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Modern ambitions of the contemporary musicol-
ogy exceed its basic method, which is empirical 
research, verified by knowledge, experiences and 

the expertise of a musicologist. Several trends today are 
directed to surpass the preferences of subjective decisions 
and appraisals in order to reach up to argumentation of 
objectified science. We can consider a research method to 
be objective namely when the processing and analysis 
of the same research material, under the same research 
conditions, come to the same results, disregarding the 
personality and education level of the researcher. 

The modern methods of objectified research include 
also the computer aided research, controlled by a soft-
ware relying on a sophisticated algorithm.1 Although 
the software itself is a product of mankind, its multiple 
repeated operations are independent from man. It ap-
proaches all data under the same conditions (stipulated 
by man in advance), with the same distinctive criteria 
(for all identical phenomena), with the same procedures 
and tools for assessment. Moreover it is not burdened 
by human factors (tiredness, preferences, disposition, life 
situation, etc.).

The computer analysis of music presupposes that 
the given musical piece or set of pieces will be digitized 
prior to analysis. Digitization means the transcription (of 
music, musical piece in its written or audio form) into 
a digital code, e.g. MIDI, MP3, etc. Subsequently the digi-
tized music being an ordered set of numbers (ordered in 
time, mainly) can become the input data for the software 
analysis. The output can be new digital or verbal infor-
mation about the piece. However, more often the output 
of the computer analysis brings the new information 
visualised in the form of a graph or 3D representation 
(as they appear to be more intelligible) of the ascertained 
attributes and relationships of music in its structured 
course in time (i.e. in the real-time music process, or in 
the system progression). The output can be also in the 
form of a table offering the survey of main structures or 
relationships in music and statistics of their occurrence. 
Computer processing, analysis, digitization and visualisa-
tion need not always be in close relationships. 

The following basic facts are usually respected:

1) Each digital representation (digitized information) 
can be quite simply visualised in a graph – either on 
a number line or in a coordinate grid. But i n  t h e 
m u s i c  p r o g r e s s i o n  we speak mostly about 
t h e  o r d e r e d  s e q u e n c e  a n d  m o r e 
c o m p l i c a t e d  r e l a t i o n s h i p s  o f  t h e 
g i v e n  n u m b e r s,  which are graphically dis-
played by more intricate operations (e.g. mathematical 
functions). 

2) Music is v i s u a l i s e d  already in its basic form – 
n o t a t i o n,  where also the n u m b e r  r e p -
r e s e n t a t i o n  is used, usually in the form of 
m e t r i c a l  a n d  r h y t h m i c a l  d a t a.2  The 

1 For more detailed information see e.g. Ferková, Eva: 
Hudob ná informatika, Nitra: Univerzita Konštantína Filozofa, 
2007, pp. 66-96.

2 Numbers in notation are used for example at the begin-
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temporal dimension of music is visualised in a similar way as the written text, i.e. from 
left to right, from top to bottom. Further possibilities and methods of digitization are 
discussed below. 

3) The pitches and tone durations, as well as dynamics, speeding up and slowing down and 
some other parameters have their own graphic signs assigned in notation, which have to 
be digitized.

4) D i g i t i z a t i o n  and the following computer processing according to the algorithm 
elaborated beforehand by an expert could become a new w a y  t o  a n a l y t i c a l  r e -
s e a r c h  of musical processes in time, where the v i s u a l i s a t i o n  would simplify or 
enable a more transparent representation and introduction of new information. Involving 
sight results in a better, more fitting and more figurative description and animation of 
a complex of relations in the musical process, and for this reason it has been increasingly 
used. The complicated structured musical process in time has posed a challenge for many 
analysts and music theorists for a number of years, as they are searching for the way of 
the best and most fitting grasping of complexity of music in time – in a chart, table, im-
age – in such a way that many mutual relationships and dependencies would not be hidden 
but on the contrary, highlighted. First of all, the main positive of the computer analysis 
and its subsequent visualisation – next to a comprehensive formulation and the following 
representation – could be an o b j e c t i v e  r e s u l t,  i.e. one independent from t h e 
s u b j e c t  (from the analyst himself).

Hypothesis
When we properly make use of the advantages of the computer processing (tremendous speed, 
enormous scale of processed items of information, uniformity in approaches) we can acquire 
new analytical results, manually unattainable. Using the computer we can process the complete 
works of composers, it is possible to analyze them down to the tiniest details, to accomplish 
multiple comparisons, to apply the most diverse visualising and mathematical methods, sta-
tistical evaluation, etc. 

These possibilities could enable us to discover new style signs, new construction principles 
of music, new attributes of composers’ styles, new facts about the common and similar pro-
cesses in the vast amount of musical pieces, manually unprocessable in the restricted working 
time and under limited conditions. Hypothetically, more precise identification of the authors of 
some unattributed or for now unidentified and unidentifiable works is also feasible. Similarly 
to a writer’s style, a composer’s style need not necessarily be a product of a conscious process, 
yet it ought to be possible to uncover, describe and identify it unambiguously. 

Visualisation can offer us a global overview of the quantity of information about the piece 
or many pieces. Up until now it was not possible for a musicologist to “see” some information 
in the course of time, due to the enormous complexity in time (duration) and content (com-
plicated structure) of music. For the same reasons the pieces of information were not subject 
to detailed examination either by hearing (by perception) or by a successive analytical method 
(“one bar after another”3), especially when the analysis and comparison demanded several or 
plenty of compositions. 

However, neither can computer analysis secure a perfect, complete or worthwhile “transcrip-
tion” of the artistic or aesthetic value of the work into words, numbers or images. It does not 
secure a “translation” of the musical utterance, or the explanation of the musical experience. 
The music-theoretical research does not have such ambition; its goal does not consist in the 
verbal grasping or even in intermediation of artistic values of, and experiences with the ar-
tistic, musical work. The goal is to reveal and characterize typical stylistic as well as unique 
(personal) procedures in the work with the musical structure and musical process. The goal is 
to distinguish the normative from the unique, the general from the typical. 

ning of the piece in the form of a fraction expressing the metric pulsation, where the integer numerator 
reveals the number of beats in the bar and integer denominator represents the value of one beat. Other 
numbers present in notation usually express only auxiliary data, but rhythmic values could be digitized 
directly, as they can be expressed as a whole value, half value, quarter value, eighth value, etc. 

3 As it is named by De la Motte in his work: De la Motte, Diether: Musikalische Analyse, Kassel: 
Bärenreiter-Verlag, 1990.
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Digitization of Music
The era of digitization and automatization has been affecting the realm of music and music 
theory over five decades. However, the implementation of digitization is gradual, as the audio 
substance of music demands several transformations of music information before it changes 
into a material appropriate for the process of digitization.

Today we can roughly divide the possibilities of digitization of music information into two 
domains:

1) digitization of the sound of music,4
2) digitization of the notation of music, the score.

In both the above-mentioned domains the digitization yields losses regarding the precision 
or completeness. But in certain kinds of research or analysis these losses may contain some 
insignificant information and in such a case the loss means the reduction of the research ma-
terial exactly down to the studied structures or relationships, thus enabling the researcher to 
have a more concise domain and material for research. 

In the d i g i t i z a t i o n  (the transformation into an ordered set of numbers or their 
combinations) of the s o u n d  o f  m u s i c  all compound frequences are digitized, including 
all partial tones, but the digital file contains only those pieces of information which resulted 
from just the one performance (played by one musician or musical ensemble). The variability 
of performance renderings is reduced as well as the detailed transparent representation of 
structures and relationships of tone groups or tone sequences, as the audio recording catches 
only the chordal and musical complex (which cannot be split into particular tones).

The transcription of such file containing audio information is quite complicated. Put simply: 
since the sound consists of frequencies of several complex tones, all of which contain further 
frequencies of their harmonic partial tones (according to the kind of the musical instrument 
and the particular tone which is played by the instrument) of varying dynamics, it results in 
such a multiplied compound sound that it is almost impossible to decipher precisely which of 
the participating simple frequencies belong to the chord (the fundamental frequencies) and 
which of them are partials. The intricacy is still more accentuated by various levels of dynamics 
of the sounding instruments involved, their tuning, variability of their spectra of partials, etc. 
The difficulty is rising in proportion to the complexity of the mathematical operation called 
Fourier analysis, or Fourier transform, which is necessary for deciphering particular (sine or 
cosine) harmonic partials of the compound sound. As such decomposition of the recorded 
compound sound of polyphonic music has not been wholly solved yet, it is not a common 
part of musical software. The issue of possibilities of deciphering the sounding music and its 
following notation is not in the focus of our text hereinafter. 

In the process of d i g i t i z a t i o n  (transformation to an ordered set of numbers or 
their combinations) of t h e  s c o r e  all signs used in notation can be digitized. However, 
the resulting digital file does not have the character of a musical sound. It has to be processed 
further by appropriate software either via another transformation to the sounding music or 
backwards into a score. The overall sound proceeding in time is reduced, but structures and 
processes of the piece (the used shapes and relationships) are unambiguously captured.

It is not possible to “hear” or “play” directly from the digital transcription of the score. The 
digital format of the piece has to be either transformed back again into the score through 
appropriate music notation software (Sibelius, Finale, Cubase, etc.) and subsequently “played” 
as an audio output of the respective software, or it can be transformed into sound directly if 
the piece is digitized in the MIDI format. 

Digital MIDI Format
The digital MIDI format is a system determined as an international standard5 offering the pos-
sibilities of digitization of notated music. It enables also the regressive procedure of creating 
a score from the digital format of the musical piece. MIDI even offers the possibility to orches-
trate the sound of the digitized file of a musical piece by the use of a sound bank. However, 
MIDI does not enable the digitization of any existing sound, i.e. of the sounding performed 
composition, it enables only the reverse process – to play back the notated music, lacking the 

4 See also Ferková, Eva: Hudobná analýza, I: Teória hudobnej analýzy, Bratislava: VŠMU, 2018, pp. 101-
118. 

5 To learn about MIDI in more detail, see for example two publications by Forró, Daniel: MIDI. Ko-
munikace v hudbě, Praha: Grada, 1993, and Svět MIDI, Praha: Grada Publishing, 1997, and SelFriDge-FielD, 
Eleanor (ed.): Beyond MIDI, Cambridge (MA) – London: The MIT Press, 1997.
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rendition of a performer, a kind of a “machine” performance. Further elaboration of the MIDI 
data in a more developed notation software enables the programming of the particular agogic 
course of the piece, i.e. the placement of the dynamic shaping, agogic speeding down or speed-
ing up at the respective places. But it is always a planned musical process, not the intuitive 
impulse “delivered” by an artist. 

Digitization of music in the MIDI format (brief description):
The individual main parameters digitized are: pitches and durations of tones, their (instru-

mental) timbre, dynamics and tempo.6

1) Instrumental t i m b r e  is numbered in the musical instrument timbres database. The tim-
bre can be either generated by a computer as simulations of the spectrum of partial tones 
of the respective musical instrument, or original recorded sound samples of the selected 
live instrument playing could be selected out of the database of samples, named “sampler”. 
For each digitized tone the respective timbre is selected from the database, the computer 
software adjusts it to the demanded pitch, volume and duration (in compliance with the 
notation). We have no place here for a detailed explanation of the usage and way of genera-
tion of instrumental timbres in MIDI, as this study will deal with the issues of computer 
analysis of the d i g i t i z e d  m u s i c a l  s t r u c t u r e  in its shapes and relationships 
as they occur in melody and harmony. Instrumental timbre is not an issue of the musical 
structure, but of musical sonorism and sound character. 

2) The MIDI converter attributes numbers to p i t c h e s7  in the semitone equal-tempered 
system of tones beginning with the digit 0 attributed to the pitch subsubcontra C. The 
ascending row of numbers is assigned to pitches in the semitone scale up to the number 
127 labelling the pitch of G6 = 127 (the pitch C subcontra has the assigned number 12; then 
the lowest tone of the piano, A subcontra = 21; great C = 36; etc.). 

3) For d u r a t i o n s,  MIDI code digitizes the “switch on” and “switch off” of the tone sound-
ing, i.e. the rhythmic value of the tone is delimited by two numbers (1 for switching on 
and 0 for switching off) in time. 

This digital system enabled the building of a technically simple input “transcriber” to the 
computer named MIDI keyboard (similar to the piano keyboard), on which one (MIDI) number 
is assigned to each key (pitch). The main s o u r c e  o f  p r o b l e m s  of the assignment of 
numbers to particular pitches enabling their further processing is the identity of the number 
representation assigned to particular keys (thus also pitches) disrespecting their e n h a r -
m o n i c  m e a n i n g. 

Each key is a bearer of one (pitch) number. We cannot discern whether this number rep-
resents the tone “B sharp”, “C” or “D double flat”. Seemingly, for musical sounding such digital 
representation should be sufficient, as while listening the listener does not care how the piece 
is written down (whether in a score or in a digital record with numbers representing the re-
spective pitches), and they perceive it and “understand it” even without the knowledge of the 
notation or enharmonic system. 

Problems of the Use of MIDI in Musical Analysis
In the musical analysis of the composition structure and in an endeavour to logically (re)con-
struct8 the piece, we thoroughly discern in harmony the precise name of the tone, i.e. how it 
is written down in a score. According to the musical notation (and according to the name of 
the tone) we are able to find out the relationships of this tone to its tonal environment in 
which it sounds, to find out whether it is part of a harmonic function, the character of this 
function, and how particular voices of the chord progress in the melody in the real space of 
the given composition. It is highly necessary for an analyst to know whether the respective 
tone (and the chord whose part it is) is harmonic in the given segment, i.e. belonging to the 
respective environment (to the actual key), or the composer used it as a new tone, a shifted one 
(non-harmonic tone). If the tone is shifted, the analyst tries to find out how the shift occurred, 
why the composer used this tone or chord at the given place, he/she has to study what is the 
relationship of the tone (or chord of which it is part) to its environment. 

6 Even some auxiliary parameters can be digitized, but these, too, are variable and depend on the 
MIDI format version.

7 See also Ferková, Eva: Hudobná analýza, I ( note 4), p. 116.
8 We are speaking about the reconstruction of the composer’s course of action – to find out why the 

composer joined particularly these tones precisely into these structures – chords, motifs or cadences.
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Designation of the Key in MIDI Data
The key is determined by the analyst according to the key signature. A tone in the determined 
key shifted upwards can be (especially when it is only in one voice as a part of a melody) 
either embellishing adding a specific meaning to the melody, or (when it is part of a chord) it 
has a dominant harmonic meaning, leading upwards (in accordance with the explanation of 
harmonic functions), and it should go further upwards, to resolve. The shift of the harmonic 
tone of the chord downwards can insinuate a subdominant direction downwards and imply 
the resolution downwards.9

An example: When the composer uses the tone “G sharp” in the C major/A minor tonal 
environment, even as part of a chord, very probably it is a dominant leading tone to “A”. By 
determining the tone between “G” and “A” as a tone having the sharp, the analyst evaluates 
the meaning of the tone as dominant, he marks it as the heightened 7th-scale degree resolving 
upwards to tonic in A minor harmonic. But the same tone, when enharmonically designated 
as “A flat”, is logically explained as “A” shifted downwards, i.e. leading to “G” tone, namely when 
it is part of a chord. Then in the functional sense it is most logical to designate this tone as 
having a subdominant character, being the lowered 6th-scale degree in C major harmonic, i.e. 
in this environment it is the third of the minor subdominant, leading downwards to the root 
of the dominant “G”.

The chromatic twelve-tone space of the European music has been the basic ground of com-
positional activities for several centuries. The 12-tempered tuning enabled the evolution of the 
most diverse and most difficult devices, as well as transformations of structural relationships 
of tones in the musical process. Mainly we are speaking here about the possibilities offered by 
the harmonic tonal environment, which thanks to the 12-tempered tuning became the space 
enabling the application of ambiguity in a small as well as in a large scale. We demonstrated 
here the ambiguity of names of tones, of harmonic functions of the tone “G sharp”/“A flat”, but 
it is necessary also to point to another ambiguity of this tone from the viewpoint of its further 
resolution: the same tone (in the sense of its pitch, frequency, i.e. the same MIDI number) be-
ing a “G sharp” is resolved to “A”, but being an “A flat” it is most probably resolved to “G”. Here 
we can see that the meaning of a particular enharmonic notation is not unambiguous – it can 
be identified in several ways and then its position and further advance are not clear either, 
although it is represented by one and the same MIDI number in the digitized format. 

 For a digitized tone represented by a number, the explanation of its tonal (key) affiliation 
and its functional meaning depends on the further decision-making (according to the context, 
in which it appears). If this decision is to be executed by a computer on the basis of an unam-
biguous definition, it has to be programmed in accordance with the rules of the use of such 
a tone (in consensus with the decision-making process of the analyst). If the analyst has no 
opportunity to see the written notation of the tone, how could he decide about its name and 
function? Should he/she decide on the basis of other tones of the chord in which it appeared? 
Or according to its resolution to the tone of the following chord? 

In the case of the analysis of music which was transcribed and digitized to MIDI, it is nec-
essary to build an unambiguous decisive process into the analytical software, designating the 
original written notation of each tone. The decision-making process detecting the enharmonic 
meaning of a new tone will result in the decision how the current tone (not belonging to the 
main or to the most recently used key in the piece), appearing in the composition for the first 
time, should be interpreted, whether it is a raised tone or a lowered one. 

The majority of the users of notation programs are familiar with the problem of the MIDI 
file “display”. If the file was downloaded from the web, its quality could be unprofessional to 
such an extent (for instance if it was created by playing a piece on MIDI keyboard and not by 
editing notes in the score), that it may have no key signature, no specifications which would 
suggest how every one tone should be displayed. Thus it can happen that the software displays 
the piece in a key different from that which the composer wrote it down in, with wrong ac-
cidentals and wrong representations of particular tones. In principle such inaccuracy can be 
overcome in one of two ways: 

1) After the wrong display of the piece the software user carries out some corrections and 
adjustments in the notation. Such a correction is quite time-consuming and thus the ad-
vantages of the use of a computer and automatization are relativized;

9 In compliance with the functional harmony, as explained, for example, in Filip, Miroslav: Súborné 
dielo, I: Vývinové zákonitosti klasickej harmónie, Bratislava: Národné hudobné centrum, 1997.
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2) The user joins the notation software with an analytical one, which on the basis of the har-
monic context of the tonal-functional progression of the piece automatically deciphers the 
key and correct contextual meanings and entries of every particular tone. 

Let us explain the second option in more detail:
The problem of devising the program algorithm for determining the key signature and 

key from the MIDI data and subsequently displaying the piece correctly (including the right 
accidentals in the course of the piece) is not a trivial one. The procedure of decision-making in 
the algorithm focusing on the solution of this problem is roughly as follows:

1) After deciphering the k e y  s i g n a t u r e  the algorithm moves on to:
2) t h e  s e a r c h  f o r  t h e  t r i a d  o n  t h e  f i r s t  d e g r e e  o f  t h e  p o s -

s i b l e  k e y  p a i r,  suggested by the key signature (if the MIDI data do not offer any 
key signature, it may suggest not only a key without the key signature, but also an older 
version of the MIDI format, in which the key signature is not given).

3) If in the piece the first chord is not a tonic chord, we have to consider the c h a r a c t e r -
i s t i c  d i s s o n a n c e s  (or main seventh chords, i. e. dominant seventh, diminished sev-
enth, half-diminished seventh), which have the determining affiliation to the tonal centre. 

4) If there is no characteristic dissonance at the beginning, the t o n e  s p a c e  b e t w e e n 
t h e  c h o r d a l  t o n e s  i s  e x a m i n e d,  whose scale structure is matching either 
major or harmonic minor scale (there are two possible whole tone-semitone scales: major = 
2212221, harmonic minor = 2122131) and on the b e g i n n i n g  o f  i t s  d i a t o n i c 
s t r u c t u r e  t h e  fi r s t  t o n e  i s  f o u n d. 

5) Subsequently the name of the key is given, and all tones are displayed with pertaining 
accidentals. 

6) Further n e w  a c c i d e n t a l s  appearing in the course of the piece are displayed as 
s h a r p s  when the given shifted tone g o e s  u p w a r d s  and as fl a t s  when the 
shifted tone g o e s  d o w n w a r d s.

Determination of Intervals in MIDI Data
If the pitch has an assigned number, the interval distance between the tones can also be ex-
pressed by a number, which is equal to the difference between the numbers of the higher and 
lower tone. Here again the problem with the undiscernability of enharmonic intervals appears. 
In compliance with the harmonic rules the interval of the diminished third is an indication of 
an altered chord; however, in the MIDI format the diminished third is digitized by the number 
2 identically to the major second, which is part of the inversions of seventh chords, i.e. it is 
an interval which is a common component of basic diatonic chords. In the course of more than 
three centuries the ambiguity and uncertainty or multivalency of chord classes and several 
possibilities of their resolution (the proceeding of the harmonic process) worked as the basic 
ground for the development towards the intricacy and dynamism of the harmonic system. 
In the MIDI format (in the digital representation of compositions) a danger arises that this 
intricacy and dynamism of the harmonic process of the piece may not be detectable. Tones, 
intervals, chords, all are represented by numbers that are too unambiguous. Two equals two, 
we cannot see it once as the interval of a diminished third and another time as the interval 
of a major second. In music the structure of the well-known „augmented sixth chord“ as the 
first inversion of Phrygian dominant seventh, i.e. “ A flat-C-E flat-F sharp ” (for more detail see 
Filip10 or Wikipedia11), mainly used as the leading chord to dominant in C major/minor key 
(so called “German sixth”) equals enharmonically the dominant seventh chord “A flat-C-E flat-G 
flat ”, which is commonly used as a dominant in D flat major. Similarly, the way how the tone 
is written down and its enharmonic meaning influence also the resolution of the diminished 
seventh chord, for instance “C sharp-E-G-B flat” written like this is resolved to the centre D, 
but written like the chord “D flat-E-G-B flat” it will resolve to F. Its further written appear-
ances – while they sound the same and have the same structure of digitized intervals – have 
two more possible tonal centres: the chord “D flat-F flat-G-B flat” resolves to A flat and the 
chord “A sharp-C sharp-E-G” resolves to B. A similar problem arises with the augmented triad 
and its possible enharmonic variants. From the viewpoint of their sounding and number rep-
resentation they are the same, but from the viewpoint of names of the chord classes and their 

10 See Filip, M.: Súborné dielo, I ( note 9).
11 https://en.wikipedia.org/wiki/Augmented_sixth_chord

https://en.wikipedia.org/wiki/Augmented_sixth_chord
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affiliations to tonal centres they bring about cardinal differences, manifesting the nuances in 
harmonic relationships and intricacies of the harmonic process. 

Due to the above-mentioned problems with the MIDI format many musicologists finally 
decided to divert from MIDI and digitize music with the help of other formats and systems; 
today there are several dozens of them in use. Perhaps the most comprehensive transparent 
register containing also the basic principles and features of music formats and codes appears 
in the publication entitled Beyond MIDI edited by the American musicologist Eleanor Selfridge-
Field.12 The reason for supporting the usage of MIDI format consists in the fact that it still 
remains the most widely spread and used format, which enables us to download the highest 
number of already digitized compositions prepared for further computer research. See the 
website: https://www.classicalarchives.com/, for example. 

Digitization of the Results of Musical Analysis
In the musicological literature describing the usage of computational technology in musical 
analysis, we can find projects heading towards t h e  d i g i t a l  r e p r e s e n t a t i o n 
o f  t h e  a n a l y s i s  r e s u l t s.  One of the interesting digital operations is the auto-
mated (computational) digital detection of the root tone of any chord (also in the case of its 
inversions). It is the project of C. S. Sapp.13 The principle of the computation starts from the 
presupposition that in any diatonic scale a chord can be positioned on each of its seven tones, 
consisting of all 7 diatonic tones in superposition of thirds (see Figure 1). The method of the 
computational search for the root tone assigns a number to every tone in the examined se-
quence of the piece, which will be the summation of the numbers designating the real tones 
in case this tone is the root tone. The tone which is really the root tone receives the value of 
the lowest number (see Fig. 1):

Subsequently the basic tone of the chord covering the examined segment is detected to 
be G.

Visualisation of Harmonic Progression
Accepting the idea that harmony is not only a component of music, but also a temporal (pass-
ing in time) two-dimensional system of structures, relationships and rules which organize 
them, its visualisation could be (in addition to the possibilities enabling us to discern the 
unique from the general, or individual from normative) also a didactic tool or method for 
a better comprehension of these relationships and rules.

a) CIRCULAR VISUALISATIONS
Visualisation in a circle is one of the oldest visualisations of musical relationships (apart from 
the notation itself). Almost every beginner in music education of various specializations has 

12 SelFriDge-FielD, E.: Beyond MIDI ( note 5).
13 Sapp, Craig Stuart: “Computational Chord-Root Identification in Symbolic Musical Data: Rationale, 

Methods, and Applications”, in: Hewlett, Walter B. – SelFriDge-FielD, Eleanor – Correia Jr., Edmund 
(eds.): Computing in Musicology, 15: Tonal Theory for the Digital Age, Stanford: Center for Computer 
Assisted Research in the Humanities at Stanford University, 2007, pp. 99-119, http://www.ccarh.org/
publications/cm/vol/15/cm15-06-sapp.pdf.

Fig. 1: A short musical 
sequence on the left – 

a one-chord segment of 
the original music nota-
tion. On the right is the 

evaluation of the potential 
of all diatonic tones in 
this sequence to be the 

root of the chord. Those 
tones which occur twice 

in the real notation on the 
left are counted twice in 

the chord. Every tone has 
a different numbering in 

a different potential chord, 
as we can see in Fig. 2.

Fig. 2: A digital representa-
tion of the tones in chord 

classes, i.e. in chords of 
thirds built gradually on 

each tone of the scale 
which can potentially be 

the root of the chord.

https://www.classicalarchives.com/
http://www.ccarh.org/publications/cm/vol/15/cm15-06-sapp.pdf
http://www.ccarh.org/publications/cm/vol/15/cm15-06-sapp.pdf
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encountered the circular visualisation of the key system in the so-called circle of fifths (or 
fourths).14

T h e  r e l a t i o n s h i p  o f  k e y s  can be classified according to several criteria en-
abling us to speculate on “distances” of tonal centres. D. Tymoczko15 gives a famous circle of 
fifths enriched with relationships of relative keys (keys having the same key signature), and 
also with tones distinguishing the environments of the given tonal centres (by environments 
we mean all tones of a given key except the first one, the root tone). The inner circle stating the 
names of the keys in small font gives the names of minor keys; their relative16 major keys are 
positioned in the outer circle in upper-case letters. The biggest outer circle gives the changes 
of key signatures – the shift of a particular tone from one tonal centre to another (see Fig. 3).

The shape of a circle is also often used for the demonstration of the chromatic succession 
of all 12 tones in such a way that simultaneously the modal system is presented as an order 
of semitone and whole-tone distances, as we can see it in Fig. 4.17

Miroslav Filip also recommends the visualisation of t h e  r e l a t i o n s h i p s  o f  h a r -
m o n i c  f u n c t i o n s  of particular harmonic chord classes in tonal music by the use of 

14 The circle of fifths and circle of fourths are mutually inverse. While the circle of fifths is written 
down in fifths clockwise, the reverse movement – counter clockwise – is written in fourths. The reason is 
that fifth is inverted fourth, and vice versa. Therefore the circle is in fact only one, circle of fifth-fourth 
relationships, and it depends on the direction of our writing and reading it. 

15 See tyMoCzko, Dmitri: What Makes Music Sound Good? [= MUSIC 105, Dmitri Tymoczko, Handout 1 
(2010)], http://dmitri.mycpanel.princeton.edu/files/pdfs/MUS105handouts.pdf, pp. [1]-[2].

16 While studying the issue of relationships of the keys in the English and Slovak languages, we have 
to point to a different terminology in these two languages. While in the Slovak language the adjective 
“parallel” is used for the designation of the keys of a different mode and root tone but having the same 
key signature, and the adjective “eponymous” designates the keys with the same root tone but contrary 
mode (C major – c minor), in the English text of D. Tymoczko (and likewise in every text from the English-
speaking environment) the notion “parallel” is used for the “eponymous” keys with different modes and 
the term “relative” for the keys having the same key signature. 

17 See http://www.angelfire.com/music/HarpOn/theory2.html.

Fig. 3: The circle of fifths 
after Tymoczko (note 15, 
p. [87]

Fig. 4: The circle visualisa-
tion of the chromatic sys-
tem and the modal system 
with diatonic distances. 
A semitone interval is 
designated by neighboring 
asterisks, whole-tone inter-
val is where the asterisks 
are separated with an x.

http://dmitri.mycpanel.princeton.edu/files/pdfs/MUS105handouts.pdf
http://www.angelfire.com/music/HarpOn/theory2.html
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a circle – a diatonic circle of thirds (see Fig. 5). In it the seven tones of major/minor scale 
(including their variants with raised 6th and 7th tones in minor harmonic and lowered 6th tone 
in major harmonic) are placed on the circle of diatonic thirds, as the tertian structure of chord 
classes is the basic one in tonal music. On such a circle the tonic (hereinafter T) can be placed in 
the lowest point, which means it is the chord with the lowest dynamism. The remaining main 
harmonic functions – dominant (hereinafter D) and lower dominant (subdominant, hereinafter 
S) can be placed on the sides of the circle as dynamizing functions. Similarly, it is possible to 
display the relationships of modified functions of secondary chords (chords on the 2nd, 3rd, 6th 
and 7th grades) in tertian relationships, but shifted by one step – by a third – in one or the 
other direction on the circle.

Tonal harmony presupposes the vertical organization of tones in a tertian structure of 
chord classes which consist of the tones of diatonic scales. The main chords are triads built on 
particular degrees of major and minor scales, with all of them possessing certain relationships 
towards the tonal centre, explicable by harmonic functions. On the 5th, 7th and 2nd degrees 
tertian main seventh chord classes can be built, which, because of their frequent use acquired 
the name “characteristic dissonances”. They are characteristic not only because of their fre-
quently “heard” typical harmony, but also due to their ability to preordain their resolution 
in accordance with their typical function. On the basis of the repeated perceptual experience 
with the typical sound and standard resolution of these chord classes the listeners expect – or 
have an association of – the approaching tonic, i.e. the primary triad built on the first degree 
(root tone) of the given scale (this is why Filip introduced the term “associative centre” while 
discussing these chords).18 They are the well-known seventh chords:

– major minor seventh chord in the function of a dominant seventh chord (D7) used on the 
5th degree of harmonic minor and major scales,19 which usually resolves to the 1st degree, i.e. 
as functional dominant (D) to tonic (T);

– diminished seventh chord in the function of a substituting dominant seventh chord, used 
on the 7th degree of harmonic major and minor scales;

– half-diminished seventh chord as a modification (or a substitute) of subdominant, also in 
the harmonic major and minor scales. 

b) COMPUTER ANALYSIS AND VISUALISATION OF STATISTICAL EVALUATION OF THE 
OCCURRENCE OF CHORDS AND THEIR FUNCTIONS
Automated analysis of chordal structures of various triad classes in composers’ styles was 
processed by e.g. the team composed of Eva Ferková, Peter Šidlík and Milan Ždímal20 (see Fig. 6).

18 Filip, M.: Súborné dielo, I ( note 9), pp. 146-151, 195.
19 In harmonic scales some tones are shifted (altered) in order to gain better harmonic progressions. 

Therefore in harmonic minor scale the 7th degree is augmented for the tonic to be prepared also by 
a melodic centralization through the rising leading tone. In the harmonic major scale the 6th degree is 
lowered to create the relationship of the descending leading tone to the root of dominant. Thus also in 
this way the subdominant chord can progress to dominant more clearly. Harmonic scales are so close to 
each other that the major and minor mode differ only in one tone, in third. Let us compare the harmonic 
C major: C – D – E – F – G – A flat – B – C with the harmonic C minor: C – D – E flat – F – G – A flat – B – C.

20 See the study of Ferková, Eva – ŠiDlík, Peter – Ždímal, Milan: “Chordal Evaluation in MIDI-Based 

Fig. 5: Circles of thirds 
of diatonic keys, depic-

ting the harmonic func-
tions. In the small circles 

the dual tones are marked 
belonging simultaneous-
ly to two main harmonic 

functions.
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In the automated analysis of chord classes (11 diatonic chords, see Table 1) – on the basis of 
the key designation in the given segment (using the automated computer analysis, as described 
above) – we could assign a harmonic function to each of the chords.

Chord class structure expressed by the 
number of semitones in ascending order

Name 
of the chord

Symbol 
of the chord

4-3 Major triad +
3-4 Minor triad –
4-4 Augmented triad ++
3-3 Diminished triad –

4-3-3 Dominant seventh D7
4-3-4 Major seventh Maj7
3-4-3 Minor seventh Min7
3-3-3 Diminished seventh Dim7
3-3-4 Half-diminished seventh Dm7
4-4-3 Augmented seventh Aug7
3-4-4 Minor-major seventh Min+7

The statistical occurrence of particular harmonic functions and their sequences could 
become a part of the characteristic of a composer’s style. We could learn, for instance, which 
cadence sequences of harmonic functions are preferred by the particular composer, what is 
typical for their relationship to the key, to the tempo of the piece, etc. Such statistics is used 
for example by Tymoczko21 (see Table 2), who examined the progression of harmonic functions 
as cadences typical for J. S. Bach and W. A. Mozart:

Bach 
a) I–V–I 90
b) I–ii–V–I 30
c) I–IV–V–I 26
d) I–IV–I 22
e) I–vii°–I 21

Harmonic Analysis: Mozart, Schubert, and Brahms”, in: Hewlett, Walter B. – SelFriDge-FielD, Eleanor – 
Correia Jr., Edmund (eds.): Computing in Musicology, 15: Tonal Theory for the Digital Age, Stanford: Center 
for Computer Assisted Research in the Humanities at Stanford University, 2007, pp. 172-186, http://www.
ccarh.org/publications/cm/15/cm15-09-ferkova.pdf.

21 tyMoCzko, D.: What Makes Music Sound Good? ( note 15), p. [58].

Fig. 6: The occurrence of 
triad classes as a stylistic 
sign of Mozart’s (on the 
left), Schubert’s (in the 
middle) and Brahms’ mu-
sic (on the right)

Table 1:
Chord classes (their struc-
ture, names and symbols) 
detectable by the use of 
a computer in a musi-
cal piece coded in MIDI 
format

Table 2:
The most significant har-
monic cadences beginning 
and ending with tonic 
(expressed in degree sym-
bols) after Tymoczko

http://www.ccarh.org/publications/cm/15/cm15-09-ferkova.pdf
http://www.ccarh.org/publications/cm/15/cm15-09-ferkova.pdf
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f) I–ii–vii°–I 13
g) I–IV–ii–V–I 9
h) I–IV–vii°–I 7
i) I–vi–ii–V–I 5
j) I–V–IV6–V–I 4

Mozart
a) I–V–I 1026
b) I–ii–I4/6 –V–I 204
c) I–vii°–I 127
d) I–IV–I 122
e) I–ii–V–I 82
f) I–IV–I4/6–V–I 68
g) I–vi–ii–V–I 61
h) I–I4/6–V–I 60
i) I–ii–vii°–I 27
j) I–V/IV–IV–I 23
k) I–IV–V–I 20
l) I–V/IV–IV–vii°–I 19
m) I–IV6–I4/6–V–I 18
n) I–vi–IV–ii–V–I 17
o) I–V/ii–ii–V–I 15
p) I–V–vi–V–I 15

c) VISUALISATION OF KEY RELATIONSHIPS AND DISTANCES OF TONES
V a r i a b i l i t y  of some t o n e s  i n  h a r m o n i c  s c a l e s  results in the fact that in 
major scale we have to consider not only the seven diatonic tones as harmonic tones, but also 
the diminished 6th degree. Similarly, in minor scale nine tones are considered as harmonic – 
seven diatonic and two raised tones: 6th and 7th one. Thus the variability of harmonic chord 
classes increases, as well as the possibilities of mingling or superimposing of tonal segments 
in chords belonging to several tonal centres. 

According to Filip22 the main criteria for distinguishing key relationships could be:

– i n t e r v a l  d i s t a n c e  of their roots (the closest distance is 0 – perfect unison, the 
second to closest is the most consonant interval – perfect fifth, in which case they have 
a dominant relation; however, the fifth can be built in two directions from the root – up-
wards as well as downwards);

– the congruence or difference of k e y  m o d e s  (major versus minor having the same root, 
it is a parallel relationship);

– the number of c o m m o n  t o n i c  t o n e s  (e.g. in diatonic tertian distance their tonic 
triads have two common tones – then they are either in a relative or in a mediant relation-
ship, the same is valid for tonic triads of parallel keys); 

– the number of c o m m o n  t o n e s  of their centres’ s u r r o u n d i n g s  (according to 
the key signature the closest keys are major and minor, i.e. relative keys, having the same 
key signature. They differ only in their mode. The second to closest keys of the same mode 
are in a dominant relationship, as they differ only in one accidental in their key signature, 
i.e. only in one tone of the scale).

That means that Filip considers not only Tymoczko’s criteria (fifth relationship in the circle, 
relative relationship of the keys) but also the criteria of mode and common tones of tonic 
triads. 

22 The issue of relationships of centres and their surroundings is processed in great detail in the 
publication Filip, M.: Súborné dielo, I ( note 9), pp. 207-241.
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T h e  v i s u a l i s a t i o n  o f  k e y  r e l a t i o n s h i p s  presented by the group of 
musicologists H. Purwins, B. Blankertz and K. Obermayer23 presupposes that each key has com-
mon edges with five other keys, as it has 5 closest relationships: 

1) fifth upwards,
2) fifth downwards,
3) relative, 
4) mediant, 
5) parallel. 

A graphic representation of the key relationships in such a way that each one neighbors 
the 5 closest keys demands a spatial three-dimensional demonstration, because the keys in 
the equal-tempered 12-tone system have to appear in the same place even when they are en-
harmonically changed. If we create a pentagon for each key, neighboring its closest keys, their 
ordering yields a geometric body called torus or toroid (in the shape of a tyre, see Fig. 7a – 
ordering, and Fig. 7b – placement in 3-D space).

d) POLARITY AND SYMMETRY IN THE TONAL SPACE
Harmonic dualism is a concept explaining the principles of tonal harmonic thinking on the 
basis of equality of major and minor key modes, as it results from the compositional practice, 
and due to the fact they differ only in one (major or minor) third of their tonic triad only. How-
ever, the ratios of frequencies of harmonic partial tones support the theory about the primacy 
of the major mode, as the major triad is created by the 4th, 5th and 6th harmonics, whereas the 
tones of the minor triad are not present among the first fifteen harmonics (as a sequence of 
neighboring partial tones).24 The following visualisation by Ernst Levy endeavours to support 
the idea about the equality of both key modes on the basis of symmetry: in the same way as 
the intervals are placed on each other upwards in major key and form major triads, it is pos-
sible to build them downwards and create minor triads: 

23 purwinS, Hendrik – Blankertz, Benjamin – oBerMayer, Klaus: “Toroidal Models in Tonal Theory 
and Pitch-Class Analysis”, in: Hewlett, Walter B. – SelFriDge-FielD, Eleanor – Correia Jr., Edmund (eds.): 
Computing in Musicology, 15: Tonal Theory for the Digital Age, Stanford: Center for Computer Assisted 
Research in the Humanities at Stanford University, 2007, pp. 73-98, http://www.ccarh.org/publications/
cm/vol/15/cm15-05-purwins.pdf.

24 Harmonic series of the fundamental tone C: C – G – C1 – E1 – G1 – Bb1 – C2 – D2 – E2 – F#2 – G2 – A2 – 
Bb2 – B2 – C3.

Fig. 7a: Grid of keys 

Fig. 7b: Placement of keys 
on a toroid

http://www.ccarh.org/publications/cm/vol/15/cm15-05-purwins.pdf
http://www.ccarh.org/publications/cm/vol/15/cm15-05-purwins.pdf
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“C, the pitch at the top is a generator. From that C comes a C major triad. The F minor triad 
also comes from the C. The difference is only in direction. A C major triad consists of a major 
third – C to E – and a minor third – E to G.

An F minor triad builds down with the same intervals as the C major triad. So C down to 
Ab is a major 3rd. From Ab down to F is a minor 3rd.

Going down a 5th from C to F and going up a 5th from C to G leads to two more genera-
tors – F and G – and that’s shown in the diagram.

In the same way F minor and a C major triads are built underneath and on top of C so it is 
that Bb minor and F major triads are built under and over F. And C minor and G major triads 
are built under and over G.”25

e) VISUALISATION OF TONE RELATIONSHIPS IN ENHARMONIC ENVIRONMENT
Dmitri Tymoczko26 proposed a geometric representation of intervals in the coordinate system 
in which the interval class expressing the distance of two tones, e.g. C – E, is displayed as one 
point with the coordinates x = C tone and y = E tone. Thus two one-dimensional elements 
merge into one two-dimensional element (Fig. 9a-b).

Hypothetically it would be possible to create a three-dimensional representation of triads 
as one point with three dimensions in the system x, y, z. However, the problem arises with 
the visualisation of seventh chords, as with the four-dimensional space our imagination fails.

f) VISUALISATION OF HARMONIC DYNAMISM
In an endeavour to digitize dynamic potentials of harmonic progression it should be possible to 
digitize and then display the variability of harmonic dynamism of the piece in its progression 
by the use of a simple calculation.

One possibility would be to base it on the consonant/dissonant characteristics of the given 
harmonic phenomena. We have to consider also the fact that consonance is not only a physi-
cal phenomenon, but also a phenomenon concerning music relationships (harmonic functions 
based on the relationship of a chord to the tonic as the center on one hand, and the relation-
ship built by resolving one chord to another through leading tones on another hand), as well 
as a phenomenon evaluated variably from the viewpoint of psychology of perception. 

25 Taken and quoted from http://www.polishookstudio.com/2014/02/the-patterns-of-barry-harris-
arnold.html.

26 See tyMoCzko, D.: What Makes Music Sound Good? ( note 15).

Fig. 8: Polarity and sym-
metry in tonal music after 

Ernst Levy

Fig. 9:
a) Two points for the in-
terval C – E on the line,

b) One point for the inter-
val C – E in the coordina-

te system

http://www.polishookstudio.com/2014/02/the-patterns-of-barry-harris-arnold.html
http://www.polishookstudio.com/2014/02/the-patterns-of-barry-harris-arnold.html
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It is not possible to digitize the variable psychological aspect by an unambiguous number, 
but the consonant character of a chordal structure (vertical) and the consonant potential of 
a harmonic function (horizontal) can be digitized.

A comment regarding the Figure 11: Let a consonant chord class (either major or minor 
triad) be marked with the number expressing the lowest value of dynamism – 0 (this number 
can be called the “dynamic potential”). Then the chord classes of various degrees of dissonance 
will be appraised with higher numbers.

The chord’s most dissonant interval can be taken as a criterion for the evaluation of the 
degree of the dissonant character of this chord class. The minor second and major seventh are 
regarded the most dissonant intervals, therefore we assign the value 4 to the chord classes 
in which they occur. The combination of two consonant intervals major third plus major 
third results in a strongly dissonant chord class – augmented triad, we assign it the value 3. 
A chord class containing the augmented fourth (diminished fifth) – tritone – is today consid-
ered a “soft” dissonance, so we can evaluate it as a less unpleasant sound than for instance the 
augmented triad. Let a chord class containing tritone have the dissonant value 2 (and Dim7 
containing two tritones the value 4). A lower degree of dissonant character is possessed by 
a chord class having minor seventh or major second, with the dynamic potential 1. Although 
these number specifications possess a subjective character, they can exemplify the graphic 
representation of harmonic potential changes of a sequence or progression of various dissonant 
chord classes.

Then the table of values of d y n a m i c  p o t e n t i a l s  o f  c h o r d  c l a s s e s  could 
look like this (see Table 3):

Maj5 Min5 Dim5 Aug5 D7 Dim7 DimMin7 MajMaj7 MinMin7 MinMaj7 AugMaj7

4-3 3-4 3-3 4-4 4-3-3 3-3-3 3-3-4 4-3-4 3-4-3 3-4-4 4-4-3

0 0 1 3 1,2 2,2 1,2 4 2 4,3 4,3

0 0 2 3 3 4 3 4 2 7 7

In the first row we can see the symbols of diatonic chord classes which can be built on 
any degree of a diatonic scale (including the harmonic and melodic ones). In the second row 
the interval structure of the chord class is given, in the number of semitones from the root 
upwards. In the third row there are the numbers determining the degree of dissonant character 
according to the interval content of the chord, and the fourth row gives the resulting number 
of the dissonant degree (dynamic potential) as a sum of dynamizing values of all dissonant 
intervals. 

Frequently used non-diatonic chord classes could have a dynamic value 8 (for instance 
4-2-4), diatonic ninth chord classes would receive 1 point more in comparison with their 
seventh chord basis, thus D-9 and D+9 could be evaluated by the number 4 from the aspect of 
their dynamic potential. 

The table of values of d y n a m i c  p o t e n t i a l s  attributed to h a r m o n i c  r e l a -
t i o n s h i p s  between two closely following chords could result in the following possibilities 
(see Table 4):

Harmonic relationship of chords in the quintal relation 1

Harmonic relationship of chords in the tertian relation 2

Harmonic relationship of chords in the second relation 3

Non-harmonic relationship of chords in chromatic relation with one chromatic shift 4

Non-harmonic relationship of chords in chromatic relation with two and more 
chromatic shifts (or enharmonically the tones of the first chord being in semitone 
distances from the tones of the second chord)

5

In accordance with the tradition, the d y n a m i c  p o t e n t i a l s  o f  t o n a l 
f u n c t i o n s  (of chord classes in every key) can be evaluated in the following way (see 
Table 5):

Table 3: Dynamic poten-
tials of chords

Table 4
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Tonic 0

Modifications of tonic 1

Subdominant 2

Modifications of subdominant 3

Dominant 4

Modifications of dominant 5

Then the harmonic potentials of the following music example would be as follows (see 
Fig. 10):

Under the music example: 1st row – dynamic potentials of the chord class, 2nd row – dynamic 
potential of the relationship of a chord to the next one, 3rd row – dynamic potential of tonal 
harmonic functions of chords, 4th row – the sum of dynamic potentials of preceding rows in 
the respective point. 

Conclusion
In the introduction of the study we posed a hypothesis that computer analysis and various 
kinds of visualisation, often following the digitization, can bring new knowledge in musicology, 
therefore they can be considered as new research methods. 

Presenting several projects of computer analysis of music which enable us to acquire either 
statistical characteristics of composers’ styles or graphic visualisations of musical phenomena 
or dynamizing potentials of musical processes, we documented some possibilities of the use 
of computer and graphic-visualisation methods in acquiring new knowledge about compos-
ers’ styles or musical structures. We also demonstrated that such visualisations can be used 
simultaneously as new popularizing and educational procedures. From among visualisation 
methods we focused on those, which build upon older circular representations. From modern 
procedures based on mathematical methods and algoritmization we mentioned the table dem-
onstrations and graphic statistical visualisations, visualisations in coordinate system, spatial 
and grid visualisations.

Finally also the visualisation of the progression of music in its dynamizing possibilities 
in the form of a square wave was given, where the rise of the curved line displayed the rise 
of harmonic tension, and decline of the line the decline of the tension. By this the values of 
harmonic tension were expressed in numbers presenting the harmonic potentials either accord-

Table 5

Fig. 10: 
Ludwig van Beethoven: 

Sonata Les adieux, 
1st movement, 
measures 1-5
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ing to the chordal structure (vertical), or according to the relationships of neighboring chords, 
or according to the tonal harmonic function of the chord (principal and secondary harmonic 
functions of particular degrees of the scale).


