situation might be modeled,

First of all we shall attempt the representation in a program
read by both voices which uses only the pitch parameter stacks. (In
this example when we say "set" we shall mean an absoltue definitioﬁ
of the parameter, and when we say "alter" we shall mean a relative
definition.

set pitch parameter to J B FL

alter pitch parameter for 2
down one octave

L C 4T
L C 4T

alter pitch parameter up a
whole tone

LC 4T

alter pitch parameter down a
minor third

L C 4D

alter pitch parameter up a
semitone

L C 8T

v
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alter pitch parameter up a
whole tone

L C 4T
v
end
Example 1.1.4.9
All parametric definitions apply to both voices, except for the second
instruction which affects only the second voice.

Alternatively, we could design a program using the transposition

parameter stacks as follows:

begin 1 begin 2
~N

set key to B-flat major

set pitch parameter for 2 to J C
set transposition parameter to -1
L C 4T

L C 4T

v

set transposition parameter to 0

L C 4T

v

set transposition parameter to -2

v

L C 4D

v

set transposition parameter to -1

v
L C 8T

set transposition parameter to O

v

L C 4T

J

end

Example 1.1.4.10
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This example makes somewhat more efficient use of stack space
than does Example 1.1.4.9, and this is achieved by employing the
transposition parameter as well as the pitch parameter. However,
the fundamental difference'between these twe programs is that in the
latter, all transpositionsare absolutely defined with respect to a
fixed point, while in the former, each transposition is expressed in

terms of the distance from the note just sounded.
Were we to attempt this technique using the pitch parameter:
begin 1 - begin 2
set pitch‘parameter to J B FL

alter pitch parameter for 2
down one octave

L C 4T
L C 4T
S

set pitch parameter to K C
L C 4T |
set pitch parameter to J A
L C 4D
set pitch parameter to J B FL
L C 8T
sei pitch parameter to K C
L C 4T

Y

end

Example 1.1.4.11
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It would sound as follows:

Ekample 1.1.4.12

The absolute definition of the pitch parameter following the second
L C 4T destroys the informatim that the second voice is transposed
an octave below the first by nature of the absolute definitionm.
AThus, from that point on, the two voices sound identical parts. The
advantage to Example 1.1.4.10 is.that the pitch parameter and trans-
position parameter are on independent stacks, so that absolute de-
finition of the transposition parameter does not affect the octave
transposition in the second voice.

Now consider a similar passage in which a definition in terms
of transposition by scale degrees is impractical; or even impossible
(e.g. an atonal, non-diatonic passage). If the composer has con-
ceivéd of fhis passage as a sequence of intervals, then he may ﬁse
a program in the form of E#ample 1.1.4.9; if he is thinking in terms
of pitches all at a relative distance from a fixed point, this tech-
nique is unsuitable.

This examﬁle is admittedly somewhat cogtrived; but the musical
distinction we are considering actually comes into play in studies of

twelve-tone music. The twelve-tone row may be regarded in two
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possible ways, anélogouéjké 6ur;t;6u§;6gramming examples.,

Iﬁ many analyses of twelve-tone music, the pitches of the twelve-
tone row are written out in their specified order; since these pitches
may be stated on any octave, Milton [Babbitt] refers to such a repre-
sentation as an ordered set of "pitch classes." Babbitt's system is
similar tothe approach of our latter example, defining all pitch
classes in terms of their distance from the first note in the series,

Alternatively, the series may be defined by the sequence of in-
tervals between its successive notes.‘. These intervals can also be
grouped into equivalence classes modulo octave transposition; and
this approach has been studied by Stefan [Bauer-Mengelberg] and Melvin
Ferentz, who used it to investigate a row by Alban Berg in which the
eleven interﬁal dasses were all different. Such an approach would
correspond with that of Example 1.1.4.9.

Thus, we see that it would be to our advantage to have another
stack of secondary pitch parameters, which, together with an effective
procedure, computes pitch in terms of the pitch field of the note word
the pitch parameter, and this new, secondary pitch parameter. We
shall define this parameter to be an interval, and'like all other
parameters, it may be specified relative to its current value or
absolutely. The procedure of interpretation will be as follows:
first, the pitch parameter is applied to thepitch field; then the
resultant pitch is shifted by the interval designated by the secondary
pitch parameter. This secondary parameter will be assumed to be zero

unless otherwise stated. Now we may represent Example 1.1.4.7 as
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follows:
begin 1 begin 2
set pitch parameter to J B FL

set secondary pitch parameter for
2 to one octave down

L C 4T
L C 4T
set pitch parameter to K C
L C 4T
v :

set pitch parameter to J A
L C 4D
set piltch parameter to J B FL
L C 8T
set pitch ﬁarameter to K C
L C 4T

]
end
Example 1;1.4.13.

Clearly, we may also consider the possibility of secondary trans-
position parameters, tertiary parameters, and so on. We might even
be able to concoct reasonable examples which would demonstrate a need
for such features. However, the current implementation of EUTERPE
doesn't even have a separate stack for the secondary parameters.

Instead, it has a feature which is almost as effective which we shall

discuss in more detail in Section 1.3.3.
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1.1,5' Durgtipn Parameters

The specification of durations is somewhat more complex than that
of pitch., In the first placé, pitches are restricted to a discrete
set of values while the range of durations ﬁorms a continuum. Second-
ly, alterations in pitch are treated in terms of linear shifts along
a microtonal keyboard, while alterations in duration are necessarily
treated in terms of multiplicative relations. In fact, it is the
‘potentially infinite compounding of such relations that brings about
the continuum of possible durations. A remarkable demonstration of
this may be found in one of Conlen Nancarrow's rhythm studies for
player piano which explores the rhytmic ratio of 2/72. (This is easy
enough to achieve on a piano roll since the ratio is constructable with
ruler and coﬁpass.)

- In terms of their frequencies, pitches also exhibit such multi-
plicative relations. However, equal temperament reduces these re-
lations to the additive relations of a logarithmic scalef No such
temperament exists for durations in standard notation. On the
contrary, rhythmic notation is inherently multiplicative, stemming from
successive binary divisions of a large unit or (in the opposite direction)
multiplications of a small one ([Apel, 1969]). Groupettes can be
accounted for by more complicated rational multiples and fractionms.

Like our pitch parameters, we shall establish a duration parameter
which is stored on a stack and which admits of an absolute and a relative

definition. The absolute definition of the duration parameter will
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be modeled after standard metronomic indicationms, which generally
have the following form ([Apel, 1969]):
J = 60.

Example 1.1.5.1
This notation defines a tempo wherin 60 quarter notes fill the dura-
tion of one minute, i.e. one quarter note per second. Any note shape
may appear as the left-hand argument, and the number specifies the
number of occurences of that note shape reqﬁired to fill the duration
of a minute.

Relative definition of durationms is accomplished by specifying
their multiplicative relation. This involves an element of ambiguity.
Is a given passage twice as fast as its predecessor, or is it half
as slow? Réther than arbitrarily choosing one of these possible
approaches, we consider another alternative. If a passage is twice
as fast as its predecessor, then in the new section, two rhythmic units
occupy the same durational space as one rhythmic unit in the old one.
This may be called a transofrmation of "two in the space of one."

In general, a trangformation of "i in the space of y'" causes x new
rhytmic units to occupy the same duration as y old omes.

The only restriction we shall impose in our theory is that x and
y both be integers. This makes a rhythmic ratio such as Nancarrow's
impossible to realize unless one allows an infinite number of defini-
tions. While this is conceivable in theory, it is impossible in
practice, and we shall have to content ourselves with rational ap-

proximations in such circumstances. There are other discrepancies
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between theory and practice which we shall also have to consider.

For example, in theory there is no smallest, iﬁdivisible unit of time,
while in a practical realization on a computer system, there must
obviously be one. Howevef, we shall defer such matters to Section

103.

1.1.6! Stack Manipulations

Not only are stacks useful in storing parameters, but they are
also valuable in keeping track of subroutine calls. Every program
is eqbped with a pointer, called a program counter, which keeps track
of which instruction is being processed. When the program calls a |
sﬁbroutine, the current value of this pointer is pushed down on a
stack; and the beginning of the subroutine is placed at the top of
the stack. Tﬁis new pointer traces through the subroutine uhtil it
is completed. At this point, the top of the stack is deleted, re-
storing the value of the pointer at the time the subroutine was called;
and the main program picks up 'where it left off.,"

We shgll encounter occasions-in which‘a subroutine will specify
certain parametric modifications which will want to occur only within
the body of that subroutine. For example, in Erik Satie's Vexations
the topmost line is played once and then repeated an octave lower
([Dinwiddie]). These two renditions constitute a single playing of
‘the score, a performance of which consists in 840 repetitions. We

might represent this one voice by the following model:
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¢ .-ab{topmost line melody}
end v ‘
alter piltch parameter down one octave

. .e{topmost line melody]
end and restore pitch parameter
Example 1.1.6.1
Obviously, we may equally well specify subroutine exits which similarly
affect the transposition and duration parameters.
In the Introduction we cited an example of a musical situation
in which conventional subroutine linkages are inadequate. We wanted
the subroutine for the third measure of "Frere Jacques'" to call the
subroutine for the first measure, but we wanted it to quit after the
first three notes. This could Be'accomplished by éséigning an extra
voice to cause this voice to leave the subroutine at the desired time
as we described in Section 1.1.3; but since we are only concerned with
the behavior of a single voice, it would be more desirable to specify
the action entirely within that voice's control structure.
In our flow chart for this example, we designated this stipulation
by the command "exit after third note" immediately prior to calling
the subroutine for the first measure. We shall now consider this
procedure in greater detail. We shall also consider a dual problem:
Given a procedure tree of nested subroutine calls, we would like to

be able to enter this tree at some point other than the beginning and
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~ proceed as if we had started at the beginning. This may seem somewhat

confusing, but we hope to clarify it before the end of the section.
Consider a melodic passage which might be described by the

following model:

begin

. S begin
\ |
{notes} {%otes}
\l, w.;“i —>» begin
Z>., — > begin {notes} ¢
\L Jf begin {notes} < x

Example 1.1.6.2
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Let M be the musical passage defined by this model for some realization
of note words in the braces. Consider now a second musical passage

M', obtained by truncating M at its beginning and end. Suppose

the first note of M' occurs at the note word labeled x and that the

last note oécurs at the note word labeled y. Suppose we wish to access
M' as a subroutine.

First consider the exit problem, ie. let us only concern ourselves
with starting M as usual but ending it early. As we already observed,
when a subroutine is called, the current value of the program counter
is pushed down on a stack and replaced by the beginning of the sub-
routine. Then, when the subroutine terminates the top of the stack
is deleted and this previous value of the program counter is restored.
However, if we begin M as usual and simply specify a premature termina-
tion a vy, theﬁ'when the top of the stack is deleted at y, the program
counter will be restored tothe va;ue it had before entering the sub-
routine containing y, i.e. it will be restored to the point marked z
in Example 1.1.6.2. In this particular case, in order to terminate
M, one must delete two levels from the top of the stack; but, of course,
in other circumstances, one migﬁt have to delete some other number of
levels. |

Thus, the specification of an exit, as we first described it in
the Introduction, involves more than just a premature ending of a
subroutine. It essentially involves marking the program counter stack
before entering the nest of subroutines. Then, when the exit is

encountered, one simply deletes elements from the stack until the mark
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... 1s encountered; and one has returned to the level from which the

subroutine was called.

The entry problem is similar in nature, although it entails a
different solution. A subroutine call to the location X will cause
execution only of the innermost subroutine. When that routine termi-
nates, it will return to the topmost level, rather than to the ap-
propriate location (w). In this case, the solution is effected by
a procedure we call nesting, which takes two addresses as arguments.
One of these addresses is x -—.the goal, so to speak. The other is
the address of the subroutine within which X 1is contained; in this case,
it is the address at which the routine for M begins. This instruction
caﬁses the processor to maintain the program counter stack, as if it
wereldoing a subroutine call to this latter address but to hold off
actual executidn until the former address (x) is attained.

With these notions of nesting and exiting, we may represent a
model of M' as follows:

begin
exit at y
nest to x —> {routine for M}
end
Example 1.1.6.3

Clearly, we may also consider the marking of parameter stacks; so

that when an exit is encountered, not only is-the program counter stack

suitably restored, but the parameter stacks are, too. Similarly, we
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may specify e nesting procedure in which all alterations to parameter
stacks are carried out, and the only instructiens which are ignored are
the actual note words. Finally, we may allow any of these operations
to be subject to intervoice‘control; that is, we may allow onevvoice

to specify that such operations be executed on another voice.

1;1.7 Melding

In Example 2.4 we described a subroutine consisting of two separate,
but coordieated, processes, one of which determined pitch, the other of
which determined duration. This technique of splitting a program
into separate routines, which, when united, supply the neceseary pitch
and duration information, we shell call melding. The basic mechanism
of coordination is that each separate process reads one note word at
a time, but different processes may restrict their concern solely to
either‘pitch or duration.

We may find examples of sueh a technique in Mediaeval music which
are somewhat less contrived than Example 2.4. The rhythmic modes
were fixed rhythmic patterns whicﬁ attached themselves to melodic
lines with little, if any, variation. Thus, a melody might Be
specified solely by a list of pitches to which the performer would
attach .a modal rhythm. For example, the following hymn tune (which
is not Mediaeval, but rather by Lowell Mason) is a modal melody

([Hymnall):
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Example 1.1.7.1
Using melding, we might model it as follows:

egin

begin
2T KD
i K E

4T

<7 <

K F SH

<

~
tx1

<

K F SH

<

=
- e
RSP <4

o
0.

Example 1.1.7.2

We shall discuss rhythmic modes in greater detail in Chapter 3.
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1.2 The EUTERPE Language

1.2.1 The Programming Format

Thus far we have only used flow diagrams for the presentation of
our examples. Now we shall consider the actual details of the language
EUTERPE which we have used for the practical impleﬁentation,of our
models. The language takes the format of an aésembly language; and
for the benefit of those who.are unfamiliar with this format, we shall
review some of its features.

The basic unit of our programs is an instruction -- the specifica—
tion of a singlé command to be executed by the computer. For example,
each of the events as we isolated them in our flow charts corresponds
to an instruction. These instructions are written out in order on
successive lines and are usually executed one after the other. The
lines on which they are written are called their addresses. A&dresses\
are labeled by positive integers increasing one at a time. (Numbering
systems are generally either decimal or octal; we shall distinguish
decimal integers by always following them with a decimal point.) 1In
addition, addresses may be assigned symbolic names, which are strings
of letters and numbers of length at most six. A symbolic name is
assigned to an address by writing it out followed by a colon on the
line it is to indicate. A symbolic name cannot be assigned to more
than one address.

For example, here is how we would represent a note word coding of

"Frere Jacques'" beginning at address 1§@:
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-
o
a

109

4T
4T
4T
4T
4T
4T
4T
4T
4T
4T
2T

NRARARRARAARRRW
QHEEOBOOOED O

etc.

Example 1.2.1.1
(We often distinguish the letter "0" f?om the number zero by drawing
a slash through the number.) "LOC 1#¢" specifies that the first ad-
dress is 100; then next address is 101, then 102, and so forth. We
might attach symbolic names based on the syllables sung to these notes

as follows:

LOC 199

FRE: K C 4T
RE: K'D 4T
JAC: K E 4T
QUES: K C 4T
FRELl: K C 4T
RE1l: K D 4T
JAC1: K E 4T
QUESL1: K C 4T
DOR: K E 4T
MEZ: K F 4T
vous: K G 2T
etc.

Example 1.2.1.2
Since we can't use the symbol FRE twice, we used the modification FRE1L

in the repetition. It is also possible to refer to addresses by their
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distance from labeled addresses. For example, rather than assign 101
its own symbolic name, RE, we might refer to it as FRE+1 or FRE1-3,
indicating it as the addreéé one after FRE or three before FREL.

We shall also have occasion to refer to the distinct fields of
a specific instruction. For example, a note wqrd instruction has a

pitch field (K C) and a duration field (4T). Processes such as in-

dexing and indirect addressing, such as we described informally in
Section l.l.3,lwi11 have distinguished.fields in their associated
instructions, as will the specificatiops for intervoice control. An
instruction which is not a note word will generally take the following
form:

INS AC,@ADR(IND)

Example 1.2.1.3
The elements which are essential are the fields labeled INS and ADR;
all others are optional.

INS is called the instruction field and designates the instruction

to be executed. ADR is called the address or argument field and

specifies the principal argument of the instruction. The accumulator

field, AC, if used, is delimited by a comma and specifies the voice
for which the instruction applies. The current version of EUTERPE is
limited to six voices, and therefore AC is either an integer from one
to six or the symbol ALL (designating all six voices). When there is
not accumulator field, the instruction applies to the voice which
executes it. Indirect addressing is expressed by the symbol @, while

if an address is to be indexed, the in-ex is delimited by parentheses.

AT,




~64—

This index field also has applications in instructions which are not
concerned with indexed addresses.

Programs written for the six voices of EUTERPE are called voice
programs; and the six voicés have the symbolic names VOICEl, VOICE2,
«+.,VOICESG. If a program is to be assigned to some VOICEn, it begins
with the command, LOC VOICEn. When we give examples which may apply
to_aﬁy voice, we may omit the LOC command and give all our descriptions

in terms of symbolic addresses.

1.2.2 Note Word Instructions

Note word instructions are almost exactly as specified in Section
1.1.2. Pitch is represented by a string of symbols specifying octave
(H through N), position in octave (C, D, E, F, G, A, B), and optional
“chromatic inflections (FL, SH, Q, P, $, %, T, U). Duration corresponds
basically to note shapes ranging from a whole note (1T) to a thirty-
second note (32T), with possible modifcations for triplets (e.g. 8T3)
and dotted notes (e.g. 2D).

In addition, the index field‘is used to specify an articulation
factor for each note. This is a designation of a fraction of the note's
duration which is held silent before the next note is sounded. There
are six possible symbols for the articulation field. SLUR designates
no silence between notes. Normal mode in this particular system
is LEGATO, in which the silence is equal to one sixteenth of the dura-

tion of the note (i.e. if articulation is not specified at the outset,
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it is assumed to be LEGATO). Other possible fractions of silence are
one eighth of the duration (SLEG), one quarter of the duration (SSLEG),
half the duration (STACO), and five-eighths of the duration (SSTACO).
Any field whichis omitted from a note word assumes the same value
it had in the preceding note word. There is an exception to this
rule. When we define note words by melding, as was discussed in
Section 1.2.6, we shall do so by leaving certain fields unspecified.
However, in most cases, the zero word will be interpreted as a note
word which repeats its predecessor. Other omissions allow one to
alter pitch while preserving the same éuration, alter articulation
while leaving pitch and duration intact, etc. Furthermore, as we
mentioned in the above paragraph, articulation is assumed to be
LEGATO if it has no initial specification. We may represent, by

way of example, "Frere Jacques'" by the following program of note words:
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Example 1.2.2,1
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1.2.3. Control Transfer Instructions

Associated with each voice of EUTERPE is a program counter. This

is a register located at the top of a stack (vide Section 1.1.3). Under

most circumstances, this word gives the address of the next instruction
which its associated voice is about to process and it is incremented

by one after this instruction is completed. This process is altered
by those instructions which affect transfer of control.

The simplest such control instruction which we call "TRAnsfer"
established the next instruction to be processed as one other than that
which follows in the next address location. This instruction is de-
notedlby the symbol, TRA; it takes as argument field the address of the
next instruction to be executed and it sets the program counter to this
address. The program counter is directly altered without any change
in stack structure,

A simple transfer instruction may also employ its index field and
indirect field. The address determined by indirect addressing and in-

dexing is called the effective address of the transfer instruction,

and it is determined by the following algorithm ([PDP-6]):
1. Let W be the word being processed (i.e. the word containing
the TRA instruction).
2., Set E to the number contained in the address field of W.
3. If the index register field is nonzero, add to E the contents
of the index register specified.

4, 1If the indirect bit is off, E is the effective address;

Vi N
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otherwise let W be the word in the address currently
specified by E, and go to step 2.
For example, the following program will simply repeat the first
three notes of the C major scale:
LOC 1¢¢

4T

NARR
HUO O

2

109

Example 1.2.3.1
Now suppose the following instruction éppeats in some other voice's
program:

TRA 10¢

Example 1.2.3.2
If the contents of index register 1 is zero, then this voice will enter
;he same loop at 1¢@#; however, if 1 contains the value 1 or 2, it will
enter the loop at 1¢1 or 192, respéctively. Similarly, the instruction:

TRA @103 |

Example 1.2.3.3
will effect an entry into the loop at 1#¢; and if 1 happens to contain
the value 3, so will the instruction:

TRA Q@1@@(1)

Example 1.2.3.4

In its simplest form TRA is used to establish loops, as in the

exampie just given or for the canonic proéedure of "following at a

distance," as in our model of "Frere Jacques."  For example, if the
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program which plays 'Frere Jacques' begins at VOICEl (the first address
to be processed by the first voice), then the second voice would begin
as follows:

LOC VOICE2

R 1T

R

TRA VOICEl

Example 1.2.3.5
With a voice argument in the accumulator field, TRA becomes the funda-
mental mechanism for cueing. For example, VOICEl may cause VOICE2
to begin a paticular process concurrent with an event in the VOICEl
program. Even if VOICE2 is in the middle of sounding a note, TRA
has an immediate»effect ait,

As an example of intervoice control transfer, we may code the model

given in Example 1.1.3.3 as follows:

LOC VOICEl1

AL: J D 4T (SLUR)
TRA AL

ALl: J A 4T (SLUR)
TRA ALl

Example 1.2.3.6




-70-

After direct transfer the primary means of control transfer is the
subroutine call. This was thé object of‘fhe demonstration instruction
PUSHJS. Like TRA, this instruction takes an effective address asits
argument; but this address is appended to the top of the program counter
Stack rather than replacing the current program counter. Prior to
adding the new level to the stack, the program counter is incremented
so that later, when the subroutine is finished and the top level of the
stack is deleted, the program counter is pointing to the address follow-
ing the PUSHJ# which effected the transfer.

Now let us consider how intervoice control is applied to subroutine
calls. Suppose VOICEl begins with the following instruction:

PUSHJS 2,THEME
The initial conditions of the two voices' program counter stacks are as

follows:

v

VOICElL

VOICEL:

VOICE2: 45 VOICE2

Example 1.2.3.7
In processing this instruction, VOICEl does two things. First, it
increments its own program counter by one; and ;hen, it places the
address THEME on top of the program counter stack for VOICE2. Hehce,

after this instruction is executed, we have the following:




-71-

VOICEL: — VOICE1l+1
VOICE2: - VOICE2
THEME

Example 1.2.3.8
Notice that the former value of VOICE2's program counter has not been

incremented. An intervoice subroutine call represents an interruption

of the affected voice's processing; and when that subroutine is completed,
VOICE2 should be able to pick up where it left off. (This particular
example is aksomewhat degenerate case of "interruption'" since VOICE2
has not yet begun its processing.)
Now consider the following set of instructions for VOICEl and
VOICE2:
LOC VOICEl

K C 4T
PUSHJ$ 2,THEME

. . .

LOC VOICE2

J G 2T
J C 2T

Example 1.2.3.9
In this case, the first two instructions are note words, and the result
is a two-note chord sounding for the duration of a quarter note.

After this chord is éounded, the program counter stacks are as follows:

T,
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VOICEL: ) =l VOICEl+1l

VOICE2: ——r———é{ VOICE2

Example 1.2.3.10

The program counter for VOICE2 has not yet been incremented because it
has not yet finished executing its instruction; the note is only half
complete. In this case, the PUSHJ$ instruction has the following

effect on the program counter stack for VOICE2:

__-\\\\\\\\\§€> VOICE2+1
THEME

Example 1.2.3.11

In other words, when the subroutine is exited, VOICE2 will not tfy t§
play the note at VOICE2 again, but will pick up with the next note

at VOICE2+1, Hence, if a ﬁote is interrupted while it is sounding,
execution will réturn to the following instruction when the interruption
is completed, Subroutine exits ‘are gener511§ aécomplished

by the instruction POPJ$, either with or without a voice argument,

as the case requires. When used with a voice argument, POPJ$ has the
same interrupt facility as PUSHJS. Since it ié returning to an
address, however, it does not have to worry abouﬁ incrementing the
program counter; this is all accomplished‘when the PUSHJ$ is enabled.

By way of example, let us turn to the melismatic organum model
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in Example 1.1.3.8. Since we have the feature of interruption at our
disposal, we may notate the tenor voice with notes of overly long dura-
tion and have them interrupted by the duplum in VOICEL. This may be
done as follows:
LOC VOICEl
SETZM I ;SET INDEX I TO ZERO

K D 4T

)

K C

A0S I s INCREMENT I BY ONE
POPJS 2, ; INTERRUPT TENOR
KD

KE

KD

LOC VOICE2
PUSHJ$ TENOR(I)
TRA VOICE2
TENOR: J D 1T(SLUR)
J A 1T(SLUR)

etc.

Example 1.2.3.12
With I initialized to zero, the fir« thing VOICE2 doesvis enter a
subroutine to sound its first note. This noe is terminated by the
subroutine exit commanded by VOICEL. VOICE2 returns to VOICE2+1,
transfers back to VOICE2 and executes another subroutine call, this

time to TENOR+l because VOICEl has incremented I by one.
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1.2.4. Parametric Definitions

Let us now turn to instructions associated with the definition
and alteration of parameters. The primary instruction for absolute
specification of the pitch parameter is éalled PITCH. This instruction
takes as argument a string of symbols, such as would be placed in the
pitch field of a note word, which designates the current setting of
pitch parameter; that is, it is interpreted as that note which sounds
wh;ﬁ middle C is notated. Therefore, it effectively makes a voice
a "transposing instrument." For example, the following B-flat clarinet

part for the opening measures of Beethoven's fifth symphony:

Example 1.2.4.1

will sound in the proper key of C minor if programmed as follows:

PITCH J B FL
R 8T
KA

New

F 2T
Example 1.2.4.2
Whereas PITCH provides an absolute definition of the pitch parameter
and therefore directly alters the top of the appropriate stack, RELPIT

defines a new pitch parameter relative to the current value and
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therefore augments the stack with a new value at the top. The ar-
gument of RELPIT is an integer which is added to the current pitch
.parameter. Thisvinteger designates a number of microtones (as defined
in Section 1.1.2) which constitute an interyal, ascending if positive,
descending if negafive. The RELPIT instruction thus offsets the pitch
parameter by a specified interval,

N'It is sometimes inconvenient to think of most intervals in terms
of the number of microtones they contain, so EUTERPE's representation
of pitches provides a convenient shorthand. The separate symbols
which make up a pitch argument each have an integer value, and the
entire argument is the sum of these values. The resulting integer is
the distance, in microtones, from the note H C. Hence, H and C are
both :equal to zero, I is the number of microtones an octave away
from HC (i.e., 72), F is the number of microtones between F and
C, and I F is the number of microtones in an octave plus a perfect
fourth. Similarly, SH (SHarp) is the number of microtones in a semi-
tone (namely, sii), FL (FLat) is the negative of SH, and likewise for
the other microintervals. For additionél convenience, the symbols
TONE and SEMI are defined as equivalent representations of D and SH,
respectively. For éxample, the following program will generate a chro-
matic scale starting on middle C:

LOC 1¢¢
PITCH K C
K C 4T
RELPIT SEMI
TRA 141

Example 1.2.4.3
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Having no termination, this program will continue until either the
range of the player or the capacity of the parameter stack is exhausted.
The standard method of deleting of the top of the pitch stack,

i.e. popping back one level, is accomplished by the instruction

UNREL PIT. UNREL is a universal popping‘instruction; and if PIT is
one of its arguments, then the top of the pitch parameter stack will
be deleted. The following program makes use of storage on the stack
to generate a chromatic scale in ascending and descending forms
beginning on that pitch which is the current value of the pitch

parameter:
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LOC 1¢9

K C 4T
RELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gELPIT SEMI
gNREL PIT
gNREL PIT
gNREL PIT
gNREL PIT
SNREL PIT
3NREL PIT
gNREL PIT
gNREL PIT
gNREL PIT
3NREL PIT
gNREL PIT
gNREL PIT
TRA 10¢ Example 1.2.4.4
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The stack behavior in this example is relatively straightforward.

Let us suppose the following initial condition:

KC

Example 1.2.4.5

At location 1¢¥2 we have the following:

KC

K C SH

Example 1.2.4.6

At 104:

K C SH

KD

Example 1.2.4.7

Finally, at 13¢ (octal):




AT

K D SH

K F SH

K G SH

K A SH

Then, at 132:

"‘\ K G

KD SH

K F SH

XK G SH Example 1.2.4.9
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This continues until, when we hit the transfer at 16(f, the stack has
returned to its original state and the chromatic scale repeats.,

The definition of transposition parameters isg essentially analogous
to that of pitch parameters. The fundamental instruction is SETRAN;
and it takes as its principal argument an integer which specifies the
number of scale degrees of transpositin -- ascending if the number is
positive, descending if negative, SETRAN also takes an optional
second argument in the index field, which is ASC, DES, or AD. This
argument indicates that the transposition should be computed with respect
to the scale's ASCending, DEScending, or entire (Ascending-Descending)
form, (This argument is actually significant only in dealing with
the melodic minor scale.) If it is omitted, it is taken to be AD.

When such is the case for the melodic minor scale, the decision of

~ which form to use is made as follows: the entire scale form is regarded
as a closed loop (i.e. ascending followed by descending, followed by
ascending, etc.), and the processor keeps track of the last note to
have been transposed; it then advances through the loop in search of
the first occurrence of the next ﬁote to be transposed; if this note

is found in the ascending portion of the scale form, this half is used
to compute the transposition; if it is found in the descending portion,
then that is employed instead. (By this algorithm, the transposition
of a note of a higher scale degree than its predecessor will always

be found in the descending portion, unless the note to be transposed

is in only one half.)
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For an example, let us again consider our simplified version of
"Three Blind Mice,"  The first measure may be coded as follows:

M1l: 4T

_AR
aQo-

2T
Example 1.2.4.10
Tc obtain the third measure, we need only write the following instructions:
KEY C(MAJOR)
SETRAN 2
TRA M1
Example 1.2.4.11
Analogous to the instruction RELPIT is the instruction RELTRN.
Likg RELPIT, RELTRN takes an integer argument which is added to the
current transposition parameter. It also takes an optional second
argument in the manner of SETRAN which specifies reference to the
ascending and/or descending portion of the scale form. Unlike the
case for SETRAN, however, when this argument is omitted, it is assumed
to be the same as that of the previous transposition parameter. The
integer argument may also be omitted, in which case it is assumed to
be zero. Hence, RELTRN can be used simply to alter the domain of
interpretation of the transposition operation (e.g. from ASC to DES),
without altering the actual distance of transposition.
The.argument for UNREL which pops back thé transposition parameter
is TRN. To pop back both the pitch and the transposition parameters
simultaneously, both arguments are given, in either order, separated

by a space: UNREL PIT TRN or UNREL TRN PIT. It is also possible to
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restore the transposition parameter to a zero value. This is done by
the instruction UNTRAN. However, if an UNTRAN is executed while the
stack is not empty, a subsequent UNREL TRN will restore the transposi-
tion parameter to a non-zero value and it will again take effect.

The standard mode for defining the scale form to whichthe trans-
position parameter refers, is the instruction KEY, which takes two
arguments. The first of these arguments is a pitch level of the
chromatic scale, without octave specification; the second specifying
the "mode" is one of the following symbols in the index field: MAJOR,
HARM, MELO, NAT. According to this index argument, a major, harmonic
minor, melodic minor, or natural minor scale is constructed on the
specified pitch level in ascending and descending forms. This is
stored in an uninterrupted block of memory withone pitch per word.

As an example, tﬁe instruction KEY C(MELO) will create the following

block of data:

FL

OUHTMQPWHE>POREDAOQ
o o
&

Example 1.2.4,12
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The value of T C designates that C to be an octave higher than the
initial one.

Scales may also be defined on a relative basis. In this case,
the entire block of scale information is pushed down and a new block
is defined. This is accomplished by the instruction RELKEY, which
also takes two arguments. The first argument is an integer from 1
to 7, i.e. a scale degree; if this argument is omitted, it isassumed
to be 1. The second argument may be the same as any of the second
arguments for KEY, or it may be either REIMIN (for relative minor) or
REIMAJ (for relative major). When this argument is omitted, the
processor checks the distance d two scale degrees from the first ar-
gument, If this interval is a minor third, it assumes the second
argument to be RELMIN; otherwise, it assumes RELMAJ. Rela;ive minor
is always taken to imply the natural minor scale. The argument
KY applied to UNREL causes the scale block to be popped back.

Secondary pitch and transposition parameters may also be defined
either absolutely or relatively. The absolute definitions of these
parameters are enabled by the instructions GAMUT and GAMIRN, respectively.
Both these instructions take integer arguments; however, GAMUT expressés
an interval in microintervals, while GAMTRN expreses it in scale degrees.
GAMUT may use the same notational abbreviations as RELPIT. Relative
definition of these parameters is accomplished by RELGAM and RGMTIRN,
respectively. These also take integer arguments which are added to
the current value of the designated parameter. Finally, secondary

cavameters may be deleted by the respective instructions UNGAM and UNGAMT.




84—

As we shall see in Section 1.3, these secondary parameters do not
actually have their own stacks. They are handled, rather, as "spurs"
to the stacks for the pitch and transposition parameters. This
has certain disadvantages, but it will suffice as a temporary measure
until the more ideal version is implemented, In its current version,
for example, EUTERPE may realize the model in Example 1.1.4.13 as
folloWs: ‘

LOC VOICEl
PITCH J B FL

L C 4T

¢
PITCH K C

P

PITCH J A

4D

PITCH J B FL
8T

PITCHK C

4T

FINE

LOC VOICE2

GAMUT -I
TRA VOICE1l

Example 1.2.4.13
The duration analog to PITCH (i.e. the instruction which sets
the duration parameter to some absolutely determined value) is the
instruction TEMPO. This instruction takes two arguments and is
modeled after standard metronomic indications, which (as we saw in

Section 1.1.5) generally have the following form:
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d =60
Example 1.2.4.14

This particular tempo may be established by the instruction TEMPO (4)60.
(4) stands for the quartef note; the number‘may also be 1, 2, 8., or
16. The second argument (which is the right-hand argument of the metro-
nomic indication) indicates the number per minute of occurrences of the
note specified by this first argument. (Both arguments must take
decimal points if the user intends the representation to be decimal
rather than octal.)

The analog to RELPIT is RELTEM; and it, likewise, alters the
stack of duration parameters. As in Section 1.1.5, we designate a
relative definition of duration as a transformation of "x in the space

' where x and y are integers. This means that x of the new

of y,'
rhythmic unité will occupy the saﬁe duration as y of the dd ones, and
it is ﬁotated RELTEM x(y). |

Either of the two arguments for RELTEM may be omitted, but they
have different default conditions.. If the first argument is omitted,
it is assumed to be one. However, if the second argument is omitted,
it is taken to be the largest power ofvtwo less than or equal to the
first argument. This convention was suggested by Sims because it
conforms with the standard interpretationof odd-numbered gréupettes.
Triplet notation is used to specify three notes assuming the duration

of two; quintuplets denote five in the space of four; and in general,

an n-note groupette sounds in the space of m, where m is the largest
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power of two less than or equal to n. (This applies for some even-
numbered groupettes, as well, but those which are powers & two are
subject to less consistent interpretations.) Thus, an alternative
way of attaining triplets would be by the instruction RELPIT 3, which
would be an abbreviation for RELPIT 3(2). ”

There is one limitation to the RELTEM instruction: the second
(parenthesized) argument must not exceed five binary bits, i.e. it
must be less than 32 (decimal). This is because of the size of the
index field; a higher number would overflow into the accumulator field,
where it would be interpreted in terms.of intervoice control. This
limitation is not overly severe and may be overcome by successive appli-
cations of RELTEM. (The default condition still holds if the index
field is empty and the argument field is greater than 32 (decimal),)

Secondary duratim parameters are Precisely analogous to secondary
pitch parameters. Corresponding to.the instructions GAMUT, UNGAM,
and RELGAM are the duratioq instruetions GRUP, UNGRUP, and RELGRP.
GRUP and RELGRP have the same format as RELTEM, as well as the analogous
immediate effect. Finally, the appropriate argument for UNREL, which
pops Back a duration parameter, is TEM. This can, of course, be
combined with PIT, KY and TRP.

Articulation may also be controlled indepeﬁdently of note words.
The instruction ARTIC takes as argument any symbol which may appear
in the articulationfield of a note word, and it sets the articulation
appropriately. Articulations are not stored on a stack but, rather,

in a single register, one for each voice. This 1is the same register
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which is set by the articulation field of a note word, so ARTIC is
only effective until the occurrence of a note word with an articulation

field.

1.2.5 Stack Manipulations

The subroutine exit POPJ$ may specify a voice in its accumulator
field for intervoice control. It normally has no argument in its
address field, but it is possible to place in the address field of a
POPJ$ any argument or group of arguments which may be placed in the
address field of UNREL. This will have the effect of the execution of
the appropriate UNREL at the time of the subroutine exit; that is,
in addition to popping back the program counter stack, a POPJ$ instruction
may also pop back the stacks for the pitch parameter, transposition
parameter, duration parameter, aﬁd‘scale.

We considered such a feature at the beginning of Section 1.1.6

and applied it to an example by Erik Satie. If we regard the melody
line of this example as a subroutine stored at the address THEMEIL,
having a conventional POPJ$ exit, then we may program the model of
Example 1.1.6.1 as follows:

REPEAT 840. PUSHJ$ THEME2

FINE

THEME2: PUSHJ$ THEMEL
RELPIT -I
PUSHJ$ THEMEl1
POPJ$ PIT

Example 1.2.5.1
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"REPEAT" simply specifies that the PUSHJ$ instruction is to be re-
peated 840 times. The subroutine THEMEZyplays the melody line in
THEME1, sets its pitch parameter down an octave, and plays the melody
line again. When the subroutine terminates, it resets the pitch
parameter back up an octave and is ready tolrepeat the entire passage,.

It may be the case that a parametric alteration within a sub-
routine may be desired to be binding. Of course, if one exits by
a POPJ$ with no arguments in the address field, any parametric alter-
ations made within the body of the subroutine will remain; and if an
absolute parametric definition has beeﬁ applied, the stack itself will
not even be altered in structure.

One may wish, however, to define an alteration in relative terms
(such as by a ratio in a tempo definition) without adding a new level
to the stack. For this purpose there is a special subroutine exit
lcalled RETURN In matters of control RETURN behaves exactly tte
same as POPJ$; and like POPJS, it may take parametric arguments.

The effect on parameters, however, is quite different. A parametric
argument to POPJ$ deletes the top of the stack and drops back one

level; in RETURN it backs down one level carrying the top parametric
value along and recopying it at the lower level. |

As we remarked earlier, because of limitations of format,
certain tempo ratios may be impossible to eéxpress as a single fraction
and will require successive multiplications. Most likely, however,

the programmer will not want to advance the stack more than one level.
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Consequently, all applications of RELTEM after the first might be
followed by a PUSHJ$ to a word containing the instruction RETURN TEM;
and this would keep the duration parameter stack from piling up.

We also considered in Section 1.1.6 the processes of exits and
nests. The EUTERPE instruction for these processes are EXIT, EXIT1,
and NEST. The instruction EXIT takes an address in its argument field.
When it is executéd, it "marks'" the program counter stack and places
;he address on a special list against which the program counter is
compared at each step. We shall discuss the actual mechanism of
marking in Section 1.3.5. At this point, all we need know is that
the current level of the stack is "remembered" by a mark. When the
program counter matches the address on the list, the stack is popped
back until it finds this mark. Thus, one may specify a premature ending
within a hierarchy of subroutine calls and still have the appropriate
number of POPJ$'s simulated in order to return to the top level.

The address of this ending remains on the speciallist until it is
removed by an UNEXIT instruction; however, if it is established by the
instruction EXIT1, it is deleted after its first application.

Parametric stacks may be similarly marked. EXIT and EXIT1 take
optional arguments in the index field whid£ mark the indicated
parametric stacks as well as the program counter‘stack. There are also
several wa}s to mark stacks without specifying exits and related
instructions for popping back to marks. The instruction MOP may be

substituted for POPJ$, and will pop back the program counter stack
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to its most recent mark, Like POPJS, MOP takes optional arguments
spacifying pérametric stacks, Parameters may be restored in the sam-
ranner without affecting the program counter through the instruction
MUNREL, This instruction is the same as UNREL except that it pops

the specified parameters back to their most recent mark. MARK marks
the current level of the program counter stack along with any specified
pa;ameter stacks, and UNMARK deletes the marks so established. MARPAR
ana UNMARP have the same effect without influencing the program counter
stack, All these instructions take an optional voice argument.

The format of NEST is somewhat different from that of other
instructions hecause of the information it must specify. For example,
in Example 1.1.6.2 if the subroutine for the melodic passage is at
‘the address M and our desired entry point is the address X, we would
specify the nest by the instruction NEST [ MX]. The address contains
a pointer to a word which has two addresses, one in each of its halves.
The right half specifies the entry point; the left (pérenthesized)»
half specifies the "virtual" entry point, i.e. the address which is
accessed by a PUSHJ$, from which the "imaginary processing" is con-
ducted until the address ﬁxthg right half is encountered. PNEST has
a similar effect to that of NEST, except that only note words are
ignored. This means that all parametric alterations between two

specified addresses are observed.
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1.2.6 The MELD Instruction

We mentioned an alternative default condition for note words
in Section 1.2.2. This arises in melding, in which default con-
ditions are specified by a "silently processed" program. The basic
idea is this: When a voice program melds to another process that
process is executed in parallel with the voice program without sounding
its note words. However, if a field in a note word is absent from
a voice program, the corresponding field of the melded program is
substituted. A melded program may, in turn, meld on another program,
so that if its field is also empty, it can check down another level.

The instruction MELD takes an address as its argument, at which
time a parallel process is started at the specified address. All
non-note words are executed. However, any stack manipulation is
performed with respect to the stacks of the voice which melded the
process. This is safe enough for parameters, but one must be careful
in handling transfer of control. A TRA in melded program simply
transfers it withbutvaffecting the voice program. The process
is halted by the instruction UNMELD.

Now we can return to our model for '"Frere Jacques' and specify
the subroutine for the third measure more explicitly. First of all,
let us suppose that the subroutines for the first and last measures

are written out in note words as follows:
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MEASU1:

MEASU7: K C 4T

Example 1.2.6.1
In defining the subroutine for the third measure, which we shall call
MEASU3, there are several things we must specify.  We wish to express
the pitch as the transposition of the first three notes in MEASU1 up
two scale degrees in the key of C major. First of all, then, we must
specify key and transposition parameters:

KEY C(MAJOR)
SETRAN 2

Example 1.2.6.2
Next, we wish to specify an exit after the third note. This may
be accomplished by the instruction EXIT1 MEASUl+4.  All that remains
is the determination of rhythm, but this can be accomplished by meld-
ing since only the first instruction of MEASUl specifies a duration
field. Thus, we arrive at the following specification for MEASU3:
MEASU3: KEY C(MAJOR)
SETRAN 2
MELD MEASU7
EXIT1 MEASUl+4
PUSHJ$ MEASU1
UNMELD
UNTRAN
POPJ$

Example 1.2.6.3
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1.2.7. Miscellaneous Instructions

There are a few more EUTERPE commands which have not yet been
mentioned. FINE is the general halt instruction; it transfers con-
trol back to the operating‘program. CANCEL, if it is given a voice
number argument, turns off the specified voice. If not, it turns off
the voice which processes it. If all voices become cancelled in this
mannef, execution halts and control is returned to the operating systems
program.

There are available tables of sine, square, and sawtooth waves
which can bé associated with any voice. There is also a WHITE table
filled with random numbers within the range of the other tables.

These wave forms can be assigned by the WAVE instruction taking as
argument SIﬁE, SQUARE, SAW or WHITE. All six voices are initialized
by the system SINE, RAN generates a 36-bit random number and places
it in the address specified by its argument. Since EUTERPE has a
random number generator for. the creation of WHITE, it was decided it
might as well be made available to the user.

In addition, much of the repeftoire of PDP-6 machine instructions
is available to EUTERPE. PDP-6. For the purpose of employing these
instructions, EUTERPE keeps its own set of accumulators, numbered
1 to 17 (octal). Accumulator O is not available to EUTERPE. Memory
address 20 is also not available, as this register is used in producing
the acoustical output.

There are also some special locations in memory which contain
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useful information. Memory address VOICE the number of the voice

which refers to it. This is helpful ih sorting out different voices
which are reading the same program, SCALE has the same contents as
the pointer to the scale stack for the voice which reads it. Hence,

a voice may determine the state of its scale parameter at any time.
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1.3. Programming Details

Most of the details concerning the functioning of the EUTERPE
instruction set have now been covered. However, there remain a few
fine points which essentiaily depend on the eccentricities of a
practical computer system. These include such matters as stack allo-
cation, duration control, and the general problem of coordinating six
voice programs. These pointswill all be discussed in this section.

However, we begin with a more detailed look at the overall processor.

1.3.1. The EUTERPE Processor
The sound generator of the EUTERPE processor is a simple loop
program. This loop reads values from a block of memory which contains
a digitization of a wave form. The values are sampled at an interval
determined by the desired pitch and the duration for which that sampling
continues, is expressed as a number of cycles through the playing-loop.
Values read from the digital representation of a wave form are then
placed in a digital-to-analog converter which drives sound system.
Since EUTERPE allows six simultaneous tones (i.e. six voices) but has
only two output channels, each D-to-A converter receives the sum of
the sampled values for three of the voices' respective wave forms.
Generally, all the voices do not sound notes of the same
duration; therefore, some sort of coordination is necessary if all

six voices are to share this one loop. This is handled by a set

of six duration counters associated with the six voices. At the
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outset, each voice computes the number of loop cycles required for
its first duratioﬁ and stores this nﬁmbef in ité corfesponding dura-
tion counter. (The duration counters for inactive voices are ap-
propriately marked.) The processor then selects the lowest of the
numbers stored in the active duration counfers and sets that as the
number of cycles which fhe loop will execute. This number is then
subtracted from the duration counters of all the active voices, and
the loop is run -- sounding some chord for the length of time of the
note of shortest duration in that chord. The processor then in-
spects the duration counters and obtains the next note words for
those voices whose duration counters are zero. The sampling rates
in the loop are altered for the new pitches, the new duration numbers
are deposited in the appropriate duration counters, and the process
is repeated. Hence, those voices whose durations have not run out
simply continue sampling at the same raﬁe; cbntiﬂuing their‘piféhes.
The following flow chgrt illustrates this process. We use the
conventions of B. A. [Galler]'s The Language of Computers —— the
arrow denotes the assignation of a value, rectangular boxes represent
actions, diamonds are decisions, and the rectangle containing three
triangles is a decision which increments an index. The registers
DCk (k = 1,2,3,4,5,6) correspond to the duration counters (observe,
by the way, that the duration counter of an inactive voice is
non-zero), and DUR is set to the number of playing-loop cycles at the

- end of the procedure. (This is a simplification of the actual
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EUTERPE process. The portion above the dotted line is basically
accurate; the portion below will be discussed in greater detail

later in this section.)

.




True

[Play chord |
for DUR cycle

kel

k>6?

,IIVFLQL

False

VOICEk
active?

True

False
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DCk—DUR

k<2 True
k>6?
VOICEk False " .
kek+1 active? DUR<DCk ? ReDC
True
o k L
T
DUR<DC1
True —m
START b k<1 True duration of
k>67? > _DCk=0? next mote in
reise VOICEk
et
False
y
N
DCk<DUR
“F4T LT orduexy-

Example 1.3.1.1
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While this is the basic theory of operation, the reality is not
quite so simple. In the first place, in addition to specifying wave
form, pitch, and duration, each note has an articulation factor. This
ié a fraction of the note's total duration yhich is silent before the
next pitch in that voice is sounded. Thus, for each duration there are
associated two numbers of loop cycles -- the first of which sets the
sampling rate for the appropriate pitch, and the second of which sets
the sampling rate to zero —— and a voice does not want to get another
note until both these durations have been sustained.

Consequently, when a voice (say, VOICEn) computes its pitch and
duration numbers, it sets an Articulation FLAG, AFLAGn. The duration
value is broken into two parts and stored in two separate registérs,
DURn (DURation) and DURSVn (DURation SaVer). The duration counter,
DCn, is then loaded with the valueof DURn. After the loop rums out,
those voices which need new values‘first check their articulation flags.
Any voice for which the flag is set loads its duration counter from
the appropriate DURSV register, removes the flag, and sets the
sampling rate to zero (i.e. silence). Those voices for which the
flag is not set proceed to the next note word.

This accounts for the processing of note words, a relatively
small percentage of many EUTERPE programs. However, note words
are distinguished from other instructions in that they endure for a
specific interval of time while all others are intended to operate

instantaneously in the musical performance; that is, they are processed
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~in (effectively) zero time units. No playing-loop cycles are intended
to be executed during the processing of these instructions. Neverthe-
less, in the user-controllgd real-time operation of the system, these
do, in fact, consume small amounts of time.: This causes individual
chords to be separated by very short gaps of silence which sound as
"clicks." A "compiled" version of a composition is obtained by storing
away a table of all chords sounded by the player, together with the
number of playing-loop cycles associated with each chord.

With each voice is associated a program counter, a register
which contains the address of the next instruction to be processed.
This register is incremented by one just before the articulated
(i.e. silent) portion of a note is to be executed. The program
counter is advanced by a subroutine called NEXTWD which also inspects
the instruction field of the next word to be processed. (This is
contained in the leftmost nine bits of the word and is equal to zero
only in note words.) This byte is stored in the register MACFLn
(a2 mnemonic for MACro FLag, since it indicates those macros which
are not note words) for the appropriate VOICEn.

When the inner playing-loop runs out, all voices whose duration
counters are zero must be refreshed. However, it is also necessary
to execute all macro instructicns of effectively zero duration before
processing any note words, since they may have an effect on the in-
tegration of these note words. The very first case for which the

processor checks arises only when the articulation mode is set to
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SLUR, so that there is no pause between notes. In this case, a note
which has sounded for the duration specified in its DUR register is
ready to call the subroutine NEXTWD and reset its articulation flag.
Therefore, if a voice has its articulation flag set but has a zero

in its DURSV register, the processor immediately takes care of this
"pseudofarticulation," calls NEXTWD, and prepares the voice for the
main body of the processing loop.

The following flow chart illustrates this processing of pseudo-
articulations. The portion of the program it represents is processed
just before that portion represented by the flow chart in Example
1.3.1.1.

True
kel > enter

k>67?

kek+1

DURSVk=0?

Get next word
for VOICEk

Example 1.3.1.2
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Now let us consider in greater detail what actually happens

below the dotted line in Example 1.3.1.1. The following flow chart

is a more accurate representation of this portion:
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START }
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Example 1.3.1.3
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Two things muét be c“heckedoxﬁt l;e;foéurj‘e* EUTERPE is ready to process
note words. The first of these is the existence of exits, which were
discussed in Section 1.2.5. Secondly, there are those instructionsg
which are not note words, both control macro instructions and assembly
language code. A table is kept of those addresses which are exit
points, labeled by the numbers of the voices to which they apply.

When the program counter for a voice, say VOICEn, is set to such an
exit point, a register, EXCHKn (EXit CHeck), is appropriately marked.
This signals the processor to call a sgbroutine which enables the

exit. These EXCHK registers are inspected in the order of their
respectiQe voices (EXCHK1l, EXCHK2, ., . . » EXCHK6) after the inspection
for pseudo-articulations. If an exit is enabled, the check must

be made a second time, since the exit might have returned control

to anq;her:egiqkpoinqgkﬁ

After the exits are processed, the appropriate MACFL registers
are checked, again in the order of their voice numbers. Whenever
- one of these registers is non-zero, the instruction it represents
is known not to be a note word; and it is immediately processed.

Then it is necessary to check for exits again, as this may have
transferred control for some voice to an exit point, Eventually,
however, each voice reaches a point at which its next instruction is
a note word (unless, of course, a halt instruction has been executed).
At this point, the note words are all computed, the duration counters

are checked out as in Example 1.3.1.1, and the playing-loop is loaded
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to sound the appropriate chord.

EUTERPE runs under the control of DDT, an interactive debugging
routine. This means that the user is capable of executing and dia-
nosing his program in real time. Not only can he use the features
. of DDT for inspecting and altering the contents of the six voice
programs, but in addition, the EUTERPE processor is equipped with
eight break points. Whenever a voice's progra counter reaches an
address which is stored in a break point, control returns to DDT.
The user may then either proceed or restart, as is the case for con-

ventional DDT break points.

1.3.2. Control Coordination
As we mentioned in Section 1.2.3, the program counters are kept
at the tops of stacks. We begin this section with the basic details
concerning EUTERPE's allocation of storage for stacks -- not only
for the program counters, but for the parameters, as well. Terminology

has been chosen to conform with D. E. Knuth's Fundamental Algpfithms

([Knuth, 1968]):

Associated with each program counter and each parameter for each
voice is an unbroken block of storage. Each voice maintains a set
of pointers to locations within these blocks -- nne pointer per block.
These pointers indicate the tops of their respective stacks, i.e. those
locations containing the current values of the progfam counters and
parameters. When a parameter is altered by a relative definition

or a subroutine is called, the address of the corresponding pointer
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is incremented by one andtthe appropriate value is copied into the new
top level of the stack. The reverse process of deleting the top
of the stack simply involves decrementing the pointer by one. It is
not necessary to actually remove the old vglue as it will be ignored
until the next addition to the stack, at which time it will be erased,
The other mechanism which we need to discuss is that of inter-
voice applications of control transfer. As we mentioned in Section
1.2.3, a simple transfer or subroutine linkage applied to a remote
voice causes an immediate interruption‘of that voice's processing,
even if that voice is sounding a note. This occurs because these
transfef instructions immediately clear out the duration counter of
the effected voice so thét, as was described in Section 1.3.1, it
1s ready to process the next instruction as indicated by its program
counter. It isﬁalsownecessary, as far as this mechanism is concerned,

to clear the articulation flag of the éfected voice.

1.3.3. Secondary Parameter Manipulation

The manipulation of pitch, tfansposition, and scale parameters
is straightforward and essentially as outlined in Section 1.2.4.
However, as we mentioned, the secondary parameters are not currently
implemented as separate stacks. Instead, we have adopted a temporary
measure which allows the construction of a "spur" to any point along
the pitch parameter stack. As we shall see, ;his spur is a

secondary stack of depth one. It is, therefore, considerably weaker
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than an actual stack; but it still has many benefits.

We divide each word in the pitch parameter stack into two halves.
The left half is normally zero, in which case pitch is computed with
respect to the parameter in the right half; this is the parameter
which is set and altered by PITCH and RELPIT. However, when the
left half is non-zero, its value is treated as the pitch parameter;
aqd it is read instead of the right half.

The left half of the pitch parameter word is made non-zero by
the instruction GAMUT. GAMUT takes the same argument as RELPIT,
and it has exactly the same immediate effect. However, instead of
adding a new word to the top of the stack with a new pitch parameter,
this parameter is deposited in the left half of the current top of
the stack. We have not seemingly achieved anything that could not
have been accomplished by a RELPIT, however, subsequent PITCH and
RELPIT instructions now have different consequences. RELPIT acts
exacly as before, only now it adds its argument to both halves of
the parameter word. . This means it functions as usual, sinée the

lefthalf is readjusted so that its relative distance from the right

half is preserved. Thus, the program given in Example 1.2.4.13
achieves the desired effect.

Parametric control is restored to the right half of the parameter
word by zeroing out the lefﬁ half. This is accomplished by the
instruction“UNGAM. '0f course, if lowe elements of the stack have

non-zero left halves, these will not be eliminated by the UNGAM
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instruction, The user Should'thetefdrezbe careful about where he
uses this instruction, keeping track of practically what is already

on the stack.

There is also an analog to RELPIT, which adds new elements to

the stack but only modifies the left half of the parameter word.

This instruction is RELGAM. In this case, UNGAM will restore an un-
altered right half. RELGAM may conceivably be of use in manipulating
. the rule of octave equivalence in twelve-tone music; but it was im-
Plemented solely out of a sense of consistency mthe part of the author.
There is also an analogous set of instructions for the transposition
parameter list. The analogs for GAMUT, UNGAM, and RELGAM are,
respectively, GAMTRN, UNGAMT, and RGMTRN. The corresponding in-
structions for a secondary duration parameter, GRUP, UNGRUP, and
RELGRP, are also handled similarly, with one important exception

which we shall no& discuss.

1.3.4. Duration Parameters 3
As we mentioned in Section l.i.S, our theory of duration parameters

does not admit of a smallest indivisible unit of time. However, as

far as EUTERPE's processor is concerned, such a unit exists — namely,

the time of a sing%e cycle through the inner playing loop described

in Section 1.3.1. This unit of time is small enough to be inaudible;

but, as we shall see, a difficulty arises from the stipulation that

any duration must be an integral multiple of this unit of time,
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Clearly, EUTERPE's duration parameter must be related to this
unit of time for a loop cycle, In fact, the duration parameter
specifies the number of loop cycles which sustain the unit of time
of a thirty-second note. .Under optimal circumstances, this is an
integer. However, it may also be a fraction if such is necessary.
Initially this parameter is set to the octal integer 640, which was
empirically determined to be the appropriate parameter for sixty
quarter notes per minute.

In the ideal situation the duration parameter is an integer;
and a RELTEM instruction which expresses a transformation of x in
the spaée of y will take this integer, multiply it by y, divide it
by x, and obtain an integer result which is the new duration parameter.
Unfortunately, this is not always the case. The divisimdoes not
always come out evenly, and the quotient alonme will not be a sufficient-
ly accurate representation of the temp alteration. (It may not be
observable within the context of a éingle voice; but if one voice
is trying to sound five notes against another voice's seven, a noticeable
phase shift may result.) |

Hence, there are situations in which it becomes necessary to repre-
setn ‘a fractional tempo parameter as an ordered pair of integers. The
most convenient way to do this would be to store numerator and denomi-
nator in the right and left halves of a single word. However, this
would interfere with our representation of the secondary duration

parameter, so it is necessary to allocate more than one word on the
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stack for a single parameter.

Consequently, the‘storagé4allocétion is as féilows: If both
duration parameters are integers, then they are stored in the—right
and left halves of the word indicated by the stack pointer, exactly
as is the case for pitch parameters. If either of these is a fraction,
an alternative representation is used. The address indicated by the
stgck pointer contains either a -1 or a -2. The latter is used if
thére is a secondary duration parameter, in which case two fractions
must be stored. (If the primary duration parameter is integral but
the secondary is not, then both must be stored as fractiions.) The
former is used if there is no secondary duration parameter. There
follows on the stack either one or two words containing fractional
representations with the numerator in the right half and the denomi-
nator in the left.

Such a situation will not afise from an applicatimof the instruction
TEMPO. This instruction always assigns an integer approximation to
the metronome marking wbich it represents. When a RELTEM occurs, the
processor checks the top of the stack to see if the current parameter
is re-compressed into a single word. vathe parameter is not in
fractional form, EUTERPE checks to see if the division is even.

If so, it is executed; if not, the results are converted into
fractional form. Most of the fractiomal arithmetic routines are

those prescribed by Knuth in his Seminumerical Algorithms ([Knuth,
1969]).
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Representation of a fractional duration parameter is, however,
the easy half of the problem. When this parameter is multiplied
appropriately for the proper duration symbol, the result may still be
a compound fraction; and if we take the integral part of that fraction
as the number of loop cycles, we are practiéally back where we started.
Since the loop cannot be cycled a fractional number of times, we need
to keep track of the remainder.

Each voice has an appropriate FRAC register which keeps track of
the FRACtional portion of the loop it has 'theoretically' traversed.
Whenever this fraction becomes greater.than or equal to the integral
portion of thé duration number is incremented by one and the fraction
is renormalized to be less than one. For example, suppose the
remainder is comsistently 4/7. Assuming that FRAC was initially zero,
the first duration computation sets it to 4/7. The next time, when
4/7 is added to it, it becomes 8/7; this effects an extra incremen;
for the duration number and the fr;ction is reset to 1/7. Subse-
quently it becomes 5/7 and then 9/7; this causes another increment and
a readjustment to 2/7.  Next, it becomes 6/7 and then 10/7, causing
another increment and readjustment to 3/7. The next value is 7/7,
which causes an increment and restores FRAC to zero. Thus, the
duration number was incremented by one four out of seven times —
precisely the desired effect when thé remainder is 4/7. The same
algorithm will work in less consistent cases, even when the
fraction of the remainder takes on a new base. Furthermore, be-

cause the explicit notation of triplets entails a division by three
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which may not be even, similar adjustments are made for these cir-~

éumstances, even though the duration parameter may not be fractional.

1.3.5. Stack Marking

To understand the marking process, one must understand the actual
wofking of the stack. As we have élready mentioned, the top of the
stack‘is indicated by a pointer word whose right half contains the
address of the top of the stack. Initially, this word has the
address of the stack bottom in its right half and zero in its left.
Each time a new value is pushed onto the stack, both halves of the
pointer word are incremented by one. When the top of the stack is
popped off, both halves are decremeuﬁed by one.

When the stack is marked, the current value of the left half of
the pointer word is saved on a stack, and the left half is set to
zero, Subroutine entries proceed. as usual, incrementing both halves
of the pointer word. When an address specified by an EXIT ins;ruction
is encountered, the stack is popped back until the left half of the
pointer word is zero. - The left hglf is then restored with the value
from the top of the stack whefe the data was saved, and the processor
continues, By saving this value on a stack, exits may be nested.

By using zero as the mark, one can return to the very bottom of the
stack as a default condition. The case is similar in the marking of

parametric stacks.

[T
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INTERMEZZ0O -~ By Way of an Apology for a Cursory

Treatment of the History of Music

When we outlined the underlying theory of the EUTERPE system
in Section 1.1.1., we tried to provide simple musical examples to
motivate the principal features. Now we shall consider the appli-
cability of the system as a whole, and this will involve a presen-
tation of a corpus of models of different forms of music of the
past. In its most thorough sense,_this would involve a study of
the history of music, which is to say a life's work. . . at least.
Consequently, we hope the reader will be content if we simply pick
out a few prime excerpts from this history of music and demonstrate
how the basic ideas from these periods may be modeled in EUTERPE.

In the next four chapters we shall examine examples of
Gregorian chant, early polyphon}c writing, techniques of counter-
point and harmony in the music of Bach, and the sonata form of the
classical style. Our treatment of Gregorian chant is the broadest
although it is far from exhaustive. It seemed desirable to con-
sider the aspects of writing a single voice program before worrying
about the parallel processing problems of polyphonic models. The
study of early polyphony is scantier than its predecessor. It is
basically an examination of the notational techniqueé of the period
and the translaﬁion of these techniques into the terminology of

computer languages.
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The bridge from early polyphony to the baroque period is un-
fortunately abrupt. We warn the reader that in the course of a
few pages, he will find himself snuttled from "Sumer is Icumen In"
to Bach. Our considerations of polyphény and harmony are centered
around J. S. Bach, primarily because of his skill in both techniques.
The major analysis in this section is of the two-part invention in
D minor, which illustrates EUTERPE's capabilities in representing
both contrapuntal and harmonic techniques.

The chapter on sonata form is somewhat of a token chapter.
When he gets there, the reader will find another apology for its
brevity. Nevertheless, it would have been criminal to totally
overlook sonata form.

After having given sonata form the short shift, we turn to a
chapter wﬁich we call "Applicaqions." These feature samples of
original music and programs which were composed and/or designed
with EUTERPE's assistance. We wish to express our gratitude to
the composer Mr. Ezra Sims for having taken the trouble to learn
the fundamentals of EUTERPE, as well as for provoking the author

into teaching her some new tricks.
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Chapter 2. Plainsong
2.1, Psalmodic Chant

In this chapter we shall consider Gregorian chant and related
forms of monophonic and rhythmically free.melody dating from the
Middle Ages. This is in no way meant to be a historical study.
We are concerned only with certain formal techniques and ;he manner
in which such techniques may be modeled in EUTERPE. Consequently,
our choice of examples will be somewhat out of proportion, from a
historical viewpoint. This does not preclude the possibility that
EUTERPE may be valuable in historical studies, but such matters are
beyond the séope of our current knowledge of music of the Middle
Ages.

* Following the study of Dom Paolo [Ferretti], 0. S. B., we
shall divide our work into three_ categories: strophic chant,
psalmodic chant, and commatic chant. Strophic chants, which tend
to postdate the classical Gregorian era, are most common as settings
of hymns, consisting of a single musical passage (i.e. strophe)
which is satrictly iterated for each verse of the hymn. Because the
verses of psalms are not always the same length, psalmodic chant
admits of certain minor variations, although fhe overall form is
still basically an iterative one. The term "commatic," which is
now somewhat antiquated, refers to those chants which are freest in

form.
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In considering the representation of chant in the format of a
computer language, we cite the following passage by [Ferretti]:

Gregorian chant possesses a style and a musical language
of its ownm, consisting of characteristic modes of expression,
entirely different from those used in other sorts of music.
These modes of expression, familiar to the composers of lit-
urgical melodies, we call formulas. There are special
formulas which are proper for such-and-such a melody. But
for an aesthetic study, the formulas common to several melodies,
be they of the same Mode or of the same tupe, present a parti-
cular interest. These are the ubiquitous formulas. They
represent the most traditional and most characteristic element
of classical Gregorian art. These formulas have a certain
analogy to modern musical themes; for example, they admit of
variations. The size of the formulas is not absolutely fixed;
it varies from a minimum of two notes to as much as an entire
phrase. The size depends especially on the melodic style.

A thorough knowledge of the intimate structure of formulas is
indispensable to the composer, esthete, and archaeologist.
It is thus impossible to compose or judge a Gregorian melody
without knowledge of this characteristic language which is the
classical Gregorian musical language; it is equally impossible,
in the process of comparative and analytical studies, to reduce
. 4 particular melody to its primitive purity without first
establishing the melodic, modal, and rhythmic values of the
formulas employed in its composition,

If we substitute the word "subroutine" for "formula," we establish
the essential interpretation of Gregorian Chant through EUTERPE.
Note words, as such,'are almost entjrely absent from chant programs
at the top level; and the primar§ tasﬁ is to establish a vocabulary
and hierarchy of subroutines which will suit "this characteristic
language which is the classical Gregorian musical language."

Before we give any specific examples, we are obliged to say a
few words about the materials of Gregorian chant. (Readers whose

background is primarily mathematical may, at this point, appreciate
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the position of those musicians who negotiated the preceding chapter.)
It is hard to be brief on the subject of Gregorian chant. Perhaps
the most terse account which may be reccommended is Alec [Robertson]'s

chapter in The Pelican History of Music. At the other extreme, we

have a very thorough study by Willi Apel entitled Gregorian Chant,

. ([Apel, 1958]).
The notational system we shall employ is the one used by

[Davison] and Apel in their Historical Anthology of Music. It is

basically a representation of the square neume system on the con-

ventional five-lined staff. Most neumes are not single notes but
rather a compounding of note heads. This notation preceded the
origins of the staff, and originally the neumes were merely a nuemonic
aid for thé intervallic motions of the melody line. The direction
of the intervals was easily indicated; the distance was more uncertain.
We shall represent compound neumes by phrase marks which span the
individual note heads in a single neume.

For note shapes we shall usé only quarter notes without stems,
as in Example 1.1.3.1. On the matter of rhythm, the musicologist
Gustave [Reese] writes, '"The whole problem of the rhythmical inter-
pretation of plainsong in the Middle Ages . . . has been a subject of
intense controversy, a controversy that still rages today.' He
cites three approaches to the issue: the accentualist theory of

Dom Pothier, the Solesmes school, and the mensuralist theories.
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Concerning the first, [Reese] writes, ''The accentualists believe that
the Chant adopted the equal time-values of the syllables, and they
consider the accent the principal -- according to some, the only --
rhythmical determinant of its melodies." On the subject of the
second, he says, ""The monks of Solesmes, under the leadership of
Dom Mocquereau, retained Dom Pothier's theory that all the notes of
the neumes are basically equal in duration and that plainsong rhythm
is free, as opposed to measured, but they discarded his theory that
the verbal accent is the predominating rhythmical element." The
Solesmes editions provide seve?al diacritical marks -- dots and
dashes -- which indicate prolongations of certain notes. The men-
suralists go one step further in the belief that each note has its
own durational interpretation. There appear, however, to be as
many theories of mensural interpretation as there are scholars
advancing these theories; and, in general, the Solesmes approach
is the most firmly established. We shall not, however, apply the
Solesmes prolongations, since ouf concerns will be strictly with
melodic information. This would put us in the same camp as thé
accentualists, were it not for EUTERPE's inability to express any
sort of stress on its notes.

We shall use two post-Gregorian theoretical devices in our
programs. These are the so-called "gamut of Odo of Cluny" and the
eight "church modes." While both these devices will prove to be

valuable, we must remember that they are after the fact and that
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when they were first introduced, the theorists tended to corrupt
original source material so that it might better conform to their
theories.

Odo’é gamut was simply a list of pitches which were permissible
in the composition of a melody. Its lowest pitch is the second G
below middle C (I G, in EUTERPE's format), and it rises through the
"white keys" to the A above middle C (K A). That is, it consists
of the pitches G, A, B, C, D, E, F, G, A, etc. The only chromati-
cism which Odo recognizes is that of the B below middle C, which may
be lowered a semitone to B flat, ([Reese]).

The church modes may be regarded as ''distinguished subsets'" of
Odo's gamut. Each mode is a sequence of eight pitches spanning an
octave. There are eight modes which may be grouped into four pairs,
each pair being called a maneria. Each mode has two distinguished tomes,
a final and a tenor. The two modes in each maneria both have the same
final. The authentic mode of each maneria has this final as its
lowest tone, and proceeds upward one octave. The plagal mode, the -
second of the pair, begins a fourth below the final. Thus, the two
modes share five tones within the interval of a fifth (a péntachord)
and differ over the interval of a fourth (a tetrachord) on either
side of this pentachord. The four finals of the four maneriae are
D, E, F, and G, all in the octave below middle C. These maneriae
are known, respectively, as first, second, third, and fourth, or, in

Greek, protus, deuterus, tritus, and tetrardus. The authentic
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modes are also called dorian, phrygian, lydian, and mixolydian,

respectively, while their corresponding plagals are called hypodorian,

hypophrygian, hypolydian, and hypomixolydian, Reese provides the
following rule of thumb for determining the tenor of a given mode:

» + . except where the note would be b, the tenor

of an authentic mode is always its fifth, while

the tenor of a plagal mode is always a third below

that of the corresponding authentic. Where the

tenor would be b, ¢ is substituted. ([Reese])

We shall begin our study with an examination of psalmodic chant.

This has a basic design which may be expressed in terms of a simple
computational format. The following psalm setting, transcribed in

Davison and Apel, is taken from the Antiphonale Romanum:

A

1f*7__‘__1F:;—4.’ 5 4 ‘.t“‘

Llew-da anima mea Do-mi-wum, t Laudebo Dominuwm in
~ . ‘ _ -~ _
a. : . . N . o N
-

vi-te me-a: % psallam Deo meo fquem-di-u ¥ye - ro,

Nolite confidere in principibus:* in filiis hominum, in
quibus non est salus., :

Exibit spiritus ejus, et revertetur in terram suam:* in
illa die peribunt omnes cogitationes eorum.

Beatus cujus Deus Jacob adjutor ejus,fspes ejus in Domino
Deo ipsius:*qui fecit caelum et terram, mare, et omnia quae in
eis sunt.

Qui custodit veritatem in saeculum,’facit judicium injuriam
patientibus:*dat escam esurientibus.

Dominus solvit competitos,*Dominus illuminat caecos.

Dominus erigit elisos,*Dominus diligit justos.

Dominus custodit advenas,tpupillum et viduam suscipiet:*
et vias peccatorum disperdet.

Regnabit Dominus in saecula, Deus tuus Sion,*in generationem
et generationem. ([AR])

Example 2.1.1
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[Davison] and Apel provide the following analysis of this chant:

The verses of the psalm are sung to a recitation melody
(psalm tone) which consists of a reciting note called
tenor and a number of short inflections called initium
(intonation), flexa (flex), mediatio (mediation), and
terminatio (cadence). The intonation is used for the
first verse only, the flex only for longer verses which
are divided into three sections instead of the usual
two, for which mediation and cadence only are used.

Concerning the psalm tones themselves, Gustave [Reese] provides
the following information:

There are nine systematized psalm-tones grouped
together in the Vatican Edition of the chant books --
éight regular and normal, of which one is associated
with each of the modes, and one "irregular' called
the Tonus peregrinus ('strange, foreign") which has
two reciting tones. Texts are fitted to the Tones
according to definite rules, so that it is not necess-
ary for the books to print out the music for each
psalm. The second, fifth, and sixth Tones have a
single final cadence, but the others have more than
one. These optional cadences are called differentiae.
They arose from the necessity of ending the verse with
some note that would be in harmony with the first notes
of the different antiphons (upon their repetition),
which do not all begin on the final: an antiphon may
start with any note in the petachord and, in plagal
modes, with any in the lower tetrachord also.

In this particular example the fourth psalm tone is employed. Here
is the specification of this psalm tone as it appears in the Anti-

phoﬁale Romanum ([AR]):

—

Quarfus To,us sicineipl to- sic flect/ fm; T ot sic medi e i‘qr 2
9 -~ €

y e "l"'—"tﬂ_—LqF

- 14

atgue sic Finitur Atgue sic Fr - ar~  tor

Example 2.1.2
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The predominant tone in this passage is the tenor of the fourth
psalm tone. The intonation consists of tﬁe first three notes, and
the cadence in its optional forms consists of the concluding notes.
The flex is the motif to which is sung the word "flectitur" (pre-
ceding the dagger), and the mediation is specified by the word
"mediatur" (preceding the asterisk). The daggers and asterisks
in the psalm text correspond to those in the psalm tone, specifying
those syllables to which are applied the flex and mediation. The
remaining syllables are sung on the tenor, except for the syllables
of the opening intonation.

We shall approach the encoding of chant through the preparation
of a series of "templates" -- special - purpose files which contain
information relevant to particular situations. The most fundamental
of these templates is entitled GAMUT AND NEUMES. This file contains
the gamut of Odo of Cluny. The finals of the four maneriae are
labeled with the names of the authentic modes (DORIAN, PHRYGIan,
LYDIAN, MIxoLYdian),.while the names of the palgal modes are
assigned to the pitches four steps below the corresponding finals
(HYPODOrian, HYPOPHrygian, HYPOLYdian, HYpoMIxoLYdian). Accumulator
17 (TONOS) is set aside for purposes of indexing through this linear
array.

Next are supplied routines for the most commonly used neumes.

These are used so frequently in all the modes that it is most con-
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venient to store them along with the gamut. The simplest of these
are CLIVIS (a pair of notes descending a single scale-degree), PODAT
(a pair of notes ascending a single scale~degree), and PES (a pair

of notes ascending two scale-degrees). These routines are composed
out of very little material; in fact, they all share the same exit --
the POPJ$ at the end of CLIVIS. The last two instructions of this
routine are used to specify the final tone of each formula. PES, of
course, is defined simply by adding gnother scale~degree to the
interval in PODAT.

The next two formulas are three-note patterns formed by linking
two two-note patterns together.

TORCU rises one scale-degree with a PODAT and returns back with
a CLIVIS. (The linkage is accomplished by transfering to the
address CLIVIS+1.) SALIC rises'one scale~degree with PODAT and
then two more with PES. Finally, the REGIAS idiom is simply a
descending four-note pattern.

It should be mentioned that this file is by no means a finished
product, nor are any other templates which are discussed in this
chapter. All such files are simply the results of analyses which
have been performed to date. This encompasses a relatively small
corpus of material in comparison to the entire repertoire. However,
all these files are capable of being updated as new information is
made available. Such revisions will be implemented as the result

of future research.
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Bearing all this in mind, here is the current version of the

GAMUT AND NEUMES template:

TITLE GAMUT AND MNEUIES

TONOS=17

I
AYPODU: |
HYPCPH: |
HYPOLY: J
DURTAN: J
PHRYGI
LYDIAN:
LY.

}>C)‘TlmUO:D)>D’T1mCJOUJ)>C)

HYHITLY=DORI AN

CLIVIS: XCT QTONOS
SOS TONOS
XCT CTOMNOS
PUPJS

PUUAT: XCT _TONOS
AQS TONOS
TRA CLIVIS+2

PES: ACT CTONOs
A0S TOMOS
TKA PUDAT+1

TORCU: PUSHJS PODAT
TRA CLIVIS+1

SALIC: PUSHJS PODAT
TRA PES+1

REGIAS: PUSHJUS CLIVIS

50S TOMOS
TRA CLIVIS

s ' EXAIPLE 2,1.3
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The next necessary template contains information relevant to the
specific maneria. Since we are currently considering an example in
the hypophrygian mode, we need a template' for the second maneria.

The current version of this file contains the routines FINAL, which
sets the pointer TONOS to the final of the mode, and HYPOTN, which
‘sets the pointer to the tenor of the plagal mode, i.e. the tenor for
the fourth psalm tone. The file also contains some additional
formulas which were found in examples of chant in the second maneria.
The .INSRT instruction effects the loading of the GAMUT AND NEUMES

file whenever this file is accessed.

TITLE TENPLATE FOR SECOND HMANERIA CHANT

«INSRT MEUMES > ;LOAD GAMUT AMD MEUMES
FINAL: MOVEI TONOS,PHRYGI
POPJS
HYPOTN: "OVE! TONOS,PHRYGI+3
POPJS
CLIPOD: PUSHJS CLIVIS
S0S TOMNOS
TRA PODAT

CUDA: PUSHJS$ TORCU
TRA CLIVIS+1

AITEN: PUSHJS CODA

XCT {FINAL
POPJS

; | COEXANPLE 2.1.4
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Finally, a file is needed to specify the fourth psalm tone.
This simply entails converting the information in Example 2.1.2
into EUTERPE format. This involves subroutines for the intonation
(INCI4), flex (FLEC4), mediation (MEDIA4), and the different possible

cadences (FINI4G and FINI4E).

TITLE QUARTUS TONUS

« [NGRT DEUTER > ;LOAD TEMPLATE FOR SECOMD MANERIA

INCIL: PUSHJS HYPOTN
XCT QTOMNOS
TRA CLIPOD+1

FLECL: PUSHJS HYPOTN
PUSHJS CLIVIS
TRA CLIVIS+2

iIEDTAL: MOVEI TOMNOS,PHRYG!+2
PUSHJS PODAT
NEST |(TORCU)PODAT+1]
POPJS

FINILG: PUSHJS$ HYPOTHN
XCT QTONOS
TRA CLIVIS

FINIGE: PUSHJS IMNCIYL
A0S TOHMNOS
PUSHJS REGIAS
TRA AMEN+1

; EXAMPLE 2.1.5

M

\ A
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Little needs to be said about the actual encoding of the psalm

that is not obvious from the preceding analysis.

A table is used

to keep track of the syllables of incantation and to set a flag

which determines whether or not the flex is to be sung (XFLAG).

(The flex is only sung for those verses marked by a dagger.)

Like-

wise, a flag is set to delimit the introductory portion of the

antiphon (IFLAG).

The program begins with a quarter note rest so

that all subsequent pitches with unspecified duration are inter-

preted as quarter notes.

TITLE PSALN

IHNSRT EUTERP >
. IMSRT PTHL >

XFLAG=5
LOC VOICEL
R LT

PUSHUS
SETZH &

IMCIL

VERSE:

OVE X, SYTAD (L)

A0S 4

TERIMIN

PUsilds PSAL:

SKIPE SYTA3(L)

TRA VERGE

FINE
PSALivt  ACT CHYPUTHN
S0UG 1,.-1
SKIPE XFLAG
PUS!IJG FLECH
ACT CSHYPUTN
304G 2,.-1
PUSIHJS MEDIAL

s

ACT C¢HAYPOTHN
SOJG 3, .-1
PUSIIJS FINILE
AEPEAT 2 R
POPJS

NP %X,,11,2,3,AFLAG]

146 Vil TH AMTIPHON

; LOAD PSALit TONES

s INTONATICH

;L 153 INDEX RECISTER

;LOAD AC'S 1,2, AND 3 .ITH
sSYLLABLE CUUNTS
IS SET 70 LERO
SVUHEMEVER FLEX 13
;OMITTED

s XFLAG

;PLAY A VERSE

JZERO IF LAST VERSE

JPEPEAT TENUR
;SKIP FLEX IF

;FLEX
JREPEAT TEMNOR

MECESSARY

JUEDTATION
;PAUSE AFTER (IEDIATION
JREPEAT TEMOR

;CADENCE
;LCMNGER PAUSE AFTER CADENCE
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SYTAG: SOYLLAGLE CUMTS FOn EAGH VERSE

JEIRST VERSE

O~ u

SOEUTATION UM FIOST YEISE

4 ;SRCGHD VERSE
4

G

G JRO EDTATION
G JTHIRD VEWKSE

C

15,

g U0 MEDIATION
12, ;FOURTH VERS

[y 201
.

JUECITATION
JEIFTH VENSE

CO e
.

JIEUITATION
;S 1XTH VERSE

JHO GEDITATIUNM
JSEVENT! VERSE

;N0 TIECITATION
;EICHTH VERSE

JUEUTATION
SJHINTH VERSE

[ ]
.

DI WA OO WU W O GRS W UL R (S B b O

JHO TMEUTATION
EMD TUNE

; | EXANPLE 2.1.C




~-129-

2.2, Strophic Chant
The antiphon of the preceding psalm setting is an example of

neumatic chant generally consisting of one neume per syllable.

Such chant is also used in the setting of hymns. Hymn settings
usually involve somewhat longer melodies, called strophes, which
are strictly repeated for each verse of the hymn text.

A single strophe encompasses a melodic unit which is called a
period. In studying the Gregorian period, we may again benefit
from the observations of Dom Paolo [Ferretti]:

In every period, and in every element of a period,

we can and must consider two things: 1) The form of

its line, i.e. the melodic design, the periodic archi-

tecture; 2) The logical internal correspondence among

the diverse elements of which it is composed.

This may best be illustrated by an example; and, once again, we

turn to the Antiphonale Romanum: -

— 1 —f o 8
@'—"—ﬂ;-"'!"’—‘“_’_! L —

Selendor paternee gloriae,  De luce lucem proferens,

i o T e e w— ‘.fl."_’;:l__.ﬂ;
Z " — H

Lur lucis) et fous luminis, Diows dies 1l- le« minans,
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Verusque sol illabere,
Micans nitore perpeti:
Jubarque Sancti Spiritus
Infunde nostris sensibus.

Votis vocemus et Patrem,
Patrem potentis gratiae,
Patrem perennis gloriae:
Culpam releget lubricam.

Confirmet actus strenuos:
Dentes retundat inridi:
Casus secundet asperos,

. Agenda recte dirigat.

Mentem gubernet et regat,
Sit pura nobis costitas:
Fides calore ferveat,
Fraudis venena nesciat.

Christusque nobis sit cibus,

Potusque noster sit fides:
Laeti bibamus sobriam
Profusionem spiritus.

Laetus dies hic transeat:
Pudor sit ut diluculum,
Fides velut meridies:
Crespuculum mens nesciat.

Aurora lucem prorehit:
Cum luce nobis prodeat
In Patre totus Filius,
Et totus in Verbo Pater.

Deo Patri set gloria,
Eiusque soli Filio,

Cum Spiritu Paraclito,
Nunc et per omne saeculum.

([AR])

Example 2.2.1
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The fundamental period, which is sung nine times for the nine
verses of the hymn, divides into four phrases, the last of which is
an exact repetition of the first. Furthermore, the second phrase
differs from the first only in its cadence, while the third phrase
has the same cadence as the first (an instance of what is commonly
called "musical rhyme'"). Thus we have three phrase routines each
of which break down into two members. The member routines consist
of the opening figure of the first phrase, the cadence of the first
phrase, and the opening figure of the third phrase. The cadence of
the second phrase is simply a repeated tone.

Because this hymn is in the hypophrygian mode, we may again
use the template designed for the second maneria. Here is a pro-

gram for it:




PENTUD:

HEINTBR2:

FEGBRS

PHRAS2:

PHi

—

A

w

3:
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R LT
REPEAT 9. PUSHJS PE.IOD
FILE

PUSHJS PHRASL
PUSHJS PHRAS?
PUSHJUS PHRASS
PUSHJS PHRAS1
[AY

POPJS

PUSHJS FINAL
XCT CTONCS

SUBI TOMNOS, 2
PUSHJS SALIC
PUSIIJS CLIPCD+1
POPJS

A0S TOHOS
PUSHJS CLIVIS
PUSHJUS CLIVIS+1
POPJS

LCT GTONUS
PUSHJS PODAT
ACT UTONOS

SUS TONOS
PUSHJS CLIVIS+1
POPJS

PUSHJS TIETBR1
PUSHJS$ EIIBR2
K

POPJS

PUSHJ$ MEMBR1

A0S TONOS

REPEAT 3 XCT CTONOS
R

POPJ$

PUSHJS MEIIBR3
PUSHJS$ MEIIBR2
R .
POPJS

EXAIPLE 2.2,
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2.3 Commatic Chant
A form which is freer than the hymn but which still maintains

a strophic character is the prosa or sequence. Instead of con-

sisting in a single strophe which is strictly repeated for the
duration of the chant, the prosa is composed of several strophes
which are each repeated once. The "classical" form of the sequence
may be expressed symbolically in the form, a bb cc dd . . . jj k;
however, like all forms, this is not always strictly obeyed. For
example, the unrepeated strophes are often absent; and even the
repeated pairs may sometimes be interrupted, ([Reese]). The pro-
gression from one strophe to the next in a prosa is relatively free
compositional process, although there are many aspects which link
the strophes together and lend a unity to the entire composition.
This is a basic feature of original Gregorian melody, and it is
worth considering [Ferretti]'s commentary on the actual techniques
which are employed to this end:
Concerning the musical period . . . we remark that

musical discourse demands that its parts be bound by

intimate and reciprocal agreements, such that the openings

prepare and call the later parts which reply and complete

them. This logical necessity gives rise to all those

artifices which have received the name demand and response:

antecedent and consequent; rhyme; identical or reverse

movements; ascending and descending melodic progressions;
thematic recollections; imitations; etc.
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For example, let us consider the Lauda Sion prosa, which

appears in the Liber Usualis. This is a rather late work, having

been written by St. Thomas Aquinas (d. 1274) ([Reese]). It also
has a strongly rhythmical text, a feature which is not typical of
earlier prosae. However, since we are only interested in matters
of melodic development, this is a relatively suitable example,
Here are the melodies for the first two strophes (i.e. the

first two pairs of verses) ([Liber]):

g Leede $ion Selvatorem Lewde ducem et pasto~ rem Lo hywuis ef canticis

A

Lovtry theme speci q- Ws  Panis vivus ot wielis Bodie propenitur

Example 2.3.1
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The second strophe possesses many of the traits of a consequent to
the antecedent first strophe. Each phrase of the latter is a
development of the correéponding phrase of the former, with a final
resolution consisting of an exact repetition of the final phrase.

In preparing a EUTERPE program for this prosa, we need a tem-
plate for the fourth maneria similar to that for the second maneria
used the preceding examples. Some of the routines from the second
maneria appear again in this template, and there are a few additional

routines of compound neumes:

)

TN
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TITLE TEMPLATE FOR FOURTH DAMERIA
« INSRT NEUMES > ;LOAD GANIUT AMD MEUMES

FINAL:  [OVED TONOS,MILY
POPJS

TENUR:  [IOVED TONOS,HILY+4
POPUS

TOKCUL: PUSHJS PES
505 TONOS
TRA CLIVIS+1

SALI: PUSHUS PES
TRA PODAT+1

TORI1UD: XCT TORCU
TRA TORCUL+1

CLIPOC: PUSHJS CLIVIS
S0S TohOS
TRA PODAT

CLISAL: PUSHJS CLIVIS
NEST |(SALIC)PODAT+1]
POPJS

SANCTU: XCT 2TOMNOS
TRA CLIPQD

CODA: PUSHJS TORCU
TRA CLIVIS+1

CHCODA: PUSHJUS$ REGIAS
PUSHJ$ CLIPOD+1
TRA CLIVIS+2

AMEN: PUSHJ$ CODA
XCT JFINAL
POPJS

; EXAITPLE 2.3.2
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Now let us consider the EUTERPE programs for these two strophes:

First strophe Second strophe

V1Pl: SUBI TONOS,2 ' V3P1: AOS V1P1+3
PUSHJS$ SALI NEST [(TORCUL)PES+1]
PUSHJ$ TORCU+1 NEST [(V1P1)SALI+1]
ADDI TONOS, 3 PUSHJS$ CLIPOD+1
PUSHJ$ REGIAS PUSHJ$ PODAT+1
POPJS SOS V1P1+3

POPJ$

V1P2:  AOS TONOS V3P2: PUSHJ$ CLIVIS
PUSHJ$ TORMOD PUSHJ$ PES+1
SUBI TONOS,2 SOS TONOS
PUSHJ$ CODA ' EXIT1 V1P244
PUSHJ$ CLISAL+1 NEST [(V1P2)TORMOD+1]
POPJS POPJS$

V1P3: PUSHJS$ V13P3H+2 V3P3: PUSHJ$ FINAL
PUSHJ$ CHCODA+1 TRA V1P3
POPJ$

Example 2.3.3
Most of the developmental processes are realized through programming
the latter phrases to nest into their antecedents. The phrase
V3P1 picks up the last five notes of V1Pl by this method, although
a modification is necessary to ehlarge the interval before the
descending REGIAS routine. This is accounted for by the instruc-
tion AOS V1P1+3. The instruction at V1P1+3 raises TONOS by the
interval of a fourth; this AOS increases the interval by an extra
scale degree. Similarly, the last five notes of V3P2 are extracted
from V1P2 by a NEST and an EXIT1. Furthermore, the final phrase

not only completes the consequent by its exact repetition but also
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sets up an instance of musical rhyme which pervades the entire sequence.
Indeed, the whole antecedent-consequent relationship hangs on the
proper manipulation of thematic recollection and appropriate imi-
tation with alteration, i.e. appropriate subroutine extraction via
nesting and exiting.

For examples of identical and reverse movements, as well as
ascending and descending melodic progressions in general, we turn
to another original melody. This is the Alleluia for the Easter

Monday Mass. The chant (again in the fourth maneria) and corres-

ponding program are reproduced below ([Liber]):

Example 2.3.4
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TITLE ALLELUIA ANGELUS DOIINI

INSRT EUTERP >

JANSRT TETRA > sLOAD TEIIPLATE FOR FOURTH TANERTA
LOC VOICEL ;SOLOIST
ROLT ;SET RHYTHITIC UNIT AS QUARTER NOTE FOR BCTH VOICES
CANCEL 2,
PUSHJS FINAL ;SET FINAL
SETZit FLAG!
PAL: PUSHJS ALLELU JALLELUIA
o
TRA 2,VOICE2+1 ;CHORUS SINGS JUBILUS
CANCEL
VERSE: IRP X,,11,2 ;VERSE BROKEN INTO SUBROUTINE SEGMENTS
IRP Y, ,11,2]
IRP Z,,11,2]
PUSHJS MIXIPIY!ILIIZ
R
TERMIN
TERMIN
TERMIN
PUSHJUS$ 112P311
K
TRA 2,JUBILU ;RECAP OF JUBILUS AT END OF VERSE SUNG BY
CANCEL ; CHORUS
LOC VUICE2 ;CHORUS
TRA VOICEL
SKIPN FLAG ;REPEAT ALLELUIA FIRST TIiHE AROUMND
TRA .+3
PUSHJS$ CHORUS+2
FINE ;DOMNE AFTER SECOND CHORUS
PUSHJ$ CHORUS
TRA 1,VERSE ;SOLOIST SINGS VERSE
CANCEL

JUBILU: PUSHJS$ M2P312
PUSHJS CHORUS+1
SETO FLAG
TRA 1,PAL
CANCEL

CHUKUS: PUSHJS ALLELU
IRP X,, 11,21
USHJUS CAUDA X




ALLELU:

CAUDAL:

CAUDAZ2:

IPLIL:

TOP:

1P112:

1P211:

—

ro

[yl

TERMIN
R
POPJS

PUSHIS CLIVIS
SUS T0ONOS, 2
EXIT TOoP

PUSHJIS M1P111+1
UNEXIT TOP
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MEST [(CLIPOL)CLIVIS+1]

TRA TOP

PUSHJS TORCU
S0 TONOS
PUSHJS TORCU
SU3l TONOS, 2
PUSHJS TORCU
PUSHUJS CLIVIS
POPJS

EXIT TOP
PUSHJS 1P111
JHEXIT TOP
AOS TOMOS

TRA CAUDAL+L

SOVELD TONOS, HYHILY-1

PUSHJS PODAT
REPEAT 3 PUSHYS
ACT _TONOS
POPJS

PUSHJS CLIVIS+1
SU31 TONOS, 2
TRA M1P111+2

XCT CTONOS

PUSHJS TORCU
ADD! TOMOS,3
PUSHJUS REGIAS
SUBI TOMOS,3
TRA H1P1I1+2

EXIT ALLELU=+?
PUSIIIS ALLELU
JHEXIT ALLELU+”?
PLUSHIS CAUDAT+L
T, Tap

PODAT+1
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S2P111: XCT CTONOS
A0S TONOS
TRA ALLELU+2

P2P1IZ: POPJS

M2pP211: XCT _TOMOS
PUSHJS CAUDAL
TRA TOP

M2P212: TRA 1M2P111

12P311: EXIT ALLELU+2
PUSHJUS ALLELU
UMEXIT ALLELU+2
EXIT TOP-1
PUSHJS ALLELU+S
ONEXIT TOFR-1
TRA T3P

£
U
i
r2

A0S TONOS
PUSIIJS CLIPOD
ACT CTONSS
TRA TOP

END TUNE

; EXANPLE
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In this chant the text, "Alleluia," is followed by a two-phrase
jubilus. The verse consists of three members, the third of which
is drawn from the "Alleluia" portion. The first two members each
divide into two phrases, each of which divides into two incises.
(The first phrase of the second member actually has only one incise;
however, in the program we interpret the "second" incise as a null
routine.) This instance of "recapitulation' at the end of the
verse 1s not typical of "Alleluiatic" melodies but is a structural
feature worth observing.

Most of the movement of this chant either rises or falls with
little change of motion £n route. The rising line is presented in
its plainest form as the first incise of the verse; the falling line
is the familiar REGIAS routine which accompanies (appropriately
enough) the text, "descendit." . The Jubilus begins with a descend-
ing progression of torculi, achieved by repeated calls with success-~
ive subtraction from the TONOS. The ascending line is simpler in
nature and is accomplished by reéeated calls into PODAT.

As explanation of the general layout of this program, we offer
the following note by [Reese]:

The "classié" manner of performance is as follows:

The soloist sings the word Alleluia up to the melisma
(or cauda or jubilus) added to the last syllable. (The

point at which the cauda begins is marked by an asterisk
in modern chant books.) The choir repeats what the
soloist has sung and adds the melisma. The soloist

sings the verse up to the point marked by an asterisk in
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modern chant books, and the choir continues it from there on.
After its conclusion the soloist sings the portion of the
Alleluia he had sung at the beginning and the choir, without
repeating this as at first, continues with the melisma, with
which the performance ends.

The parts of the soloist and the choir are allotted in this program
to two distinct voices which never sound simultaneously. Transi-
tions are accomplished at the appropriate locations by a TRA
ingtruction followed by a CANCEL to silence the currently sounding
voice. FLAG is set to enable the chorus to pick up after the
soloist during the repetition of the "Alleluia."

Not all commatic chants are original melodies; originality was
not a particularly important criterion in the composition of chant.
In fact, there are two approaches to commatic chant which are
founded solely on processes of adaptation. These are composition
using melody-types and composition by centonization ([Ferretti]).

Composing with melody-types is described by [Ferretti] as
follows:

The artist does not create a new melody; he uses a
traditional air which he takes as a model -- as a type --

and which he applies and adapts to a new text, introducing

modifications and variations which this text, be it

longer or shorter, necessitates. Here the melody has

an expression independent of the text and of purely

musical value; its beauty is thus autonomous, intrinsic,

and transcendental.

In these melody-types, however, the artist is not

free to dispose of the musical elevations and depositions

wherever and however he wishes; he is bound by the exi-

gencies of the notes or by groups of notes which demand

a tonic accent in the text. In this respect, there is
a great difference between these chants and those of

strophic form.
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To illustrate this process, we consider the melody-type embodied

in the antiphon Omnes de Saba venient. This chant, included in the

Antiphonale Romanum for the fifth day after Epiphany, is reproduced

below ([AR]):

_.r

Omnes de Sahe Vem'eqis auram et thes Ferenles,

al-le- luia alle-lurq.
Example 2.3.6

This chant is in the fourth maneria;
It may be encoded in EUTERPE as

it consists of two members,

each of which has a coda figure.

follows:
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PULHUS il
R
PUGHIY 12
uEPE,niT :. i

ST/ T 2,P07000

CALCTL

FUSHI S FINAL
Aol TOROS, S
PUSIHJS CLIVIS
sunl TONNG,2
PUSHIUS SALI
PUSHIGy TUwCul+1
SCo TUNOO
PUSIIJS TOLCU
PUSIHIJS CLIVIS+1
POPJS

PUSTIJS FIHAL

«EPEAT 4 XCT CTOMNOo
505 TORCS

PUOHJS PES

ADDL TOHNOS, 2

EXITLI COL-1

PUSHJS Ml+2

PUsHds CUD

ACT GFIHNAL

POPJS

m
>Z

AliPLE

[ge]

wd
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Now consider the antiphon Potens in terra, reproduced by
[Ferretti] from the Hartker Antiphonal and transcribed by the
author below:

- -~

NN,
s o —— , — ‘ — —t——

P

Pot- ens in terra erit semen e~ jus: generq- ti-o re-clorym

-711——‘—1:-O~—0——z::1:j

A

be- negir-cetar

Example 2.3.8
The first member has a prosthesis, i.e. an introductory passage to

accomodate a longer text. This prosthesis is such as to give the
first member the same melodic character as the second, but cadencing
on the coda figure of the first member. The secohd member, on the

other hand, follows closely the model of the Omnes de Saba venient

chant, but with an abbreviated coda. Here is a program for Potens
in terra which is obtained entirely by referencing the program for

Omnes de Saba venient:

PUOTENG: PUSHJS il
R
PUSHJS M2
FINE

il PUSHJSs FINAL
EXIT1 COD1
PUSHJUS 192+53
TRA COU=-1

2 AIT1 CODL1
PUGHIJS 1142
ACT CTCNOS
NEST | (COD1)COD+1|
POPJS

; EXANPLE
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[Ferretti] makes the cautionary remark that the chronology of
the roughly thirty antiphons composed on this one melody-type is
unknown. We selected thié particular order of "derivation" because
the latter appeared to be an expansion of the former. Thus, it
seemed more reasonable to compose the second to recover the first.

The process of centonization is closely related to our tech-
nique of melodic development ;hrough the excerpting of a broad
repertoire of subroutines. Centonized melodies arise by piecing
together fragments from other melodies. [Ferretti] describes the
technique és follows:

In this process, one does not apply a traditional
melody to alternative texts, but one takes a certain
number of formulas belonging to a certain modal and
melodic type from the traditional musical foundation,
and one joins them, one links them, in order to make an
organic, homogeneous, logical whole. At first glimpse,
the melody thus obtained appears to be created at one
stroke; one would call it original, in that it is natural .
and harmonious in all its parts; while in reality, it is
a veritable mosaic. One may observe of this type of
composition, as one did in the case of melody-types,
that the expression has a value exclusively musical, not
deriving directly from the text; and in each formula
there are notes and groups of notes which demand the
tonic accent. Furthermore, the different formulas are
not at all united by chance; their joining is based on
precise rules which one must indispensibly observe.
Finally, one must know that these formulas have logical
connections by dint of which they respond to each other.
Thus, the artist does not play with absolute liberty; he
is held by the logic and musical exigencies of the
formulas.
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[Ferretti] has compiled the following 1list of formulas for centon-

ized antiphons in the first (dorian) mode; these are grouped into

three classes: opening formulas, central formulas, and closing

formulas:
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A) Opening  formuylas

3. —
/ e o~
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52% +
B) Central Formulas
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c) Closing Tormulas

[ - —

= > =% 3 -
“..—75)-1—0-—0— —
V4
e T
6. — —

K. T

Example 2.3.10
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Since these are in the first mode, we need a template for the
first maneria. This template is much like the others we have
designed, except that the dorian mode has occasions in which the B
might be flatted. Hence, there are routines, FLAT and UNFLAT,

which alter the scale appropriately:

TITLE TEMPLATE FOR FIRST MANERIA
< IHNSRT MNEUMES > ;LOAD GANUT AMD MNEUMES

FINAL: HOVE! TONOS,DORIAN
POPJS

TENUR: IOVE! TONOS,DORIAN+L
POPJS

FLAT: MOVEI 16,1 B FL
FIOVEN 16, HYPODO+1

ADDI 16,1
MOVEM 16,DORIAN+5
POPJS

UNFLAT: 1OVEIl 16,1 B
TRA FLAT+1

; EXAHPLE 2.3,11
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We are now in a position to encode Ferretti's formulas. These
can also be stored as a template which may then be referenced by

the actual programs of centonized melodies::

TITLE CENTONIZATION FORMULAS FOR FIRST {10DE
. INSKRT PROTUS 2 ;LOAD FURMULAS FOR FIRST MANERTA

Al: PUSHJS FINAL
XCT QTONOS
PUSHJ$ CLIVIS
ADD! TONOS,3
PUSHJS$ TORCU
PUSHJS PES+1
TRA CLIVIS*+2

AZ: PUSHJS FLAT
XCT CDORIAM+2
HMOVE! TOMNOS,DORIAN-1
PUSHJS PODAT
PUSHJS FINAL
XCT CTONOS
ADD1 TONOS,t
PUSHJ$ TORCU
TRA CLIVIS+2

A3z EXIT Al+3
PUSHJS Al
UNEXIT Al+53
A0S TONOS
PUSHJS VISIO
NEST | (REGIAS)ICLIVIS+1]
TRA CLIVIS

Al s EXIT A5+2
PUSHJS AD
UMEXIT AL+2
PUSHJS CLIVI+1
MEST | (SALI)PES+1]
PUSHJS TORNMGD+1
PUSHJS REGIAS+1
PUSHJS TORCUL
PUSHJS CLIVIS
MEST | (TORCU)PODAT+1]
PUSHJS PODAT+1
TRA CLIVIS+2
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AS: PUSHJS FINAL
PUSHJS VISIO
PUSHJS CLIVI
NEST |(TORCU)PODAT+1]|
TRA CLIVIS+1

BC: PUSHJS FLAT

PUSHJS TEMNOR
PUSHJS ELEGI
PUSHJS CLIVIS+1
TRA ELEGI

B7: HMOVEL TONOS,DORIAN+3
REPEAT 2 XCT @TONOS
suBl TONLOS,2
PUSHJS GALI
PUSHJS$ REGIAS+1
TRA PODAT

33 EXIT B7+3
PUSHJS B7
UNEXIT B7+3
EXIT B7+6
NEST |(B7)SALI+1]
XCT CTONOS
R
ADDI TONOS,?2
MEST |(B7)SALI+1]|
UMEXIT B7+6
NEST | (TORCU)PODAT+1]|
PUPJS

89: PUSHJS FLAT
PUSHJS TEMNOR
REPEAT 8. XCT (TOMOS
S0S TONOS
MEST [(VISIO)PODAT+2]
PUSHJS REGIAS+1
TRA CLIVIS+2

010A: PUSHJS TENOR
EXIT VISIO+2
PUSHJS BSG+7
UNEXIT VISIO+2
PUSHJS CLIVI
TRA REGIAS+1

8108: PUSHJS FLAT
HOVEL TONOS,DORIAN+5
NEST [(REGIAS)CLIVIS+2]|
EXIT PODAT+2
PUSHJS$ POUAT
UNEXIT PODAT+2
TRA BlUA+L

310C: HOVELD TOMOS,DORIAN+2
EXIT B9+13.




811A:

5118:

cz
—
|33
lon)

Bl3:

Clh:

Ci5:
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PUSHJS BO+11.
UNEXIT B9+13,
AUS TONOS
TRA B10B+3

PUSHJS FINAL

PUSHJS CLIVIS

MOVELD TOMNOS,DORITAN+2
PUSHJS B9+11.

A0S TOMNOS

TRA CLIVIS

iTOVE! TONOS,DORIAN+2
PUSHJS MODTOR

AOS TOHNOS

NEST | (B1OA)CLIVI+2]
POPJS

MOVE! TONOS,DORIAN+2
PUSHJS CLIVI

ADDI TOMNOS,?2

EXIT A3+6

MEST | (A3+L)PODAT+2]|
UMEXIT A3+6

PUSHJS VISIO+1

ACT QFINAL

PUSHJS REGIAS+1
PUSHJS VISIO+1

TRA CLIVIS+2

EXITL1 B10B+G

PUSHJS 310C

SUBIL TONOS, &

NEST [(VISTO)PODAT+2]|
POPJS

MOVE! TONOS,DORIAN-1
PUSHJS SALIC

REPEAT 4L XCT (TONOS
TRA TORCU

MOVE! TOMNOS,DONTAN+2
REPEAT 2 XCT .T0P0S

PUSIIJS CLIVIES

FOVED TONOS,DORITAM+1
EXIT A3+6

MEST | (A3+L)PODAT+2]
TRA CLIVIS+2

OVELD TOMOS,DORTAN+2




Cl6:

Cl7:

-156-

D

PUSHJS TORMOI
MOD)PODAT+1 ]

10
NEST | (TOR10
TRA CLIVIS+2

MOVE! TONOS,DORIAN+1
PUSHJS PES

EXIT C15+2

PUSHJS C15

UMEXIT C15+2

A0S TOMOS

MEST [(CLlL)A3+5|
POPJS

OVEL TOMNOG,DORIAM+2
PUSHJS REGIAS :
NEST | (SALIC)PODAT+1]
NEST [(C1L)REGIAS+1]
POPJS

EXAMPLE 2.,3.12
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Given this template and the template for the first maneria,
programs of centonized melodies are extremely simple in form. Here

are three antiphons from the Antiphonale Romanum and their representa-

tive programs ([AR]):
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)= — P— ‘_ - —
Z————o—3 — —
Tu autewy cum ora-ve- s, 1nfra in cabrcy- lum,
m’ - o : L <
Z— : e o

et clavso osti- ora Pelvew tuum

Example 2.3.13

XCT CGFINAL
CXIT1 Al+5
PUSHJS Al
AOS TOMOS
PUSHJS PODAT
PUSHJS Al+6

R
PUSHJS 3108
"

EXITL B7+6

PUSHJS 37
D

PUSHJS$ C15
FINE

s EXAMPLE 2.3,14
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e S~ — e !
Trade tur e - nim geati~ bus ad il lyden - dum
N y
qg._—_'_cc;r:_ﬂ‘_.,_v__,l—t — 11

3

et Flagellan- dum et crucifigendam.

PUSHUS FINAL
XCT QTONOS
EXITL Al+5
PUSHJS Al+l
A0S TONOS
PUSHJS PODAT
PUSHUS Al+D
R

EXITL 5G+2
PUSHJS BG
505 TOHOS
NEST | (BO)EL
I
EXITL B7+0
PUSIIJS b7
i

PUSHJS C15
FLUE

ECl+1]

~ -

APLE 2.

m
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Omanes guc babebant iyfrr- mos du- cebawt illos ad Je- Sam,

4 het bt r

Cf Savqicq-far;'

Example 2.3.17

“AITL AS+2
PUSHJS AS

WEPEAT 2 .
PUSIIJS AS+2
n

PUSIHIJS B11A
K

UsHJds C15

FINE

; EXAAGPLE 2.3,18
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Centonization provides a foundation for some rather simple,

but nevertheless effective, experiments in computer composition
of music. Centonized antiphons are represented by an abstract
model which postulates an opening formula, one or more central
formulas, and a closing formula. In addition, [Ferretti] cites the
following rules concerning the ordering of these formulas:

6 must follow 1

7 must follow 6 or 10b

8 must follow 10 or 1l2a

9 must follow 2

3 is followed by 11 and takes 15 as final

5 1s followed by 11 and takes 15 as final

4 1is followed by 11 and takes 14 as final

13 is followed by 14 or 17
It should now be possible to apply these rules to the model to
obtain a procedure which would yield melodies similar in nature to
Gregorian chant. This does not necessarily imply a "simulation"
of Gregorian chant; such would be impossible in the absence of a
stipulated text. Rather, the procedure is a compositional tech-

nique which is not tied down to the note-by-note approach used by

[Hiller] and Isaacson in their "cantus firmus generator," but is
similar in nature to Mozart's "dice composer" ([Mozart, 1941]) with

greater flexibility in determining the lengths of its phrases.
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The current version of this program is in an early stage of
development. While it works within the limitations of the rules
outlined above, it is currently handling formulas only in their
entirety. However, as we have seen from the above examples, even
in centonization, truncations by nesting and exiting play an
important role. These will be implemented into this program in a

future version.
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TITLE CENTON!LEQ

JNSKRT EUTERP D

JAHSRT CENTUL 2 ;LOAD CENTOHIZATION FOIRMULAS

LOC VOICEL

UPEN: R 4T
SETZiv Fitsav!
GOVELD 1,3TACK=-1
RAN 2
ANGL 2,7
JUIPE 2,.=2
CAITLE 2,2
TRA . +L

ADD 2, JUCFLIST]
PUSH 1,2

TRA CENTRA

CAITE 2,4

TRA FINL5

GOVELD 3, 1k,
MOVEIL 3,FINSAY

;PUSH ALl O A2 AND GET CENTRAL

;AL TAKES C1lb AS FINAL

PUSHIG:  ADD 2, | LCFLIST]
PUSH 1,2 ;PUSH A3, AL, G AS
KAN 2 ;CHOUSE A 811
ANDL 2,1
A0S 2
ADU 2,101l
Pusit 1,2
KA 2 sAMOTHER CENTRAL FORMULA?
ANMDL 2,1
JUIPE 2,CENTRA
TRPA CLGSE

FIN1S5: CAILE 2,5

TRA UPEN+2
MOVEL 3,15.
MOVEit 3,FINGAV
TRA PUSHO

RAN 2

ANDI 2,7

ADDI 2,8

CAlE 2,153.

TRA NHOT13

iIOVE 3,FINSAV
CAIlN 3,15,

TRA CENTRA

ADD 2, 1 SCFLIST|
PusH 1,2

JUMPE 5, .+0

ADD 3, | LOFLIST]

;A3 AND AS TAKE C15 AS FINAL

CENTRA:

FROM G TO 13

SMUNBER

313 WUNT TAKE C15 AS FINAL

;PUSH B13
;CHOGSE IF NG FINSAV

PUSHC:

FORMULA




!

WUT13:

0P
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PUSH 1,3

SETZiI1 2 ;PUSH ZERO AT EMD OF STACK
PUSH 1,2

TRA PLAYIT .

KAM 2 ;CI0CSE BETUEEN C1k AND €17
Atlul 2,1

JUNPE L&, o453

AUVED 5,14,

TOA PUGIIC

nWUVELD 3,17,

TRA PUSHC

CAIGE 2,10, ;310, B11, AND B12 HAVE OPTIUNS

TRA NOP

CAIN 2,11,

TRA PUSHO+2 ;811 ALREADY VORKED CUT
CAIE 2,12,

TRA ,+5

1 ;812 ALS0 BINARY CHUICE

JUMPE 2,.=2 ;THREE CHOICES FOR B10
ADD 2, [¢B10]|

TRA PUSHO+6

POP 1,3 ;HAVE TO CHECK PREDECESSOR
PUSH 1,
CAIE 2,
TRA ,+5

CAME 3, |GCFLIST+1] ;B6 1UST FOLLOJ Al
TRA CENTRA

ADU 2, |JCFLIST]

TRA PUSHO+6

CAIE 2,9.

TRA .+4

CAME 3, |[UCFLIST+2] ;B9 NUST FOLLOW A2
TRA CENTRA

TRA NOP+6

CAIE 2,7 ;87 iiUST FOLLOY B6 OR B10B
TRA .+6

CAIMMN 3, [CCFLIST+6 |

TRA NOP+G

CANE 3,iB10+2|

TRA CENTRA

TRA NOP+G

3
6

CAIN 3,13B312] ;B8 MUST FOLLOW B12A OR ANY B10

TRA NOP+6
HRRZ3 3
CAIGE 3,B10
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TRA CENTR
CAlIL 3,B11
TRA CENTRA
TRA NOP+U
CLUSE: {1OVE 3,FINSAV

JUNPN 3, PUSHC ;PUSH CLUSE IF PREDETERIMINED

RAN 3
ANDI 3,3
ADDI 3,14, ;MUNBER FROM 1k TO
TRA PUSHC
PLAYIT: SETZit 1
SKIPH STACK(1l) ZERO NARKS END OF
FINE
PUSHJUS CSTACK(1)

R

AOJA 1,PLAYIT+1
CFLIST: C

Al

A2

A3

Al

A5

BOG

87

B3

B89

3,,B10

2,,811

2,,B812

B13

cly

c1l5

Clo

cl7
810: B1OA

B10B

B10C
B1ll: B11A

B1l1B
B12: B12A

B12B

STACK: BLOCK 20

END TUNE

; EXAPLE 2.3.19

17

STACK

PN
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Here are examples of three "antiphons" which this program

produced:

 }

)
el

gy

Example 2.3,20
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Chapter 3 Early Polyphony

3.1. Unmeasured Polyphony

The earliest extant manifestations of polyphonic music are

the organa which date from the ninth century ([Apel, 1969]). The
most detailed description of this music is to be found in the

Musics and Scholia Enchiriadis treatises ([Spiess]). These docu~-

ments do not make use of the square neumes with which the examples
in the previous section are notated. The system employed is des-

cribed by Apel in The Notation of Polyphonic Music: 900-1600:

A

> rF FFSF LYoy
A B ¢ | 4 e £ g | a b

Here a staff of a varying number of lines (four to eighteen)
is used, the interspaces of which represent the successive
degrees of the scale. Instead of using notes or similar
signs, the syllables of the text are placed in the proper
interspaces . . . . The pitch is further clarified by
means of the so-called Dasia notation, written at the left
of the staff. This system, which is a mediaeval imitation
of the ancient Greek notation, utilizes four basic signs

for the tones of the tetrachord d e f g, and others (derived
largely from these by changing their position from upright
to horizontal, or their direction from right to left, as in
Greek notation) for one lower and two-and-half higher tetra-
chords which repeat the basic tetrachord in exact transposi-
tions of the fifth. There results a curious scale which
avoids diminished fifths but, as a consequence, includes augmented
octaves as follows:

¢/ 4’

Lot~ 4 o

e

T g a’ l b c'#
Example 3.1.1
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The letters t (or t°) and 8, indicating tonus and semitonus
(whole~tone and semitone) are added in some of the examples
as a further clarification of pitch. ([Apel, 1953]).

The practice of octave doubling, the most elementary form of
polyphony, was not meant to include the augmented octaves of this
particular gamut. L. B. [Speiss] cites the following passage from

thechholia Enchiriadis as evidence:

But it must be realized that in this greatest symphonia (i.e.
the symphonia of the octave) the voice which shall be added
to the upper and (or?) lower voice at the octave does not
follow the order of its own position but of that to which it
shall respond consonantly.

This is further reinforced by the following example from the Musics
Enchiriadis in which the intervallic specifications at the left of
the staff alter the B-natural to a B=flat in the upper voice octave-

doubling of the vox organalis ([Gerbeto]):

g do , , o ‘ ~
TS /_mini\ e _ pe\ ful
Org.sg Sity oria in\ cula _bitur dominus in o/ ri , is.
T g glo/ do fael \ ta/ o ___bus
T F / mini\ lae/ .. pe\ fu\
Princip. Sity oria in cula .bitur dominus in o/ ri\ ,/ 1is.
glo/ f2/ \ ta/ e _____bus '
do\ la/s ,
/ miniy N pe\ fu\
Org. Sit\ oria in cula bitur dominus in o/ ri\ / is.
__glo/ do\ fae/ \ ta/ bus
/ mini\ la/ .. peN\ fu\
Princip. Sit\ oria __iny cula bitur dominus in o/ ri\ / is.
glo/ fa/) \ ta/ B oo bus

_laey

Example 3.1.2




~-169-

Were we to program this example, the only information we would
need to provide by way of a template would be the basic gamut. This

may be represented in the same manner as Odo's gamut, i.e. in a linear

array: MEGAIt: I G
I A
| 3 FL
J C
J D
J E
J F
J G
J A
J B
K C
KD
K E
K F GH
K G
KA
K B
L C SH
; EXAMPLE 3.1.3

Like the Scholia Enchiriadis we shall refer to pitches of the gamut

numerically ([Speiss]); however, while the Enchiriadis begins its
count at e, we shall refer to the bottom of the gamut as zero and |
reference MEGAM with an index register, TONOS.

[Reese] provides the following analysis of Example 3.1.2:

Let us imagine a group of voices (or instruments, or both)
rendering a Gregorian melody, not in the beautiful flowing
manner we believe within the correct tradition of plainsong
style, but slowly and deliberately, as though the executants
wished to make sure that another group, not performing in

%nison with them, would be_prevented from going_ astray.
The author of the Musica Enchiriadis specifically recommends
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a slow tempo as suitable for organum.) Let us imagine the
second group duplicating the church melody a fifth below
throughout. The result would be the strict type of simple
organum at the fifth or diapente. The group performing

the plainsong would have the vox principalis; the other
group, the vox organalis. If, in addition, the vox princi-
palis were doubled at the octave below and the vox organalis
at the octave above, we would have strict composite organum
at the fifth.

In accordance with the principles of the Scholia Enchiriadis,

EUTERPE executes the octave transpositions independently of the

gamut, using the RELPIT instruction. However, the vox organalis

is obtained by referencing the address of the vox principalis minus
four, i.e. moving to the corresponding location én the next lower
tetrachord. We define a special purpose macro, VOX, to set TONOS
to the proper value and then sound the corresponding note. The
execution of the processor is such that TONOS is set before the
other voice programs are processed, so that they can work on the

basis of its "current" value. The following program obtains.
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TITLE SIT GLORIA DCGIIMI
TONOS=1
UEFINE YOK X
MOGVELD TONOS, X
XCT MEGAM(TUMUS)
TEiiIN
AHSKT EUTERP >
SAMSKT GAUT > ;LOAD 1IECAIL
LOC YOICEL SVOX PRITICIPALLS
R LT
VOX 6
VOX 5
REPEAT 2 VOX €
VOX &. ,
REPEAT 2 VOX 7
VOX 6
VOX 5
KEPEAT 2 VOX § .
VGX 4
VOxX 5
" REPEAT 7 VOX G
Vox 7
VOX G
VCX 5
VOX 7
VOX ©
FINE
LOC VUICE2 JVOX PRIMCIPALIS DOUBLED AT THE UCTAVE BELOW
KELPIT =-|
TRA VOICEL
LUC VOICE3 SVOX ORGAMALILS
R 4T

ACT HMEGAN-L(TCOHOS)
TRA =1 SEACH THIE XCT I3 REPEATED TONOS wILL HAVE MNEXT VALUE

LOC VOICEL ;VOX ORCAMALIS DUURLED AT THE OCTAVE ABOVE

RELPIT |

TRA VOICE3 ~
END TUNE

EXAMPLE 3.1.4
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While the gamut has been cleverly designed to avoid diminished
fifths, augmented fourths arise consistently between the second note
of a tetrachord and the third note of the next lower tetrachord.

Consequently, the Musica Enchiriadis prescribes a set of rules for

the use of oblique motion to avoid the tritone in organum at the
fourth. These rules are somewhat flexible and tend to vary with
different examples. However, one basic principle is summarized by

[Reese] as follows:

When the vox principalis begins in such a way that the vOxX
organalis cannot accompany at the fourth without passing
below the fourth degree of the lower tetrachord, the vox
organalis has to begin in unison with the vox principalis
and, unless the interval of a fourth is immediately there-
after reached, remain stationary until it is possible to
parallel the vox principalis at that interval. Similarly,
the vox organalis has to close in unison with the vox princi-

palis if the ending does not admit of a duplication at the
fourth.

This may be illustrated by the following example from the

Musica Enchiriadis which we have transcribed into conventional

notation ([Geberto]):

e e e e e

Rex coeli do-mi-ne maris urdisoni

LY
A
P4 2 2

v.0.

Example 3.1.5
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The vox organalis begins in unison with the vox principalis, and does

not move until the latter has risen a fourth above it. The two
voices then proceed in parallel motion until they join in unison on
the last two notes.

In representing this as a program, the chant melody is per-

formed by voices (the vox principalis) and is stored as the sub-

routine REX. As TONOS is set by voice 1, voice 2 examines the
index to determine whether or not organum at the fourth is possible
(CAILE TONOS, 5). If the index is indeed too low (i.e. if the
contents of TONOS is less than or equal to 5, then it sounds the
opening pitch (indexed by accumulator 2) at the beginning of a

phrase and doubles VOICE 1 at the end of the phrase.
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TITLE FREE ORGAHU

TONOS=1

DEFINE VOX X

TERIIN

MOVEL TONOS, X
ACT MEGAI(TONUS)

«INSRT EUTERP >

INSRT G

LOC volIc

REX:

ALUT >
El ;VOXL PRINCIPALIS

R 4T
PUSHJ$ REX
FINE

VOX 3
VOX 4
VOX 5
VOX 6
KEPEAT 2 VOX 7

REPEAT 2 VOX 8.

LoC volic

FIND:
SING:

SAVE:

END TUNE

VOX 7
VOX 6
VOX L
VOX 5
POPU$

E2 ;VOX ORGANALIS

R LT

SETZM 5 :

iiOVE 2,TONOS JSAVE OPENIMNG PITCH

CAILE TONOS,S ;NO PARALLEL 1OTION UNTIL TONOS HIGH EMNOUGH
TRA ,+L ;1F TONOS GREATER THAN 5 SOUND ORGAMNUIi AT FOURTH
JUMPN 5,SAVE JUNISON AT END

XCT MEGA!N(2) JHOLD PITCH AT BEGINMING

TRA FIND

XCT MEGAM=3(TONOG) ;CONSTRUCT ORCANUM AT FOURTH
SETOii 5 :

TRA FIND

ACT HEGAI(TONUS) JUNISON UWITH VOICEL

TRA FIND

EXAIPLE 3.1.6
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3.2, Rules of Mensuration

The earliest application of rhythm to melody involved the
adaptation of a rhythmié mode to a melodic line. This consisted
in a rhythmic pattern which would be strictly applied to a given
melodic passage, although it was possible to change modes within a
voice or to execute different modes in different voices. Towards
the end of the 12th century, these modes were determined by a
ligature notation which provided a set of subtle "cues" or "hints,"
rather than an explicit definition.

Pitch and rhythm are, thus, seen to be independent processes
which, when combihed, yield a rhythmic melodic progression. The
MELD instruction in EUTERPE is particularly appropriate to such
circumstances. By omitting all rhythmic specifications, a modal
routine which simply iterates a rhythmic pattern may be melded onto
any melodic pattern. The modes may then be stored in a template
and accessed by any appropriate melodic program.

We use the customary representation of six rhythmic modes as

may be found in the Harvard Dictionary of Music. The first mode is

the repeated pattern of a half note followed by a quarter note; the
second mode is the reverse, i.e. the pattern is a quarter note followed
by a half. In the third mode the pattern consists of a dotted half
note followed by a quarter note and a half note; in the fourth it

is a quarter note followed by a half note and a dotted half note.
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The fifth mode consists of repeated dotted half notes; and the sixth
mode is formed from repeated quarter notes, generally grouped in

threes ([Apel, 1969]). Here is the template for the rhythmic modes:

ilUDELl: R 2T
R 4T
TRA +CDE1L

HODE2:  TRA MODE1+1
HODE3: R 2D

RoLT

R 27T

TRA {i0DES3
JODEL:  TRA MODE3+1

1HODES5: R 2D

TRA HODES
MODEB: R 4T

TRA ODEG

; EXAITPLE 3.2.1
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The following is a transcription by Johannes Wolf of modal —

polyphony ([Wolf, 1963]):

| 19
q"

QL \
|
B
Q
N4
Wi
N‘u

-
Qh-‘
*~ s
Q.
L
> 8
q"
1ié-

| %
I
1
A -
L
|

L 1
o
o

TR
QL
QU
!
%
o
m

L .l | ] ¥ y 4 P ~ {—¢  J Y
4 . - 'y ‘_ .\ ) f \\

Example 3.2.2
While more recent research has shown Wolf's treatise of 1919 to be un-
reliable on many counts, we have chosen this example because it is such

a straightforward demonstration of modal rhythms. The reality is seldom
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as simple as this example, and we use it only as an ideal case.

Our program representation involves melgdic specification with
melding into the proper rhythmic modes. The melody lines are stored
by voice and by phrase. There is considerable interrelationship of
thematic material, so that the only straightforward routines are the
first phrases of each voice, while most of the remaining material
is derivative, One particularly interesting example is the use
of an index register in VIP2 to augment-the theme in VIP1, The

program follows:
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TITLE VIDERUNT OMMES

IMNSRT EUTERP >
JIMSRT 1IODES > ; LOAD TEMPLATE FOR RHYTHINIC NODES

IRP %,,11,2,3] SPECIAL MACRO TO HAVE THE THREE VOICES CALL THEIR
LOC VUICEIX JRESPECTIVE PHRASES
IRP Y, ,11,2,3,1]
PUSHJS VIXIPLY

TERMIN

V1P1: MELD {IODES ;FIRST PHRASE FOR VOICEL
K E
K F
K E
UNHELD
HELD #iODEL
TRA V2P1+7

ViP2: MELD HMUDEL ;SECOND PHRASE FOOR VOICEL
NOVvVE 1,10-2,,11
XCT V1P1(1) ;ELABORATION OF VIPL
K D
AOBUN 1,.-2
UNIELD
HELD 110DES
EXITL VIP1+0
PUSHJS VIPL1+3
ViP2A: K F
TRA V2P1+8,

VIP3: TRA V1P1 ;THIRD PHRASE FOR VOICEL (SAME AS FIRST)

VIPL: EXITL VIPL+2 ;FOURTH PHRASE FOR VOICEL
PUSHJS V1Pl
UNMELD
MELD 11ODE1
MOVE 1,1(-1,,2]|
EXITL VIP2A
PUSHJUS VI1IP2+2
UMHELD
HELD ALL,IODESD
i C
POPJS

V2P1: MELD HODEL JEIRST PHRASE FOR VOICEZ
K E
K C




V3P1l:

V3p2:

V3P3:
V3PL:

END TUN

.
]

AR AARARAR
OCOMO O

UNMELD
POPJS

EXITL V2P1+6
PUSHJS vaprl

K D

K C

TRA V2P1+3,

EXITLI V2P1+¢8,
PUSHJS V2P1

K C

UNIELD

POPJS

EXIT1 V2P1+5
PUSHJS V2P1
UMIHELD

TRA V1P1

HELD 110ODEL
A

FL

DL R R G X G
DHDO>OWO

0
UNMELD
POPJS$

EXIT1 V3P1+7
PUSHJS$ V3P1

J F

TRA V3P1+8,

TRA V3P1

TRA V3P2

-180-

;SECOND PHRASE FOR VOICE?2
JOAGE AS Y2P1 BUT UITH BIFFERENT ENDIMC

JTHIRD PHRASE FOR VOIGE2
;SANE AS V2P1 BUT UITH DIFFERENT ENDING

;FOURTH PHRASE FOR VOICE2
JSAE AS V2P1 BUT VITH DIFFERENT EMDING

JFIRST PHRASE FOR VOICES3

;SECOND PHRASE FOR VOICES
JOAME AS V3P1 3UT VITH DIFFERENT EMDIMA

;THIRD PHPASE FOR VOICEZ (SAME AS FIRST)

sFOQUITH PHRASE FOR VOICE3 (SAME AS SECOMD)

EXAMPLE 3.2.3
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While ligatures could represent rhythmic patterns associated
with multiple-note neumes, the major contribution to the development
of a mensural system was the assignment of rhythmic values to single

notes. The anonymous treatise Regles Sur L'Art de Dechanter

([Coussemaker]) distinquishes between simple (simplices) and com-
posite (compositae) notes. Three types of simple notes are
specified: long (%), breve (B), and semibreve (@).

‘The interpretation of these symbols was ultimaﬁely codified by

Franco of Cologne in the treatise Ars Cantus Mensurabilis. ’ Each

symbol admits of two possible interpretations. The breve usually
assumes the duration of a single beat, or tempus; in this case,

it is called a recta brevis. However, it may also endure two beats,

in which case it is called an altera brevis. A long may occupy

either three beats (perfecta longa) or two beats (imperfecta longa);

and a semibreve is either minor, in which case it assumes one-third
of a beat, or major, which represents two-thirds of a beat ([Fran-
conis]).

The following motet, from manuscript H196 of the Faculte de
Medecine de Montpellier, provides an example of Franconian notation

([Rokseth]):




-182-

A Triplym

O parole de batre etde vawner LV de foir et ge havwer Myis cos dedyis lrop me des plaiseal,

L -~
G R e R T e

Car il n’e,f $i boawe VIC Quo a 2*9)'7'90 aise Dc boncler via et 4o Glbm €t d'ostre awe bous

ComPaiguors, Liss et joi~  ans, Chaeters, TrutFons cfmoro«sl &t devoir et con a mestien

v

Four s0lq cier, Be les dawtrs a qevis: €t logt ce Tryevoe a Pavis,

Dup lum

A Paris soir et mgti, Truev'oq bou pain ot bov cler e, Boave cler ot bow poi ssew,

—
] -

Pe toutes guises compeiguans, Senssoulti@ g tayt baudloir, Bievsjoiens dewes d'ounour
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While there are a few instances of composite notes (both ligatures
and Elicata) in this example, almost all the notes are simple
(including the tenor -- a relatively rare 'case). It is easy
enough to define special symbols for the rhythmic field of a note
word which represent longs, breves, and semibreves; but something
has to account for their alternative interpretations.

The solution is provided by a special-purpose subroutine which
realizes Franco's rules. Certain subtleties have had to be pro-
grammed into this routine so that it can be accessed by all six
voices (é bit of overkill since more than three voices are rarely
needed). In addition, we have employed a useful heuristic which
seems to have escaped documentation from Franco to the present.

The key lies in the importance of the perfection, the unit of three
beats. While the perfection does not quite introduce bar lines
(there being no stress associated with its first beat), there is no
teﬁdency towards sustaining a note across one perfection into the
next (just as semibreves do not ﬁermit syncopation of a note crossing
from the middle of one beat into the next.)

This makes matters much simpler than they are in Apel's des-
cription. A routine to interpret Franconian notation needs only
three basic states, corresponding to the three beats of the per-
fection. (As we have seen, semibreves form groups, each of which

occupy a single beat; so we need not worry about subdividing the
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beat.) On the basis of its current state and its current input

(i.e. note-shape), the routine can easily determine the associated
duration according to the following algorithm:

On the first beat:
If the note is a LONG:
It is perfect when followed by

a long or exactly two or three
breves

It is imperfect otherwise

If the note is a BREVE:
It is always recta

On the second beat:

If the note is a LONG:
It is always imperfect

If the note is a BREVE:
It is altered if it is followed

by a long or a signum perfectionis
It is recta otherwise
On the third beat:

A LONG is impossible
A BREVE is always recta

When counting breves after a long, the count is halted by a signum

perfectionis and pairs or triples of semibreves count as unit breves.

Semibreves are handled on any beat by the following subroutine:

The first semibreve is always minor
The second semibreve is:

minor if it is followed by exactly one
semibreve
major, otherwise
The third semibreve (if it exists) is always

minor
This accounts for all possibilities within a beat.
The significance of this heuristic is that while each note sign

has two possible interpretations, an ambiquity is possible only once

for each figure: on the first beat of the perfection for longs, on
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the second beat for breves, and on the second subdivision of a beat
for semibreves. All other cases are strictly determined. Look~
aheads are also considerébly reduced. Tﬁe breve decision only
involves the successor, and the semibreve decision must check the
next two notes; only the long decision may be forced to look four
notes ahead.

In order that it may be processed by more than one voice, this
subroutine keeps a set of registers for each voice which serve as a
"program counter" through the program being processed, a pointer to
the next beat in the perfection,’and a pointer to the next semi-
breve sub-beat within a beat. Finally, the note is stored in a
register and played by an XCT instruction, so that the original
program is unaltered.

A program using mensural symbols is properly interpreted using
the macro MENS. MENS takes as argument the first address to be so
interpreted, sets the appropriate program counter, and calls the
mensural interpreter for the voice which executes the macro. The
program is then processed until a non-note-word (conventionally
POPJS) is encountered, at which the interpreter is exited. Control
returns to the address after the MENS macro.

It would not be difficult to write this interpreter into
EUTERPE's processor, in which case MENS would become an instruction

rather than a macro. However, Franconian notation is very much a
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special case; even the Montpelier codex has relatively few pieces
so -otated. Such a feature would be an esoteric frill of 1little
practical value to most ﬁsers.

We present a listing of the interpreter with abundant comments

relevant to the above discussion:
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TITLE FRANCONIAN MOTAT!IOM

VN=17
LUNG=2D ;LONG MORMALLY OOTTED UALF

BREVE=LT JBLEVE LOUALLY NWARTT

PERIA=ETS ;SENIBREVE HOREMALLY TRIPLET EIGHTH

DIVISI=777000

DEFIMNE HENS ADR
HOVELD 17,ADR
LOAD 12,VP
HOVER 17,412
PUSHJS MEMNSUR
TERMIN

AEMSUR: MOVE VM,VOICE INITHALIZE UPOM ENTRY

SETZIM SBPTl-l(VN) JSEMIBREVE COUMT AT 3BEINNING OF BEAT

JOVELD 15,BEATL F“FFFTIO' AT FIRST BREAT
MOVEM IS,HXBTl-l(V“)

TRA LD ;LOAD FIRST MOTE
BEAT1: CAIN 16,21 ;LONG?
TRA .+0 JJUMP TR 50

AOVELD 15,DEAT2  ;IF NOT NEXT RBREAT IS SECOND OF PERFECTIOM

TORY : HOVEM 15, MY3T1-1(VH)

CAIE 16,11 JSEMIB?

TRA PLAY ;IF MOT PLAY BREVE AS NUARTER MOTE
TRA SB1 ;1F 50 BEGIN SEIMIBREVE ROUTINE
PUSHJS BREVEP ;15 LONG FOLLOWED BY EXACTLY Ti0 OR
JUNPE 15,PERF JSEMIBREVES?

TRe 15,1
JUPN 15, PERF sJduiiP IF S0
HWGVET 15,BEATS ,lr HOT NEXT BEAT IS THIWD OF PEGFE
DOVED 15, NN08T1-1 ( P
HCVEL 16,5 SUALE NOTE LONC 15 PLAYED
DPB 16,BYTPTK
TRA PLAY

PEAF: HOVEL 15,B3EATL MNEXT SCAT IS FIAST OF PEOFECTION
MOVEM 15,HNXBT1=1(VHN)

TRA PLAY ;PLAY PEAFECT LONG
wEATZ:  CAITE 16,21 S LONG?
TRA o+ SJUnP TF 10T
HOVELD 15,BOATL  MEXT BEAT IF TUWIRD UF PERFECTION

MOVEN 15,IXJi'-1(VH)

T\h PELF = D

HOVETD 15,BEATS

MOVED D L5, 0X38TL=-1(viD

CAIN 16,11 JSENID?

TOA 5B ;IF 50 DEGIN SENIDREVE WKOUTINE
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PUSHJ$ LONGP JFULLOWED BY LGNG 0N DIVIST?

JUMPN 15,BEAT2+2 ;1F SO ALTER BREVE
TRA PLAY J1F NOT PLAY IT RECTA
sEATS:  HOVED 15,BEATI [ HEXT BEAT IS FIRST OF PERFECTION
THA TORY JJUST LIKE FINST BEAT BUT WU LONGS
581 HOVELD 15,882 JHEXT SENIBREVE 1S SECOND
MOVEM 15,5BPT1-1(VN)
TRA PLAY ;PLAY SENMIBREVE AS TRIPLET EIGHTH
SB2: PUGHJS SBP ;15 THIS SEiIB FOLLCWED BY EXACTLY OME [iCRE?
JUINPE 13,8B3=-2 ;IF NOT PLAY MAJOR SEMIBREVE
AOVELD 15,8B3 ;IF NOT NEAT SEMIBREVE IS THIRD
TRA SBl+l ; PLAY HINOR SEMHIBREVE
MOVELD 16,12 ;IIAJOR SENIBREVE
OPC 16,BYTPTR '
SBo: SETLilt SGPTI-1(Vi) STUNRD SENIBREVE IS5 EMD OF BEAT
PLAY S ACT NOTE1-1(VM) ;PLAY NOTE

1OVE VN,VOICE

A0S VPL=1(ViD) s INCREIMENT PRUGRAIT COUMNTER
LD8 16, INSPTR ;NOTE WORD?

SKIPE 16

POPJS JEXIT IF NOT
LD: HOVE 16,QVPL=-1(VN) ;GET NOTE
ilOVE! 16,NOTE1=-1(VN)
SKIPE GBPT1I-1(VN) ;IVIDDLE OF BEAT?
TRA CSBPT1I-1(VN) ;IF S0 GO TO SEMIBREVE ROUTINE
LDB 16,BYTPTR sGET RHYTHI1 FIELD
CAIN 16,777 ;DIvVISE?
TRA PLAY+2 ;GET MEXT NOTE IF SO
RA GNX3T1=-1(VN) ;GO TO APPKOPRIATE BEAT IN
JPERFECTION IF NOT
SBP: SETZM 13 - ;ZERO IF NO SEMIBREVES '

A0S VP1=-1(VN) ;LOOK AT NEXT ./ORD
LDB 1h,BYTPTV

CAIE 14,11 JSEMIB?

TRA SBP2 ” ;POP BACK IF NOT

JUMPN 13,SBP1 JJUMP IF SECOND SENIBREVE
A0S 13 ;SET TO ONE

PUSHJ$ SBP+1 ;LOOK AT MEXT CRD
SBP2: SOS VP1-1(VN)

POPJ$
SBPL: SETZM 13 ;SET TO ZERO
TRA SBP2 ;PCP BACK
BREVEP: GETLit 15 JZERG IF NO BREVES

A0S VP1I=-1(VN) ;LOOK AT HNEXT UOCRD
LDB 14,BYTPTV

CAITE 14,4 JBREVE?

TRA CS3 ;CHECK FOR SEiIlIBREVES IF NOT
A0S 15  INCKEIENT BREVE COUNT BY UNE
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CAILE 15,3 SUOKE THAN TH 57
TRA BP ;JUMP IF SO
PUSHJS BREVEP+1 ;LUOK AT MEXT LORD IF NOT
SUS VPI=-1(VHN)
POPJS

CsB: CAIE 14,11 JSENIB?
TRA .=3 ;POP BACK IF NOT
AOS VPL1=-1(VH) ;1F SU LOOK AT NEXT WCRD
LDS 1L,BYTPTV
CAIE 14,11 ;JOENIDB?
TRA SCB ;1F NUOT CHECK FOR BREVE
AOS 15  INCREMENT BREVE COUNT 3Y ONE
CAILE 15,3 ;IIORE THAN THREE BREVES?
TRA BPI ;JUIP IF 30
PUSHJS BREVEP+1 ;LOOK AT MEXT WORD IF NOT

REE BREV

m

BP2: REPEAT 2 S0S VP1=-1(VN)
POPJS
SCB: PUSHJS BREVEP+3
SOS VPI=1(VN)
POPUS
BP: HOVELD 15,1 JSET TO ONE
TRA CSB=2 ;PUP BACK
BP1: HOVETD 15,1 JSET TO OME
TRA BP2 ;POP BACK
LONGP: SETZH 15 ;SET TO ZERO

ACS VP1-1(VvN) ;LOOK AT MEXT VJORD

LDB 1u4,BYTPTV

CAIN 14,21

SKIPA

CAIN 14,777 '
SETOM 15 ;SET TO ONES IF LONG GR GIVISI
SU5 VPI=1(VN)

PUPUS

IRP Y, , [VP,NXBT,SBPT,NOTE |

IRP X,,11,2,3,4,5,C]
. YIIX: 0

TERMIN

TERMIN

BYTPTR: (111100)NOTEL=1(VH)

INSPTR: (331100)QVP1-1(VN)

sYTPTV: (1111CC)CVPI=-1(VH)

; EXAHPLE 3.2.5
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Using this mensural interpreter, we may code the motet presented

above as follows:
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TITLE ON PAROLE A PARIS FRESE MUUVELLE

SAMSRT EUTERP >
SANOKRT

LOC

V1

VOICEZ

FRANCO >

MEMNS V1
FINE

K F BKREVE
BREVE
3REVE
BREVE
BREVE
SEMIB
SEMIB
BREVE
SEMIB
SEMIB
K 3REVE
K BREVE
BREVE

K G SEMID
K F SEiIiIB
DIVISI

K E SEMIB
K F SEII3
K G LONG
DIVISE
it BREVE

R BREVE
DIVISI

K A BREVE
BREVE
SEMIB
SEMIB
BREVE
BREVE
BREVE
L.LONG
VIS
BREVE
SREVE
BREVE
SREVE
SEMIED
SEHIB
SREVE
3REVE

K
K
K
N
K
K

K

OmMMmMmUmmMMmCO

RARFCARIARRNOARARAARAAN
<MMmMmooOoTMoO

moCmTo TTmo

;ON PAROLE

INSERTED TO

JUSTIFY

r
i

b
\

E

S

T
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BREVE

K G SEill
K F SEMI
DIVISI

K E SEIIB

K D SENIB

K F LOMG

DIVISI INSERTED TO JUSTIFY REST
R BREVE

P BREVE

DIVISI

K A BREVE

SEHIB

K G SEMIB

DIVISI

B
8

MMCOCOoOTUTMmTMOOmm

»)

OMmo

R

ARANUWUORARARNR
M

K F SENIB
K D BREVE
K G LONG
K
K E SEHIB
. D SEMIB
K
3REVE
K E BREVE
K
K G BREVE
BREVE
X E BREVE
SEINNB
K C SEIIB
BREVE
SEMIB
LONG
F 3REVE
E SEHIB
K E LONG
ROLONG
K F BREVE
LOMG
K A 3REVE
SREVE

K SEMIB
{ BREVE
: BREVE
K
§ BREVE
K F BREVE
K D SEMIB
SEMIB
VE
K D SEMIB
OIVISTH S IMSERTED TO JUSTIFY DEST
K 6 3REVE
K G BREVE




SENIB
SEMIB
SREVE
BREVE
LONG
SEII3
SEMIB
3REVE
SEIIB
SEIS
oIVISI

K F SEMIB

s
DTTmMmOMmTS O Tmm

C E SEMIB
K D BREVE
< E SENIB
K F SEMIB
DIVISI

K G SEil3
XA SEMIB
BREVE

K G SEMIB
< F SENMIB
K G LONG
POPJS
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LuC
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VOICEL ;A PARIES
TENMPO ALL, (4)90.
HENS VZIPL
J A 2T
J B 8T ;COMPOUND MNEUNE
K C
ENS V2P2
rINE
K C LONG
J D DREVE
J A 3REVE
{ D LOMNG
DIVIS!

i E BREVE
<D LONG

£ C SEMIB
J 3 SEMIB
K C LOHCG

J A SREVE
J 3 SENIS
K C SENMIB

D BREVE
DIVISIT ;COMPOUND LOHNG



DIVISH
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E SREVE(SLUR)
D BREVE
BREVE(CLEGATG)

NTR
O

i LONG
K SREVE
K C LONG
DIV!S'

-

J

J

J G SEINID
J F LONG
J A BREVE
J B oFi'.l 3
N

J A o;_x\'S
J G SEl3
J ALULG
DIVISI

K D sREVE
BEVE

K F LONG
olvis!

K [ BREVE
N & LIREVE
i’\ L) Lllv(\
Ulvisl

E SNEVE
F LONG
K E SEOIB
K 0 SENIB
K C LIOKG

—

PR

BREVE

K U BREVE

K E LONG

R BREVE

K D DI\EVE(OL\H) PLIC/‘\
K C BREVE (LF("ATU)
J B BREVE

K € LOKG

K U BREVE

K C Bi\FVE

oo LOHG

DIVISI




LOC volIC

END TUNE
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K C BREVE
J B LONG
J A SEiil3
J G GEIIB
J A LONG
K C SKEVE
K U BREVE
N C SE:ilB
J 3 SEIiID
POPJS

K U LONG
POPJS

E> JFRESE NOUVELLE
PIENS VO
ThA VOICES3
J F LONG
J G BREVE
J A BREVE
J G LONG
DIVIS]

J A BREVE
R LONG
DIVISI

J A SEiilB
J B GENIIRB
K C LONG
CGREVE

J B SEIIB
J A SENILB
SEAIB

J B SEiilB
J A LOKG
J G LOHG
R BREVE
POPJS

EXAPLE

5.2.6

Special arrangements have been made for ligatures and plicata;

but otherwise, the transcription is straightforward.

transcription of the motet into modern notation:

Here is a
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h_2 3
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fran- ce.

Example 3.2.7
Since we have already discredited the Franconian system for its

esotericism, one might wonder why we undertook this study in the
first place. The answer is that it has provided us with an oppor-
tunity to implement a rhythmic system markgdly different ffom
EUTERPE's normal rhythmic notation. Other systems could be
similarly implemented -- if they are deterministic, by similar
means; if not, with the aid of EUTERPE's random number generator.
The fact of the matter is that the user of EUTERPE is free to
exercise as much or as little control over the rhythmic process as

he desires.
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Chapter 4

Counterpoint and Harmony

4.1. Some Theoretical Aspects of Counterpoint and Harmony
The term "counterpoint" appears to havé its origins in the early
l4th century ([Apel, 1969]). The development of a mensural notation

which represented each note by an individual symbol led to theoretical

writings on polyphony as '"nota contra notam,'" and various contrapuntal
styles arose from composers who sought to take advantage of this no-
tation, These included the canon, the palindrome and canon can-
crizans (in which the notation was read both forward and backward),

and the isorhythmic structure ([Reese]). This last technique may be
regarded as an extension of rhythmic modality, but the rhythmic patterns
which are repeated were longer and more complex.

Given a melodic line, i.e. cantus firmus, such techniques pro-

vided various transformations which could be applied to it to yield
certain musical structures. Thus, the art of counterpoint was more
than simply a study of the proper placement of "note against note.'
It was a more general study of the construction of an entire musical
composition in terms of standardized techniques and original ideas.
In fact, in his Introduction to [Fux]'s study of counterpoint,

Gradus Ad Parnassum, Alfred Mann cites the Renaissance theorist,

Gioseffo Zarlino, as using the word contrapuntizare for the descrip-

tion of "the whole composition at once."

Zarlino may also be recognized as the first theoretician
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of harmony, since his aﬁalyses were based on chordal constructions
rather than simply on combinations of consonant and dissonant inter-
vals between individual voices ([Apel, 1969]). However, a critical
point of departure between‘harmony and counterpoint arose in the 17th
century with the distinction between Palestrina counterpoint and Bach
counterpoint, (This is the terminology Apel uses in the Harvard

Dictionary of Music.) The former received codification in Gradus ad

Parnassum, while the latter arose out of common practice in the 17th
century. Its development followed the evolution of tonality, which,
as Apel writes:

.+ .superseded polyphonic modality and
made possible an over-all conception of
a piece of music from the harmonic
point of view. Only when tonality
was firmly established could the relative
importance of chords built on the dif-
ferent degrees of the scale be determined
in relation to a key center or tonic;
only when this was accomplished could
a logical departure from this tonic
into other keys and return from those
keys to it -- modulation -- be achieved.

) ([Apel, 1969])

Bach counterpoint, then, was

...based on "tonal" (instead of ''modal")
harmonies, admitting six-four chords,
seventh chords, and diminished seventh

* chords. After Bach the emphasis shifted

. to accompanied melody.

([Apel, 1969])
The distinction between Palestrina counterpoint and Bach counter-

point may also be expressed in terms of the underlying parallelism

of the musical structures. Palestrina counterpoint entails a great
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deal of independence among the individual voices, and the underlying
structure involves a parallelism consisting of as many processes as
there are voices. Harmony, as such, is merely a consequence of this

parallelism: .

Without question, all the composers of
the sixteenth century were chord-conscious;
but the music, particularly the sacred music,
of a great number of them shows that the
chordal aspect was secondary to the melodic
in importance. Chords were not written
for their own sakes; they were rather the
result, the vertical aspect, of the com-
bination of lines moving horizontally.

([Merritt])

In Bach counterpoint the processes of the individual voices still
maintain a degree of independence similar to that of Palestrain counter-
point, However, there is now an additional process which determines
the harmonic preressions.{ Hierarchically speaking the computation
structure is organized roughly as follows:

Harmonic Piocess

| T

Voice Process #1 Voice Process #2 . . . Voice Process #n

Example 4.1.1
That is, there is a single harmonic process which dominates the over-

all structure of the piece within which the individual voice processes

are essentially independent.
The consideration of harmony as a process unto itself is, of

course, the discipline of harmonic analysis, which dates back to
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Raﬁeau's Traité d'harmonie (1722) ([Schenker]). Rameau's theories
provoked a great deal of controversy and were viciously contested by
musicians such as J. P. Kirnberger and C. P, E. Bach. However, the
advent of a theory of harmony could not be reversed; and while certain
aspects of Rameau's work were disputed, there were several factors
which pervaded successive theories. One of these factors was the

general approach to the subject in terms of what Felix [Salzer] calls

chord grammar:

Chord grammar denotes the usual type
of analysis in which separate designations
and labels are assigned to triads, seventh
chords, etc. It is a purely descriptive
means of registering and labeling each
chord and relating it to different key
centers. Chord grammar is the backbone
of our present-day harmonic analysis,
which is primarily concerned with recog-
nition of the grammatical status of each
chord in a musical work. It breaks up
a phrase into a group of isolated chord
entities.

The first theorist to provide an alternative to chord grammar was

Heinrich Schenker. His approach is described by [Salzer] as the

theory of chord significance:

The study of chord significance, on the
other hand, reveals the meaning of a chord
and the specific role it plays in a phrase
or section of a work, or in the work in its
entirety. Chord significance, since it
discloses the function of a chord, goes
far beyond grammatical description by
pointing out the special architectonic
purpose of a chord within a phrase.

As a first result of this distinction,
Schenker found that the roles which
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chords play in a musical phrase or
section are very diverse; even two
grammatically identical chords ap-
pearing in the same phrase can fulfill
totally different functions. Thus

it follows that labelling chords
according to their grammatical status
never explains their functions or how
they combine to create a unified whole.

Salzer's terminology of '"chord grammar" and '"chord significance"
uncovers a fliration between music theory and linguistic theory which
has been long outstanding. Recently, this flirtation has become less
secretive and has been more prominent in public circles. Composers
such as Luciano Berio, Arthur Berger, Elliot Carter and many others
have expressed an interest in formal linguistics and particularly in
mathematical linguistics. At this point, we might consider the
importance of such a flirtation, as well as its chances of maturing
into a full-blown affair.

A major point of view in this field is that taken by Leonard

[Meyer] in his study, Emotion and Meaning in Music:

The problem of musical meaning and
communication is of particular interest
for several reasons. Not only does
music use no linguistic signs but, on
one .level at least, it operates as a
closed system, that is, it employs no
signs or symbols referring to the non-
musical world of objects, concepts, and
human desires. . . Unlike a closed,
non-referential mathematical system,
music is said to communicate emotional
and aesthetic meanings as well as purely
intellectual ones. This puzzling com-
bination of abstractness with concrete
emotional experience can, if understood
correctly, perhaps yield useful insights
into more general problems of meaning
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and communication, especially those in-
volving aesthetic experience.

In generaly, the attempt to associate music with language almost
immediately centers on this issue of meaning. Nothing could be further
from our own approach. Taking music on a purely subjective level,

we choose to regard musical "communication" as a personal relationship

between the composer and the individual listener through the medium
of performance. All "meaning" is purely within the imagination of
the listener.

[Langer] asserts the theory that if the composer communicates
anything, it is simply concepts of form. Thus, our own study has
veered away from the Charybdis of '"meaning" and aimed instead at an
abstraction of form. In so doing, we have dismissed such matters of
semantics and inference and taken an approach somewhat similar to
Winograd's syntactic system:

The parsing of a sentence indicates its
detailed structure, but more important
it abstracts the '"features' of the
linguistic components which are impor-
tant for interpreting their meaning.
([Winograd, 1971])

Now let us again consider Salzer's dichotomy between chord
grammar and chord significance. Our own approach is certainly sym-
pathetic with the Schenkerian ideal. We attempt to regard every
element of a composition in terms of its functional role in the
entire composition, as a process. However, by taking a procedural

approach to what Salzer calls "grammar,'" we are essentially avoiding

the need for a dichotomy in the first place.




-206~

In the next two sections we shall try to apply our theories to
examples of counterpoint and harmony. First we consider the mediaeval
canon, "Sumer is Icumen In," whose form arises from some very simple
procedures. Then we shali turn to one of Bach's two-part inventions
which, while it is a piece of strict, two-voice counterpoint, is a
powerful example of harmonicwiting. We are intentionally avoiding
the matter of figured bass in this study primarily because such a
technique is notationally incompatible with the EUTERPE system., We
intend to defer such studies until we have a better syntactic under-

standing of such an approach‘at hand.
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4.2, "Sumer is Icumen In"

"Sumer is Icumen In" is one of the most familiar specimens of early
counterpoint, There has been a great deal of dispute about both its
origins and the manner in which it is to be.performed. We shall

base our program on a transcription by Manfred Bukofzer ([Greenberg]):
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The canonic process for the upper four voices is very much the

same as that of our model of '"Frere Jacques," as we presented it in

the Introduction. We have not stored any of the themes as subroutines

in this example because it was not really necessary. Furthermore,
we have programmed this, like our‘"Frere Ja;ques" model, as an
'ideal canon' which never halts.

The other interesting feature of this canon is the process of

voice exchange in the lower two parts. Voice exchange provides for

‘a round "in the small" in which, in this particular example, two
voices alternate in performing each other's parts. This gives rise

to the following repeated pattern:

~y Y
B A

Example 4.2.2,

AT
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This formation is somewhat like a coroutine structure, Coroutines,
as Knuth observes, exhibit a more symmetric relationship than do
subroutines:

In contrast to the unsymmetric
relationship between a main routine
and a subroutine, there is a complete
symmetry between coroutines which call
on each other. ([Knuth, 1968])

Thus, the A phrase is always followed by the B phrase which, in turn,
is followed by the A phrase. Our program realization merely has one
phrase in each of two voice programs and a TRA to the other voice at

the end of each. Here is the program in its entirety:
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A VOICEL+1

—_

LOC VOICE2

REPEAT 2 i 1T
TRA VOICEL+1

LOC VOICES

REPEAT 2 R 17
TRA VOICE2

LOC VOICEL

KEPEAT 2 R 1T
TRA VOICES3

LOC VOICES
L C2
K B FL
L C

R
TRA VOICEG

LOC VOICES

K F 2T
K G

K F

K G 4T(SLUR)
L ACLEGATO)
TRA VOICES

pu—

END TUNE
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SREST TO NMEASURES
SSTART THEE

JREST TuO MEASUKES
;FOLLGCW VOICEZ

;REST TUO HEASURES

;FOLLOVW VOICES

;A PHRASE

;START B PHKASE

;START A PHRAGE

EXAIPLE 4.2.3
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3. A Bach Invention

Canons are, by nature, rather simple in their formal structure.
Let us now consider a more difficult example which entails certain
aspécts of contrapuntal development as well as some elementary problems
in considerations of tonality. The example is the fourth of J. §.
Bach's two-part inventions. We present a copy of the score with
several notations regarding our EUTERPE code. In particular, we
have labeled those passages corresponding to subroutines and provided
a record of the scale parameter stack (using Roman numerals) for both

voices ([Bach]):
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There are two means by which one may specify notes for EUTERPE:
directly and indirectly. The direct method is by simply writing out
the note words, as was done in the preceding example. However,
under certain circumstances, pitch and durapion might be determined
by separate, independent computation processes, so that EUTERPE is
faced with the task of "compiling'" its note words before executing
them., This latter technique was particularly helpful in our re-
présentation of mediaeval music; we turn to it now for an approach
to tonality.

Matters of tonality have always been a subject of violent coh~
troversy, and we shall not be so Eold as to assert that the theory
of modulation reduces to a study of push-down stacks. In our
own treatment the scale array purports to be nothing more than an
ordered subset of pitches, a subset which may be referenced with
sufficient frequency to merit dist#nguished storage. When we change
the scale parameter, we do this to allow for a change of materials,
e.g.'chfomaticism. Whether or not this actually constitues a modula-
tion, as such, is a matter for further research.

These ideas bear some relétionship to Schoenberg'!s concepts of
monotonality and regions. [Schoenberg] explains monotonality as
follows:

Monotonality includes modulation =--
movement towards another mode and even
establishment of that mode. But it
considers these deviations as regions
of the tonality, subordinate to the

central power of a tonic. Thus com~-
prehension of the harmonic unity within
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" piece is achieved.

Thus, the regions involve applications of tones foreign to the funda-
mental tonality but relevan; to a secondary tonality which is considered
as a subordinate region of the fundamental tonality. For example,
when the second theme of a sonata enters "in the dominant," Schoenberg
would interpret it as being derived from the materials of the dominant
region of the principal tonality. EUTERPE's approach, however, differs
from Schoenberg's on two significant points.

The first of these points derives from the use of the push-down
list. Monotonality relates all regions exclusively to the tonic.
While these regions are classified in terms of their distance from
the tonic, there is no attempt to account for relationships among
regions which do not involve the tonic. In EUTERPE a change of region
is established by pushing down one 1evel on a stack. A subsequent
change of region is now expressed in terms of the current region,
rather than in terms of the tonic, which is no longer at the top of
the stack. This allows for a functional approach to such concepts
as that of secondary dominants. 1f, indeed, a composition is moving
to another region with respect to the tonic, this is accomplished by
popping back to the tonic and pushing to that new region, Such an
approach reflects Schenker's ideas concerning harmonic analysis, and
more recently, examples have been provided by [Salzer], [Forte], and, in an

a study of harmonic analysis by computer, [Winograd, 1968].
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Secondly, we have not developed a theory of what Schoenberg calls
"substitute tones" or ''transformations" to account for chromaticisms.
The only substitute tones which exist in EUTERPE are those provided
by the harmonic and melodic minor scales.  No further allowances
are made for chromaticigms in the scale arrays. Such chromaticisms
must be taken into account either by altering the scale array or
by ignoring it in favor of direct usage of note words.

The Roman numerals and their associated brackets across the
score are simply a record of the state of the scale array as affected
by RELKEY instructions. Nesting of the brackets indicates the status
of the push-down stack. The Roman numerals are the arguments of
RELKEY; that is, they define the degree of the current scale upon
which the new scale is formed.‘ Unless otherwise specified, the
mode is determined by examining the interval of the third in the old
scale as formed on the note which will form the new 'tonic." The
scale is major or minor if this interval is major or minor, respectively.
Also, unless otherwise specified, the minor scale is assumed to be
natural.

The other brackets refer to thematic material defined by sub-
routines; these brackets are labeled with the names of their associated
routines. These routines are all defined by indirect processes.

Pitch parameters can be defined in terms of displacement by a given
number of semitones or in terms of displacement by a given number of

scale degrees. THEME is defined in precisely this manner, defining
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the ascending pattern by placing successive increments of one scale
degree on a push-down stack, transposing the top note down an octave,
and dbtaining the descending pattern by popping these increments

back -- all with respect to the harmonic minor scale. Consequently,
the sequential descent of the thematic statements startingvat measure
five may be obtained by initializing the transposition parameter with
the appropriate SETRAN and subsequently building the same attack on

a different base.

It is in circumstances such as this one that the processes of
nesting and exiting are invaluable; for throughout the development of
this invention, the theme is stated in a variety of truncated forms.
One example is the codetta in the upper voice at measure sixteen.

This is realized by a PNEST instruction which enters the subroutine
THEME, refraining execution until the address THEMEl. An even more
vivid example is the subroutine DTHEME, which produces the inverted
pattern at measure 22, This pattern is essentially constructed by
swapping the ascending and descending portions of THEME; and this,

in turn, is realized by the proper.insertion of nests and exits.
Because thematic material is defined in terms of parametric altera-
tions, it is, of course, necessary to use the instruction PNEST for
nesting. Likewise, the subroutines exit with the instruction MOP TRP
which, in the absence of any other mark on the transposition push-down
list, restores it to its top level.

Trills are realized according to [Bach]'s own rules of ornamenta-

tion -- alternating thirty-second notes beginning with the upper
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tone and ending with a thirty-second note and a dotted sixteenth note.
This ending is handled by the subroutine TRICOD, while the bédy of
the trill is taken care of by the subroutine TRILER.

Since all pitch computations are relative, some appropriate base
point must be established. The instfuction MELD is used to attach a
program consisting of a single note word specifying that tone which is
the "tonic" of the current scale sounded as a sixteenth note with
legato arficulation. This one note is run as a loop, so that all '
relative pitch computations relate back to this tonic. It is
necessary to have one tonic for each voice because of certain subtleties
in the score; and the assembly macro TONSET sets the tonic to the
proper value, also assigning an octave specification.

We have tried to supbly sufficient comments so that the reader
may coordinate the EUTERPE program with the score. We have also
provided a running account of the state of the scale array. With
the exception of the initialization of the scale at the beginning of
VOICEl, all modifications are performed by VOICE2 with the argument
ALL, so that they also affect VOICﬁl. This emphasizes the fact that
there is a single harmonic process which controls both voices. The
primary exception occurs at measures 22 and 24, where VOICEl does
an extra RELKEY 5 which is popped off within DTHEME.

In all honesty it must be remarked that this particular coding
was no easy matter. The fact that it did not boil down to trivial

formulas is due tribute to the "inventiveness" of this composition.
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Likewise, the manipulations of the scale parameter to account for

the chromaticisms offer enlightening evidence of Bach's harmonic skill.
Indeed; the difficulties in encoding this score have given the author
an appreciation and a reverence for Bach's compositional technique.

In preparing a program for this invention, one could readily acquire
that "strong foretaste of composition' which Bach promised to those

"lovers of the clavier" on the title page of these inventions([David]).




-225-

TITLE TUO=PART INVENTION 1V
IMGRT EUTERP

DEFINE TONSET N,0CTAVE
MOVE 1, | LGT(LEGATU) |
ADDI 1,0CTAVE
ADD 1,S5CALE
HOVEID 1, TUNIC!IN
TERMIN

LOC VOICEL

TEMPO ALL,(8.,)180.

KEY D(HARM ;SETS KEY TO D i1INOR

GAITRN

TOMNSET 1,K

HELD TONICL

MARK

PUSHJS THENE ;FIRST STATEMENT OF THEME AT MEASURE 1
UNMARK '

F sARPEGGIATED COUMTERSUBJECT AT {1EASURE 3
A ST

D 3T

IHMITAT: K G 8T

C SH 3T

E 8T

RELPIT |

PUSHJS THENME sDESCENDING SEQUENTIAL STATEMENT OF THEME AT
SETRAN =1(AD) JiIEASURE 5

PUSHJS THEME+1

TONSET 1,K SKEY 13 PUSHED TO F MAJOR

UNREL PIT

SETRAM 3(AD)

PUSHJS THEIE+]

SETRAN C(AD)

[ EEANIAN

—

PNEST [(FIG)FIGL+1] ;SECONMDARY FIGURE AT HMEASURE 11
SETRAN =1(ASC) ;ALSO IN DESCENDING SEQUENCE

EXIT1 LREST(TRP)
PUSHJ$ FIG
SETRAN 0(AD)

K B3 FL 4T ;CUUETTA FCR FIRST SCCTION AT EASURE L5

KA 8T

K G 3T

L C 10T

SETRAM =2(AD)

PHEST | (THEHME)THEIIEL] sDESCEHDIMG HALF OF THENE AT MEASURE
SETRAM CC(ASC)

K G ;END OF FIRST 3ECTION AT NEASURE 17

K G 6D




SENQL:

LAST:
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K F

UNMELD

8T

L C

0

MOVED 1,17,

MOVEM 1, TRILCT!

PUSHJS TRILER JSUBROUTINE FOR TRILL AT }“FASURE 19

PUSHJS TRICOD JKEY 1S PUSHED TO G [JIHIOR

HELD TOMIC1

RELKEY 5(MAT) ;PUSHES KEY TO D #1HOR

TONSET 1,K ;SUBROUTINE DTHEME HAMDLES INVERSIOM AT {'EASURE 22
;AMOTHER DESCEMDING SENUEMCE

PUSHUS DTIENE ;POPS KEY TO G i1IMOR AFTER WHICH IT IS POPPED TO
;F 1HAJOR .

RELKEY ;PUSHES KEY TO € i'AJOR

TONSET 1,K

PUSHJS DTHEME ;POPS KEY TO F MAJOR AFTER UHICH IT IS POPPED TO

TONSET 1,K ;D MINOR AND PUSHED TO A MIMOR

EXIT1 THENME2+2

PUSHJS THEME+1 ;STATEMENT OF THENE AT HEASURE 26

UNREL TRP

0

RELKEY ({1ELO) ;PUSHES HARMONIC {iIMOR TO HELODIC 1{INOR

IIUNREL TRP

SETRAN =2(ASC)

PNEST |(THEME)THEMEL| ;FRAGHENTS OF THENME USED AT {1EASURE 28

RELTRN =4 ;AS BRIDGE TO NEXT DEVELOPMENT

EXIT1 THENE2-1

PMEST | (THEME)THEIIEL]

EXIT THE!IE2

EXIT1 THEMEL1=3(TRP) JASCENDIMNG SEQUEMTIAL STATEMEMT OF THEUE

PUSHJS THEINE ;AT MEASURE 30

RELTRN 2

SKIPG TRILCT

i

TRA LAST JSEQUENCE BREAKS UHEN VOICE2 STOPS TRILL
PNEST | (THEME)THEIIE1=-3]

UNREL TRP

TRA SEQ1

EXIT1 THEMEL(TRP)

PNEST |(THEME)THEMEL=-3|
UNEXIT THEME2

HUNREL TRP

SETRAN O0(DES)

EXIT THENE2(TRP)

PNEST [ (THENE)THEIIEL]
RELTRM 3(ASC)

PNEST | (THEME)THEHEL+2 |

CUMEXIT THEIME?2

UNKEL KY ;POPS BACK TO HARMOMIC 0ron
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L A 8D
LD
KoDoanb
RO

Lo00 SKEY IS POPPED TO O NINCR AND PUSHED TO G INOR
TONSET 1,K
NELTRN =U
EXITL LREST-1(TRP) :
PMEST [(FIG)FIG+L]| sFRAGUENT OF SENNEMTIAL FIGURE USED

AUNREL TRP

W F SH 8T ;A5 BRIDGE AT MEASUKE 338

KA 8T

B FL 16T sKEY 1S POPPED TO D HARMOMIC MIMOR AMD PUSHED TO
TOMSET 1,K sNATURAL TNOR

QELTRMN 2
PUSHJUS THEIME+1 STATENMENT OF THEME AT MEASURE L0

K ACLEGATO) ;KEY 1S POPPED BACK TO HARMOMIC [1INOR
L F

L E

L F 8

K 0 8T

L E&T

R8T

RELPIT

PUSHIS THEME sPECAPITULATION AT MEASURE hhb
K F(LEGATO)

JMREL PIT

L D oT

e 2en

LD

L C SH

L E

KA

. C SH

B

L C SH 8D

LD

LD

RELKEY (NAT)

RELTRN 1

EXITI DTHEME+2

Pl Sids DTHEME ;THEME INVERSION USED AS CODA AT HEASUKE 49

ReNTON -3
PUSHIS OTHE!L

HELP!T |
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U
Ly
FINE

TONICI: K D 1I6TCLECATO)
ThA =1

TSl C2: K D 1GT(LEGATS)

nEEr REPEAT G |6
RGETHN 1

KRELPIT -1
C
UMREL PIT
THELEL: REPEAT 5 |UNREL TRP
0

I

THENED: RGHTRN 1
(SLUR)
HOP TRP

DTHEME: EXIT1 THEIE2(TRP)
PNEST |(THENE)THEIEL]
UMKEL KY
TONGET 1,K
RGITRI =4
UTHENL: RELPIT |
0
UNREL PIT
EXITL THEEL=3
PUSHJS THEIE+1
0
MOP TRP




Flioy

LREST:

FIGL:
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[IARPAK TP
KOHTRN 5
DARK TOP
PUGHJUY FICL
JUNARP TRP
PUSIIJS FIGL
UNHARK TRP
RGHTRH 1

eT

ROOT

ROET

HOP TRP

C




RGMTRN 1
0

RGITRHI 1
0

HOP TRP
LTRH L
T
527

SOSLE TRILCT
TRA =5

TRILER:

-

ND

-

il Gl
2]

TRICOD: RGIiTRM 1
32T '
NKEL TRP
160
POPJS

LOC VOICEZ2

+WAVE SQUARE

R 2D

RELPIT -1

EXITL IHITAT
PUSHJS VOICEL+1

K E eT

K G 8T

L C SH 8T
SEQST:  PUSHJS SEN

UNIELD

RELKEY ALL,3
TONSET 2,K
(ELD TONIC2
SETRAN =3(ASC)
EXIT1 SEX
PUSHJ$ SEQ
PUSHJ$ THEME2
SETRAN O0(AD)
PUSHJ$ THEME+1
SETRAN =1(AD)
EXIT1 THEME?2
PUSHJS THENE+1
UMREL TNP

U

LT "!f-(/‘\i—.i)
PUGHJS THELE+1

YOI |3 B
:\uliT-'n. &
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sUAITATION OF VOICEL AT MEASURE 3
;OETS KEY TO D MINOR

;DESCENDING SEQUENTIAL BASS PATTERM AT MEASURE 7

;PUSHES KEY TO F IAJOR

;DESCENDING SENUENTIAL STATEHENT OF THELE
;AT NMEAGURE 11
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ol

KELPIT =1

T

oMiKEL TRP
SETRAM U(AD)

PUoIIds THEIE JASCEMDING SEQUENTIAL STATEHENT OF THEME
SETRAN 2(AD) JAT HEASURE 16

EXITL THENE2(TRP)
PUSHUS$ THEHE+L
RELKEY ALL,2(MELU) ;PUSHES KEY TO fHon

TONSET 2,K

SETRAMN -4 (ASC)

PUSHJUS FIG JDESCENDING GEQUEMCE OF SECONDARY FIGURE
JAT MEASURE 22
UNREL ALL,K ;POPS KEY TO F MAJOR

TONSET 2,K
PUSHJS FIG
UNREL ALL,KY ;POPS KEY TO D MINOR
RELKEY ALL,5(HARY ;PUSHES KEY TO A iIMNOR
TONSET 2,K
SETRAN 0O(AD)
K F 8T ARPEGGIATED BRIDGE AT HEASURE 26
UMMELD
KELPIT |
REPEAT 5 |0
KGITRN =2

MUNREL TRP
UNKEL PIT
HELD TONIC2

G

RGMTRN =1

EXITL THENIE+12

PUGHJUS THENE = FRAGHENT OF THEHE AT HEASURE 28 PRECEDING TRILL
MOVEL 1,30,

MOVEM 1,TRILCT

PUSHJ$ TRILER ;SUBROUTINE FOR TRILL AT HMEASURE 29
PUSHJ$ TRICOD
UNREL PIT
REPEAT 5 |8T
UNREL TRP

GUKREL TRP
UMREL PIT

K O 87
B 8T
K F ST
KouaT




CODA:

COUAL:

SEN:

K E 8T
RELPIT =1

K & o7

KA 16T
RELPIT -1
UMKEL ALL,KY

RELKEY ALL, L (HARI)

TONSET 2,K

EXIT THEHRE2(TRP)
PUSHJS THEME+1

UMREL ALL,KY

RELKEY ALL, (NAT)

&b
TONSET 2,K
RELTRN =2
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;POPS KEY TC D HINCR
;PUSHES KEY TO G {'INOR

;STATEMEMT OF THENME AT [1EASURE 38
;PUPS KEY TO D iiINOR
;PUSHES HARMOMIC {U'INOR TO

EXITL LREST=1(TRP)

PMEST
MUNREL TRP

K G 8T

L C 8T

RELPIT |
UNREL ALL,KY
RELKEY (i1ELO)
SETRAN 2(A3C)
PUSHJUS THEMNE
UNREL KY
SETRAN 0(AD)
UMEXIT THEINEZ2
EXITL SENST

K F 1I6T(SLUR)
MEST

iIARK

PUSHJG THENE
UNIARK

eT

8T

FL 8D

FL

SO WDIO

5

J G
EXITL CODAL
PHEST
J D 4D
FIME

T
RELPIT |

FCFIG)FIG+L |

[(VOICE2) IMITAT=3|

| (CCDA)THEMEL+1 |

;FRAGEMT OF SECOMDARY
;AT HEASURE 40

;PCPS BACK TO HARMOMIC i1INOR

; PUSH HARMONIC {tINOR TO MELODIC HMINOR

JSTATEMENT OF THEME AT (iEASURE L2
;PGP BACK TO HARMOMIC MINOR

JRECAPITULATION OF ARPEGGIATION
;AT NMEASURE LG

JRECAPITULATION OF THENME AT MEASURE L6

JREPETITIOM OF CODA FIGURE AT [HEASURE

NATURAL il NOt

1
I

FIGURE AS BRIDGE

50
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T
UMREL PIT
RGITRE 1

REPEAT &4 |RGMTRN 1
8T
l
SEX: 0P TRP

END TUNE

; EXAIPLE L.3.2
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Chapter 5

A Brief Look at Sonata Form

Thus far, most of our studies have been involved with musical
examples from the mediaeval and the baroque periods. We have chosen
these examples for two basic reasons: clarity and brevity. While
neither of these qualities is necessarily an aesthetic desideratum,
both are indeed beneficial in the demonstration of new tools and ideas.

When we come to the classical period, brevity remains the soul
of wit and composers such as Mozart are praised for an art form "whose
surface clarity énd simplicity hold in‘delicate balance brilliance of
technique and profundity of emotion" ([Burkhart]). However, the in-
creasing sophistication of the musical audience allowed such terms
as "simplicity" and "surface clarity" to be used on a much larger
scale; and unfortunately, we are faced with a problem of memory shortage
in the current EUTERPE syétem. For all its surface simplicity, there
is still a great deal of information which needs to be coded in a
Mozart sonata movement. There is also an aspect of performance
which becomes much more evident in a machine interpretation of Mozart
than in one of Bach. Although Rudolf Gerber cites Mozart's "Haydn"
quartets as realizations of '"the absolute equal value of the four
stringed instruments,'" ([Mozart, 1930]) there is nothing like a
presentation of these four parts on an equal plane to make the
listener realize that this so-called equal value was attained by an

alternation in assuming key roles rather than in a "perfect democracy."
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So that we could at least scratch the surface of a study of
sonata form, we undertook an investigation of the exposition from the
fourth mbvement of K. 458, the B-flat major quartet;v subtitled "The
Hunt."  Our program never got beyond the roughest of forms, and there
is no need to present it in as great a detail as we allotted Example
4,3.2. However, we may at least review the salient points of our
experiment.

In its most skeletal form this exposition is built on three key
sources of material: a "first theme," a "second theme," and a codetta.
These are all four-voice passages, but a great deal of material is
shared among the four parts. In particular, there are many instances
in the score where the counterpoint is reinforced by doubling at the
octave or the tenth, Furthermore, there is a great deal of cross
referencing of fragments, in the same manner as that of the invention
program.

In this score the chromaticisms are more abundant than in the
Bach invention, and they may not be taken into account as readily by
shifts of the scale parameter. Cbnsequently, this material is bettef
represented by note words than by the indirect processes of the Bach
program, Nevertheless, tonal transposition plays a key role in
associating different sections of the score; and one must account for
a shift of the scale parameter from B-flat major to F major.

O0f course, this is only the most preliminary of sketches. While

the exposition is the major element of a movement in sonata form, it
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is the development and recapitulation which put the exposition in its
proper perspective. Nevertheless, the exposition exhibits a basic
repertoire of developmental processes in those bridge passages which
link the key elements; and'it is generally this material which is
expanded and worked out to a much greater extent in the development
section. Thus, while the limitations of a particular system may
restrict one to a study of the exposition section, such a partial

study is certainly not without value.
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Chapter 6

APPLICATIONS
6.1. Note Word Transcripﬁions

Like a first sight-reading, a literal transcription of a score
into note words has little to offer other than a basic familiarity
with the material. Its only desirable characteristic is that it
may enable the user to hear musical passages of such complexity
that he may be unable to hear them in his head or realize them at
a piano. Such complexities fall into two categories: microtonal
and rhythmical.

The most ambitious transcription of a score info note words
was undertaken for both these re;sons. In the spring of 1971, the
composer Ezra Sims was invited to write an oboe quartet (i.e. oboe,

violin, viola, violoncello) for .an upcoming recital by Burt Lucarelli.

Prior works by the composer (including the Octet for Strings, 1964,

and the Third Quartet, 1964, the latter recorded by the Lenox

Quartet for CRI) had employed b&th quarter tones and sixth tones
([Apel, 1969]). By this time, Sims was in the process of experi-
menting with "tonal" aspects of microtonality. He had derived a
new scale in both diatonic and chromatic forms which we shall dis-
cuss in greater detail in Section 6.3, and.he was evolving a theory

-of modulation among the tonalities defined by this diatonic scale.
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Nevertheless, these theories were all at the experimental
stage; and Sims was without a suitable keyboard with which he could
objectively test his work. Consequently, with the author's assis-
tance, Sims' composition was transcribed,‘as it was being written,
into EUTERPE. Thus far, this transcription has encompassed most
of the third movement of the quartet.

Sims' score also involved some complex applications of group-
ettes. These were realized by the RELTEM instruction and gave an
accurate representation of the rhythmic textures of the composition.
The resulting machine performances have been recorded, and the tapes
are to be forwarded to the four musicians to assist their prepara-
tion of the live performance.

A similar experiment has been performed on a smaller scale by

the author, again simply using note word transcription to get the
"feel" of a musical passage. In his essay on quarter tones,
Charles [Ives] discusses four possible ways of constructing chords
given a quarter tone gamut. Ives discovered these chords empiri-
cally, having had a special quarter tone piano at his disposal.
The author composed the following, four-voice fanfare to explore
the sounds of these chords all guilt on the same root. This was
then transcribed to EUTERPE purely for listening purposes. The

score and program follow below. (The notation is again Sims'.)
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Example 6.1.1

FARE FOR FANS
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TITLE FARE FOR FANS
< INSRT EUTERP >
LOC VOICEL

TEMPO ALL, (4)90.
K C 1T

K C 1T

OCOOor-gFrorm-=o

Om
C

NOARNRROrr—
Mmoo

C 8D
167

8T

K E

K G 1T
FINE

LGC VOICE2

wouT
K G 2D
17

LT
K C
K E Q
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PN

B

T
o —

< [ and
Q. Q. — 0. a. .=

3 nL PG N G

1T

LOC VOICES

c3
gt A
w o w

MM

L C1T

VOICEW

LcC

1T

2
N

LT
.
0

B P(STACO)

L6T(LEGATO)




END TUME
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4}
QL

P 16T

o]
6]

16T

LT
0 8T

EXAIPLE 6.1.2
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6.2. "Fantasy on an English Carol"

By its very nature,‘EUTERPE is more oriented toward develop-
ment than invention. Therefore, in matters of original composition,
it is most useful in writing fantgsies or variations on pre-speci-
‘fied material. By way of demonstration, we used EUTERPE to prepare
a polyphonic fantasy in six voices on the mediaeval English carol,
"Nova, Nova." Here is the carol in its original monophonic

setting ([Greenberg]):

Example 6.2.1 : e
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Here 1s the code for the author's "Fantasy on an English Carol."
All six voices are employed, although only the first voice startg
at the top of its program space (COICEl). The second through fifth
voices all start one word after their first word in program space,
since this first word is initialized to CANCEL. These voices are
initially silent and are cued in by the instruction TRA at the
appropriate moments. VOICE6 doesn't use its own program space

because it simply doubles VOICE3 three octaves higher,
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TITLE FAHNTASY ON AN ENGLISH CAKOL

INSRT EUTERP 2
JIMSRT 1i0DES 2

LOC VulICEL

SETON 1

SETOI 3

TEIiPO ALL,(2)2C0.

pPITCH J C

PUSIIJS CAROL

TRA 2,Y01CE2+1

REPEAT 2 PUSHJUS CAROL+1
TRA 3,VOICE3+1
REPEAT 2 PUSHJS
CANCEL 3,
CANCEL €,
PUSHJUS CAROL+1
CANCEL 2,
CAMCEL L,
PUSHJS CAROL+1L
FINE

CARUOLL:

CAROL+1

CHuR1: IELD MODES
L C

KA

L C

K G

UMHELD
POPJS

WELD HODEL
KA

K B

L C

K B

UNMELD

ifELD MODES
KA

TRA CHOR1+L

CHUK2:

VERSE: MELD 1ODEL JENTIR

T mom T m

FLAG

;LOAD FILE CONTAIMING RHYTHNTC 110DES

TO KEEP TRACK OF VOICES
ELAG TO KEEP TRACK UF VOICEL ENTn{

;FIRST PHRASE OF CHORUS

;SECOMD PHRASE OF CHORUS

E VERSE
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RELTEI 1(2)

PUSHJS CHOR1+1

POPJS TEiN

PUSHJS CHOK1
TRA CHUR2

PUSHJS CHORUS
PUSHJUS VERSE
JUIPE 1, CHORUS
TRA 5,VOICES+1
TEA CHORUS

LUC VOICE2+1

LONGT:

LOMG2:

PUSHJS$ VALl
PUSHJ$ CHOR1
SKIPE 3

TRA L,VOICEL+1
PUSHJ$ CHOR2
TRA VOICE2+1

EXITL CHOR1+S
PUSHJS CHORL
TRA CHOR1+4

EXITL CHOR1+S
PUSHJS ClOR2
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JAUGHENTATION OF FIRST PHRASE OF CHORUS
;ENTIRE CHORUS

JBECIN WITH CHORUS

JENTRY POINT AFTER INITIAL STATEMENT
S

;SKIPS START AFTER VOICES IS STARTED
JEND WITH CHORUS
;ACCONPANY VERSE WITH REPETITIONS OF CHORUS

;SKIPS START AFTER VOICEW IS STARTED

;SHIPLE LOOP

JRHYTHIIC ADJUSTHENTS FOR PHRASES OF CHORUS




-247-

TRA CHOR1+hL

SHAL: EXIT1 CHOR1+3
PUSHJS CHORL
THA CHORI1+E

SHAZ: MELD 1I0DEL
TRA CHURZ+5

SHB1: EXIT1 CHORI+U
PUSHJS CHOR
UNMELD
POPJS

SHB2: EXIT1 CHOR1+4
PUSHJS CHOR2
UMMELD
POPJS

VAl: PUSHJS CHOR1 ;ACCOMPANIMENT FOR VOICE2
PUSHJS LONG2
PUSHJS SHAL
PUSHJS SHB2
TRA CHORUS

VAZ: PUSHJS CHORZ2 sACCOMPAMIMENT FOR VOICEL
PUSHJS LOMNGI1
PUSHJS SHAZ
PUSHJ$ SHBI
PUSHJS CHOWKZ
TRA CHORI

.OC VUICE3+1

PITCH I C

PITCH 6,L C

TRA 6,.+1

RELTEM 1(L) ;CHORUS IN AUGMEMTATIOM
GHOUMD: MELD MODES '

L C

UNREL TEM

RELTEM 1(5)

KA

UMNDEL TEM

RELTEN 1(3)

PUSHJS CHOR1+3

UMREL TE!

SELTEN 1(2)

PUSHUS CHOR2

UMNELD €,
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TPA 6,CHOR?
PUSHJS CHOR1
UHELD 6,
POPJS G, TEN
TRA G,GROUND-1
UMKEL TEN

TRA GROUND=1

LOC VOICEL+1

SETZM 3 ;FLAG IS SET TO PREVEMNT PESTARTING
PITCH J C
PUSHJS CHOR1 ;VOICE EXCHAMGE LITH VOICE?2

PUSHJS VA2
PUSHJS VA2+L
TRA =2

LOC VOICES+1

SETZM 1 JFLAG 15 SET TO PREVENT RESTARTING
PUSHJS CHORUS
TRA CAROL1 ;DOUBLE VOICEL

END TUME

EXAIPLE 6.2,2

The score as given is executed by the subroutine CAROL.

subroutine calls the subroutine CHORUS, followed by the subroutine

VERSE, followed by a transfer into CHORUS which eventually pfo-

vides the subroutine exit. This carol has modal rhythms, so the

file containing the rhythmic modes is loaded, and these modes are

melded to a program of pitch specifications.

The chorus is in eight measures, and it is expressed as a

sequence of two four-measure phrases. These phrases are the

routines CHOR1 and CHOR2. This division into periods is not

just a demonstration of symmetry. In the development section,

we shall actually handle these two phrases independently.
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Observe that the verse section of this carol ends with an
augmentation of the first four measures of the chorus. The basic
idea which we decided to pursue was that of using the chorus contra-
puntally against the verse. The verse, however, does not break down
into a balanced set of four-measure phrases, so that were the chorus
to be simply repeated successively against the statement of the
verse, it would be "out of phrase'" when the verse comes to the
repetition of the chorus.

Therefore, we must determine the actual phrase structure of the
verse and be prepared to transform the chorus to conform to this
phrase structure. The portion of the verse preceding the augmenta-
tion of the chorus can be arranged into four phrases consisting of
four measures, five measures, three measures, and three measures,
respectively. The augmentation takes eight measures and may there-
fore accomodate two four-measure phrases.

The problem is now reduced to expressing the four-measure phrases
of tﬁe chorus as either five~ or three-measure statements. The
easiest way to obtain a five-measure version is to simply repeat
the last measure (i.e. note) of the phrase. The routines LONG1
and LONG2 accomplish'this for each of the phrases of the chorus. For
three-measure statements the easiest approach is to delete a measure,

Since the last measure of the phrase establishes a sense of cadence,




-250-

it is not always the most desirable for deletion. Consequently, we
have made arrangements not only for the deletion of the last measure,
but also for deletion of eiiher the first or .third measure of aphrase,
as the case may be,. The actual decision of which measure gets deleted
is made on the basis of the intervals which are formed with the pitches
in the‘verse. Finally, we can accompany the augmentation with a state-
ment of the chqrus in its entirety.
After the carol plays through once, VOICE2 is started with its
contrapuntal line. This routine is stored at VAl; it consists of
a four-measure statement of the first phrase, the five-measure pro-
longation of the second phrase, a three-measure statement of the first
phrase, obtaiﬁed by deleting the third measure (SHAi), a three
measure statement of the second phrase obtained by deleﬁihg‘ﬁhe last
measure (SHB2), and a statement of the chorus against the augmentation.
Our next observation is that the symmetry of structure in the
chorus makes it amenable to the technique of voice exchange. This
is simply the technique of restatiné a given contrapuntal passage
but interchanging the voices which we demonstrated in Section 4.2.

Applieed to the chorus of "Nova, -Nova," we obtain the following:

Example 6.2.3
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The first four measures of the upper voice become the last four
measures of the lower voice, énd vice versa. Voice exchange arises
naturally in rounds, as it is essentially‘a description of what
happens once all the voices have entered.

Voice exchange was a prominent structural device used by
English composers in the late thirteenth century ([Apel, 1969]), so
it is not an unreasonable technique to apply to a carol from the
fifteenth century. In this particular program voiée exchange is
conducted between VOICE2 and VOICE4. We have already assigned
VOICE2 the task of accompanying the verse with repetitions of the
chorus. In order to keep the structure in phase, statements of
the chorus by VOICE4 must also be adjusted to the proper phrase
lengths.

VOICE4 begins its first statement of the chorus fgur measures
after the end of the second verse, and proceeds to follow essentially
"behind" VOICE2. Its contrapuntal line is assigned in the routine
VA2 and may be regarded as the "dual" of VAL. Thus, it consists
of a four-measure statement of the second phrase, a five-measure
statement of the first, a three-measure statement of the second, in
which the first measure is omitted (SHA2), a three-measure statement
of the first phrase, in which the last measure is omitted (SHB1),
and a straight voice-exchanged statement of the chorus, as in the

bottom line of Example 6.2.3, against the augmentation.
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The use of augmentation in the statement of the verse motivated
its application as a ground over which the rest of the counterpoint
is built. An augmented statement of the entire chorus, of course,
would have to be suitably adjusted to the phrase lengths in the
verse. However, this can be accomplished by the use of the
instruction RELTEM. In the augmentation the first measure of the
chorus accompanies the first four measures of the verse, the next
accompanies five measures, and the next two each accompany three.
This brings us to the augmentation in the verse; so if we play the
remaining four measures in the space of eight, this will sound as
voice exchange in augmentation. The augmented line is played by

two voices (VOICE3 is a very low register, VOICE6 in a very high one),

we further rginforcemphe idea of voice exchange by having VOICE3

play the first phrase of the cho;us and VOICE 6 play the second,
both in augmentation, against the contrapuntal statement of the
chorus in the other voices.

| The only other voice which remains is VOICE5. This voice
simply reinforces VOICEl at the octave from the beginning of the
second statement of the chorus to the end of the piece. After all
the voices are sounding, they are gradually t#ken away. First the
augmentations drop out, then the contrapuntal line provided by the
chorus. Finally, the carol is stated once more, in octaves, by
VOICEl and VOICES. Here is the resulting score which arises from

this program:




FANTASY ON AN ENGLISH CAROL
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6.3. Studies in Microtonality

The decision to temper EUTERPE'S octave into 72 equal divisions
was provoked by Ezra Sims, whose repertoire had included both
quarter-tone and siﬁth-tone inflections. The principal motivation
behind the use of microtones was the search for a better approxi-
mation to the pitches of the physical overtone series. The twelve-
tone temperament approximates the thifd harmonic (i.e. the interval
of a fifth) to within two cents (a cent is one hundredth of a semi-
tone). However, it differs from the fifth harmonic (a major third)
by 13.7 cents and from the seventh harmonic by 31.2 cents.

We have ﬁot labeled the inter%al associated with the seventh
harmonic because it is so incompatible with the twelve-tone temper-
ament. The interval of a minor seventh is 31.2 cents too high, and

Sims refers to it as a "low" seventh. Nevertheless, the interval

was recognized by Giuseppe Tartini in his Trattato di Musica, and

he eveﬁ accorded the interval a special chromatic notationm, ([Fokker]).
It was primarily the desire for a better approximation to the

seventh harmonic which brought about attempts at other temperaments

of the octave. Fokker cites two of these for the goodness of their

approximation to the seventh and lower harmonics: the 31-tone

temperament of Huygens and the 53-tone temperament of Mercator.

These having the following differences (in cents) for the actual

frequencies of the harmonic series:
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3rd harmonic 5th harmonic 7th harmonic
31~tone - 5,2 0.8" ' 1.1
53~tone 0.1 1.4 ' 4.8

All of these differences are preferable to those of the twelve~
tone temperament; however, these scales have the disadvantage of
being incompatible with conventional chromatic music.

Because we wanted this compatibility, we turned, instinctively,
to the 72-note temperament. It turns out, however, that the
differences in this system are not that unfavorable. The third
harmonic is still 2.0 cents off; exactly as in the chromatic gamut.
Observe that this is preferable to Huygens' 31-tone temperament but
inferior to the 53-tone system. The fifth harmonic is now 3.0
cents off, and the seventh harmohic is 2.2 ceﬁts off. While the
31-tone system has better fits for both these intervals, the 72-tone
system has the advantage that its maximum error over all three
intervals (3.0) is less than the same maximum in either of the
above two systems. Hence, this temperament is certainly a useful
one.

In his own experiments, Sims did not use the 72-tone gamut in
its entirety. Rather, he extracted an unequally-tempered "chromatic
scale" of eighteen Pitches in which was embedded a nine-tone "diatonic

scale." Here is Sims' gamut; the white notes are the diatonic tones:
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Example 6.3.1

To familiarize the ear with this gamnt, Sims wrote a series of
etudes to be performed by EUTERPE. These outlined the structures
of the two scale forms as well as the various possible intervallic

combinations. Here is the code for these etudes:
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TITLE EXERCIZES FOR 3URT
< FHSRT EUTERP >
LaC VOICEL

TEMPO ALL, (L)GH,
SUVED 1,11, ;COUMTER FOR FIAST TUO ETUDES
MOVED 2,0
PUSHJS CHROM1
ADDI 2,1
TRA 2,CHR12
CHinIl: WMOVEIl 1,21, ;COUMTER FOR THIRD ETUDE
TEIiPO (4)12¢,
PUS'IJS CHROIMT
CiR21: ARTIC ALL,STACU
nOVETD 1,21, JCOUNTEN FOR FOURTY ETUDE
(OVEL 2,3
ThA 2,CH022
PUSIIJS CHRWIL

TRA ALL,BLAT  ;LAST NOTE
CHM12:  UMREL TR ;VOICE2 FOi THIND ETUDE
TRA CHRONL
CHR22:  TEIPO ALL, (4)240, ;VOICEZ FOR FOURTI ETUDE
HOVELD G, 9.
RoGT

HOVEL 4,19,

HOVED 5,0
CHRUNZ2: XCT CHRuli1(5)

JULiPH G, A0S5

R 1T

HOVELD ¢,9.

AGJA 5,AUS5+3
AUS 5 “CT CHEOM1(E)

A0S 5

S0S 6

SO0JG 4, CHRUM2

TRA CHKOMZ2=2
SLAT: TEHMPO ALL,(L)GO.

K C 1T(5LUK

3T
FINE
CHRUM1: K € 27 ;CHNUNATIC GANUT
K C S5 2
KN C 54 s 27
K D 27
KD sy 2 2T
KO 34 s 2T
K E U 2T
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CAILE 2,2
TRALOUD

NOVE 3,V0ICE
CAIN 3,2 JYOICE2 SKIPS REST IMTERRUPT
TRA CHRuMl
PUSHIS 2, .+1
1T

PGPJS 2,

S0dG 1, 0ol
POPJS

KoOLT

TRA =0
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LuC VUICEZ

UILATu:  SKIPH 2
RELTEI (3)

K C 2T(5LuR) SOIATOHIC GAWT
KD 2T
SKIPH 2
UNREL TE!
KEU 2T
F e T
SITPH 2
KRELTE: (29
KF ol P aT
G 27
~ G SIS 2T
K3 FL G aT
K B 27
SKIPH 2
UMREL TEH
L C 2
ADDT 2,1
RELTE (19.)

NA DIATU
END TUNE
’ EXAMPLE 6.3.2

CHROM1 is stored as a subroutine while DIATO is the first word
of code for VOICE2, The first éxercise is simply the simultaﬁeous
soundings of the scale in its chromatic (VOICEl) and diatonic (VOICE2)
versions. The diatonic tones are sustained against the chromatic
tones until the chromatic version ascends to the next diatonic tone.

The score would appear as follows:




. -269-

-

-
|

1%

%ﬁn 5o ¥ o  S—— M
Example 6.3.3




-270~

The different durations of the diatonic tones are realized by
RELTEM instructions. Accumulator 2 is used as a flag to determine
whether or not these instructions are executed. Accumulator 1 is
used as a counter to determine the number of iterations of the
chromatic scale (once for this passage and ten times for the next
gxefcise). VOICEl handles all initialization, so that when it
enters CHROM1, VOICE2 is ready to process DIATO. After the scales
are completed, both voices execute a whole rest according to the
following piece of code in CHROM1:

PUSHJS 2,.+1

R 1T
POPJS$ 2,

o ,  Example 6.3.4
These instructions make full use of the interrupt capabilities of
intervoice control which we described in Section 1.2.3.

The next set of exercises consists of the sounding of the
chromatic scale in i;s entirety against each tone of the diatonic
scale. (This accounts for the remaining ten repetitions through
CHROM1.) When VOICE2 is finished with its rest, is alters the
flag in accumulator 2 and does a RELTEM (19).‘ Now each tone of
thevdiatonic scale will endure for an entire statemént of the -
chromatic scale. The interrupt capabilities allow for the
insertion of a :ést at the end of each iteration of the chromatic

scale.
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When this is completed, VOICEl pops out of CHROMl, readjusts the
flag in accumulator 2 and begins the section at CHR1l, transfering
VOICE2 to the corresponding CHR12. Tempo adjustments give VOICE1
a tempo of 120 quarter notes per minute, while VOICE2 returns to 60
quarter notes per minute. Both voices enter CHROM1, so that they
both play the chromatic scale, with VOICEl playing twice as fast as
VOICE2. WheneveerOICEl hits the top of the scale, it interrupts
VOICE2 with a rest; bgt when VOICE2 hits the top, there is no
interrupt. VOICEl cycles the scale 21 times, so that it ends on a
high C and VOICE2 ends on the low C.

Next, the whole routine is repeated, this timehwith stacatto
articulation at a tempo of 240 quarter notes per minute. This
time around, rather than playing twice as slow, VOICE2 plays each
of its pitches twice. This is achieved by indexing through CHROML
and using.the XCT instruction. At the end of this passage, all
six voices sound middle C together -- a sort of final confirmation
of the tonality. |

These efudes provided both a fundamental exercise in pro-
gramming and a composition for ear training. When the program was
debugged, the final version was recorded for the musicians who will

be playing Sims' Oboe Quartet, so that they may familiarize them~

selves with the underlying tonalities. The programming is based on
a few simple contrapuntal concepts, all of which were realized with

little difficulty.
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