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Abstract

In this article we introduce an improved version of CAT (Cataldo Advanced Transformations). The purpose of CAT fundamentally
lies in providing musicians with a reliable instrument that may effectively assist them in carrying out chord progressions analysis.
The correct application of CAT allows to convert any harmonic progression, net of some very rare exceptions, into a mere sequence
of plagal and perfect cadences. Amongst other features, the improved version of CAT, unlike the previous one, takes also into
account Modal Interchange and Tonicization.
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Introduction

Net of a single exception (a routine named "Structure Reduction™), the whole method is based on the mere application of a series of
(inverse) harmonic transformations [1] [2]. The above-mentioned transformations, herein introduced in a considerably improved
version, turn out to be nothing but inverse chord substitutions characterized by specific conditions and restrictions. As elsewhere
underlined [7] [8], the method arises from the analysis of a considerable number of chord progressions, devoting particular (although
not exclusive) attention to traditional jazz compositions. A significant improvement of CAT has been achieved by conducting an
extremely thorough analysis of a huge amount of LEGO Bricks (public domain harmonic patterns) [5] [6]. Unlike the previous
version [3] [4], the one herein introduced has no limitation concerning the key (any song written in both major and minor key can
be analysed), exploits a more rigorous definition of “Similitude”, and takes into consideration “Modal Interchange” (comparing 35
scales/modes) and “Tonicization” (actually not to be regarded as a real substitution, but rather as a “Harmonic Enrichment™) [7] [8].
The time signature must always be imagined as being equal to 4/4. For example, even if we deal with a 3/4, we have to consider
four pulses per measure (four beats per bar): each beat, in this case, will be characterized by a duration equivalent to a dotted quaver.

NN N

1. KEY Selection and Writing of the SCALE and HARMONIZATION VECTORS

If we denote with X a generic note belonging to the Chromatic scale, and with t a whole tone interval, we can represent the lonian
and the Aeolian scales as vectors [9] [10], denoted by s'°" and s”¢° respectively [11] [12]. Similarly, we can consider two vectors,
denoted by h'°" and h”¢°, whose components are the seventh chords that arise from the harmonization of the above-mentioned scales.

(X) MAJOR Key (X) MINOR Key
X I Xmaj7 ] r X I Xm7
X+t (X +t)ym7 X+t (X + t)y)m7b5
3 3
X+ 2t (X + 2tym7 X+Et (X+Et)maj7
5 5
X+=t (X +=t)maj7 Aeo vy 5 Aeoryy 5
slon(x) = ; hlon(X) = 2 ; sdeo(X) =[x +Et h4°(X) =1 (X +Et)m7
X+t — 7 7
9 9
X +Et (X+Et)m7 X + 4t (X + 4tymaj7
11 11 L i |
»X+7t_ (X+7t)m7b5 X + 5t (X + 5t)7
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2. STRUCTURE REDUCTION

Structure Reduction — Without “Structure Reduction” a correct application of CAT (Cataldo Advanced Transformations) is de facto
impossible. Very simply, the number of bars and the duration of the chords are iteratively halved. The procedure is stopped the
moment in which even a single chord characterized by a duration equal to a beat appears. “Structure Reduction” is applied every
time it is possible, so as to obtain the highest simplification level. [3] [4]

Very concisely, we have:

Npax = current number of chords

kmax = current number of bars
a, =n—thchord
T(a,) = current duration of the n — th chord

k a.T(a a.k
mat ¢y — 1) ST an ey, 25 s

vn € (L, nmer) T(a,) > 1beat and

3. Inverse Substitutions (Modal Interchange and Similitude) involving AUGMENTED MAJOR SEVENTH CHORDS

Modal Interchange — Two chords that arise from the harmonization of two different scales characterized by the same tonic (generic
parallel keys) are interchangeable if they are placed in the same position (if they represent the same harmonic degree). [7] [8]

X=C|h h? b} h* h? h¢ h’
Tonian Cmaj7 Dm7 Em7 Fmaj7 G7 Am7 Bm7b5
Dorian Cm7 Dm7 E’maj7 F7 Gm7 Am7b5 BPmaj7
Phrygian Cm7 DPmaj7 EY7 Fm7 Gm7b5 APmaj7 B*m7
Lydian Cmaj7 D7 Em7 F*m7b5 Gmaj7 Am?7 Bm7
Mixolydian Cc7 Dm7 Em7b5 Fmaj7 Gm7 Am?7 BPmaj7
Acolian Cm7 Dm7b5 E*maj7 Fm7 Gm7 APmaj7 B¥7
Locrian Cm7b5 | D’maj7 E*m7 Fm7 G*maj7 A*7 Bbm7
Ipoionian Cm* Dm7 Emaj7#5 | F7 G7 Am7b5 Bm7b5
Dorian b2 Cm7 DPmaj7#5 | E*7 F7 Gm7b5 Am7b5 Bbm?
Lydian Augmented Cmaj745 | D7 E7 F*m7b5 G*'m7b5 | Am? Bm7
Lydian Dominant €7 D7 Em7b5 F*m7b5 Gm* Am7 BPmaj 745
Mixolydian b6 c7 Dm7b5 Em7b5 Fm? Gm7 APmaj7#5 | B*7
Locrian #2 Cm7b5 | Dm7b5 Ebm? Fm7 GPmaj7#5 | A7 B¥7
Superlocrian Cm7b5 | Dbm? E*m7 FPmaj7#5 | G7 Ab7 BPm7b5
Harmonic Minor Cm? Dm7b5 E’maj7#5 | Fm7 G7 APmaj7 Bdim7
Locrian #6 Cm7b5 | D’maj7#5 | Ebm7 F7 G*maj7 Adim7 Bbm?
ITonian Augmented Cmaj7#5 | Dm7 E7 Fmaj7 G*dim7 Am? Bm7b5
Romanian Cm7 D7 Emaj7 F~dim7 Gm* Am7b5 BPmaj7#5
Phrygian Dominant €7 DPmaj7 Edim7 Fm? Gm7b5 APmaj7#5 | B'm7
Lydian #2 Cmaj7 D*dim7 Em* F*m7b5 Gmaj745 | Am7 B7
Ultralocrian Cdim7 Dbm? E'm7b5 | F'maj7#5 | G*'m7 AP7 B®maj7
Harmonic Major Cmaj7 Dm7b5 Em7 Fm7 G7 APmaj7#5 | Bdim7
Dorian b5 Cm7b5 | Dm7 E*m7 F7 G"maj7#5 | Adim7 BPmaj7
Superphrygian Cm7 D*m7 EY7 FPmaj7#5 | Gdim7 APmaj7 Bm7b5
Lydian b3 Cm7 D7 E’maj7#5 | F*dim7 Gmaj7 Am7b5 Bm7
Mixolydian b2 c7 DPmaj7#5 | Edim7 Fmaj7 Gm7b5 Am7 BPm7
Lydian Augmented #2 | Cmaj7#5 | D*dim7 Emaj7 FFm7b5 | G*'m7 Am7 B7
Locrian bb7 Cdim7 DPmaj7 E'm7b5 | Fm7 G*m7 AY7 B®maj 745
Double Harmonic Cmaj7 DPmaj7 Emd=’ Fm? G7bS APmaj7#5 | B(?)
Lydian #2 #6 Cmaj7 DFmdim? Em?* F*7b5 Gmaj745 | A%(?) Bmaj7
Ultraphrygian Cmd=’ Dbm? Eb7b5 FPmaj7#5 | G(?) APmaj7 B®maj7
Hungarian Minor Cm* D7b5 E'maj7#5 | FA(?) Gmaj7 APmaj7 Bmd»’
Oriental C7b5 DPmaj7#5 | E(?) Fmaj7 G*maj7 Amd=? Bbm?
Tonian Augmented #2 | Cmaj7#5 | D*(?) Emaj7 Fmaj7 G*mdin7 Am? B7bS
Locrian bb3 bb7 Cc(?) DPmaj7 E*®maj7 | Fmd=’ G'm* APTb5 B®maj 745
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Similitude Substitution — Any Augmented Major Seventh Chord can be approximately identified with a Dominant Seventh Chord
(provided with the flat thirteenth) distant an ascending major third. Any Minor Major Seventh Chord can be approximately identified
with a Dominant Seventh Chord (provided with the sharp eleventh) distant an ascending perfect fourth [3] [4].

From now onwards, the examined chord (the one which must undergo substitution) will be denoted by a,. The analysis must be
carried out by starting from the final chord of the progression.

MAJOR Key MINOR Key
n = Ymaj7#5 = Y2#5 a, = Ymaj7#5 = Y2#5
s1oNma 745 = hiydian Augmentea o4 int. plon $4€0maj7#5 = hiydian Augmented Tod. int. paeo
<S{on + E) maj7#5 — h?orian b2 M héon (Sfleo + %) Mmaj7H#5 = hé)a'rian b2 M h‘z“e"
SIOMmaj7#5 e (slon + %) 7b18 = (ghom 4 %) 7 s$€°maj7#5 Pl (s + %) 7b13 = (sfeo + E) 7
(s10m + ) maj7#5 = plpe fomien LT pgon sfeomaj7#s = ppe fonian L1 paco
S{mmaj7H5 = hPeT LoeTien Qo0 My ron (sgeo + £) mai7#5 = purer boerian 0% T paeo

m. t t
s,{"”maj7#5 Pl slongb1s ~ glony Ae"maﬂ#S phld (sfe0 + =) 7013 = (sfe0 + =) 7
Ion t . Locrian #2 mod. int. Ion 2 d. i 2
<S + E) ma]7#5 = h5 <—h5 <S:Lqeo + _) maj7#5 — hLocrian #2 m{ od. int. hAeo

; d. int.
Ion . _ pLydian #2 mo Ion
Sg maj7#5 he ——— hyg Ae"ma]7#5 _ hLydlan 4o mod. int. hAeo
Mixolydian be M0d- int.
(slom + )ma]7#5 hg Y ———hlon Aeoma]7#5 _ hMlxalydtan be Mod. int. pAeo
6
mod. int

i : : mod. int.
Séonma]7#5 — h%ocrtan bb7 héon

(Sgleo + _) ma]-7#5 - h%ocrian bb7 (_ héeo
on . b , Lydian Dominant M0d- int. 2 d. i
(s + —) ma]7#5 =h, ——— hy 1M maj7#5 = hgydian Dominant T10% nt héeo

t t t sim.
s’onma]7#5 il -(shom + E) 7b13 = (slon 4 E) 7 (s4eo + E) maj7#5 —— s4eo7b1s = gfeoy

4. Inverse Substitutions (Modal Interchange and Similitude)* involving MINOR MAJOR SEVENTH CHORDS

*See point 3 for the definitions of Modal Interchange and Similitude Substitution.

MAJOR Key MINOR Key
— A — A
n=Ym n=Ym
iqn mod. int. iqn mod. int.
S{onmA — hipo Tonian 7% 77 h{gﬂ SlAeomA — hipo fonian 777 7 hfeo
t i mod. int. t . mod. int.
Super Locrian Super Locrian
(siom + —) mh = h2 b —— him (sfe° + —) mh = h2 P ——— hje°
#11 #11
SIonrnA hlon 9 =~ héon SAeom SAeo 9 =~ Séleo7
mod. int. mod. int.
Ion A _ pLocrian #2 Ion Aeo — pLocrian #2 Aeo
(s5 +E)m = hj —h} sfeom® = hk «—h{
; t i mod. int.
i mod. int. Aeo 4 A _ pLydian #2 Aeo
SéonmA _ hé,ydmn #2 héon (s§° +)ym” = hs «———hj
Mixolydian be Mod- int. Mixolydian be od- int.
SionmA — h4 Y ¢ hion S‘feomA = h4 Y hAeo
t . mod. int. t . mod. int.
L I Aeo A _ jpLocrian bb3 bb7 Aeo
(Sion + E) mb = hsocnan bb3 bb7 hson (54 + _)m — hs ¢ hS
Lydian Dominant Mod- int. Lydian Dominant Mod- int.
SéonmA — hsy hgon SéleomA — hsy ¢ hgleo
t sim. t. #11 t sim. t_#1 t
Ion A Ion ~ Ion Aeo ,,,A Aeo _ ~ Aeo e
(ss +E)m — (st +§>79 = (s] +§>7 s&eom®t «—(s{ +2)79 = (s{€° + )7
Lydian Augmented Mod- int. t Lydian Augmenteq Mod. int.
SéonmA — héy g ¢ héon (Sgleo + _) mh = h6y l g héeo
t . mod. int. .
. mod. int.
(Séon + E> mt = h?orlan bz — h170n S;leomA — h?orlan b2 : h;leo
i #11 t sim. t #11 t
sim.
Aeo A Aeo ~ Aeo
stormb —slon7 o = glony (s7° + E)m — (s + E) 79 =(s§°+5)7
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5. Inverse Substitutions (Modal Interchange* and Inverse Diminished Substitution) involving DIMINISHED CHORDS followed
by Half-Diminished or Diminished Chords

Diminished Substitution — Any Dominant Seventh Chord, especially if provided with the flat ninth, can be replaced, even if it were
to arise from a previous harmonic substitution, by a Diminished Chord distant a major third, a perfect fifth, a minor seventh or a flat
ninth from the initial chord. All the above-mentioned intervals must be regarded as ascending [1] [2] [3] [4] [7] [8].

In other terms, if we denote with P a generic note belonging to the Chromatic scale, we can write, with obvious meaning of the
notation, as follows:

dim.
P70 XS yaim7
3n
Y=P+2t+t n=0123

More explicitly, we have:

((P + 2t)dim7 n = 0,major third
7
dim | (P +=t)dim7 n=1,perfect fifth
P79 — { 2
(P + 5t)dim7 n = 2,minor seventh

13
L(P + 71&) dim7 n =3, flat ninth

*See point 3 for the definition of Modal Interchange

MAJOR Key MINOR Key
{an = Ydim7 {an =Ydim7
Ape1 = Zm7b5, Zdim7 Apy1 = Zm7b5, Zdim7

. mod. int. . mod. int.
S{ondim7 - h%]ltra Locrian hion S{leodim7 — hilltra Locrian h{leo

t dim. t dim. t t
(sfom + E) dim7 «— slon7b® = glony (sfteo + E) dim7 — (sf¢° + E) 7P = (sfe° + E) 7
dim.
sfeodim7 pasli s#e"bg = gfeo7
h12490

t Phrygian Dominant M0d- int.
(sfleo + E) dim7 = hy "9 ——— sgeo

dim. t t
sz”dim7 — (s¢”" +5) 77 = {sg™ +5) 7

i mod. int.
Lo Lydian #2 mod. int. sAeo Jim7 — hLydmn #2
(s3om" + E> dim7 = hyY @ # ——— plon % 5 —

. Phrygian Dominant Mod. int.
siondim7 = hy Y — R

dim. t t
Siondim7£(sion +§) 7b9 ~ (S{on +E)7

I to . R iqn Mod. int.
(slon 4 E> dim7 = hRomanian ¢ hlon

, Super Phrygian Mod- int.
siondim7 = h? voram

Ion
hs

ton 1 by 4. Ionian Augmented ™mod. int.
(™ + E) dim7 = hyg ———h{

Ion 4; Locrian #6 mod. int. Ion
stdim7 = h¢ ——— hg

t dim. t t
(Séon + E) dim7 (ﬂ <Sion + E> 7b9 ~ (Sion + E) 7

Ion q; Harmonic Minor mod. int. Ion
s7°"dim7 = hg «——hy

6. Inverse Diminished Substitutions involving DIMINISHED CHORDS not followed by Half-Diminished or Diminished Chords

*See point 5 for the definition of Diminished Substitution

dim. t t
sgeodim7 «— (sf¢° + > 7P = (sfte0 + 27
t . mod. int.
<Sfeo + E) dim7 = hi?omaman ¢ hileo
i s Ph ian Mod. int.
Séeodlm7 — hsuPeT rygan " héeo

. Ionian Augmented Mod. int.
Sgleodlm7 = hs g — hgleo

t . mod. int.
<Séqeo + E) dim7 = héocrmn #6 hgleo

dim. t t
sA0dim7 — (sfeo + E) 7P = (sfe0 + E) 7

t . . mod. int.
(5;130 + E) dim7 = hglarmomc Minor . h;leo

Unlike the previous version of CAT [3] [4], we herein consider two cases altogether:
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6.1. Inverse Diminished Substitutions involving Diminished chords followed by Dominant Seventh Chords

a, = Ydim7
Any1 =27 dim.

: = —Z77
{an € sub®™m[77] n

aner =27 dim. 5
—(Z+ Et) 7

. 5 B
a, € sub%™m [(Z + Et) 7] n

Aniy = 27 dim. 7
—(Z+ 3 t)7

. 7
a, € sub%m [(Z + §t> 7] = n
6.2. Inverse Diminished Substitutions involving Diminished chords followed by Major Seventh or Minor Seventh Chords
a, =Ydim7

an+t1 = Zmaj7,Zm7

A 7
anEsubd”"[(Z+ t)7]=>a"(_< t3 t)

An1 = Zmaj7,Zm7

anEsubd”"[(Z+ t)7]:>a”(_(z+ t)7

Ant1 = Zmaj7, Zm7

.
a, € sub%m [(Z + Et) 7] n

dim. 9
—(Z+ Et) 7

7. CONTRACTION (Inverse EXPANSION)

Expansion — Any Dominant Seventh Chord, by forgoing half of its duration, can be imagined as being preceded by a Minor Seventh
or a Half-Diminished Chord distant a descending perfect fourth and characterized by a duration equal to half of the one of the initial
chord. In other terms, any Dominant Seventh Chord can be converted into a half-cadence [3] [4].

a, =Ym7,Ym7b5

5
Apny1 = (Y +Et)7

exp.

= a,|a «—a a
an,anHEbark ni“%n+1 n+11%n+1

T(a,) = T(an+1)
beat(a,) = on

8. STRUCTURE REDUCTION*

Note — Every time a Reduction has been carried out, it is necessary to evaluate the possibility of carry out Contractions the application
of which, in turn, could make feasible another Structure Reduction, and so on. In other terms, we have a LOOP that can be stopped
only if there are no conditions that make possible further Contractions and Structure Reductions [3] [4].

*See point 2 for the definition of Structure Reduction

9. Inverse Substitutions (Modal Interchange*) involving MAJOR SEVENTH CHORDS different from h; and hy, if the Key is Major,
or hzand hg, if the Key is Minor (Major Seventh Chords that does not belong to the Harmonization Vector).

*See point 3 for the definition of Modal Interchange

MAJOR Key MINOR Key
= Ymaj7 = Y2 # hio", plon a, = Ymaj7 = Y2 = h{°, hfe°
(S on 4 _) maj7 = hPhrygLan mE od. int. héon SAeomaj7 _ hlonian mod. int. h{leo
. mod. int.
Slonma]7 _ héocnan bb3 bb7 mE od. int. héon (S €o 4 —) maj7 = hPhryglan — h12490
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(Slon + E) mai7 = hDorian mod. int. hlon
2 2 J/ = h3 A

. Lydian Augmented #2 Mod- int.
Séonma]7 = h3y g — héon

(Slon + E) maj7 = hLocrian mod. int. hlon
4 2 J/ = Nns A

X Lydign mod. int.
s&"maj7 = h " ———h"

t i mod. int.

. Ph n
(Séan + —) ma]7 = h6 rygan héon
2

Ion ; Ultra Locrian mod. int. Ion
5" maj7 = h; «———hy

(Slan + £) mai7 = hDorian mod. int. hlon
6 2 J/ = ny —ny

. Lydian #2 #6 Mod. int.
si"maj7 = h;” —— hlom

. mod. int.
S;eoma]-7 — héoc‘rlan bb3 bb7 hééleo

t ; mod. int.
p Lydian Augmented #2
(s4° + )y maj7 = hy” g —— hgeo
2
Aeo P Ionian mod. int. Aeo
s2%°maj7 = hy «———hj
Aeo ¢ ; Locrian mod. int. Aeo
(s +=Yymaj7 =h —h
4 2 5 5

X Lydian mod. int.
s&°maj7 = hy” " ——— hge°

t . mod. int.
(Sgleo + _) maj7 — h'l7/ltra Locrian h;}eo
2
Aeo ; Dorian mod. int. Aeo
55°maj7 = hy «———hs

t ; mod. int.
. Lydian #2 #6
(sfleo + E) maj7 = h,” —— h4eo

10. CONTRACTIONS (Inverse EXPANSION) + STRUCTURE REDUCTION [LOOP]

11. Inverse Substitutions (Modal Interchange and Similitude)* involving HALF — DIMINISHED CHORDS different from hy, if
the Key is Major, or hy, if the Key is Minor (Half — Diminished Chords that does not belong to the Harmonization Vector).

*See point 3 for the definitions of Modal Interchange and Similitude

MAJOR Key
a, = Ym7b5 = Y # hion

1
[an = (slon + Et)m7b5

{ An+1 = S‘{on7

10n, Any1 € bark
|T(an) =T(an+1)
beat(a,) = on

= a, = a, (no substitution)

a, = si°"m7h5

= a, = a, (no substitution) i+ 4,7

QAp, Ay € bary
T(an) = T(an+1)
beat(a,) = on

( 11
{lann = (s{" +7t)7

I Locri mod. int. I
Slonm7b5 — hloc ian hlon
t sim
(sfom 4+ E) m7b5 «— slon7° = slony
I Aeoli mod. int. I
Szonm7b5 — hz eolian ¢ hzon
t . mod. int.
(Séon + E) m7b5 = hgltra Locrian héon

mod. int.

Mixolydi
sS4 m7b5 = Ry O < plon

im. t t
SImTb5 < (517 +2) 7% = (517" 4 2) 7

(shom + %) m7b5 = plrdion T8 pron

Ph iqn mod. int.
sE"m7b5 = hy Y9 e——— hion
t Lydian A teq mod. int.
(57" + 25y m7b5 = ¥ IS —— pom

Ion Dorian mod. int. Ion
562" m7b5 = hg «——— hg

Super Locrign ™od- int.
h ———hy

t
(skom + E)m7b5 =h;

MINOR Key
a, = Ym7b5 = YQ # h5e°

T 56%07
| an, any1 € bary
lT(an) = T(an41)

beat(a,) = on

1
[an = (sf° + Et)m7b5

= a, = a, (no substitution)

a, = s°°m7b5

11
Ay = (s7° + 71:) 7
= a, = a, (no substitution) i # 2,6
Ap, Antq € bark

| T(an) = T(ansy)
beat(a,) = on

Aeo Locrian mod. int. Aeo
57¢°m7b5 = hy ———h{

t sim t t
(s + 5) m7b5 — (sfe° + E) 7% = (sfe° + E) 7

. mod. int.
S;eom7b5 — hé]ltra Locrian hécleo

(53{160 + %) m7b5 = hg/lixolydian m( od. int. héﬁleo

im. t t
SAOmTBS = (5160 +2) 7% = (s +5) 7

n mod. int.
—

t .
(s{° +5)m7b5 = h ™ heo

Ph iqn mod. int.
s&€°m7b5 = hg ' I ——— hgeo

g mod. int.
-—

Lydian Augmente
s&°°m7b5 = he” g héeo

t . mod. int.
(Sgleo + E> m7b5 = hgonan ¢ héeo

Super Locrian Mod- int.
s#€°m7b5 = h,"? ——— hge°

(SAeo + E) m7b5 = hlonian mf od. int. hAeo
7 2 - 7 7
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12. CONTRACTIONS (Inverse EXPANSION) + STRUCTURE REDUCTION [LOOP]

13. Inverse Substitutions (Modal Interchange*) involving MINOR SEVENTH CHORDS different from hy, hs, and he, if the Key is
Major, or hy, hs, and hs, if the Key is Minor (Minor Seventh Chords that does not belong to the Harmonization Vector).

*See point 3 for the definition of Modal Interchange

MAJOR Key

@y = Ym7 % hi™, hion, plon

1
[an = (sl + Et)m7

Apyq = SIOM7
nt 4 = a, = a, (no substitution)
QAp, Anyq1 € bary

T(a,) = T(an+1)
Lbeat(an) =on

(an = slormz

11
g Apyr = ({7 + 71') 7
A, Any1 € bary

| 7(@n) = T(@nsr)
beat(a,) = on

= a, = a, (no substitution) i= 1,57

Ion Aeolian mod. int. Ion
5:°"m7 = h{ —h'

t Super Phrygian Mod. int.
(S{on +E) m7 = hz 14 yg ¢ héon

Ion ¢ Locrian mod. int. Ion
(s3°™ + E)m7 = h3 —h{

Ion Aeolian mod. int. Ion
5:°"m7 = hj «—— hy

t . mod. int.
(sion + E> m7 = hé]ltra Locrian hgon

Ion Aeolian mod. int. Ion
552" m7 = hg ——— hg

t Lydian A ted #2 mod. int.
<Séon +E> m7 = hsy ian Augmente hé‘m

t Phrygian Mod. int.
(st + 2y = g9 L o

Lydian mod. int.
simm7 = p Y ——— plon

MINOR Key

a, = Ym7 # h{i°, hjeo, hfeo

1
a, = (sf° + Et)m7

ns1 = 5§07 = a, = a, (no substitution)
an, Any1 € bark o
LT(an) = T(an+1)

beat(a,) = on

a, = sf*°m7

11
Anyr = (570 + 71:) 7
@y, @y € bar, = a, = a, (no substitution) i=2,3,7
T(a,) = T(ans1)

beat(a,) = on

t Super Phrygian Mod. int.
(SiAeo +E> m7 = hz p Y9 hﬁleo

Aeo Ionian mod. int. Aeo
55°m7 = hy «———hj

A Locrian mod. int. A
s§¢°m7 = hy «——— h{®°
Aeo t Ionian mod. int. Aeo
(s4€° + =)y m7 = h§ «—hf
2

t . mod. int.
(Sfeo + E) m7 = hlslltra Locrian héeo

Lydian Augmented #2 Mod. int.
Séleom7 — hsy g ¢ hg‘leo

4 t lonian M4 int.
<56 eo 4 E) m7 = hzoman p hé eo

Phrygian Mod. int.
S;leom7 — h7 Y9 h?eo

t Lydian Mod. int.
(se0 + Zym7 = pLtian T e

14. CONTRACTIONS (Inverse EXPANSION) + STRUCTURE REDUCTION [LOOP]

15. (Inverse) TRITONE Substitutions

Tritone Substitution — Any Dominant Seventh Chord, especially if altered, can be replaced, even if it were to arise from a previous
harmonic substitution, by a chord of the same kind (a Dominant Seventh Chord) distant three whole tones from the initial chord.

Generally, if we denote with P a generic note belonging to the Chromatic scale, and with t a whole tone interval, we can write:

dim.
X7 —Y7
Y=X+3t
MAJOR Key MINOR Key
a, =Y7 a, =Y7
a, =Y7 tri. . a, =Y7 tri. .
{Yisgon =a, —(Y+3t)7 i=1,..7 {Hsm =a,—(Y+3t)7 i=1,..,7
i i
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— olon i
a, = 537 tri. o
= a, «— s;°"7
{an_1 = hIo" (s{o™ + 3¢t)7

— olon
a, = s3°"7 i,
= a, « s¥"7

1 1
Ap_q1 = (s + Et) m7b5, (si°" + Et) m7

— olon i
a, = s;°"7 tri.
{ nT7 = a, « s}o"7

Ap_1 = s1°"m7b5, sl°"m7

tri. Aeo
an < s§°7

a, = sje°7
Gy = hi%0, 58907 (s40 + 307
Aeo i
a, =S 7 tri.
" ’ Aeo Aeo an < 56%07
An—q1 = 55°°m7b5,s5°°m7

a, = sfe°7 i
1 1 = a, — sgeo7
Ap_q = (s&° + 5 t)ym7b5, (st™ + Et)m7 "

16. CONTRACTIONS (Inverse EXPANSION) + STRUCTURE REDUCTION [LOOP]

17. SECONDARY DOMINANTS Inverse Substitutions

Secondary Dominant Substitution — Any chord, even if it were to arise from a previous harmonic substitution, can be converted into

a Dominant Seventh Chord [1] [2] [3] [4] [7] [8].

MAJOR Key
a, =Y7

sec. dom.
a, =si"7 =a, —— ho"

i#5

MINOR Key
a, =Y7

The Secondary Dominants Inverse Substitutions involving ss
are procrastinated in order to facilitate possible Contractions.

18. CONTRACTIONS (Inverse EXPANSION) + STRUCTURE REDUCTION [LOOP]

19. (Inverse) DIATONIC Substitutions

Diatonic Substitution — Two chords that arise from the harmonization of the same scale are interchangeable if the distance between
them (between the roots) is equal to a diatonic third (both ascending and descending) [1] [2] [3] [4] [7] [8].

Substitutions Chart — MAJOR Key

Imaj7

VIIm7b5 IIm7

Vim7 1Hm7

V7 IVmaj7

19.1. (Inverse) DIATONIC Substitutions involving he

MAJOR Key

Ion dia. Ion
a, = hd" = a,— hy

Substitutions Chart — MINOR Key

Im7

vVIi7 1Im7b5

Vimaj7 I1Imaj7

Vm7 IVvm7

MINOR Key

Aeo dia. Aeo
ay, = h4¢° = q,— h?



19.2. (Inverse) DIATONIC Substitutions involving hs

MAJOR Key
_ plon i
a, =h dia.
{ . ’ fon — %n (__hion
Ant1 = Apog = Ry
— plon
no h3 I I dia. Ton
nyq # RIO™, RIOT = @, —

beat(a,) = of f

(@n =h¥"
— plon plon
I An+1 = ", hy dia
“hi
4 Apiz = hlon =a, «— hson
an+1ran+2 € baTk
kbeat(an) = off
fan — hlan
Ion plon dia.
!a+1¢hl hI o = n & plon
1 = hion, plon plon
Lan 1,0y € bary,

dia.
otherwise: a, = hi°™ «— pion

19.3. (Inverse) DIATONIC Substitutions involving h;

MAJOR Key
— hlan
7

Ion plon i
hz ,h4 dia.

a =
n+1 > ap (___héon

Apy2 = hlson
beat(a,) = on

— hlon
an+1 — hlon hlon dia
Opip = hlon hlon:>a (___hIOTL
Any3 = hS

beat(a,) = on

dia.
otherwise: a, = hi°" «— hlon

19.4. (Inverse) DIATONIC Substitutions involving h,and ha

MAJOR Key
{a e =an = hion

— plon Ion
Any1 = hy"", hy

{ hlon dia. hlon

:a «—
Ion plon

Ani1 = b ks

ran
Aeo ,Aeo i
! Ani1 # h3°°, Ry dia.

{an

JOSHA
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MINOR Key

— KhAeo i

a, =h dia.

{ = ki
Ant1 = An-1 = Y

— hAeo

dia
Apiq # hAeo hAeo =a, (_hAEO
beat(a,) = of f

a, = h§®

— pAeo pAeo
I0ln+1 =h3%%, hy dia.

_ A Aeo
Anyz = 55°°7 = an < h;
An1)Anyz € bark

beat(a,) = of f

— KhAeo
= h3

Aeo
a, < hg
_ pAeo pAeo jAeo n
an-1 = h5°°, h5°°, h3

An_1,0ay, € bary,

X Aeo dia. A
otherwise: a,, = h%°° «— h{¢°

MINOR Key
— héeo
— pAeo jpAeo i
a = h5°,h dia.
i — 12480 j:eo Gn (_hAeo
Aniz = h5®°,s5°°7

beat(a,) = on

— hAeo
pi1 = hAeo hAeo dia
iz = hAeo hAeo =a, — hAeo
Aeo Aeo
An+z = h5®°,s5°°7

beat(a,) = on

dia.
otherwise: a, = hl°" «— pgeo

MINOR Key
a, = h§ dia.
= hgee
{an+1 = h{leo’ hileo o .

— hAeo .
] h4 dia.

——3
— pAeo pAeo Aeo
An+1 = h3%°, h50, s8°°7

20. CONTRACTIONS (Inverse EXPANSION) + STRUCTURE REDUCTION [LOOP]
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Note — In this LOOP it is necessary to explicit the chord placed on the third beat.

In detail, a chord covering the beats from the first to the third must be rewritten and treated as two identical chords: the first chord
covers the first two beats, the second exclusively covers the third. A chord covering the second and third beats must be rewritten
and treated as two identical chords: the first chord covers the second beat, the second covers the third. A chord covering the beats
from the second to the fourth must be rewritten and treated as two identical chords: the first chord exclusively covers the second
beat, the second covers the last two.

21. Further Inverse SECONDARY DOMINANTS Substitutions

MAJOR Key MINOR Key
All the feasible Secondary Dominants Inverse Substitutions a, =Y7
have already been carried out during phase 17. a, = 5297 = a, sec. dom. héeo

EXTRA. Inverse TONICIZATION (to be applied every time it is possible)

Tonicization — Any (major seventh or minor seventh) chord, especially if it covers a certain number of consecutive bars, can be
tonicized. The Tonicization, or Micro-Modulation, can be obtained by replacing a portion of the initial chord with a dominant
seventh chord distant an ascending perfect fifth, so as to locally create a harmonically Perfect Cadence [1] [2] [3] [4] [7] [8].

MAJOR Key MINOR Key
a, =Y7 a,=Y7

5 ) 5 ) ton.
Any1 = Apg = (Y + Et)maﬂ —a, 50_n-an+1 —a,, Any1 = apg = (Y +§t)ma17 = ap < dp41 = dn1
Apyq = Qg * hIOT T(an) < Min{T (ay41), T(an-1)}
T(an) < Min{T(ap4+1), T(an-_1)}

(A =Y7

a, =Y7 ; o A1 = Qg =Y + ;t)m7 —a, 5o_n-an+1 —a,
Ay = Qpog =V + Et) m7 = 0an < apy1 = apg Apiy = Apoq # h{leo
T(ay) < Min{T (ayn+1), T(@n-1)} T(ay) < Min{T(an41),T(an-1)}

Remarks

It's worth underlining how chord progression analysis has almost nothing to do with the improvisation built on the original harmonic
structure of a song. More precisely, net of a certain "Horizontalization" the musician can exploit by facing specific harmonic
aggregates, such as "Tonicizations™ and "Turnarounds"”, the improvisation should be carried out "vertically", abiding to the local
harmony of the song.

The Local Tonal Centre can be characterized by significant fluctuations: sometimes, it is very difficult to identify it, in particular
when a progression cannot be regarded as being manifestly "tonal™ (built on cadences).

And especially in this case, paradoxically, the musician should improvise by abiding to the harmonic progression, chord by chord
[13 —30].
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