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Abstract: In strict imitations and canons, the risposta (consequent) may simply repeat the
proposta (antecedent), but can also repeat it with some changes. In the generally accepted
theory of imitation and canon the following transformations are admitted: augmentation-
diminution, inversion, retrograde motion, and combinations thereof. We call these trans-
formations strict, since for each there is a rule according to which the risposta can be
derived from the given proposta unambiguously. However, there can be other strict rules.
Hence, the methods of converting the proposta into the risposta are not limited to those
listed above. What might these new methods be? In trying to answer this question gener-
ally and systematically, we use a mathematical concept of function. Function is a univocal
correspondence between two sets. In our case function is a rule according to which the
risposta can be derived from the proposta in a well-defined manner. Sets are melodies, the
proposta and the risposta. The elements of a set are notes. A note in a melody is an object
that has three dimensions: duration, pitch, and sequence number. At first we demonstrate
conversions of durations into durations, pitches into pitches, and numbers into numbers.
Always beginning with classical transformations (augmentation, inversion, retrograde mo-
tion) we then proceed to different methods. Then we consider “more exotic” conversions:
durations into pitches, pitches into durations, etc. At the end of the article we attempt to
demonstrate that some nonclassical transformations exist not only in our imagination, but
also can be encountered in musical practice.
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Cepreit A. 3arHuii. PaclumpeHHas Teopus UMUTaLMN U KaHOHA, UnK HoBble cnoco6bl NpeBpaLLeHus NponocTbl B PUCOCTY

Hayunas crates

PacumimpenHas reopust uMUTa My 1 KaHOHaA,
nan Hosple cioco6sl npeBpalmeHns
MIPONOCTHI B PUCIIOCTY

Cepreii AnaroJjibeBHY 3aruui

MockoBckasi rocyjapcTBeHHas koHcepBaropust uMenu 1. M. Yalikosckoro,
yi1. bonbras Hukutekast, 13/6, Mocksa 125009, Poccuiickas ®eneparus
sergei-zagny(@yandex.ru, ORCID: https://orcid.org/0000-0003-2181-2836

AnHOTanMA: B CTPOrUX MMUTALMAX M KAHOHAX PUCIIOCTA MOXKET He IIPOCTO MOBTOPSTH
IIPOIIOCTY, HO TIOBTOPATH €€ C HEKOTOPBIMI N3MEHEHIAMIL. B coBpeMeHHOl Teopyy MUTaLI i
U KAaHOHA JOITYyCKAIOTCSA CAeAYIONIe IPeo6pa3soBaHIIs: yBeANUeH e -yMeHblIeHue, o6pa-
IJeHUe, PAKOXOJ, a TAKKe X KOMOMHAII MU, DTHU TPeo6pa3oBaHIs Mbl Ha3bIBAEM CTPOIVIMIL,
MIOCKOABKY AASl KasK OO X HIX €CTb IIPaBUAO, COTAACHO KOTOPOMY PUCIIOCTA BHIBOAVITCS
U3 ZAHHON IIPOIOCTHI 04HO3HaYHO. Ho cTporue npasnaa MOryT GbITh U PYTUMU. A 2TO
3HAYNT, YTO CIIOCOOBI ITPEBPalCHUS ITPOIIOCTDI B PUCIIOCTY HE OTPAHNYMBAIOTCA TEMH, YTO
6bIAM 1IepedrCACHBI Bbile. Kakumy MOryT 6bITb HOBbIE crToco6b1? CTapasch OTBETUTD HA
3TOT BOIIPOC B O6IIEM U CUCTEMATIYECKOM BUJE, MBI ICTIOAb3YeM MaTeMaTIIeCKOe IOH-
tne GyHkynn. PyHKIINA — 9TO OFHO3HAYHOE COOTBETCTBIE MEXKAY ABYMS MHOKECTBAMI.
[TprMeHnTEABHO K Hallell TeMe, GYHKIIUA — ITO HEKOe IIPaBUAO, COTAACHO KOTOPOMY
PHCIIOCTA BBIBOAUTCA U3 ZAHHON IIPOMOCTBI €4MHCTBEHHO BO3MOXHBIM 06pa3oM. MHO-
JKECTBA — 9TO MEAOZANNU: IIPOIIOCTA ¥ PUCIIOCTA. DAEMEHTBI MHOXeCcTBa — HOThI. HoTa
B MEAOAUN [IOHNMAETCA KaK O6'’EKT, Y KOTOPOTO TPU U3MEPEHNS: JAUTEABHOCTbD, BBICOTA
U NIOPSIAKOBBIN HOMEP HOTBI B MEAOAUM. BHaTaAe paccMaTPUBAIOTCS IPEBPALIeHU AU-
TEABHOCTEN B ZAUTEABHOCTH, BBICOT B BBICOTBI, HOMEPOB B HOMepa. HaurHas Kaxblil pas
C KAACCHYeCKnX 11peo6pasoBannii (yBeandenne, o6paiieHne, PAKOX0g), MbI 3aTeM IIepexo-
AVIM K MHBIM crioco6aM. Jaree paccMaTpUBAIOTCA 60Aee «dK30TUUECKIe» ITPeBPaNIeHN:
AAUTEABHOCTEN B BBICOTBI, BBICOT B JAMTEABHOCTH 1 T. 7. B 3aKAIOYMTEABHON YaCTH CTATbU
MBI CTapPaeMcs II0KA3aTh, 4TO HEKOTOPbIE 13 HEKAACCIIECKIX TPe0GpasoBaHMil CYIIeCTBYIOT
He TOABKO B HaIlIeM BOOGPasKeHNM, HO U B My3bIKAABHOI ITPAKTUKE.

KAaroueBble cAOBa: nMuTayus, KaHOH, CTPOrUe UMUTAIUN, CTPOrue peobpasoBaHms
MEAOZUIA, TPOIIOCTA, PUCIIOCTA, ZAUTEABHOCTD, BBICOTA, [IOPSIZKOBBIIT HOMEP

BaarogaprocTn: Asrop BeipaskaeT ray6okyio 6aarogapaocts Vsany Cepreesudy CommH-
CKOMY 32 LIeHHbIe 3aMeUaHIIs, CeAaHHbIe 1M ITPY MTOATOTOBKE JaHHO CTAThI.

JAxrs yutuposanma: 3azrnui C. A. Pacminpennas Teopusa UMUTALUM U KaHOHA, UAU
Hosble cioco6b1 peBpalenns NponocTsl B pucniocty // Hayumnbiii BecTHUK MOCKOBCKOIA
koHcepsaTopun. Tom 13. Beinyck 2 (nrons 2022). C. 382-403. https://doi.org/10.26176
mosconsv.2022.49.2.06.

or imitations and canons, it is agreed that imitated and imitating voices (later in

this text called proposta and risposta) are not necessarily the same. The following

transformations are considered to be possible: (0) exact repetition (possibly with
transposition); (1) augmentation-diminution; (2) inversion; (3) retrograde motion;
and also the following combinations: (1)+(2), (1)+(3), (2)+(3) and (1)+(2)+(3).
All these can be called strict transformations, since for each there is a rule according
to which a risposta can be derived from a given proposta unambiguously.
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However, there are many other transformations which are no less strict, but are not
covered by the generally accepted theory to date. Some of these transformations were part
of music practice, while some of them may have never been used before.

The aim of this article is to introduce the extended theory of imitation (or more exactly,
its fundamentals!). The extension concerns the region of the theory which studies the
methods of transforming proposta into risposta.

1. DEFINITIONS

In this text we use the following definitions. One-part structure or melody (M)
is some sequence of notes. A note (N) is an object determined by three values (pa-
rameters, dimensions). These are duration (d), pitch (p), and sequence number of a
note in a melody (7). In other words, N is (d, p, n). A rest, in contrast to a sounding
note, is defined as a note with a vacant pitch (D), i.e.as (d, @, n). If there are several
successive rests in a music score, they are considered as a single rest, the duration of
which is equal to their sum.

Original (imitated) melody, an object for transformation is the proposta (P). Derivative
(imitating) melody, a result of transformation is the risposta (R). A note of the proposta
is N or (d, p, n). A note of the rispostais N’ or (d', p', n'). An imitation is a number of
melodies which correlate as proposta and risposta. The distribution of these melodies in
parts (voices) and in time is of no importance.

To describe strict transformations, we use the mathematical concept of function.
Function is a relation between two sets, a rule that associates each element of the first
(independent) set with exactly one element of the second (dependent) set. Conventional
notation is y = f(x) (f is a rule of transforming x into y).

In our case independent and dependent sets are P and R. Independent and dependent
elements are N and N'. A relation between them we express as N’ = f(N) or, considering
the parameters of a note, as (d', p', n') = f(d, p, n), where f is a rule of transformation.
More complicated cases are also possible, when independent elements are two or more
notes that belong to one or more propostas.

Hereafter for brevity, the expression a duration of the proposta (risposta) means
“a duration of a note of the proposta (risposta)”. Likewise, the expression a pitch
of the proposta (risposta) is to be understood as “a pitch of a note of the proposta
(risposta)”.

2. TRANSFORMATIONS OF DURATIONS

Transformations of durations only, with other parameters remaining unaltered, can
generally be defined as (d', p, n) = f(d, p, n) or in short form as d' = f(d, p, n).

In this section we examine transformations where independent values are durations
only: d' = f(d).

Let us assign numerical values to durations. Let o= 1, J (triplet eighth) = ¥3,
)= 2, 3J= %, oh =3, = 4, etc. It is assumed that &= 0.

I With many more details, but less accurately, this theory was stated in: [8]. I wrote also the following
articles on this subject: [7; 9; 10].
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2.1. Classical Transformations

Exact repetition. Durations of the proposta and the risposta remain the same. This
is expressed by the formula d' = d.

d nd: 6 2 4 2 2 4
6 7 T N

P: y—e—a—9—f P

4 - i — i

2 R Y Vo o ¥

0o 2 4 6 d R: Zéﬁ—d_r ._LJ :'

d=d ')d’: 6 2 4 2 2 4

In musical examples the upper line is a proposta, and the lower line is a risposta.
Arrows connect the related notes.

Augmentation-diminution. The general formula for these transformations is d' = ad
(@>0). a>1 for augmentation; 0 < a <1 for diminution. (For exact repetition a = 1.)

Examples.

Double augmentation: d' = 2d.

d , d: 6 2 4 2 2 4
A
6
===t
4 Q) i I’ .
2 Y Vo v Y
A .
"4 7 T t =
o 2 4 d R: i — =
] ]
d =2d dd’: 12 4 8 4 4 8
One-and-half augmentation (“the addition of a dot”): d' = 3d/2.
d’ ) d: 6 2 4 2 2 4
6 P, Q I Ik\, _'
p 4 . . 1 — I
4 I
d I
21/ Y |2 2R 2 Y
- —f e
0o 2 4 6 d R: : — o— I
] —
d’=3d/2 @ 9 306 3 3 6
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Triple diminution: d'= d/3.

d’ d: 9 3 6 3 3 6

° P: D D — - |'.

4 . B———

2 - =~ Y L2 B TR Y
( _e_g

o 2 4 6 8 d R: Wﬂ : ! .

NN

d’=d/3 d- 3 1 2 1 1

Thus, the formula d' = ad generalizes all classical transformations of durations:
exact repetition, augmentation, and diminution. At the same time an a may be a quite
“exotic” number, as in music by Conlon Nancarrow. Graph of any classical trans-
formation is a straight line starting from the origin of the coordinate axes (0, 0) at
an angle of ¢. For exact repetition, ¢ = 45°. For augmentation, 45° < ¢ < 90°. For
diminution, 0° < ¢ < 45°.

2.2. Nonclassical Transformations

All other transformations of durations are nonclassical. A few examples.

(a) d'=d + 1. Addition of a duration. Here to each duration oP is added.

d hd:lz 14 3 3 3 3 1
6 )4 ﬁ\ A~

P: Gy ow oX - FPrF e

4 5 =

2 Yvov Vor o Vo

R

d=d+1 dd’:zs 25 4 4 4 I4 2

(b) d'=d — 1. Subtraction of a duration. From each duration ,P is subtracted.

d hd:1214 3 3 3 3 1
i b e R
4 ¢ T e
2 \ R I T Vo
0 2’ 4 6 d R: F - —

d=d-1 do103 2 2 2 2 0
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(¢) d' =9 — d. Converse relation of durations. The longest possible duration is 9, it
becomes 0 in a risposta: 9 - 0; 8 — 1,7 — 2 etc;; 0 — 9.

d’ ) 3 5 4
8 hd.l '/..\'7 |6| .IFII.-. 5/\ |4i h‘IF- 1|
P: ——teg—r T to——
6 T —J-..I *l‘d I T * 1l
4 T A A S A
e . iee
2 p e
o 2 4 6 8 d d:s 1 7 3 “ s 5 s
d=9-d

(d) d'=8/d. Inverse proportional relation of durations.

d d:8 8 88 4 4 4 4 4 4 48 441111
A -
8 . A_'ﬂl'/."-..-.-l-l-ll""/---‘--.
P. I.-I.:‘.II--!;"-?'III D@ Ve Ve 1T s || ___|

6 ‘ ——

4
N

2 — R:

o 2 4 6 8 d d:7 1 1122 2 2 2 221 2288838
d’'=8/d

When working with such transformation, it is convenient to have a correspondence
table as a visual aid. An upper row of a table contains durations of the proposta which are
planned for use. A lower row comprises related durations of the risposta.

1o 6 3% 12 16

s
b

ARAREAL
AARRARARR

oY

BB %

AL
° i

d” f (;

16 1f

oo B %

3 %

(e) d'=|—d? + 8d — 6|. Different durations of the proposta may be related to equal
durations of the risposta. For instance, 1 or 7 — 1; 0 or 2 or 6 or 8 — 6. This relation is
not biunique. In other words, the inverse rule cannot unambiguously transform the ris-
posta back into the proposta. In the correspondence table the “inconvenient” values are
rounded. The exact values are placed in parentheses.
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dl
10
P:

ST/
6

| \
‘N \l R:
N I
0 2 4 6 8 d

d’=|-d?+8d - 6|

6% 6% 7 T T4

AARRRARAREG

2 Y 3 4

4 3 1 i3 2
%) (o) (2%) (3%) (8%) (8%) (3%) (2%) (he) (2Y)

ol TQ
0

-
ol T 9| T 9|

(f) d' = 2. Equalized durations. All durations of the proposta turn into eighths. Backward
transformation is not possible.

. Whhhhhh, %
B S a7t bepemppn’ i
===
2 %HH R s
- A ¥ '¢ |7._-_._._._._._¢;brn_
0 2 4 6 8 - N i
P O ERD ===
d: 2 2?2 2 3 222222232 3

3. TRANSFORMATIONS OF PITCHES

Transformations of pitches only, with other parameters remaining unaltered, can gen-
erally be defined as (d, p', n) = f(d, p, n) or in short form p' = f(d, p, n).

In this section we examine transformations where independent values are pitches
only: p' = (p).

To assign numerical values to pitches we do the following:

(1) Define a scale Sc (some ascending row of pitches);

(2) Take any pitch of this scale as a datum (0). The pitches to the left of this point have
values —1, —2, —3... in succession. The pitches to its right have values 1, 2, 3... in succession.

For brevity we write:

“Sc = Chrom, g' = 0” for

A-6_5_4_3-2_10123456
v

SC:%—M
o —

<«—
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and “Sc = D minor Harmonic, f' = 0” for

It is assumed that all pitches of a melody are members of the selected scale.
Letter designations for pitches are:

" 1 1] 1] 1 1l 1 1 T 1 1 " C mn
A" C C ¢ ¢ d e f g a a b b c P .
oy 5 4 ; /
3 — — — D] o
by E 4 L 4 *

A continuous line in the graphs is merely a convention. Only integers, for both p and p/,
have practical significance.
3.1. Classical Transformations

Exact repetition. Pitches of the proposta and the risposta are the same. This is ex-
pressed by the formula p' = p.

Sc = Chrom, g' =0

i) hp:S -5 -3 g 3 32 -2 8

: v s 1
) ¢ 4

0 Vb L2 B A 2 A

b

-~
ﬁ>
N
NJ
L]
':ﬂ

I
N
p! [

w
[S)
I
[\S)
>

Transposed repetition is expressed by the formula p' = p + a (a is an integer).
Sc = Chrom, g'=0;p'=p +2

p’ p:5 -5 -3 ¢ 3 3

N
1
N

AN

ﬁ>

-1
.

o
A
s
- Q|
——
-— O
—-—

by Y
\0\\/ P R ,‘Q d’\ . quﬁ ®

i~
=2
1
w
1
—_
S
w
v
IN
(=)
—
(=)
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Inversion is expressed by the formula p'= —p + a (a is an integer).

Sc = Chrom, g' =0;p'= —p

\p p: 5 -5 -3 g 3 32 -2 8
p #‘—jj—'r_—%g% ' ,
\ \

fa
L2005 7 T AR T T B
2

\ /
OA f 1 I 1]
N R: ﬁ‘—ﬁ,:'—"_—ﬁ:,ﬁ'—_j‘j
> .

p:-5s 5 3 (21-3—3-22_8

4

p'=-p+a

These are classical transformations of pitches. The general formulais p'=*p +a (a is
an integer). A graph of such transformations is a straight line inclined at the angle of 45°
(for exact or transposed repetition) or of —45° (for inversion).

3.2. Nonclassical Transformations

All other transformations of pitches are nonclassical. Some examples.
(a) p'=2p. Melodic augmentation. All intervals are increased by a factor of two.

Sc = Chrom, g'=0

i, p:5 -5 -3 @ 3 32 -2 8
4 hf T
P: ANIVA o 1 1)
: T b b
¢ D Q 'P T I+ |.|P- Tl
~ R: ANIVA 1 1 V] L I I
4 !),_ ;n_‘_ 14
y piio *% g 6 64 -4 16

(b) p' = —p/2. Melodic diminution and inversion. All intervals are decreased by a
factor of two and inverted. The proposta may contain even pitches only. In the case of
12-tone scale odd pitches turn into “quarter-tones”.

Sc = Chrom, a* =0

p Ap:2—8 6 @ 0 0-2 -6 4

D

R Vb [ 2000 20 K 2 T
5 | Ik\ m

. R:

p’'=-p/2 J , =

Journal of Moscow Conservatory Vol.13 no.2 (June 2022) HayuHbii BeCTHUK MockoBckoi koHcepsatopiu Tom 13 Ne2 (MioHb 2022)



Cepreit A. 3arHuii. PaclumpeHHas Teopus UMUTaLMN U KaHOHA, UnK HoBble cnoco6bl NpeBpaLLeHus NponocTbl B PUCOCTY

(c) p' = |pl. Partially mirrored relation of pitches. a' and higher pitches remain the
same; pitches below a' become inverted about it. Backward transformation is not possible.

Sc = Chrom, a' =0

Ji] hp:3 -7 -5 g 1 10 -4
: P: ANV AI Vbﬁ dd_di?
2 ) L 4 7

Voo 2 I A T A
o | ol 2 A
* R:#\:F:f:r:ﬂ? e
) %w_l_ 1
p’=Ipl p=3 7 5 @ 1 10 4 6

(d) p' = 3. Equalized pitches. All sounding pitches of the proposta turn into a'.
Backward transformation is not possible.

Sc = Chrom, ¢" =0

b Jpiogo-s 6223 7 3
D 0 P: AN\AVJ A} Vbﬁ #d_d:l?
2 J v r
L2 T A T T 2 2 A
f e e e e e s 1
p'=-3 S e e e
O]

p:-3 -3 -3 g -3 -3-3 -3 -3

(e) p' = 12/p. Inverse proportional relation of pitches. The proposta may have only
the following pitches: —12, —6, —4, =3, =2, —1, 1,2, 3, 4, 6, 12.

Sc = Chrom, c¢'=0

i Ap:13436 43 1-1-2-412
A\ PWM

i dyg. o

TN H+HHH1¢H+
BEEAY ! R e e ==

), ' a1 ef

\!ﬁ P12 43 42 3 4 12;‘{,6_'3
-12

p’=12/p
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(f) p' = p + 3. Transposition. Even though this is “just” a transposition, the trans-
formation is quite noticeable since the pitches g' and ¢' are considered as neighbouring
degrees of the scale.

1234567|8

[
7 .Z.
SC=ICA\U n ~y
do'h‘
0]
2 P:
%
] b b b
1 Wil R et to e Thife trte Pt
7, ' ) ) '
p:7 5 5 565 7 4635 6 5 6 8
p'=p+3

4. TRANSFORMATIONS OF DURATIONS AND PITCHES
IN COMBINATION

d=da*—3d+3 Sc = D minor Harmonic, f' =0
p'=p*—3p
1 2 3 4 2 -1 0 1 2 3 4 5 ¢
A
. )4 1 o
d;ﬁﬁr p: S — e tw e FE 13
HrErErES s be be
5. ot J ot J ~
1 1 3 7 p: l\:)\) L —— — =
0 4 0 -2 2 0 4 10 ¢
p:-2 2 1 00 2 5 4 50
d a4 2 3 12 2 4 2 22
e a——1
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5. TRANSFORMATIONS OF INTERVALS

Often it is more convenient and musically more natural to manipulate melodic inter-
vals, not absolute values of pitches. In this case a note is considered as (d, ¢, n), ¢ is an
interval from the previous sounding note.

To assign numerical values to intervals, it is sufficient to define a scale. Any pitch of
this scale might be taken as a datum, but in fact there is no need to do so at this point. It is
enough to state that: (1) the difference between neighbouring degrees of the scale is equal to
one; (2) an ascending interval is positive, a descending interval is negative, a unison is zero.

All sounding pitches of a melody, except the first one, may be defined by means of
intervals. The first sounding pitch (sp,) is to be defined by its absolute value.

Examples.
Sc = Chrom, sp, = " Sc = F major, sp, = "
p:c" p: c"
I ¢-102 @ 6 0-1 -4 10 g 6 1 @ 4 Fg0-1-2 5

i = @ is avacant interval, i. e. a rest.
In this section we examine transformations where independent and dependent values
are intervals only: ¢’ = f(i). The first sounding pitch of the risposta we denote as sp}

5.1. Classical Transformations

Exact or transposed repetition. Intervals of the proposta and the risposta are the same.
This is expressed by the formula ' = i.

Sc = Chrom, spi = ¢"

i ni: -10 2 g 6 0-1 -4 10
‘ R — '
2 I
Yo L2 2 B 2 A
D ] [a)
z R
=4 ;j'l.
i -10 2 g 6 0-1 -4 10
i'=i

Sc = Chrom, sp; = d"
ir -10 2 g 6 0-1 -4 10

7,

i -10 2 g 6 0-1 -4 10
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Inversion is expressed by the formula ' = —i.

Sc = Chrom, spi = d'

i I -10 2 g 6 0-1 -4 10
4 A
: e ea iiT
i 14
b ; Voo L2 2 B T A
2 = =T
4 R: ) T a o I
| - -
" w2 o601 4 _:)L
i'=-i

We can see that for the same transformations the formulas p' = f(p) and ' = f(¢) are
often different.

5.2. Nonclassical Transformations

Some examples.

(a) #' = 2i. Melodic augmentation. All intervals are increased by two.

Sc = Chrom, spj = "

I , ir -10 2 g 6 0-1 -4 10
4 A
- P. T T7be a_ﬂd‘.’
iz ANV ’ Iy) T
Wt o U2 2 2 2
/1% A J\ —
' —_—
: i 1;4 g 12 0-2 -8 20
o -20
i"'=2i

(b) &' =i+ sgn(i) x 3. Addition of an interval. All intervals but unison are increased by
the absolute value of 3. (Function sgn(i) is defined as follows: sgn(i) = —1if i<0; sgn() =1
if >0; sgn(é) =0if i=0.)

Sc = Chrom, sp| = ¢"

i I -10 2 g 6 -1-2 0-3 10
" A
,,(’ P: # I v J oo 111
ra N\ = 1) v Y a T
S o 7 o
- Vb {20 2 2 2 A A
LT . n
g 1”4 1
2 R e s
2 \.31 =| I'J =| db' i
., @
i 555 @ 9 -4-5 07 13

I"=i+sgn(i) x 3
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(¢) ' =i — sgn(é) % 3. Subtraction of an interval. All intervals greater than or equal
to minor third are decreased by the absolute value of 3. The direction of the intervals less
than minor third, but unison, becomes opposite.

N

N

I"=i-sgn(i) x 3

Sc = Chrom, sp; = ¢"

i -10 2 g 6 -1-2 0-3 10

A
P: ;\.% c! ./4 b‘lfx J | fl i?
R U2 2 O N I |
R: 2 T L — ilhd 2 a ’:
. =} VA ’ VO V¥ I
')i’: -7 -1 g 3 2100 7

(d) @' =i— sgn(i) x 12. Inversion of the intervals within an octave.

>
Q
B0

)¢
oy

Ve

i

_ZT
|

i"=1-sgn(i) x 12

Sc = Chrom, spi = ¢'

i -10 2 g 6 0-1 -4 10
A
S P
) et 4
R A
b -
R E
')i’: 2 -10 ﬂb_:L ol 8 -2

(e) &' = |i|. Partially mirrored relation of intervals. All intervals except the unison

become ascending.

N

N>

=il

Journal of Moscow Conservatory Vol.13

Sc = Chrom, spj =c¢

I -10 2 g 6 0-1 -4 10
[
i7 :
b T T e T
A NIV P Iy) T
{20 T T N B O 2R B
) r‘q »
R o — (7] N — i
& i
S, Jhe # i
1. 10 2 g 6 01 4 10
@
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(f) @' = a. Equalized intervals.

Sc = Chrom, sp} = a"

i i -10 2 g 6 0-1 -4 10
A
; ,- = === a_d'ﬁ.’
- 2 + \.31 ’ |yl !
- R 2 A 2 A R
=-3 R: % ey
J, R
1. -3 -3 ¢ -3 -3-3 -3 _3
Sc = Chrom, spi = a'
i i -10 2 g 6 0-1 -4 10
A %
0 i P: # f *f Ib'lc o d_d I
= T \.31 ’ Iy) L
Voo L2 B A 2 A
i'=0 [ — N p—
S e e
o,
i 0 o g 0 00 0 O

6. PERMUTATIONS OF NOTES

Transformations of sequence numbers only (i. e. permutations of notes), with other
parameters remaining unaltered, can generally be defined as (d, p, #') = f(d, p, n) orin
short form as »n' = f(d, p, n).

In this section we examine transformations where independent values are numbers
only: n' = f(n).

The notes in a melody are numbered sequentially starting with 1. The rest is considered
as a note. If there are several successive rests in a music score, they are considered (and
numbered) as a single rest. The last note of a melody is denoted by 7.

6.1. Classical Transformations

There are only two classical transformations: direct motion (n' = n) and retrograde
motion (n'=n; —n + 1).

n’ n’
Ng Ng
4 -
L4 kN
4 -
k4
3 3 >
1 1
1 3 ns N 1 3 nfn
n’=n n=nr-n+1
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6.2. Nonclassical Transformations

Some examples.

n’ n123 4 567 8 910 11 12
i } } } |
" .
P: T —1 | Py 1|
9 ) L
7
5 [ ) . .
1 I I 1|
3 R: A NIV 7 T O
.) P I L b | I
1 n:i 2345 6789 10 11 12
1.3 5 7 9 1 n n:. 4 321 8 76 5 12 1110 9
(b)
n’ n123 4 567 8 910 11 12
i } } } |
" .
P: T —1 | Py 1|
9 PS) | T A 4| ©
7
5 [ . . .
7 I 1 1
3 R: Py T — 1
.) bl had | I
1 4
n:12 3 4 567 8 910 11 12
1.3 5 7 9 1 n n: 91011 12 56 7 8 123 4
(©)
n’ n. 1 2 3 456 7 8 910
o
i 6 ) t 1 |
9 P: A\EV I — P=Y i
7 B)
5
9 o i i i
3 R:
= —o ]
1 9, '
n:i 2 3 4 56 7 8 910
1 3 65 7 9 n n: 1 3 2 6 5410 9 8 7
(d)
n’ n.1 2 3 4 5 6 7 8 9 101112
” p: 7 " — —t — T Po— — —
9 ' I 1
7
5 [ . . . .
7 P— TT—T — T —TT —
3 R:
P ! LI
1 n:1 2 456 7 89 10112
1.3 5 7 9 1 n nis 9 2610 3 71 42812
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(@)
n’ nmi 23 4 56 7 8 910
5 " f T — I — n
9 P: @:&qﬁjﬁf_—#:ﬁ
7 ' ' g
5
* 5 T—t I T T |
: R g
1 .. G '
n1 2 34 5 67 8 910
3 5 7 9 n niipE 29 3 8 4 7 5 6

(f)

n 1112131415

I ni234se6 809

13 _ :;( p: ﬁ

1 =TT . 8 r —4

/

9 / -e1)

7 7 / /

T L BN

3 2l R g' d—d—d_‘__‘_H

1} o 1
3 5 7 9 1 15 n n"1 23 45678 9101112131415

n12 471358126 913101415

d'=
=

n'=

7. TRANSFORMATIONS OF DURATIONS, PITCHES,
AND NUMBERS IN COMBINATION

a?—3d+3 Sc = D minor Harmonic, f' =0
p*—3p
n=7T—nifn<6
1T=nif n=1 nmi 2 3 45 6 7 8 9 10
pi-2 2 1 00 2 5 4 5 ¢
d4 2 3 12 2 4 2 2 2

1 :;]I._lu | 1|
R T L et H
1 I’ 1]
d:1113° 17 11 17
p*200-2 -210 @10 410
n"1234 6 7 8 910
n: 6543 21 09 87
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8. PERMUTATIONS OF DURATIONS AND PITCHES SEPARATELY

By 47 and 47’ we denote the sequence numbers of original and derived durations;
by »7 and pn’ we denote the sequence numbers of original and derived pitches.

A simple example: the order of durations remains the same, the order of pitches
becomes reversed.

n'=n
I —
n=n—nt+l
P u n1o 2 3 4 5 6 78 9 101
- e
B = . * o
A N N
R £ e
I T T —" &
nt1 2 345 6 78 9 10l
a1 2 345 6 78 9 101
pNi1l 10 9 8 7 6 54 3 21

9. TRANSFORMATIONS BETWEEN VALUES OF DIFFERENT DIMENSIONS

(a) Durations turn into pitches and vice versa.
d=p Sc = C major, c' =1
p=d

2 3 4 5 6 7 8

i

X0 [~

(b) Intervals become durations.

d' = d for the first note Sc = C major
d' = |{| for other notes

i -3-1 1 2 2 1 -10-1 4
nd:4
P: :é"? o .E' ij‘ - T =
ARSSSNANIA
R: = o
dd’:4 3 f T2 =1 101 4
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(c) Numbers turn into pitches and vice versa.

d=d
p'=n Sc = C major, c' = 1
n'=p
n:12 3 4 5
Op. 5%1 3.4 2 |
P: 1) N 1 . 1
5 7>¥'\' .
R: N T N 1 N
pi2 s 3.4
nt1 2 3 4 s
n:2 s 3 4 1
10 TRANSFORMATIONS OF SEVERAL INDEPENDENT VARIABLES
(a) Duration of the risposta depends on two different durations.
d/=d,if n=1
di=d,td,_ if n>1
d: 4 4 1 2 1 2 2
D T N
R
J & ¥ -
- NS
R: :é’\ T T i T T i ;
) vi ‘I - - ‘I_ -Jlﬁ:d:\;hﬁ
e v— "3 5 s 4

(b) Duration of the risposta depends on a proposta’s duration and pitch: d' = f(d, p).
d=d+p Sc = C major,c' =1

(c) Independent values may belong to different propostas. The following example
demonstrates an “exchange of durations”.

1p, 2p:

1R, 2R:

Etc.
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11. ExaMPLES TAKEN FROM MusIC PRACTICE

The following cases may be understood not only as rhythmical but also as completely
strict pitch imitations:

J. 8. Bach. From “Fugue in D major” for organ, BWV 532

The transformation d' = a can be found in the music by Béla Bartok.

From “Music for Strings, Percussion and Celesta”, IV, 1936

The transformation p' = a can be found in the music by Alfred Schnittke.
From “The Fourth Violin Concerto”, Il, 1984

P:‘-\':I 1 1/ I 1
0 T T T T T T T 1y

RO e S e N e
Y32 9 dI 9 3 9 @3 @

The transformations d' = d + a (addition of a duration) and d'=2(d + a) (addition of
a duration and double augmentation) are used in the “Canon in Three Voices” by Vassily
Lobanov from “Seven Slow Pieces” for piano, Op. 34, 1980 [6].

“Trivium” for organ, 1976, by Arvo Pirt contains the following transformations:

) £ oo o ?
P | ..’.- 1p’:_@—m_n = =
CEETN L bbbttt
o thd

=
‘i
&@\o

-
-
9 «— 9

[ I8 )

Vyor b
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Similar transformations may be found in other works by the composer.

Permutations of notes, durations, and pitches are often associated with twelve-tone
technique [4, 148—-150] and with the music by Olivier Messiaen (1, 175-178; 5, 134-142)].

Repetition with omission of rests and of all small notes is found in the mass “Allez
regretz”, Agnus 1l by Josquin des Prés (the authorship is doubtful) [3, 15]. This device is
considered as a form of canonic technique in the music of the 15th-16th centuries.

Many examples of melodies composed on the basis of algorithmic procedures which
in fact are strict transformations as well, may be found, in particular, in music and books
by Tom Johnson (for instance [2]).

“Four Canons” were written by the author of these lines in 1981. In these canons
the following nonclassical transformations are used: d'=8/d; d'=2; d'=d + 3; d' =
= |—=d? + 8d — 6|; i' = i + sgn(i) X 7; 2p' = 'p' + |i| — 4. I have never seen any of them
before. (See https://nv.mosconsv.ru/sites/default/files/2023-07/Sergei%20Zagny Four%20
Canons.pdf and https://voutube/w _gYzm CgnQ.)

12. CONCLUSION

The proposta and the risposta reflect each other. They are kin. In simple cases such
as repetition, their kindred relationship is obvious. For augmentation, inversion, and re-
verse motion this is less clear. The more complex the transformation, the less evident is
the kinship of the proposta and the risposta. Observing music from the outside, we are
not always able to realize whether such a relationship actually exists. Even similar things
are often similar not because of kinship but by coincidence.

D. Scarlatti. From “Sonata in D major”, K. 96. — P. Tchaikovsky. From “The First
Piano Concerto”, I, Op. 23.

F=es e
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