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ABSTRACT 
The twentieth century brought to the whole world the new 
experience of a special ethos, of a suitable notation and 
of some innovations that quickly infiltrated into all the
substrates of the creative act of performance and in the
understanding of the sound reality. The new inner quality 
of the modern musician also requires the approach of 
other methods than the traditional ones, able to offer a 
different type of information than the one strictly 
revealed by the score, than the one accessible so far by 
known methods. 
Current musical notation is an emblematic system, being 
recognized worldwide. The symbols of musical notation 
indicate both sound-related aspects (sounds, accents) 
and non-sounds (music bars, clefs, key signatures). Most 
musical analyses are based on data extracted from music 
sheets, but in order for a computer to be able to identify 
and process them, the musical text needs to be codified, 
so that the musical notes become numbers and symbols in 
the information system. 

Keywords: analyse, modernity, nonconformism, 
creativity. 

INTRODUCTION 
The twentieth century brought to the whole world the 
new experience of a special ethos, of a suitable notation 
and of some innovations that quickly infiltrated into all 
the substrates of the creative act of performance and in 
the understanding of the sound reality. The new inner
quality of the modern musician also requires the 
approach of other methods than the traditional ones, able 
to offer a different type of information than that strictly
revealed by the score, than that accessible so far by 
known methods. 
Current musical notation is an emblematic system, being 
recognized worldwide. The symbols of musical notation 
indicate both sound-related aspects (sounds, accents) and 
non-sounds (music bars, clefs, key signatures). Most
musical analyses are based on data extracted from music 
sheets, but in order for a computer to be able to identify 
and process them, the musical text needs to be codified, 
so that the musical notes become numbers and symbols
in the information system. 
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DISCUSSION: Conventional Methods and 
Innovative Methods of Musical Analysis of 
Famous Performances from the French 
Violin Repertoire 
MIDI (Musical Instrument Digital Interface) was 
designed for performance, and views music as a series of
events. Within MIDI, musical notes have a set of 
information at the beginning (noteon) which shows the
channel (1-16), the frequency calculated in number of 
half tones (1-127, 60 is central C) and the dynamics 
(1-127). The set of information at the end (noteoff) is
similar, with the exception of the speed equal to zero, 
indicating the fact that the sound should stop. A MIDI 
flow of information, represented by a group of numbers, 
stands for the notes in a composition. There is no 
temporal information inherent to MIDI notions, so that 
the computer has to mark the beginning of each piece of 
information in order to determine the duration and 
spacing of the notes. Other sonorous features, such as 
intonational deviations (portamento or glissando) or 
dynamic changes, have their own codes (Huber, 2007,
136). 
DARMS (Digital Alternative Representation of Music 
Scores) is one of the first systems for the digital 
codification of music, and is widely used for calculation 
in musicology. As its name suggests, DARMS was
conceived to describe the visual aspect of a music score.
It contains codes to indicate the duration of the notes, 
clefs, key signatures, etc. DARMS was designed to rely 
on the computer keyboard, and uses a wide range of 
alphanumerical symbols for each element of the music 
score, for example: !G (the G clef), !F (the F clef), !K2-
(key signature with 2 flats), etc. The notes are named 
based on their position on the stave, thus E4 is number 1,
F4 – 2, G4 – 3, etc. The code for C4 (central) in G clef is –
1. The duration of the notes is indicated by W (whole
note), H (half note), etc. (Erickson, 1976). 
Most of the software for sound editing can be used to 
analyse a music score. These programs fulfil many tasks,
from hearing the music score, to delimiting the melodic
lines of a composition and modifying certain musical 
parameters. However, the process of looking for and 
identifying certain musical elements with the help of the 
software is generally rather limited. The best program is 
Humdrum, created by the musicologist and Professor 
David Huron, one of the most widely used programs for 
the codified analysis of musical scores. This is due to the 
fact that it is intuitive and contains around 9,000 codified 
compositions available through the Centre for Computer
Assisted Research in the Humanities at Stanford
University.  
Humdrum has two distinct components: Humdrum
Syntax, which defines the way the musical data is 
organized, and Humdrum Toolkit, the set of instruments 
associated with the software functions for data analysis –
finding stereotypes, checking similarities according to the 
parameters set by the user, and evaluating statistically 
any coded attribute (Huron, 1994, 26). 
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Systems of symbols 
The term symbol involves a relationship between two 
elements, being a sign, an object, an image, etc., which 
represents indirectly (conventionally or by virtue of an 
analogic correspondence) an object, a being, a notion, an 
idea, a trait, a feeling, etc. The symbols can be 
schematic, such as the tablatures (system of musical
notation based on letters, numbers or signs placed on 
parallel lines, for keyboard instruments or string 
instruments) of the guitar chords or the fingering of the 
bow instruments marked in the music scores, which 
indicate the position of the fingers on the chords. The
visual representation of the sound is frequently used for 
the timbral and dynamic analysis. The diagram of the 
sound waves made with the help of a computer 
“translates” each number (sample) in a music recording, 
in a certain position in a chart. The configuration of the 
wavelengths oscillates, reflecting in time the change of 
the sound in contact with the air pressure. 
The statistic specificities of the music can be analysed 
with the help of digital charts. These are useful in 
uncovering patterns, such as the potentially harmonic 
tendencies, by displaying the percentage of occurrences 
of the pitch classes (a set of frequencies which includes 
all the octaves of the selected sound). The graphical
symbols can be used to write a musical composition
which is not based on conventional notation. An example 
of this usage is the mapping of sound elements, called 
“sound objects” in Musique Concrète and in electronic
music. In such representations, each visual symbol 
corresponds to a sound or an execution technique, such as 
stretching or splicing. This method was used by Pierre 
Schaeffer (Schaeffer, 1966) to demonstrate the theories 
about “sonemes” (“sound objects”). 

The audio software analysis – the Fourier and 
McAulay-Quatieri methods 
The analysis of the audio recordings has become a 
tendency in the field of electroacoustic music and 
ethnomusicology, where there are no musical scores. The 
sound waves diagrams generally offer information about 
amplitude and timbre, and can be used to calculate the
temporal and synchronization data by comparing the 
beginning points. Many programs (even the basic ones) 
can render sound waves. 
A more detailed timbral analysis is possible using the
Fourier analysis, which identifies the frequency of each 
sound and its amplitude in time. These are displayed as
2D, 3D graphic forms or sonograms, which allow 
detailed comparisons of the instrumental, ensemble or 
architectonic features. The best programs which are 
based on Fourier analysis are SoundEdit, created by Steve 
Capps, and AudioSculpt from IRCAM. The composers of
spectral music pieces use the Fourier analysis to generate 
sets of frequencies for compositions. This makes it 
possible for them to use a sound as a source of frequency, 
as well as a timbral component (Amiot, 2016, 179). 
The McAulay-Quatieri Method (MQ) represents a 
reliable, usually sinusoidal analysis technique. Unlike
Fourier analysis, the MQ method isolates the higher 
harmonics of a sound, being often used to analyse sounds 
with a complex harmonic structure, or in cases where
several sound sources (voices) must be distinguished. 
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Lemur is one of the programs implementing the MQ 
analysis (McAulay, 1986, 744). 

Musical grammar and its analysis: a. 
generative theories of tonal music – Schenker
and Lerdahl and Jackendoff 
To complete the examination of the sounds, it is 
important to analyse their structural organization. 
Musical structures are similar to the language system. 
Musical grammar contains rules for the general 
construction of musical elements, that researchers apply
to the analysed works in order to unravel their structure. 
Such an analysis is designed under the form of a
hierarchy, like a family tree, and is based on grammar 
theories, such as Schenkerian analysis and the
Generative Theory of Tonal Music (GTTM). 
The Schenkerian analysis is based on the works authored 
by Heinrich Schenker (the Gestalt theory), the
musicologist who viewed music at the level of structures: 
the foreground, in which all the notes and ornaments are 
taken into consideration in the analysis; the middle
ground, containing only the main harmonic pillars; and 
the background, in which any musical composition can 
be reduced to one of the three harmonic patterns based on 
the fundamental steps (triad). The analysis process is 
performed by reduction, to reveal the essential structure 
of the composition (Ger. Ursatz). A Schenkerian analysis 
is represented visually by writing each level under the 
following one, each indicating only the relevant notes for 
that level. 
According to its creators, the “Generative Theory of
Tonal Music” is conceived “to specify a description of 
the structure of each tonal composition; namely the 
structure that the specialist audience can infer after 
listening to the composition” (Lerdahl, and Jackendoff,
1983). As a result, the theory is based on the audience’s 
experience, to the detriment of the exclusively statistical 
attributes. There are four sets of rules – metrical and
organisational for the rhythmical analysis, but also 
duration and prolongation, to examine the interaction 
between sounds and rhythm. The result of the analysis is 
the reduction at several levels of the details of the 
musical score by rejecting most of the notes, with the 
exception of those significant from a structural point of 
view. 

EMI (Experiments in Musical Intelligence) – 
David Cope 
The EMI program, designed by musicologist David 
Cope, is famous for the musical analysis and 
reconstruction in the style of different composers. Cope 
also created a simplified version called SARA (“Simple 
Analytical Recombinance Algorithm”), available in CD-
ROM format, attached to his book “Experiments in 
Musical Intelligence”. SARA, similarly to Humdrum, can 
process only music scores codified in a certain format. 
Each musical note contains a list of information, such as
the beginning in time (noteon), the frequency (MIDI 
number), the duration, the channel number and the 
dynamics. SARA performs processes of digital analysis; 
identifies the compatibility among system models and the 
data analysed at different levels, similarly to the 
Schenkerian ones; and reconstructs them into a new
composition. According to the composer, these complex
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processes can be reduced to 3 operating principles, as 
follows: 1. “deconstruction” (analysis and division into 
parts); 2. “signatures” (common character – preserving
the elements of the compositional style); 3. 
“compatibility” (recombining the selected elements – the
reconstruction into new works). 

Computerized musical analysis of several 
famous performances from the French violin 
repertoire (fragments) 
While most studies focused on recordings from the 
Baroque repertoire, a reduced number of investigations 
concentrated on discovering the performance features of 
the 19th century (Liebman et al., 2012). A fundamental
aspect taken into consideration in relation to this gap was 
the deficiency of most current editors of digital material
to extract information from the dense polyphonic texture. 
Thus, the solo musical works have become and remained 
the main source for most studies, because of the capacity
to adapt to the specifications of the software available at 
present. The useful information can be easily detected in 
small-size, relatively slow tempo, monophonic
compositions, as compared to the polyphonic works 
made up of varied textures. 
Unfortunately, the recording of the first performer of
Concerto no. 3 in B minor by Saint-Saëns – Pablo de
Sarasate – is not available, but in order to create a big 
picture of the performance style of the great virtuoso, we 
used as a model his work Zigeunerweisen Op. 20, written
in 1878 and recorded in 1904. Because this first notation 
lacks certain acoustic qualities (sound recording was at
its beginnings), it was necessary to perform a detailed 
investigation, repeated during several auditions. The 
analysis was subsequently supported by a second great 
violinist – Eugène Ysaÿe – contemporary with Sarasate 
and Saint-Saëns, to increase the reliability of the data. In 
addition to the additional landmarks, other famous 
violinists from various periods were considered in order
to be able to observe the performance of this Concert. 
The analysis of the dynamics, the overall tempo, the 
rhythm and tempo changes, the harmonic progression, the 
intonational profile, the vibrato and the timbre was 
performed with the help of certain software instruments
(Sonic Visualiser 4.3, producers: Chris Cannam and 
Queen Mary University of London, version 2021).
Because the bows (down/up), the bow modes, the 
articulation and the digitations represent idiomatic 
parameters, which at present cannot be analysed by the
computer, these can be obtained by examining the audio 
and visual component (where possible) of the selected 
relevant recordings. 
For a more detailed analysis from the spectral point of 
view, we selected 5 violinists from different generations,
in an attempt to highlight the similarities and the 
differences which emerged in time. Thus, we selected: 
Zino Francescatti (because his age is the closest to the 
two initial performers – Sarasate and Ysaÿe –, whose
recordings are not available), Yehudi Menuhin, Itzhak
Perlman, Maxim Vengerov and Clara Jumi-Kang (the
closest to my generation). 
As part of this complex analysis, we examined only part I 
of the Concerto. 
In music, the dynamics generally refers to the intensity 
of a sound, but also to each aspect of the execution of the 
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given composition, whether it is stylistic (staccato, 
legato, etc.) or functional (speed). The force is the quality 
of the sound, correlated psychologically mainly with its 
physical intensity (energy). There are two main types of
dynamics: piano (p), namely “slow” and forte (f) –
“strong” or “powerful”. There are also other numerous 
intermediary values of the dynamics to express gradual 
intensity, such as mezzo-piano (mp), mezzo-forte (mf),
etc. Moreover, the changes of the dynamics can be
gradual, such as crescendo/diminuendo, or sudden, such 
as sforzando.  
Thus, starting from the schemata of the sound waves and 
of the intensities (calculated in decibels – dB) extracted
from recordings, we obtained a model of the dynamics,
by overlapping them. For this segment of analysis we 
used the first part of the Concerto. 

Figure 1. Dynamic analysis  
(Francescati, Menuhin, Perlman, Vengerov, Kang) 

Combining the 5 variants, we can notice the fact that 
there are pairs (Menuhin, Perlman, Kang), and polarities
(Francescatti and Vengerov). Francescatti reaches the 
highest intensities, from 90 dB to 360 dB. Perlman and 
Menuhin start from 80 dB, and remain rather constant in 
intensity. These frequent oscillations in Menuhin’s case 
are caused by a more ample and continuous vibrato. 
Kang starts from 60 dB (a little lower than the previous 
pair), and remains under 80 dB. Vengerov, although he 
starts at 40 dB, after second 15, reaches three times the 
peak of 120 dB. 
The tempo represents the speed of a composition. It is an
essential aspect of music, influencing the atmosphere and 
the complexity of the composition. Thus, the tempo is a 
parameter specific for the analysis of the expressivity of a 
composition. In order to calculate the tempo of part I of
the Concerto, we first had to determine the general 
rhythm or bpm – beats per minute (BeatRoot – An
interactive plugin of the Sonic Visualiser program, a 
system of observation and analysis of the number of beats 
per minute (BPM), developed by Simon Dixon). After we
obtained the bpm values for the 5 recordings, we took 
into consideration the total duration of part I. 
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Figure 2. General tempo analysis 

(Francescati, Menuhin, Perlman, Vengerov, Kang)
In the classification of the general tempos, the first place
is occupied by Kang, starting from the value 90-110 bpm
and reaching the impressive climax of 250 bpm, between 
minutes 2:00-3:00 and before minute 06:00. There are 
quite big oscillations in this case, but the tendency is to 
accelerate, with certain constant areas in the interval 150-
190 bpm. Kang is followed closely by Vengerov, who 
starts in the interval 140-160 bpm, accelerating gradually 
up to minute 5:00 and reaching the maximum before 
minute 6:00, with over 240 bpm. The average of the
tempos used is 120-200 bpm. 
Francescatti, Menuhin and Perlman form a team from the 
point of view of the general tempo, because the higher 
extreme points are located around the value of 210 bpm, 
and there are considerable oscillations in all the 3
performances. Differences can be observed in the 
schemata as follows: Francescatti accelerates in the first 
minute from 155 to 210 bpm. Also, we can observe 
several steep slopes, the most obvious being between 

-110 bpm. The general
tempo can be inferred only in the last minutes (5:00-
8:00), and in the interval 120-180 bpm. Menuhin
oscillates in the interval 120-190/200, with less inclined 
slopes in the first minutes. In the minutes 6:00-07:00 we
can observe a slope, similar to the ones encountered in
Francescatti’s case, from 160 to 80 bpm. 
Perlman is the only one who starts at a high tempo (210 
bpm), decreases gradually until the middle section (110 
bpm), then accelerates towards the end, reaching again 
the initial tempo. 
For this parameter of the analysis, we studied the inner
fluctuations of the phrases (Theme I and Theme II of 
part I of the Concerto). In order to observe precisely the 
performance differences, we calculated the duration of 
each measure within the themes. 

Figure 3. Rhythm and tempo oscillations in Theme I 

We can notice the fact that Francescatti is the most 
balanced of all, the measures being almost equal. The 
shortest measures from a temporal point of view are 
measures 3 and 5, with approximately 1.12 seconds, and 
the longest – measure 6, of 1.44 seconds. The duration of 
theme I is 10.3 seconds, the most rapid execution. 
Menuhin’s performance gains volume, the major 
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differences as compared to Francescatti can be seen 
especially in measures 2 (1.26 < 1.93), 4 (1.42 < 1.86) 
and 7 (1.36 < 1.87). The total is 12.6 seconds. Perlman’s 
execution places him close to Menuhin’s. Thus, we can 
notice small differences of 0.1 to 0.4 seconds between 
measures. The cumulated time is of 11.94 seconds. 
Vengerov is at the opposite end from Francescatti, which 
can also be seen in Figure no. 1 – Dynamics. In his case,
we can see the amplest temporal dilatation. The measures 
are unequal, the shortest being 1.24 seconds long, the 
longest – 2.42 seconds. The sum of the durations is 13.54 
seconds. Although, overall, Kang was first in the top of 
the fastest General tempo (Figure no.2), the rhythm
oscillations proved to be balanced. The average of the 
durations is 1.6 seconds, with a minimum value of 1.26 
and a maximum value of 2.01 seconds. Their total is 
12.74 seconds, which place Kang’s performance close to
Menuhin’s. 
These marks are approximate, within the limit of the 
possibilities of sound analysis. The data were manually 
verified and uploaded, by listening repeatedly to the 
recordings, and watching their timeline (Match
Performance Aligner – Timeline between 2 distinct
points A and B, Vamp Plugin created by Simon Dixon 
for the software Sonic Visualiser, version 2021). 
As far as Theme II is concerned, the reason for choosing 
it was the contrast with Theme I. The latter is dominant,
incisive, fast, while Theme II – lyrical, easy to perform, 
calm. Unlike Diagram no. 1, we can notice here that a
measure is missing (7 instead of 8), because the theme is 
not symmetrical, being composed of a generating motif + 
2 developing motifs. Thus, we chose to analyse the first 2
motifs. Contrary to appearances, Menuhin preserves the 
proportions of the durations in the case of theme II, 
reaching a total similar to the first, of 12.6 seconds (close 
to 12.75 of theme I), his rendition being the fastest. The
temporal slope among the measures is reduced, starting 
from 1.49 and reaching 2.16 seconds. 
Francescatti remains balanced, with almost equal 
measures, except for measure 4, which is the shortest –
1.07 seconds. The longest value is at measure 7 – 2.58
seconds. The total development of Theme II is 13.6 
seconds. We can notice Perlman’s tendency of temporal 
amplification, especially in measures 3 (2.82) – the
longest – and 6 (2.31). The shortest is measure 4, with
1.2 seconds. The cumulated time is 14.78 seconds.
Vengerov’s performance, as in the case of Theme I, is 
temporally expanded. The average of the ample durations 
is around 2.6 seconds, reaching 2.9 seconds. There are 
also 2 values under 2 seconds, in measures 4 (1.63) and 5 
(1.96). The sum of the durations is 16.84 seconds. Kang’s
rendition is placed between Francescatti’s (13.6 seconds) 
and Perlman’s (14.78 seconds), totalling 14.38 seconds. 
The durations of the measures are also a combination 
between the styles of the 2, balance (in measures 3, 4, 5)
and freedom/amplification (1, 2, 7). 
In conclusion, we discovered rhythm and tempo 
oscillation with most of the violinists under investigation, 
in various degrees and places, irrespective of their 
personality or stylistic features. The tempo oscillations
and the agogic accents seem to be related to the musical 
textures rather than to the personal style, although 
numerous performers have displayed individual 
tendencies. Listening to the recordings, we can deduce 
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the fact that, although there is considerable variation of 
tempo and rhythm oscillations, there is an underlying 
metrical pulsation, giving the impression of systemic 
grouping and temporal uniformity, irrespective of the 
local changes in the duration. Unlike the eccentric,
whimsical and extratemporal performances, which 
dominate the 19th century, at present, the violinists 
present a feeling of temporal stability and an ample 
expressive phrasing. 
Vibrato is one of the most important means of 
expression. As part of the method, it is examined under 2
aspects, although it forms a dialectal unit in the end: 
technical achievement and aesthetical function. In the era
of polyphonic music, vibrato is not yet necessary, 
because the player’s attention is on the polyphonic 
texture, composed of voices almost always
simultaneously led. However, once homophony emerged, 
it became indispensable to increase to the maximum the 
expressivity of the melody, which led to the increasingly 
frequent use of the vibrato. 
Physiologically, the movement which produces the 
vibrato is characterized according to 3 aspects,
enumerated according to the frequency of their usage: 
1. Arm Vibrato – intense, of high amplitude, less 

frequent; 
2. Wrist Vibrato – oscillation movements of the wrist 

while the forearm remains still; 
3. Finger Vibrato – small, performed through the

oscillations of the finger, without moving the wrist 
and the arm; 

4. Twist Vibrato – the forearm rotates around its 
longitudinal axis. 

As for the vibrato used by the analysed performers, there
are many sound oscillation differences. 

Figure 4. Vibrato analysis. 

Francescatti uses a vibrato diminished from the point of 
view of its frequency and amplitude (fast vibrato from the 
wrist). He creates the effect of an impulse from the 
vibrato on the essential sounds and uses mainly different
bow methods as means of expression (e.g. portato, 
staccato). Menuhin uses the continuous slow arm vibrato, 
of high amplitude and low frequency, so as not to
interrupt the phrasing. Perlman’s vibrato is uniform and
continuous from the wrist, with speed impulses. 
Vengerov and Kang use a vibrato similar to Perlman’s, 
but interrupted by glissando in certain places. 
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CONCLUSIONS 
The modern methods of analysis (not only of 
compositional works, but also of renditions) are demands
of our time, challenges for any instrumentalist or for any 
responsible listener, but also analytical acts 
complementary to traditional ones, designed to enrich us 
and the understanding of the musical masterpiece. 
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