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ONSOz
Editér Kurulu

2010 yilindan itibaren istanbul Teknik Universitesi Tirk Mizigi Devlet Konservatuari biinyesinde yayinlarini
sirdiren Uluslararasi Porte Akademik Miizik ve Dans Aragtirmalari Dergisi, ingilizce ve Tirkge yayin yapan,
hakemli ve indeksli bir dergidir. Dergimiz 2022 yilinin ilk sayisi olan 22. sayidan itibaren Dergi Park platformu
Uzerinden e-dergi olarak yayin hayatina devam edecek, makale génderimi ve hakem siregleri bu platformdan
surdirilecektir.

21. sayida ise mizigin pek ¢ok calisma alanini ilgilendiren alanlarda, Turk Makam Muzigi icrasi ve hesaplamali
muzikoloji, ses tasarimi ve dijital sanat performanslari alanlarinda makaleler yer almaktadir.

ismet Emre Yiicel ve Taylan Ozdemir “Using Audio Loops for Instrument Family Recognition In Machine Learning
Tasks” isimli makalesinde, ses déngiilerini (audio loops) kullanarak miizik enstriimanlarini tanimlama noktasinda
bir yaklasim sunmaya calismaktadirlar. Mevcut kitliphanelerdeki DAW tabanl ses dongulerinin kullanimina
alternatif olarak Apple Jam Pack’ten ilgili ses déngtilerini secip enstriiman siniflarina gére diizenlenmiglerdir. Elde
ettikleri verilere dayanarak, orta vadeli 6znitelik ¢cikarimina dayal ses déngulerinin enstriman tanima gérevleri
icin uygunlugunu ele almiglardir.

Konstantinos Vasilakos “Exploring Live Coding as Performance Practice” baslkli calismasinda, ¢esitli dijital sanat
performanslari ile canli elektronik ve elektroakustik mizik performanslarinin gerceklestigi cagdas miuzik
sahnelerinde kullanimi giderek artan bir laptop icra bicimi olan es zamanl/canh kod yazimi (live coding)
olgusunun teknik 6zelliklerini tanitmakta ve live coding ile yaratilabilecek performans olasiliklarini tartismaktadir.
Bu tir bir performansta seyircinin yaratima olan katihmi, dogaglamanin olanaklari, kodlamanin bir ¢algi olarak
distnulmesi ve cesitli kodlama teknikleri kullanilarak yapilan muzikler konularini da ele alan Vasilakos,
makalesinin sonunda Istanbul’un cagdas sanat ortamina katki saglayan istanbul Coding Ensemble projesi ve
solo projesi Chunk No_Reace’in ¢alismalarindan da s6z etmektedir.

Muzik analizi, on dokuzuncu ylzyilda salt muzikal unsurlarin ve bu unsurlarin muzik yapiti icerisindeki
organizasyonunun betimsel olarak agiklanmasi ile baslayan, yirminci ylzyildan itibaren ise dilbilimsel,
gostergebilimsel ve yorumbilgisi perspektiflerinin de dahil edilerek mizikal ¢éziimlemeye ydnelik alternatif
okumalar sunan ve genislemeye devam eden bir alandir. Didem Uyanik ‘Jean-Jacques Nattiez’nin Muzikal
Gostergebilim Yaklasiminin Uygulanabilirligi’ baslkh makalesinde Nattiez’in Claude Debussy ve Edgard Varese’e
ait eser analizlerinden belirli kesitler incelerken, mizikal gdstergebilim alanindan arastirmaci ve teorisyenlerin
¢6zimleme yaklagimlar hakkinda bir panorama ¢izmektedir. GCalismasinin sonunda Uyanik, bu yaklagsimlarin
tonal muzik repertuar disinda da uygulanabilirligine dair dikkate alinmasi gereken énermeler sunmaktadir.

Eren Ozek “Kani Karaca Icrasinda Artik ikili Aralik Kullanimi ve Perde Anlayisi” baslikli makalesinde, 20. yiizyilin
O6nemli icracilarindan olan, mevlid, gazel gibi tirlerde 6zellikle irticalen yaptigi icralardaki mahareti ile taninan
Kani Karaca’'nin icra kayitlar zerinden frekans analizleri yapmaktadir. Bu analizler sonucunda Kani Karaca’ya
ait perde kullanim tercihleri gibi bazi icra Ozelliklerini tespit, yeni kuramsal galismalar igin veri tabani
olusturulmasini hedefleyen bir makale ortaya ¢cikmistir.
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USING AUDIO LOOPS FOR INSTRUMENT FAMILY RECOGNITION IN MACHINE
LEARNING TASKS

Ismet Emre YUCEL?
Taylan OZDEMIR?

Abstract

This paper introduces an instrument recognition approach with the aid of audio loops. The aim is to
show a basic instrument recognition recipe for music technology researchers by investigating whether
the DAW-based audio loops can be an alternative to researched-based available libraries such as
McGill University master samples, UIOWA samples, IRMAS audio libraries. For that purpose, audio
loops from Apple Jam Pack were preferred to create instrument classes (Families). The loops were
arranged according to their related instrument classes. The class names are Bass, Drums and
Percussions, Guitars, Keyboards, Strings, Synthesizers, and Winds. After the extraction of temporal
and spectral audio features from those classes, a 5736x105 dimensional dataset emerged. Then this
dataset was examined with 19 different supervised machine learning algorithms. The SVM Cubic
classification algorithm provided the best accuracy (90.2%). The result shows that the audio loops
with mid-term feature extraction can be used for instrument recognition tasks.

Keywords: Instrument Recognition, Machine Learning, Audio Content Analysis, Music Information
Retrieval, Music Technology, Usages of Audio Loops

Introduction

The Instrument Recognition studies have continued for more than three decades without losing importance. They
are essential for many music information indexing and retrieval tasks. Sound recognition studies are examined in
various disciplines such as biology, medical, surveillance, military, and multimedia, wherein speech, sound
effects, and music-related retrieval tasks occur. Speech recognition studies were exclusive because of the
industrial demand, and solutions were often used as guides while dealing with instrument recognition tasks. Over
the years, the audio features, preference of the features, dimensionality reduction of features, and classification
methods have been studied in instrument recognition literature. However, an instrument recognition scenario
depends on the audio source types being sole-sourced, multiple-sourced, monophonic, or polyphonic. The aim
of this study is to show how a loop-based audio dataset can be created and how the current machine learning
algorithms perform with this dataset.

Instrument Recognition is a subordinate field of Music Information Retrieval (MIR) studies and based on Audio
Content Analysis (ACA) theories. It seems there are similarities between the MIR and ACA fields, but the MIR
concerns a wide variety of digital formats, such as midi, scores, audio, and even their representational or semantic
relationships in a coordinative way. On the other hand, the ACA specifically deals with audio formats. Automatic

' This paper is based on the first author's Ph.D. thesis in progress, in ITU Institute of Graduate School, Music Doctoral Program,
eyucel@sakarya.edu.tr
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audio alignment, organization of audio in a database, audio visualization, and intelligent audio processing are
some subjects that the ACA involves. Lerch (2012:3) states that musical audio content has multi-faceted
information that originates from the score (musical notation, form, structure), performance (musical expressions),
and production (audio recording, effects, processing). The ACA has significant potential in terms of the audio
industry, and Herrera et al. (1999) remarked that potential by suggesting to add the content-based audio
descriptors scheme into the MPEG-7 standard. Also, the combination of music production with intelligent systems
leads emergence of the Intelligent Music Production (IMP) field. The primary focus of this field is to find fully or
semi-automatic solutions for music production stages. De Man et al. (2020:3) indicates that machine learning
techniques are becoming an essential tool for IMP systems together with the knowledge of engineering,
psychoacoustics, perceptual evaluation.

A general framework for an instrument recognition system comprises those efforts, choosing a sample library,
audio feature extraction to create a dataset, data-processing, and classification. After obtaining a sample library,
each audio file should be revised for the research purpose while solving a specific machine learning problem. In
other words, the audio contents should correspond to their class to prevent any irregularities or duplicates on the
feature vector. Further, the audio files may need pre-processing such as stereo-to-mono conversion, audio format
conversion, downsampling, DC removal. Thus, audio pre-processing is a good routine before whenever the audio
feature extraction step takes place. Next, the feature extraction process provides the creation of an audio dataset.
In the dataset, because some features may be definite in different numerical ranges, data pre-processing (like
scaling, normalization) is recommended. Then, the dataset is ready to be examined in supervised machine
learning methods for instrument recognition. It should be kept in mind that the accuracy rate of a classification
algorithm shows the feasibility of the dataset, but it does not mean the accuracy is always achievable when the
instrument recognition system is tested with external audio files.

Audio features are the low-level statistical representation of audio data that constitutes the core of the ACA. Low-
level statistical information is a kind of metadata that only the computer-based systems interpret. Each audio
feature (also called descriptor) is based on a specific mathematical theory and calculated in a predetermined
sample range named a short-term window frame, and those frames overlap at a certain percentage. This
overlapping of the successive windows is called “hop size.” Generally, the window frame length may range from
128-2048 samples and hop defined as a percentage (like 50%), but it is application and system dependent. The
“quasi-stationary” structure of the digital audio each frame needs applying a window function. Schuller (2013:45)
mentioned the rectangular, Hamming, and Hanning window functions and indicated that the most popular one is
the Hamming window function. The audio feature calculation happens in the time and frequency domains. Zero-
Crossing Rate (ZCR), RMS Energy, Energy Entropy are some time-domain features. Some frequency-domain
features are Spectral Centroid, Spectral Spread, Spectral Entropy, Spectral Flux, Spectral Roll-off, MFCCs,
Chroma Vector, and Harmonic Ratio.

Zero-Crossing Rate (ZCR), RMS Energy, and Energy Entropy are calculated directly from the signal. ZCR
calculates how frequently an audio signal changes its position between the positive and the negative parts in the
time domain. It is beneficial to distinguish the character of the signal, whether noise-like or not, so it gives a clue
about the timbre of the source. Typically, the ZCR value is low during silence or lower frequency parts of the
signal. Thus, it becomes effective for detecting silent and voiced parts of a signal.

Energy is the definition of the loudness of each successive frame of the signal. In speech signals, a high rate of
alternation is observed between sequential frames. Herrera-Boyer et al. (2003) indicate that “one of the most
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commonly used descriptors for musical, as well as non-musical, sound classification is energy.” (p. 10). Energy
Entropy indicates rapid energy changes in an audio file. This feature is advantageous in onset detection.
Giannakopoulos & Pikrakis (2014:77) highlighted the high potential of the Energy Entropy in genre classification.

During the years, psycho-acoustic experiments on human sound perception led to discovering new audio timbral
features. Those features are defined in the frequency domain, and they are based on the Fast Fourier Transform
(FFT). Some frequency domain features are Spectral Centroid, Spectral Spread, Spectral Entropy, Spectral Flux,
Spectral Roll-off, MFCCs, Chroma Vector, and Harmonic Ratio.

The Spectral Centroid and Spread are two closely related audio features. The definition of the spectral centroid
“is the center of ‘gravity’ of the spectrum.” (Giannakopoulos & Pikrakis, 2014:79). For the spectral centroid, a
higher value means the audio file has a brighter character. On the other hand, the Spectral Spread defines how
the spectrum of the signal propagated around the centroid. Lerch (2012:47) indicates that the higher spread
values are observed at the transients for monophonic signals.

The Spectral Entropy defines spectral shape providing minimum value for a continuous signal and maximum
value for a short signal (peak). “Spectral entropy is computed in a similar manner to the entropy of energy,
although, this time, the computation takes place in the frequency domain.”(Giannakopoulos & Pikrakis, 2014:81).

The Spectral Flux is used “to detect spectral changes in the signal, one basically computes the difference between
subsequent spectral vectors using a suitable distance measure.”(Muller, 2015:309). This feature describes the
roughness of the signal. Schuller (2013) indicates that “Speech SF values are higher than music ones and the
environment sound has the highest value. Also, the environmental sound changes dramatically between
successive frames.” (p. 146).

The Spectral Roll-off “is defined as the frequency below which a certain percentage (usually around 90%) of the
magnitude distribution of the spectrum is concentrated.”(Giannakopoulos & Pikrakis, 2014:85). Lerch highlights
that the behaviour of the Spectral Roll-off “at pauses in the input signal may require special consideration. While
the result will equal zero for absolute silence, it may be quite large for noise, including pauses with low-level
noise.”(Lerch, 2012:42). It makes the Spectral Roll-off functional for ACA applications.

Mel-Frequency Cepstrum Coefficients (MFCC) is widely used in the representation of both speech and music
signals. The cepstrum stands for the logarithmic transformation of the spectrum for a signal. MFCC uses the Mel
scale, which mimics the human perception of pitch. In Eronen’s (2001:22) study, the results showed that “the mel-
frequency cepstral coefficients gave the best accuracy in instrument family classification, and would be the
selection also for the sake of computational complexity.”

The Harmonic Ration (HR) is an indicator that whether the audio file is periodic or aperiodic (noise-like). The
periodicity does not fully explain the character of the regular signals such as voice and music. This situation leads
to the usage of the term “quasi-periodic” for them. HR feature is used fundamental frequency estimation of a
signal.

The Chroma Vector is a representation of audio spectral energy in 12 bins as a matrix. “Each bin represents one
of the 12 equal-tempered pitch classes of Western-type music (semitone spacing). Each bin produces the mean
of log-magnitudes of the respective DFT coefficients.” (Giannakopoulos & Pikrakis, 2014:91). For musical signals,
the bins are prominent in a short-term frame in chromagram.
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Mid-term windowing (also called texture window) is a common technique to get a meaningful representation of
the audio features, particularly for audio files longer than 1 second. It is especially preferred in the genre, musical
similarity, and mood classifications. While the duration of short-term window frames is typically ranging between
10-40 msec, for mid-term window frames, the duration is between 1-20 s. Accordingly, each short-term feature is
extracted individually, then some statistical calculations are applied to the features at the mid-term frame. For an
analogy, the short-term features are similar to letters, and the mid-term statistics stand for words or sentences.
Arithmetic mean, median, standard deviation, and standard deviation by mean are some of the statistical methods
which can be used while utilizing mid-term windowing.

In most cases, a vast audio vector composes after a feature extraction process. Dimensionality reduction is
necessary to acquire a more meaningful representation with a smaller dimension of the audio vector. Feature
extraction and feature selection are two categories in dimensionality reduction. One of the most popular reduction
methods is PCA (Principal Component Analysis), “In PCA data is projected into abstract dimensions that are
contributed with different —but partially related- variables. Then PCA calculates which projections, amongst all
possible, are the best for representing the structure of data.” (Herrera-Boyer et al., 2003:8). The Singular Value
Decomposition Method, Fisher's Linear Discriminant Analysis, The Kernel PCA, Laplacian Eigenmap,
Independent component analysis (ICA), and Non-negative matrix factorization (NMF or NNMF) are other
dimensionality reduction methods. For feature selection, there are three primary methods, which are filter,
wrapper, and embedded. Agostini et al. (2003) indicated the performance of the identification system depends on
feature choice. Essid et al. (2006a) worked on pairwise strategies for classification to find the most relevant
features.

Generally, unsupervised and supervised approaches are two main categories in machine learning. The
supervised approach is suitable for instrument recognition applications because “supervised learning consists of
understanding the relationship between a given set of features and a target value, also known as a label or class.”
(Saleh, 2020:42). The term supervised means each class (or target) name known by the algorithm before starting
the classification task. Each target description coincides with its feature row in a dataset. Conversely, an
unsupervised method does not expect any target name but groups the samples according to their similarities.
Bishop (2006) has sorted out the classification algorithms under those main topics: Linear models, Neural
networks, Kernel Methods, Sparse Kernel Machines, Graphical Models, and Mixture Models. Over the years,
various machine learning methods have been examined for instrument recognition tasks. K-Nearest Neighbours,
Bayesian Classifiers, Discriminant Analysis, and Decision Tree are some of them.

Method
Building Dataset

In this work, Apple Jam Packs were used to create an audio dataset. The available libraries which the researchers
have are Jam Pack 1, Jam Pack Remix Tools, Jam Pack Rhythm Section, Jam Pack Symphony Orchestra, Jam
Pack Voices, Jam Pack World Music folders, respectively. For the scope of this study, the Voices and Word Music
folders were excluded. Each folder comprises more than 2000 pieces of audio loops with different types of
instruments. Due to the irregular content, the folders are not suitable to use in a classification task directly. It was
required to reorganize their content according to their instrument family. Therefore, the audio files from the loop
library were arranged into seven instrument groups. The names of family groups are Bass, Drums and
Percussions, Guitars, Keyboard, Strings, Synthesizers, and Winds.

EO



2021 KV

The format of the audio files was stereo CAF3, which is not a standard audio file format. Thus, they were converted
into mono wave files without editing the lengths. The information about those audio files and the instrument
families is given in Table-1.

Table 1: Instrument families (classes) in seven instrument groups and their properties.

. . Min. Max. Numbgr of
Classes Some Properties of the Audio Classes L Audio
ength X
Files
Bass B.ass guitars, some distorted, Double basses (played with 1-23 sec. 834
different techniques)
Drum-sets (fills, different styles with many playing
Drums & techniques), Electronic-Dance Drums, Drum-set with
X ) . - 1-20 sec. 1965
Percussions percussion(s), Drums Machines, Percussions (such as
congas, Tambourine, and similar.)
Acoustic, Nylon, Electric, with various styles (rock, metal,
. jazz and similar) and playing technique (fingers, plucked,
Guitars strummed, slides, and similar), different effects (like 1-32 sec. 4
distortion, wah-wah, reverb)
Keyboards Organs,. Clgvinets, Wourlitzers, Rhodes, Acoustic and 1-32 sec. 602
Electronic Pianos.
Mostly orchestral, sample-based, or real. Various playing
Strings techniques, some recordings are solo, some ensemble. The | 1-32 sec. 398
predominant effect is reverb.
Various Funk Synths, Synth basses, pads, some
Synthesizers arpeggiated, mostly chords, some have effects (like delay, | 1-42 sec. 464
reverb).
Brasses, Harmonica, Flutes, French and English Horns,
Winds Clarinets, Oboes. Some performances are solo but mostly | 1-40 sec. 358
played as groups.

Audio Feature Extraction

The audio feature extraction is an inevitable process before conducting a machine learning task. Giannakopoulos
and Pikrakis (2014) describe the audio feature extraction as “representing the properties of the original signals
while reducing the volume of data.” (p. 59). Some frame-based information can be derived from the processed
audio file and filtered for research.

Generally, the audio feature extraction is a two-step process, short-term and mid-term. The short-term features,
also called low-level features, are calculated at a particular window (FFT) length with a step size. Step size (also
called hop size) is a length that determines the number of samples between each successive FFT window; for
example, %25 refers to a quarter of the window size. The purpose of using consecutive steps (hop) is to achieve
more detailed calculation results from an audio file. On the other hand, mid-term feature extraction allows
obtaining a general perspective about an audio file. Giannakopoulos and Pikrakis (2014) explain the mid-term
feature extraction as a process that “can be employed in a longer time-scale scenario, in order to capture salient
features of the audio signal.” (p. 65).

% Core Audio Format by Apple
|
D |
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There are a lot of Python libraries for MIR works. In this research, pyAudioAnalysis (Giannakopoulos, 2015) is
preferred for the audio feature extraction task. Additionally, some modifications were applied to the library code
to acquire median statistics of the features and saving the feature vector as a spreadsheet file to examine other
machine learning platforms such as Matlab. As a result, the audio dataset had 5736x105 dimensions.

Properties of Short-Term Features

In this part, the window size of FFT is 0.04 seconds, the step of each window is 0.02 (%50 hop) seconds. For
each audio file, the calculated audio features are Zero Crossing Rate, Energy, Energy Entropy, Spectral Centroid,
Spectral Spread, Spectral Entropy, Spectral Flux, Spectral Roll-off, Harmonic Ratio, MFCC, and Chroma Vector.
In the dataset, MFCC holds 13 columns, Chroma Vector contains 12 columns, and the others hold a single
column. Therefore, audio features have been calculated at each short-term frame as 35 columns in total (Table-
2).

Table 2: Audio Features and Number of Columns

Features Number of Columns
Zero-Crossing Rate Single

Energy (Power) Single

Entropy of Energy Single

Spectral Centroid Single

Spectral Spread Single

Spectral Entropy Single

Spectral Flux Single

Spectral Roll-off Single

Harmonic Ratio Single

MFCC 13

Chroma Vector 12+1 (mean of the bins)

Properties of Mid-Term Features

In the dataset, each audio file has various lengths, and because most of them exceed 1 second, the mid-term
statistical approach is used to get quick results at the stages of feature extraction. The mid-term window length
is 1 second, and the step size is 500 msec (%50 hop). The applied statistics on each mid-term frame were
arithmetic mean, median, and standard deviation.

Data Pre-processing

Generally, data are represented in different ranges and types in a dataset. Nevertheless, in most situations, the
diversity of data types and ranges cannot be interpreted by classification algorithms successfully. Because of
that, datasets should be reviewed, cleaned, and prepared before the machine learning algorithm runs. Zheng and
Casari (2018) indicate that some classifications that use smoothing functions at inputs (like regression-based
models) are affected by scaling. Although in this dataset, all feature columns are represented as floating-point
types, some columns range differently. Therefore, standard scaling was applied to the data in order to centralize
every column around zero.

EZ
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Classification

For machine learning and its applications, the Matlab environment provides a versatile tool called Classification
Learner, which comes within the “Statistical and Machine Learning Toolbox.” The tool allows working on
supervised classification methods with various classifiers.

Before starting classification, holdout validation is applied to the dataset to prevent overfitting. The held-out
percentage is % 25, which means a quarter of each instrument group is divided for testing and the rest for the
training. In this research, the deployed classification methods are Decision Trees, Discriminant Analysis,
Bayesians, Support Vector Machines (SVM), K-Nearest Neighbour (K-NN). Thus, with several types of these
classifiers, 19 numbers of algorithms were compared in this study.

The Decision Tree is a famous classification and regression method. In this method, input data is tested with
many basic conditional operators (if questions). The testing process resumes from top to bottom over different
decision nodes. The term “decision node” is used for every conditional step, and each one can branch out to a
new decision node. A “leaf” symbolizes a prediction result. One decision node can have multiple branches towards
the other nodes and reaches the final leaf (prediction). Saleh (2020) highlighted that “Decision trees can handle
both quantitative and qualitative features, considering that continuous features will be handled in ranges.
Additionally, leaf nodes can handle categorical or continuous class labels; for categorical class labels, a
classification is made, while for continuous class labels, the task to be handled is regression.” (p. 141). A
fundamental decision tree diagram is given in Figure-1.

Decision
Node

Decision
Node

Decision

Node Leaf

Yes No

. Leaf "
Decision Decision

Node Node

/N N \
(Leaf) (Leaf) (Leaf) (Leaf) (Leaf) (Leaf ) ( Leaf) (Leaf)

Figure 1: A basic diagram for Decision Tree algorithm. Each decision nodes can have more than two branches
(as yes, no and others). Leaves stand for the results or predictions.
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Discriminant analysis is also known as Fisher discriminant analysis. It is based on binary classification (defined
as K=2) but can be used for multivariate and multiclass (K>2) problems. Simply, a discriminant function assigns
the input vector to a class (K), and the classes are represented on hyperplane surfaces. The hyperplane surface
is divided by the boundaries that define classes. A basic demonstration of discriminant analysis is given in figure
2. D1, D2, and D3 represent the classes. Xa and Xb points are classified in the D3 class. If x is a point between
Xa and Xb, then the algorithm decides that x also belongs to the D3 class.

In machine learning, some classification methods are based on Bayesian probabilistic functions. In Bayesian
classification theory, “the optimal classification decision can be achieved based on the knowledge of the
distributions of feature vectors and the prior probabilities of the classes.” (Tulyakov & Govindaraju, 2013).
According to Nisbet et al. (2018:184), the advantages of this algorithm is fast during the training and classification,
and more not sensitive unimportant variables. But disadvantages the algorithm assumes all variables are
independent, which means interaction between them is excluded.

D2
D1

Xa -

D3

Figure 2 Discriminant analysis demonstration it a hyperplane surface. D1, D2, and D3 represents the
classes. Xa, Xb, and x are definite in the D3.

SVM (Support Vector Machine) algorithm has been used to solve different classification problems since the 90s.
Izenman (2008) highlights the extensive usage of the algorithm as “SVMs have been successfully applied to
classification problems as diverse as handwritten digit recognition, text categorization, cancer classification using
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microarray expression data, protein secondary-structure prediction, and cloud classification using satellite-
radiance profiles.” (p. 369) SVM method depends on a kernel function to map the feature vectors to kernel space.
The kernel type can be linear, quadratic, cubic, or gaussian based. There are two strategies for the solution of
multiclass problems, one-versus-rest, and one-versus-one. These strategies depend on the application.

The k-NN (K-Nearest Neighbourhood) is one of the simplest machine learning algorithms. Albon (2016) describes
the k-NN as a “lazy learner” and states that “it does not technically train a model to make predictions. Instead, an
observation is predicted to be the class of that of the largest proportion of the k nearest observations.” (p. 251).
This technique strongly depends on a distance (dissimilarity) measure function such as Euclidean. The parameter
k stands for the number of neighbours, and it changes according to the dataset and the number target (class) in
an application.

The solution of instrument recognition problems changes according to the source types being single or multiple
sources. While the term “single-sourced” denotes that only one instrument performs in the audio file, “multiple-
sourced” means that more than one instrument plays simultaneously. Approaches used for single-sourced
instrument recognition tasks also provide a foundation for solving multiple-sourced instrument identification
problems, but audio source separation has an essential role in that kind of task. In instrument recognition for
polyphonic sources, Essid et al. (2006b) proposed hierarchical taxonomy. Heittola et al. (2009) provide a solution,
using a source-filter model and an augmented non-negative matrix factorization algorithm for sound separation,
and attained 59% accuracy for six-note polyphony.

Moreover, recent works in instrument recognition for polyphonic sources have concentrated on deep learning
methods since they outperform other available state-of-the-art machine learning approaches. They also provide
more accurate results in different fields such as image speech recognition and source recognition. Han et al.
(2017) state the importance of identifying musical instruments in polyphonic recordings, musical genre
classification, and music transcription and proposed the (CovnNet) a Deep Convolutional Neural Networks (DNN)
instrument recognition system. On the other hand, Yu (2020) proposed a system that combines DNN with the
principal classification with the assistance of auxiliary classification. This system aims to find the predominant
instrument which plays simultaneously in polyphonic music. According to the researchers, the proposed system
performs 10.7% and 16.4% better than CovnNet.

As mentioned above, before conducting an instrument recognition task, the first objective is to find an appropriate
audio sample library. In previous studies, researchers have utilized free audio libraries such as McGill University
master samples, UIOWA samples, and IRMAS dataset or custom-made audio libraries for instrument recognition
studies. However, audio loops bundled with Digital Audio Workstations (DAW) or other commercially available
libraries can also be an excellent alternative to the free libraries mentioned above.

This work aims to provide a basic instrument recognition recipe for music technology researchers and investigate
whether the DAW-based audio loops are usable or not. The research objectives are to find an audio loop library
and organize them as instrument families, building a dataset from those instrument families by audio features
extraction methods, and estimating the best-supervised machine learning algorithm for this dataset.

Results

Accuracies of the classification algorithms are given in Table-3. According to the table, while the SVM Cubic
algorithm provides the best classification result, % 90.2, SVM Fine-Gaussian gives the worst classification result,
% 48.6.
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Table 3: The overall success rates of classification algorithms.

Classification Model Type Accuracy
Fine % 74.8
Tree Medium % 70.7
Coarse % 64.7
Linear % 78.2
Discriminant
Quadratic % 82.2
Naive % 67.8
Bayesian
Kernel Naive % 70.2
Linear % 83.2
Quadratic % 89.5
Cubic % 90.2
SVM
Fine Gaussian % 48.6
Medium Gaussian % 88.2
Course Gaussian % 76
Fine % 83.8
Medium % 79
Coarse % 70.0
KNN
Cosine % 80.8
Cubic % 76.7
Weighted % 81.6
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The confusion matrix of the best classification (SVM-Cubic) result is given in Figure-3. In the confusion matrix,
True Positive Rates (TPR) represents overall accuracy for each instrument family, and False Negative Rates
(FNR) shows the classification mistakes. According to the matrix, the algorithm attained a 99% achievement result
for the Bass class, and the misclassification rate is 33.3% for the Synths class.

Model 1.10 (Cubic SVM)

Bass 1.0%

Drums_Percs 3.9%
Guitars 5.4%
]
[
O Keyboards 16.7%
2
£
Strings 21.0%
Synths 33.3%
Wind 22.5%
Bass Drums_Percs Guitars Keyboards Strings Synths Wind TPR FNR
Predicted Class
Figure-3: Confusion matrix for SVM-Cubic. In left side percentages of success and misclassification
rates for each instrument family are shown in a comparative way. In the right side, True Positive
Rates (TPR) and False Negative Rates (FNR) gives a general clue about misclassifications.
Conclusion

A loop-based audio dataset has been created for instrument family recognition tasks with the mid-term statistical
approach. Seven instrument families were created: Bass, Drums/Percussions, Guitars, Keyboards, Strings,
Synths, and Winds. For this dataset, the SVM-cubic classification algorithm scored high precision results; for Bass
99%, Drums/Percussions 96.1%, Guitars 94.6%, Keyboards 83.3%, Strings 79%, Winds 77.5%, and Synthesizers
66.7% accuracy attained. The overall classification accuracy is 90.2%.

These results show that the approach in this paper can be useful when classifying a wide range of audio files with
various durations from different audio classes (instrument families). The size of each class and lengths of
individual audio files does not affect the classification result drastically. So, the matter is not quantity but the
quality of each audio file’s content and how they represent the audio instrument family. Due to the higher
classification accuracy results, the audio features seem sufficient to distinguish for given instrument families, at
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least for Drums, Bass, and Guitar samples. Therefore, mid-term audio features for the classification of audio files
excerpted from audio loops work pretty well. However, the dataset obtained in this study may not provide the
same accuracy when tested with external audio files because of the diversity of musical styles, playing, recording
techniques. Of course, large-scale datasets with various classes may be preferred to solve different instrument
recognition problems, but one must keep in mind that extensive datasets cause a significant drop in the
classification speed and may also severely affect the accuracy. In that kind of scenario, the deployment of
dimensionality reduction techniques may become inevitable to determine the best result with fewer audio features.

In terms of quality, given in Table-1, the audio files in instrument groups have various properties. In the Synth
class, the audio files have some audio effects, very distinct characters, and, recorded as chords. There are two
concerns here. The first one is that the audio effects change the timbral character of the audio files. Thus, an
instrument family class with that kind of audio file will be affected in that situation. The second one is that a wide
variety of instrument types cause inconsistent feature structure for a class, especially created by the different
synthesizing techniques such as additive, subtractive, granular, wave-shaping, physical modelling. These
concerns may explain why the synth family classification provides the worst result (TPR 66.7%) in this experiment.
Of course, these are upfront subjects for further research.

The Strings family consists of solo, ensemble, sample base, or real recordings in various reverberant
environments. As previously mentioned, the reverberation, especially in the ensemble recordings, drastically
changes the timbral character of the instrument family. Similarly, the winds family samples coincide with many
distinctive instrument recordings in terms of timbres, and some of them are recorded as groups. This situation
explains the low accuracy rate of those audio families, given in Figure-3.

As aresult, the DAW-based audio loops are a practical choice for dataset creation in instrument recognition tasks.
However, the instrument family categorization must be considered carefully, and the audio files from a loop library
placed into the related family group in that sense.
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EXPLORING LIVE CODING AS PERFORMANCE PRACTICE
Konstantinos VASILAKOS 1
Abstract

Live coding is the dynamic process of modifying the source code of a running software that generates
sound or visuals (Collins, 2011; Collins et al., 2003; Collins & Escrivan Rincén, 2011; Nilson, 2007). It is an
emerging laptop performance paradigm that is used in many art scenes and research practices in the digital
arts and contemporary musical scenes, such as Computer Music, Electroacoustic performance and the
broad landscape of Sonic/Sound Art, as well as in the Algorave community, a live music idiom broadly
referring to the creation of dance music using live coding to hack music which interacts with visuals. In the
context of Electroacoustic music, it provides an ideal interface for experimentation as it allows one to
improvise the structure of algorithms that constitute the sound synthesis engine of a computer-based
musical environment, and thus releases the performer from constraints and limitations from fixed interaction
possibilities. This not only relates on the interactivity capabilities of a digital system, but also has a great
impact on the higher level musical characteristics of a composition, as opposed to other paradigms of live
electronic music. This artistic practice, enacted by the technical act of programming, is deployed by the
coder/performer as a means to create indeterministic sonic manipulations informed by his/her aesthetic
musical decisions during improvisation. Interestingly, live coding also contributes to the question of causality
in the performance of electronic music. One can argue that live coding addresses this issue by inviting the
audience to engage in the live process via visualizing the alteration of the structure of the code in real time,
enhancing the sense of liveness during improvisation. While live coding merely indicates the techne of
devising sound algorithms “on the fly,” it spans many diverse ecosystems in a live electronic music
landscape. Live coding also heralds the emergence of dedicated artistic communities, such as the Algorave
and Toplap? organization, referred as the “home of live coding”. Toplap hosts new findings and projects,
while a dedicated conference named International Conference on Live Coding is inviting new research
internationally, highlighting new tools and practices in the field. The author will report his own research in
the field of live coding, reflecting on two personal ongoing projects: the Istanbul Coding Ensemble (ICE), a
laptop ensemble working in the field of dynamic programming and improvisation using networked music
systems, and an Algorave3 side project given the alias Chunk No_Reace.

Keywords: Live Coding, Online Music Performance, Live Coding Ensemble
Introduction

Live coding is an emerging performance practice in the field of Computer Music, Electroacoustic Music and the
broad Sonic Arts landscape: A real-time performance paradigm of creating algorithms that produce music or
visuals live and using improvisation as an impetus for real-time improvisation generating works for clubs,
academic events and festivals of electronic music.
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The performer(s) write algorithms in a programming environment whereby they interact with the produced sound
by altering the code on the fly. This live process is usually projected onto a screen to let the audience follow the
changes and the development of the code in conjunction with the musical/visual outcome. Live coding is a
performance paradigm in Computer Music, but not limited to its genre’s characteristics, as it extends to other
electronic music styles, such as IDM, Glitch and Electronica and visual arts. Other examples show that live coding
is also used for other art forms, such as in choreography (Sicchio, 2014).

In contrast to other contemporary electronic music genres, such as the Acousmatic tradition, live coding shows
the audience the moment that the music is being created. Through the projection of the code, which is shown on
a screen during the performance, the listener is able to watch the performer’s manipulations and to presume how
their actions are influencing the overall sound. From this perspective, the audience can understand the presence
of the live performer through the code and its development during the musical discourse —something that in other
Electroacoustic music practices is absent. (However, one could argue this deliberate neglect of the live presence
is an essential characteristic of the Acousmatic tradition).

Kairotic coding seems to ignite an interesting discussion and theoretical interpretation of the concept of
improvising with code live. The Greek word Kairos (weather or time), in the context of live coding, could be
interpreted as the right moment to intervene and take decisions of altering the software at hand while it is running
(Cocker, n.d., 2013, 2018).

Some interesting views of live coding include the analogy of it with the process of problem solving (“Behind the
Screens: Marije Baalman,” 2020; Nilson, 2007). Nilson (2007, p.1) goes further, to argue for an interesting
connection with the early days of mathematicians who made their living by challenging other mathematicians in
public in order to resolve mathematical problems of the time.

Some Authors [...] argue that the tournament on cubic equations between the two Italian mathematicians
Nicolo Fontana Tartaglia and Antonio Maria Fior about 1539 might be considered an early Live Coding
performance (albeit it lasted for several weeks and is thus not directly comparable to today’s short-lived
performances). (Zmdlnig & Eckel, 2007, p. 1)

But the excitement of coding in front of an audience is interesting. I've given presentations to people who
work in ICT, and they are quite nervous about doing something like that. It’s the fear of making mistakes.
But making mistakes is an essential part of coding, of problem solving: it is like taking different viewpoints
on a problem and that is part of the process. Process is performance. The risk of failure is what makes
performance interesting. (“Behind the Screens: Marije Baalman,” 2020)

Live coding can also be seen as similar to the performance of circuit bending inasmuch as it can generate
unpredictable sonic results by hacking the original structure of a circuit live. As is often the case, the process may
involve pretexts of code with which the performer improvises, and builds something entirely new from its original
state.

Live coding is not bound to a specific genre; instead it is used in various styles and communities of live electronic
music. Some examples include artists working as solo performers, to name but a few, Alexandra Cardenas, Shelly
Knotts, Marije Baalman, Julian Rohrhuber, Alberto de Campo, Alex McLean, Thor Magnusson, Nick Collins, and
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too many more to list here, and some other artists and creative coders working in the field of visuals, such as
Olivia Jack, and Antonio Roberts. A selection of notable coders can be found at this link*.

Algorave is growing exponentially across many communities, attracting artists who bring new tools and practices
to the field. It is based on repetitive beat-based algorithmic processes using live coding with the aim of creating
electronic dance music. For some it has been ambitiously anticipated as the future of electronic music, since the
music that is created is broadly accessible to the general audience without requiring technical knowledge in
programming. The appealing of this movement is also apparent by the numerous articles in some popular and
widely read media that highlight Algorave as an emerging practice in the realm of electronic music (Calore, 2019;
Luka, 2019; WIRED, 2006). For one thing, Algorave has gained a wide reputation internationally and has attracted
many practitioners in the field both from academia and beyond.

A website5 was devised for a colloquium panel on Algorithms and Live-Coding: Contemporary Practices inviting
talks by artists of Istanbul’s local scene under the New and Newest Music Festivalé that was organized by Arter
art center, in Istanbul, in February, 2021.

Besides the numerous solo artists of live coding and some examples of live coding communities, such as Algorave,
there are also live coding and networked music performance projects (Collins & Escrivan Rincon, 2011; de Campo
et al., 2007; Lee & Essl, 2014; Ogborn, 2014; Rohrhuber, de Campo, Wieser, et al., 2007; Wilson et al., 2014).
These groups are known as live coding ensembles and are using local networks to distribute various data types
in order to communicate with each other during the performance. Examples include PowerBooks Unplugged,
Cybernetic Orchestra, and the Birmingham Ensemble for Electroacoustic Research (BEER). An early example
of network ensemble is The Hub (Collins et al., 2003, p. 322). One of the members particularly states:

... in particular on the piece ‘Waxlips’, my machine’s behavior was controlled by a hunk of code newly
auto-generated on my command at the beginning of each section. There was also a certain amount of
fooling around with self-modifying code; at the time we were much more interested in finding weird and
uncontrollable behavior than in clarity, reliability, maintainability and other such outmoded concepts!
(Collins et al., 2003, p. 323)

Live coding also has a recently founded dedicated conference, entitled International Conference on Live Coding”
(ICLC). Its aims is to bring together the latest and current proceedings elaborating on cutting-edge technologies
in live coding.

While these are showcasing coding as a performance strategy as much as a research area, some further
investigation shows live coding has been a component in other practices from the Sonic Arts landscape, such as
sonification8, deploying live coding as a means to bridge interdisciplinary fields. Dark Matter created by BEER
(Vasilakos et al., 2020).

4 https://en.wikipedia.org/wiki/Live_coding#Notable_live_coders

5 https://konvas.github.io/new-music-liveCoding/

6 https://www.arter.org.tr/en/algorithms-and-live-coding

7 https://iclc.toplap.org

8 Sonification is the use of non-speech data to synthesize sound material (Hermann et al., 2011).
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Live coding and the audience (in the post digital era)

As cultural cache goes, effort demonstrates virtuosity in musical performance. A live coder is mostly performing
by executing commands via the keyboard, this act is often linked with an “office/email checking” bias. It reasonably
makes live coding performances look like an esoteric procedure which is hard to follow, and thus excludes some
audiences that find it challenging to understand the specific technicalities of the code. Of course one can just
focus on the music and safely ignore the programming aspect. However, the projection of the code shows the
real-time process of tweaking the sonic algorithms and thus enabling the connection between performer’s actions
and the musical result, thereby enacting a causal relationship between the editing of the code and sound
generation. The display of the code arguably, exposes liveness and highlights the improvisation with the running
software including the decisions and errors throughout the performance.

The importance of the projection of code during the improvisation seems to be part of the main ethos of live coding
as a way to enhance audiences’ experience (Blackwell, 2015; Burland & McLean, 2016). This is also stated in
Toplap’s manifesto as a way to sustain the openness and access of the performance tool(s), avoid esotericism,
and make apparent the liveness and moment of making (Toplap, 2020). Presenting the inner workings of a coding
performance helps to establish a causal relationship between coding and sound, though perhaps not on the same
level when comparing with the action of plucking a string of acoustic instrument: to achieve the same dynamics
with the sound one would have to interact with the mechanical nature and characteristics of the acoustic
instruments, something that in the digital domain that live coding exists is absent.

Instead, the audience is able to follow some changes which are happening in code and observe how this
translates to the sound by reading humanly readable snippets and/or keywords in the code. Relating to some
languages the level of transparency of the commands is aided by assigning specific parameters and their
assigned values, which are understandable without the need to know the programming language, for example,
“pitch:2”, or “roomsize:10 and revtime” etc. and thus this helps to sustain a logical connection between changing
code and the sonic result (demonstrated later). Therefore, if one is repeating an old video recording of a live
coding performance this will look detached with the moment of the performance, as the change of the value of
the rate of a pitch shift algorithm is replaced it will immediately create a correlation with the sonic outcome, since
pitch shifting of sound material has a drastic influence on sound(s) the same as reducing the room size of a
reverberating processor, which can be easily understood by even a non-technical audience.

Consequently, even in the case that the audience is not familiar with the language at hand this kind of change will
help to relate to this action. That is, however, far from suggesting that the level of tangibility that one has with an
acoustic instrument is the same with the code. The idea here is not to reenact this kind of relationship with the
sounding object but to be able to interfere with the musical/sonic outcome on a higher level, similar to the
interaction affordances offered by the external controller/device (e.g., a MIDI controller that is used for modulating
sound parameters of a digital musical system).

Therefore, the visualization of code is something that can help the audience follow the performance and thus
highlight other characteristics of the coding, such as liveness and virtuosity, and at the same time enhance
openness and accessibility from audience’s point of view.

Finally, to put this argument to the test, in a comparison between live coding performances and acoustic
instrumentalists’ performance, the audience is not expected to know the specifics of what is going on, but they
still thoroughly enjoy the performance. In other words:
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A pianist in classical setting makes decisions on details that bring out the structure and the subjective
emotional meaning of a piece; the 'text’ of the composition itself is usually not touched. Even if the pianist's
hands are not seen, an audience can follow and appreciate these aspects quite well. (de Campo et al.,
2007)

As in every kind of musical performance, regardless of its genre, the intention of the audience is not to examine
the technicalities of what they hear and to analyze, but to enjoy the music. During one of the first Algorave events
in Istanbul, a survey about live coding was conducted providing some interesting feedback by the audience
(Dagdeviren, 2018). A selection of responses are outlined in verbatim in 0000.

Examples of environments for live coding.

There are many environments for live coding; some of them include the broader and well known environments
for sound synthesis and algorithmic composition, such as Pure Data®, Chuck?, MaxMSP1! and SuperCollider'2.
Of these, SC, which is the author’s platform of choice, is an open source and state of the art language for
algorithmic composition and includes JITLib'3, a live coding library that accommodates various components for
live coding and Just In Time programming techniques (Rohrhuber, de Campo, & Wieser, 2007).

Finally, there are some languages for live coding visuals such as Hydra'# by Olivia Jack and Cyril'5, to name but
a few. For an extensive list of programming environments for live coding see this link
(https://github.com/toplap/awesome-livecoding#languages).

In addition to commonly used ones, there are also some other derivatives created by artists themselves, which
entail rather personal preferences. Most of the times these are built on top of other programs using their sound
generators. An example of this is TidalCycles, widely used in the field of Algorave's. It embeds Haskell language
offering a wide range of patterns as a means to interface with custom-made synthesizers in SC, using Open
Sound Control protocol'” and can run in various IDEs, such as Atom'8, and Emacs'?, as well as in some online
editors.

Some thoughts on code as an instrument
There is a common belief that live coding can be seen as similar to the performance with an instrument.

By bringing the power and expressiveness of the programming language into runtime, an on-the-fly
programming system has the potential to fundamentally enhance the real-time interaction between the
performer/composer and the systems they create and control. Code becomes a real-time, expressive
instrument. (Wang & Cook, 2017, p. 1).

9 https://puredata.info

10 http://chuck.stanford.edu

11 https://cycling74.com

12 https://supercollider.github.io

13 https://doc.sccode.org/Overviews/JITLib.html
14 https://github.com/HydradS

15 https://cyrilcode.com

16 https://tidalcycles.org/Welcome

17 http://opensoundcontrol.org

18 https://atom.io

19 https://www.gnu.org/software/emacs/
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While | find this idea to be generally true, it may be problematic to assume the code as an instrument without
examining this concept. When performing with an instrument one learns to familiarize with its physical properties
and master its inherent sound capabilities, e.g. the tendency of some instruments to play low registers easier and
vice versa; and more idiomatic techniques, such as fingering placement, breathing, as well as extensive bowing
techniques. If the performer makes a small mistake while performing with the instrument, for example, slightly
misplacing a gesture or playing a wrong note, there is a good chance that it might even go unnoticed (depending
on the level of the musical mistake and the audience). In correlation with live coding, a misplaced command or
erroneous value inside a running module (unless one can get away with a minor syntax error), this will not be so
forgiving and will have a dramatic effect on the musical flow. In some extreme cases it might even cause the crash
of the software leading to an interruption of the performance, something that is impossible to go unnoticed. Others
argue that this error-prone process is part of the live coding ethos and thus must be embraced under the rubric
of live coding. That is not to say of course that the performance with acoustic instruments is less prone to human
mistakes, but it is certainly less inoperable than in live coding performances. However some virtuosos and
masters of acoustic instruments would probably disagree.

To clarify more the analogy | shall provide the following example. If one runs a loop using a routine2 with an
inappropriate interval time it will most likely freeze and crash the software, which will likely cause the termination
of the sound. Similarly, there is also the question of the system used to run the multi-layered synth processes or
complex processing of the signal at hand. This depends on the hardware resources of the computer one is using
and thus it makes it impossible to predict, but if one pushes their machine to the edge of its abilities it will likely
lead to the termination of the performance.

Therefore, while the analogy of the coding environment as an instrument is at a first glance true, in reality many
other factors and risks come into play which the coder must become familiarized with and so be able to overcome
during the performance.

The code as an interface

Once the coder reaches a certain degree of technical skills — avoiding syntax errors or minimizing the crashes
with erroneous commands, and becoming familiarized with the platform’s available components — and s/he has
climbed the necessary learning curve?! of the programming platform at hand sufficiently well to build the
necessary confidence to go live, then code can be seen as similar to the way of performing with integrated Digital
Musical Instruments (DMI), comprising an interface with which to modulate its control parameters. At this point
some important distinctions must be made. In the case of the ready-made system, which is already developed, it
is detached from the moment of improvisation. This means that the functionality and interaction capabilities of the
system are predetermined, due to the decisions taken prior to the moment of the performance. Wang and Cook
(2017, p. 1) describe this as an “off-line process of development and preparation, leaving only the finished

)

program to “go live™.

This becomes more apparent when using an Ableton Live patch paired with external hardware controllers. The
interaction possibilities are bound to fixed decisions of the software, e.g., access to a set of parameters and
predetermined range specifications. Although tempting in terms of the easiness and accessibility that a polished

20 In programming, a routine is used to schedule a repeated function according to given time intervals.
21 Sufficient at least to manage a musically meaningful live performance, if not a masterpiece of coding dexterity and other
virtuoso aspects which might be inherited by the classical music tradition but not necessarily adhere with the ethos of live coding.
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graphical user interface may have, it will not allow for a deep interference with its inner workings, and thus it will
only allow a predetermined?2? array of interaction possibilities; this idea is also supported by Collins (2003, p. 322).
Moreover, it will affect the overall temporal progression of the performance and create a rigid time feeling, due to
its purpose of sequencing of musical events in a timely manner.

In my attempt to avoid generalization, it is necessary to elaborate further in order not to reach biased and
farfetched conclusions. Interactive systems, such as DMIs (Miranda & Wanderley, 2006) have been a fruitful area
for experimentation and academic research since the advent of computer-based musical environments for real-
time improvisation and generative music. This practice is thoroughly investigated in communities such as the New
Instruments for Musical Expression (NIME), and has been at the forefront of many innovative hardware prototypes
to modulate sound synthesis parameters as a means to provide an interactive relationship between human
agency and computer-based musical systems. However, an extensive elaboration on DMI research is beyond the
scope of this article. The author has undertaken extensive studies in this topic and will draw from his experience
comparing live coding and physical interaction approaches (Vasilakos, 2016, p. 70).

Live coding and hardware controllers

The practice of using an external controller to enhance gestural expressivity is a well-established norm for
computer musicians and laptop performers and tends to be the standard in the field of interactive Electroacoustic
and Computer Music23. Even though the enormous functionalities of controllers and software may be further
developed, and the variety of their control associations to pertain maximum expressivity is endless, yet all these
are developed before the performance.

In other words:

More precisely, the fundamental problem is how to model expression: the entire range of spontaneous
expressive behavior a performer/conductor might want to use would have to be programmatically
formalized beforehand, in order to map an ‘expression’ recognized in the sensor data to the relevant;
expressive performance parameters. If one suddenly has an idea that a specific passage should be
realized differently, that must have been prepared, or it will be inaccessible. (de Campo et al., 2007, p. 2)

Interestingly, code can be viewed as a medium, inasmuch as an external hardware device is used to modulate
the control inputs of a DMI. Code as interface is not a new concept in the field of live coding, and is demonstrated
by other artists, such as PowerBooks Unplugged and BEER (de Campo et al., 2007; Wilson et al., 2014).

In the case of live coding the code can be altered dynamically at the same time of performing allowing one to re-
establish the modal relationships between the sound synthesis engines and their controls. This affords a shift
towards new interaction possibilities of improvisation which allows one to redesign the performance environment
in a recursive way. For example, one may control a set of parameters with the same random values generator;
after a while this can be applied into other parameters or even replacing the random stream with a generator that
distributes sequential values and so on. Some of the approaches illustrating this concept in SC and JITLib,
including some of the author’s standard methods, are outlined and demonstrated as code snippets below (see

22 Using Ableton’s Max for Live integration will of course allow for a greater degree of customization yet it will still be an “off-
line process”.

23 | would rather limit the discussion in these, and less to more commercial paradigms such as Electronica/IDM and their
aesthetics.
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Figure 2 and Figure 3). In addition to these some brief video excerpts of live coding are provided in the following
section. However, these were made to illustrate some foundations of live coding instead of suggesting a global
way to perform, as the possibilities to combine various techniques and develop a personal style of coding are
endless.

Music made using various coding techniques

To provide some musical examples of the code snippets provided in Figures 1 and 2, some brief demonstrations
highlighting some commonly used techniques in SC and JITLib respectively were created and outlined as follows.
Additional explanation for each step is provided in the videos.

In the following music excerpt24 coding involves the modification of a source code of a sound node, which consists
of an array of sines unit generators and replacing those with saw oscillators (see Fig. 1). This transcends to virtual
sonic spaces and at the same time it avoids ad nauseam textural interpretations, a simple yet musically
meaningful transition. Some fade time is used in order to ensure smooth changes of the sound. While the
performance unfolds a new parameter is introduced, named freq. The introduction of new parameters live helps
the coder to change the sound output drastically by improvising with a new set of attributes of the node and
assigning new values. The new parameters include panning, and frequency multiplication factor for each partial.
The multiplication factor is mentioned already is denoted as freq and is controlled by a Pxrand pattern. Patterns
is a very convenient way to control sound sources in SC. More information about the use of patterns in SC can
be found at this link25. Pxrand iterates in an array of values without repeating a value until the array is completed.
Similarly, the time interval of the iteration process is controlled by a pattern that generates a geometric series
named Pgeom?6; it has three parameters: start, growth and the number of values produced. Following this
performance method the interactivity is set to a meta level, that is, the control is happening through the alteration
of the parameters of the patterns instead of direct connection with the sound parameters. The music output is
shifted from drones to granular textures and sonic gestures, constrained by an ADSR envelope which is also
controlled using live coded patterns.

Another musical excerpt?? involves a similar approach but with another type of a sound source, which may be
closer to the idea of a synthesizers (see Fig. 2). These can be implemented before the performance and used
one by one or all of them at the same time. This is demonstrated by triggering a synth and controlled by patterns
in a similar way to the previous example. In this case it can easily create many control streams on top of each
other and thus create different layers and separate sonic entities, leading to polyrhythmic and diverse timbres.
This approach is a powerful method to improvise and thrust the musical output by combining various types of
patterns and modify their contents in real time using fixed synthesis sources.

The last excerpt28 illustrates how to add effects to the signal to enrich the audio output in a post production level
by following similar live coding techniques in SC and JITlib. It shows the implementation of a resonating reverb
of SC of which the reverberation time and the room size are modified to create alternative spaces. Instead of

24 https://youtu.be/1EG7PoenePk

25 https://depts.washington.edu/dxscdoc/Help/Tutorials/A-Practical-Guide/PG_01_Introduction.html
26 https://doc.sccode.org/Classes/Pgeom.html

27 https://youtu.be/OwU2icG8V-o

28 https://youtu.be/-8F20v6qPH4
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creating the effect from scratch, as this would require a significant amount of time to implement on stage, similar
controls can be applied in the effect’s parameters as described above.

These approaches help to escape from coding inertia2® and allow one to shift from textural drones to rhythmical
variations, or vice versa, and interactively develop different synthesizers as a means to build a musical arsenal
for the live coding improvisation.

This process is broken down into several stages, that is, built, edit, and re-structure of the software, and at the
same time it enables the constant exploration and resetting of interaction affordances, for example, introducing
more control parameters and/or effect processors. The dynamic relationship yielded from this process opens up
an unparalleled interactivity with computer music environments. It offers a higher level of flexibility and a wider
palette of interaction affordances which in turn allow for more unpredictable musical discourse. In the case of
performing a specific live coding piece, which may rely on specific resources and other programming
paraphernalia (e.g., some pieces require additional code to be loaded in order to perform the piece, such as
networking interconnection amongst performers) there is a slight chance of interactivity trade offs as the
performance strategy is defined in the compositional idea of the piece and dictated by the pre-developed interface
or platform that creates the musical piece.

Ndef(\updateMe_later, {Splay.ar(SinOsc.ar({ExpRand(120.0, 1220.0)}'8, Rand(0.1, 2.0)*pi, 0.5))});
Ndef(\updateMe_later).fadeTime = 3.0;

Ndef(\updateMe_later, {Splay.ar(LFSaw.ar({ExpRand(120.0, 1220.0) * \freq.kr(1, 0.3)}!8,
Rand(0.1, 2.0)*pi) ** LFNoisel.kr(0.5).range(0.1, 0.25))});

Figure 1: Live coding in SuperCollider using JITLib’s Ndefs.

Importance of parameter mapping and live coding approaches

One of the key aspects of the development of DMIs is the relationship between the physical input and the way it
is linked with the control of the musical parameters of the platform. This important aspect in the design of digital
instruments is known as mapping (Hunt et al., 2002; Miranda & Wanderley, 2006).

Besides approaching mapping strategies as merely a technical part of a system, it could be argued that it has a
vital importance and a major influence on the musical outcome when comparing it with other interactive laptop
performance paradigms (Vasilakos, 2016).

Following similar coding approaches as described already, one can also hardcode the wiring of the mapping and
change the control relationships of the gestural inputs to sound dynamically, leaving out the problems of limited3°
mapping strategies which may result in the predictability of the gestural input interpretation (Vasilakos, 2018, p.
66).

29 Coding is a laborious act and error prone process, inevitably it may require some time to develop a specific musical passage
during improvisation which might lead to inertia or slowing the results.

30 However, this limitation is far from being a constraint to the musical expressivity. For example, going back to the correlation
with acoustic instruments, a clarinet might be a very limited instrument but nobody would suggest that it is devoid of expression
or the music that it produces is wholly deterministic.
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This dynamic manipulation of the mapping has also been explored by Marije Baalman (Baalman, 2020). The
performance’s strategy consisted of using embedded sensors of the computer, such as accelerometer and
touchpad, which are live mapped during the performance.

The same technique can be extended to any form of control signals, whether a hardware interface is generating
them, such as a MIDI controller, or OSC messages in network communication. To describe the process better, |
will limit the possibilities to intra-communication using some of SC’s patterns in order to control the parameters of
pre-made synthesizers, as seen below:

Pdef(\a,

Pbind(\instrument, \synth,

\dur, Prand([4/4, 4/8, 4/16, 4/32], inf),
\rate, Prand([0.2, 0.4, 0.6, 0.8, 1, 3], inf),
\buf, ~sounds[0]

);

Figure 2: Live coding data streams controlling sound synthesis parameters of a SynthDef using patterns.

Figure 2 shows a way to interact with a synthesizer in real time and interact without interrupting the performance.
A Pdefin SC is a placeholder that can be modified later without interruption. This approach is extremely handy
as one can update the values and all the associations between incoming data and synthesis parameters without
disrupting the musical flow. It can also include quantization of many placeholders and thus different layers of
sounds which can run simultaneously. The combination of these is as unlimited as the mapping. This includes
range specification and pattern design; for example, a pattern may use other patterns for their parameters as
illustrated in Figure 3.

Pdef(\x, Pbind(\instrument, \foo, \dur, Pgeom(0.05, 1.1, inf), \degree, Pseq([Pseq((1..10), 1),
Pxrand((15..30), 15)]))).play;

Figure 3: Patterns controlling parameters of patterns.

Live Coding and the Web

In addition to the merits of live coding expressed thus far, the nature of the script, as a lightweight medium to
transmit and/or transfer commands and instructions of both controlling signals and algorithms that make the actual
performing software at hand, makes it a very convenient tool for networked performances, that is, distributing
various bits of code amongst performers while improvising in live coding in an ensemble. Therefore, it has proven
very handy for telematic performances, e.g., remote interactions with coders across the internet. The code can
easily broadcast with no heavy lifting resources for back-end support, e.g., dedicated servers, making code ideal
for remote interactions across the internet. In addition, one can also perform using online editors3! which support
various languages, such as SC, and TidalCycles and run on web browsers allowing for synchronization of all
connected performers across the web.

31 https://flok.clic.cf
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Live Coding: personal works

The author has adopted live coding as one of his main tool for experimentation, research, and artistic practice.
Analysis of personal projects elaborating in live coding as a means to create original works both as solo and
networked/distributed live coding performances is outlined as follows.

Istanbul Coding Ensemble

Istanbul Coding Ensemble (ICE: https://konvas.netlify.app/ice/) is a coding group formed by Sonic Arts
postgraduate students32 at the Center for Advanced Studies in Music (MIAM). It was founded by the author to
investigate live coding and networked performance drawing largely from his experience as member of the BEER.
Since 2018, the group is contributing to academic events in Istanbul and beyond performing works from the
repertoire of various laptop ensembles, such as Dark Matter (2016), NSMRC33 by BEER, but it has also performed
original works, such as Akkaya’s MIMIC, a live coding piece using real time sonification of brain waves data. This
work also used several hardware to perform, such as, embedded computing boards and several electrodes to
render the data while one of the performers is streaming brain waves data throughout the performance. More
information can be found at this link34.

The group has also performed with acoustic instrumentalists, solo performers and orchestras. A collaboration with
percussionist Amy Salsgiver (ITU/MIAM) involved machine listening as a means to create real time dialogues
between coders and vibraphone; video of the performance found at this link3s. This was based on BEER’s Piano
Code (2014) which was premiered by pianist Xenia Pestova. Another iteration of this project is a collaboration
with pianist Jerfi Aji based on Kamran Ince’s Symphony in Blue, and thus the project was named Symphony in
Blue 2.0, presented at the TTI Conference3®, in 2021. A recording of the performance can be seen at this link37.

32 Past and current members include, Tugba Selin Ulker, Gékalp Kanatsiz, Anil Bozkirli, Selenay Kiray, Bartu Gankaya, Onur
Dagdeviren, Serkan Sevilgen, Ugur Can Akkaya, Bidar Kalender, Kerem Ergener and Okan Yasarlar.

33 NSMRC (after Dan Stowell) readapted for live coding ensemble.

34 https://github.com/UCAkkaya/MIMIC-Project

35 https://www.youtube.com/watch?v=fsUI83MMogg&list=PLiCZTYIqSUAb4gVwlbsaXI9bKT-V3xRoG&index=5&t=5s

36 https://nc16653.wixsite.com/ttiprojecOt/conference

37 https://youtu.be/vMXCswvoV2E
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Figure 4: From left: Konstantinos Vasilakos, Onur Dagdeviren, Serkan Sevilgen (ICE), and Jerfi
Aji (piano) at MIAM Studio. Photo was taken by Cem Onerturk at MIAM Studio, 2021.
ITU/Macka, Istanbul.

Software and tools of ICE

ICE’s main programming language for performance is SC. For networking communication the group uses Utopia,
a platform developed by Scott Wilson (Wilson et al., 2014), which allows connected performers to share their
code to each other and build real-time interactions using a graphic user interface. It allows accessibility to the
code that is executed from each coder in real time and it also provides a series of synchronization components
and classes for sending and receiving OSC messages.

Lately, the group has adopted a server based display utility, which is used to show all code that is executed by
each member during the performance. It is developed as a NodedS application which is the runtime of JavaScript
programming language. A screenshot that was taken during one of the performances can be seen below in Fig 5
and 6.
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Figure 6: Code display excerpt A.

Figure 5: Code display excerpt B.

Chunk No_Reace: Algorave music endeavors

Chunk No_Reace is a solo project of the author performing in Algorave events. Some notable concerts that took
part include Istanbul’s first Algorave event: Code the Party 1 and 2 at Salt Gallery in 2018, and at Pan's Social
House, in 2019 respectively. The events were both organized by Atay Ilgiin and Caner Bozkur and heralded the
inauguration of the Algorave community in Istanbul. To this day, Algorave Istanbul is a vibrant community and well
established event of the vibrant electronic music scene in Istanbul and is rapidly growing with members from local
universities and artists forming a dynamic and versatile demography of live coders with an anticipation of
welcoming new members and audience alike in the following years.
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Conclusion

Live coding is a very versatile performance paradigm which spans across many genres in the broad landscape
of live electro(nic)acoustic music and other time-based arts. It uses the act of programming while heavily relying
on improvisation as impetus for real time composition of audio/visual pieces. By displaying the code during the
live coding performances the audience is invited to follow the open-ended construction of programs, including all
the associated controlling components that comprise the performance media, which are used to perform sound
and visuals at the same time that their structure is changed live. Live coding is embodied in many cutting-edge
performance paradigms sparking new aesthetic narratives and sub-cultures of electronic music, such as laptop
networked ensembles and Algorave music.

Live coding in performances appeals to both academics and wider groups with no previous technical background,
thus making it more accessible, while at the same time providing the field for experimentation with no alienating
traits of esotericism for the interested layman. On the musical level, live coding offers the performer a platform to
overcome previous constraints (which a fixed system may entail), while exploring the interaction affordances of a
computer-based musical environment at the same time as its creation.

Therefore, it provides an interface which allows for drastic variations of sonic outcomes allowing for diverse
musical interpretation. In turn, this has a profound impact on the higher-level musical characteristics, including
rhythmical and spectral variations of the sonic outcome.

Finally, the author provided information about personal research in a newly formed laptop ensemble, and solo
Algorave persona, both involved in the local scene of live coding inviting a new breed of artists and audiences
alike.
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Appendix A

It is worthy of mentioning that while most of the respondents stated that they had no programming background
whatsoever, the projection of the code didn’t seem to have a negative impact on the appreciation of the music or
cause alienating effects to the overall experience.

. Sample (p. 4/12)
“Q: To what extent do you engage with the projected code at these events”

“It is like a puzzle or translation for me, b/c | don’t speak Coding and | try to make
connections between the sound and the code”.

“Q: What is your level of experience (if any) with computer programming”
“None”

IIl. Sample (p. 12/12)
“Q: To what extent do you engage with the projected code at these events”

“I guess | was trying to make sense of the code, although | don’t know anything about
programming.”

“Q: What is the impact of the projected code on your experience of the event”

“First it was the total center. Even more important, than the performer himself. After |
got used to it, | lost the overall interest in it and just went on partying.”

“Q: What is your level of experience (if any) with computer programming”
“I don’t know any computer programming languages.”
“Q: What appeals to you most about live coding events”

“The Improvisational aspect and that you see something changing in advance, although
you will not know what exactly. Secondly that it was something totally unknown for me before. |
was just curious.”
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JEAN-JACQUES NATTIEZ’NiN MUZIKAL GOSTERGEBILIM YAKLASIMININ
UYGULANABILIRLIGi

Didem UYANIK 1
Abstract

The development of music analysis as a theory date back to the late 19th century. While these
theoretical approaches explain the elements related to the internal organization of music only at its own
level, interpreting styles that have become closer to other disciplines over time have brought new levels
to music analysis. These studies, which deal with the relationships of music with semiotics, linguistics,
and hermeneutics, mostly appear in the 20th century. Musical semiotics arises from such a close
relationship with linguistics and semiotics. What distinguishes semiological analysis from other methods
of analysis is primarily the discipline it is backed by and the terminology it uses. In addition, it tries to
draw the analysis models of the discipline with which it is related to the analysis level of music.

In this article, the studies in the field of musical semiotics will be mentioned and applicability of the
approach of Jean-Jacques Natttiez will be explained. The English translation of his book published in
1990 and other publications will be used as the main source. Nattiez's approach, which utilizes both
semiotics and linguistics, includes the process (poietic) and reception (esthesic) by which the work is
shaped in the hands of the composer, without relying on a pure analysis of the work (neutral), unlike
most of his contemporaries. It offers a three-level approach, namely poietic, neutral and esthesic. The
neutral level is seen as a controversial level in some respects due to the analysis style it presents and it
focuses on work analysis. In the article, these aforesaid opinions will be discussed and the scope of
these three levels will be explained in general. Until now, analysis object of musical semiotics, including
Nattiez's work, has mostly been the tonal works of Classical Western music. Although tonality provides a
very favorable environment for some semiotic readings in terms of making certain relationships
necessary, there is no claim that these studies cannot be applied to a non-tonal structure. Therefore, it
will be discussed that Nattiez's approach, which gives priority to emphasize the social meaning of the
musical work, should not be limited to tonal music, it can be transferred to other mediums.

Keywords: Music, Musical semiotic, Semiotic analysis, Jean-Jacques Nattiez, Analysis methods
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metinlerini olusturmuslardir. Saussure’lin yaklagimi, dili olusturan anlamsal birimleri bir gdstergeler dizgesi
olarak ele almasi bakimindan yapisalcilik icin dnemli géruliir. Gostergeler Gizerinden yapiya dair bu bakis, dilin
kendi icindeki nedenselliginin, anlami olusturan bu dizgeler yoluyla kavranmasini odagina alir. Alana iligkin en
temel kavram olan gésterge, insan dusuncesinin ve bildirisimin bir pargasi olarak konumlanmistir. Saussure’de
bu kavram, gésteren (isitim imgesi) ve gosterilen (kavram) olmak uzere iki temel bileseniyle butindir. Peirce,
felsefenin yani sira mantik ve matematik alanindaki calismalarinin getirdigi bir yénelimle géstergeleri kendi
icerisinde Uge bdlimlenen bir sema icinde kurgular. Temelde géstergeyi yorumlayan (interpretant), nesne
(object) ve gbsteren (representatum) olarak (e béler. isaret ettigi anlam katmanlari Saussure ile birbirine
yakindir.

Muzigin kendi sistemi igerisinde gdsterge olarak sayilabilecek pek ¢ok kavram bulunabilir. Perde, ritmik yapi,
dinamik, tempo, partisyon Uzerinde icra seklini belirten her seyin gdsterge (ya da dilsel gésterge) olarak
okunabilmesi mimkin. Yapit analizinde kullanilan 6zellikle armonik iliskilere dair gésterimler de buna dahil
edilebilir. Sézgelimi Klasik Bati muziginde “I-V-I” baglantisi kendi basina butliin bir tonal yapiya isaret eden
temel gostergelerden biri olarak gdrilebilir. Ancak bunlar daha ¢ok analiz surecinde goérinir olan birtakim
kodlamalardir. Yapit icerisindeki armonik iligkiler daha ¢ok bestecinin tasarladigi ve onun yapiti baglaminda
gbstergesel anlam tasiyabilecek 6zellikte olanlardir. Mizikal gdstergebilim var olan bu géstergeleri ele aldig
gibi muzikal anlama yoénelik farkh bir okuma da gelistirmeye calisir. Yapit analizi temelinde sekillenen bu
yaklasimlar, yeni gosterge dizgeleri gelistirerek yapita dair farkli anlam dizeyleri kurar. Bunu yaparken kendi
teori alanini mizigin analitik yapisina ¢ekmeye calisir. Tonal yapitlar, kurulmasi zorunlu bir iligkiler zincirini
gérindr kilmasi bakimindan bu alanda en cok incelenen yapitlar olmustur. Diger bir deyisle tonalite,
gostergebilime iligkin teori ya da yaklagimlarin kendini kurabildigi en somut zeminlerden biri olagelmigtir.
Tonaliteden uzaklastikga buradaki yaklasim ve teorilerin sundugu kesismeleri gérmek giderek zorlasir. Yine de
kimi kuramlar bize butini kapsayan yerden bir bakis sunar ve bdylelikle farkli ddnem ve formdaki yapitlarda bir
anda kesisen pek ¢cok nokta bulunabilir veya yeniden yaratilabilir.

Muzikal gostergebilimdeki temel egilim, gdstergebilimin epistemolojisini ya dogrudan mizige aktarmak ya da
onu bir yol haritasi olarak kullanmak tizerine gelismistir. Bu yaklagimlar Oscar H. Salgar’in (2016: 26) referans
verdigi gibi U¢ tipte ydnelimle cercevelenebilir: “(1) Gdstergebilimsel veya yorumbilgisel, (2) Bilissel veya
biligsellikle sekillendirilmis, (3) Sosyal ve politik.” ilk gruptaki galismalar miizik metninin (yapitinin) analizini ve
onun i¢ iligkilerini inceleyen yaklasimlari konu alir. Leonard Meyer, Raymond Monelle, Robert Hatten, Jean-
Jacques Nattiez, Kofi Agawu, Eero Tarasti ve David Lidov gibi isimler ana akimi olustururlar. ikinci grup, mizik
psikolojisini ve bilissel bilimi teorik ve uygulamali agidan birlikte ele alan calismalar tzerine yogunlasir. Bu
yaklagim altinda sayilabilecek Lawrence Zbikowski, Rubén Lépez Cano, John Sloboda gibi isimler, dinleme
eyleminin ve dinleyen 6znenin biligsel streglerini incelemeye calisir. Ugiincli grup Peter Dunbar-Hall, Philip
Tagg gibi isimlerin populer muzige iliskin ¢calismalarini ve diger calismalara gére daha sosyal bilimsel bir alana
kayan yaklagimlarini kapsar. Adi gecen arastirmacilarin bircogu genel géstergebilimi ve dilbilimi bir hareket

4 Charles Sanders Peirce (1839-1914) A.B.D.li filozof, mantik¢i, matematikgi ve bilim adami. “Géstergebilimin kendi kendine
yeten bagimsiz bir bilim dali olmasini saglamistir. Hem dilsel hem de dil disi g&stergelerle ilgili bir kuram tasarlamis ve buna
semiotic adini vermistir.” (Rifat, 2009: 231)

*Gosterge, genel olarak, kendi diginda bir seyi temsil eden ve dolayisiyla bu temsil ettigi seyin yerini alabilecek nitelikte olan
her gesit bicim, nesne, olgu, vb. olarak tanimlanir. Bu agidan sbzcukler, simgeler, isaretler, vb. gdsterge olarak kabul edilir”
(Rifat, 2009: 11). “...g0sterge, cesitli yazarlarda bir dizi benzer ya da ayri terim arasinda yer alir: Belirtke, belirti, gériintt, simge,
yerine terimleri gdstergeyle yarigan baslica terimlerdir” (Barthes, 1993: 26).
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noktasi olarak belirledikleri gibi F. Saussure, C. S. Peirce, Roman Jakobson, Vladimir Propp, Louis Hjemslev ya
da A. J. Greimas’in yaklagimlarini da model alirlar.

Nattiez’nin Fondements d'une sémiologie de la musique (1945) kitabiyla birlikte muzikal gdstergebilimin temel
metinleri ortaya ¢ikmaya baglamigtir. Bunu takip eden on yillik sireci ingiliz mizik kuramcisi Jonathan Dunsby
(1983: 27) bir entelektiel iklim olarak tasvir etmis ve “anlam algisiyla ilgili olusan, iginde gugclu bir yapisalci durtu
iceren bu entelektiel iklimin, mizikal anlama iliskin yeni ve ¢ok gerekli dislinceleri sunabilmesi gerektigi’ne
vurgu yapmistir. Nattiez’nin kitabindan bir yil sonra Gino Stefani’nin bu alana giris niteligindeki calismalari® ardi
ardina gelir. Nattiez’'nin iki kitabinin arasina denk gelen zaman diliminde Philip Tagg, “Musicology and the
Semiotics of Popular Music” (1987) ve “Introductory notes to the Semiotics of Music” (1999) makalelerini
yayinlar. Tagg, populler mlzik arastirmalarini Gniversite ¢cevrelerine tanitan etkili bir organizasyon olan “Populer
Muzik Arastirmalari Uluslararasi Birligi’nin (International Association for the Study of Popular Music)
kurucularindan biridir. Analizinde Amerikali muzikolog Charles Seeger’dan édin¢ aldigi museme” kavramini
kullanir. Etnomuzikolog Peter Dunbar-Hall da Tagg gibi popller mizik tzerine calismalarda bulunmustur.
1991°de yayimladigi “Semiotics as a Method for the Study of Popular Music” makalesi bu alandaki
calismalarina 6rnek olarak gosterilebilir.

Ozellikle topic® konusunu islemis olan Agawu’nun calismalari, bu alanda en gérinir olan galismalardandir.
Leonard Ratner’in égrensici Agawu, Playing with Signs: A Semiotic Interpretation of Classical Music (1991)
kitabinda Klasik dénem yapitlari Gzerine yogunlasirken ikinci kitabr Music as Discourse: Semiotic Adventures in
Romantic Music'te (2009) Romantik dénem yapitlariyla ilgilenir. Cook’a gére (1994:107) ilk kitabindaki
yaklasimi “Schenkerian teoriyi Ratner’in fopic yaklagimiyla iligkilendirerek klasik muzik repertuari Uzerine
g0stergebilimsel bir anlayis gelistirir.” Ele aldigi bu yapitlari kendince kurdugu bir analiz modeli ve kategorilerle
analiz eder. Jakobson’dan aldigi terminolojiyle mizikal anlamin icereferansh (introversive) ve disareferansli
(extroversive) diizeyleri Uizerinde galigir.

icereferansli semiosis,® metnin igerisinde ona ilisik olan, mizigin i¢ érgitienmesine dénik bir anlam Gretimini
betimler. Schenker’in Ursatzi, Ratner’in armonik iglevlere dayanan modeli, 6i¢, ritim ve motifle ilgili yapiya
ilintili olan gdstergeler buna 6rnek verilebilir. Digareferansli semiosis, metnin dtesine (ya da disina) referans
veren g0stergeler, yani topiclerdir. Agawu bu iki kitabinda ele aldigi yapitlardan ve ddnemlere 6zgl
kompozisyonel egilimlerden hareketle 61 topicten olusan (bkz. Sekil-1) bir liste ¢ikartir. Topic kurami temelde
Robert Hatten, Raymond Monelle, Leonard Ratner, Wye J. Allanbrook gibi pek ¢ok ismin dahil oldugu kapsamli
bir calisma alanini olusturur. Tonal muziklerin disinda kalan yapitlar icin listedeki topic’lerin esdegerliliginin yapit
icinde aranmasi sinirlandirici olur. Bu bakimdan yapit 6zelinde yeni topic’ler Uretilme yoluna gidilebilir. Ancak
Romantik dénem yapitlari tizerinden olusturdugu analiz kategorilerinin kismen daha gérinir kesisme noktalar
yaratabilmesi mimkunddr.

® Introduzione alla semiotica della musica (1976) ve “Musical Signification: Essays in the Semiotic Theory and Analysis of
Music” (1995) makalesi.

" Dilbilimdeki en kiigiik anlamli, ayirt edici birim anlambirimcik (seme) olarak adlandirilir. Mu-seme, belirli bir tiir ve baglamda
mizikal ifadenin en kiguk anlamli birimlerini isaret eder.

8 Agawu’daki topic anlayisi, temelde bir yapit icerisinde gesitli sosyal ortamlarla iliskilendirilen, bu iligkiyi miizik izerinden yapan
imalardir. Topoi ise topos kelimesinin cogulu olup retorik alana ait bir kavramdir, 6ziinde edebi bir tema veya motifi anlatirken
kullanilir.

® Anlam dretimi de dahil olmak lizere géstergeleri igeren her tiirlii etkinlik veya islemdir. Kisaca gésterimleme siireci olarak da
tanimlanabilir.
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The Universe of Topic for Classic Music

1. Alberti bass 14. chorale 26. galant style

2. alla breve 15. commedia dellarte  27. gavotte

3. alla zoppa 16. concerto style 28. gigue

4. allemande 17. contredanse 29. high style

5. amoroso style 18. ecclesiastical style 30. horn call

6. aria style 19. Empfindsamerstyle  31. hunt style

7. arioso 20. Empfindsamkeit 32. hunting fanfare
8. bound style or stile (sensibility) 33. Italian style

legato 21. fanfare 34, Landler

9. bourrée 22. fantasia style 35. learned style
10. brilliant style 23. French overture 36. Lebewohl (horn
11. buffa style style figure)

12. cadenza 24. fugal style 37. low style

13. chaconne bass 25. fugato 38. march
39. middle style 48. polonaise 55. singing style
40. military figures 49. popular style 56. strict style
41. minuet 50. recitative (simple, 57. Sturm und
42. murky bass accompanied, Drang (storm
43. musette obligé) and stress)
44. ombra style 51. romanza 58. tragic style
45. passepied 52. sarabande 59. Trommelbass
46. pastorale 53. siciliano 60. Turkish music
47. pathetic style 54. singing allegro 61. waltz

Sekil-1: Klasik Miizigin Topic Evreni (Agawu, 2009: 43-44)

Hatten muzikoloji, gbstergebilim ve disiplinler arasi ¢alismalar gibi ¢esitli konularla ilgili bilimsel dergilerde
makaleler yayinlamistir. Bu yazilarin konulari biligsellik ve algidan muzigin metinlerarasi olanaklarina; muzikal
stil ve estetikten fopic kuramina kadar uzanir. Muzikal gdstergebilimle ilgili calismalarda adi siklikla gecen bir
diger isim olan Tarasti, yazarligindan evvel bu alana 6zgl yayinlarin editérliglyle adini duyurmustur. Semiotic
Approach to the Aesthetics of Myth in Music, especially that of Wagner, Sibelius and Stravinsky (1978) tezinden
ve PMS’in bir trunt olan A Theory of Musical Semiotics (1994) kitabinin ardindan Kuzey Amerika’da gittikce
taninmaya baslar. 1994’te yayinlanan kitabinda muzik yapitina ézgu figirlerin i¢ iliskilerini incelemek amaciyla
Greimas’in anlatibilim teorisinden ve eyleyenler modelinden faydalanir. Anlamlamaya 6zgi yapilarin
organizasyonunu incelemek icin gelistirdigi ve ¢ok genis bir uygulama alanini kapsayan “izotopi”® (yerdeslik)
kavramini miizik yapiti analizlerinde kullanir. Cook’un agiklayici ifadesine gére (1994: 113) bunlar, “herhangi bir
metnin veya gbsterge kompleksinin tutarliigini ve analiz edilebilirligini fazlasiyla garanti eden anlamsal
kategoriler kiimesi olarak tanimlar. Yani bu sonat formu gibi belirli bir form, Reti-tipi bir tematik doku, hatta
Schenker’in UrsatZz'i bile olabilir.” Ona gére bu anlam birimi kuran sey bir kesit (section) olarak da dustnulebilir.
Agawu’da oldugu gibi onun kurami da tonalitenin hakim oldugu yapitlar baglaminda olusturulmustur. Tonalite ile
gbstergebilim iligkisini kurarken tonalitenin konumunu mizikal sdyleme, yani mizigin kendi anlatisalligina iligkin
derin ylizeydeki bir yapi olarak ele alir.

'° Bir metinde sikga tekrarlanan ve anlam bitlinligi olusturan anlambirimler.
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Nattiez’nin Gésterge Diizeylerit!

Kitabinin (1990: 9) 6ns6zlinde ifade ettigi gibi Nattiez, “miizigin pratik, metodolojik ve epistemolojik sonuglarina
deginen” bir yaklagim Onerir. Yaklasimini hem Peirce’tan hem de Ruwet ve Molino’dan etkilenerek gelistiren
Nattiez, U¢ dizeyden olusan bir ¢éziimleme sunarak muzik yapitinin bir zamanlarki olusumunu (poietik),
Orgltlenmesini (neutral) ve algilanma bicimini (estezik) tanimlamaya calisir. Sadece muzik yapitini degil genel
anlamda sanat yapitini bir sembolik form2 olarak gérir. Poietik diizey, yapitin yaratim sureciyle ilgilenir.
Bestecinin kendine ilisik hangi izleri yapitina yansittigina bakar. Bir yapitin yaratim sirecine pek ¢ok sey etki
edebilir. Bu etkileri partisyon uzerinde gérebilmek icin besteciye ve yapitina eklemlenmis, poietik diizeye katki
saglayabilecek unsurlari aramak ve ortaya ¢ikarmak gerekir.

A e B V\.. b o
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Sekil-2: Nattiez’nin Debussy Syrinx analizinden bir kesit (Cook, 1994:160)

Neutral diizeyde partisyona ydneltilen bir analiz s6z konusudur. Kitabinda bu bagshdi ayrintilandirmamasi
ezgiye iliskin yogun bir sistematik yaklasimin bizi yapittan uzaklastiracagini distinmesinden gelir. Bu baslik
altinda énerdigi iki analiz tipi olabildigince yiizeyde aranilan égelerin yorumlanmasina yénelik kurgulanmustir. iki
tur analiz énerir: Bigimlendiriimis ve bigimlendiriimemis. Bicimlendiriimemis analiz, “izlenimci”, “aciklamali” ve
“yorum bilgisel” olarak lge ayrilir. Bicimlendirilmis analiz birtakim ortak tema, motif veya cumleleri

" 1945’te yayinlanan Fondements d'une sémiologie de la musique kitabi, gézden gegirilerek genisletiimis ve 1987°de yeniden
yayinlanmistir. Bu calismada Nattiez’'nin 1987°de yayinlanan Musicologie générale et sémiologie’de kitabindaki distnceleri
temel alinmistir. Kitap, 1945’te yayinlanan ilk calismasinin genisletilmis ve yeniden diizenlenmis halidir. ingilizce’ye Music and
Discourse: Toward a Semiology of Music (1990) olarak cevrilmistir.

2 Bu form, “yapita yénelik karmasik bir yaratim siirecinin, yani poietik (poietic) siirecin sonucudur. Ayni zamanda bir mesaji
yeniden insa eden karmasik bir alimlama sirecine, yani estezik (esthesic) stirece yonelik bir kalkis noktasi olusturur” (Nattiez,
1990: 75).
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gruplandirmaya dayah son derece temel bir analiz haline odaklanir. Bunun nasil yurutilecegine dair kitabinda
ayrica bir agiklama yapmaz. Ancak bu analiz bigiminin neyi kastettigine dair elimizde iki 6rnek mevcuttur. Bunlar
kitabin yayinlanmasindan énce kargimiza ¢ikan ¢alismalardir.

1982 yilinda yayinlanan bu ¢alismalardan biri Debussy’nin Syrinx yapiti (bkz. Sekil-2) lzerinden sekillenir. Bu
analizinde yapit icerisindeki motiflerin birbirleriyle olan benzerliklerini ve tekrar dlzenlerini inceler. Her motifi A,
B, C, ..., farkh motifsel tipleri A1, A2, ... gibi etiketlerle belirtir. X, Y, Zyi yalniz bir veya iki defa ortaya ¢ikan
figurler icin kullanir. Analizi yaparken A, B ve C’nin analiz sirasini farkli kurar. Figurleri ele alirken onlarin
baslangic-bitis sesleri ya da ritmik kaliplarinin ayni olup olmamasini dikkate almaz. Yapit tekrarlarla gevrilidir.
Tekrar eden kaliplar istikrarsiz ve asimetrik bir diizende ilerler. Belirgin &értismeleri géstermek icin digey bir
dizen kullanir. Nattiez’'nin buradaki temel yénelimi motif ve figlrleri yinelenen varolus bigimleri lzerinden
kiimelendirmeye dayali bir model olusturma Uzerinedir. Bu kiimelendirmeyi “6zellik listesi” (feature list) olarak
adlandirdigi birtakim 6&zelliklere gére yapar. Bu Ozellikler D harfine kadar ritmik ortakliklari bakimindan
siniflandirtlir. E harfi (bkz. Sekil-3) kromatik birtakim unsurlar tasir. F? ¢ikici (ascending), F?inici (descending),
G'birlesme/baglanma (conjunct), G?ayrilma (disjunct) 6zelligi tagimaktadir.

Fig. 82 Nattiez, feature list for Syrinx

E contains & chromatic element

F!  ascending motion

F2  descending motion

a! conjunct motion

G2  disjunct motion

B "black keys"

He whole-tone scale

11/x  identity of initisl and final of same unit /x

13/x  Identity of Inittal and final of this unit with fnitial and final of unit x

J 1 resting point

72 type of variation with respect to the resting point

Kl/x  belongs to s whole-tone progression, the nitial of which is x

K2/x belongs to a semi-tone progression Al ) B! m
K3/x  belonga to an arpeggiated progression A2 J, 82 m

oLt

Sekil-3: Nattiez’'nin Debussy Syrinx analizinden bir kesit (Cook, 1994: 170)

Cook’a gore (1994: 165) ilk asama, yapi kuran birimlerin belirli bir yerde toplanmasi ve buna iligskin bir 6zellik
listesi ¢ikariimasini igerir. Bu asamada mizigin zamansal yéniinden séz edilmez. Ikinci asama, dizimsel
(syntagmatic) analiz olarak tanimlanir. Miizigin zamanla iligkili tarafi burada devreye girer. ikinci asama, ilk
asamada gosterilen birimlerin zaman icindeki dagihmi ve bu dagilimin altinda yatan kurallari bulmayr amaglar.
Sekil-4'te gorildigi Uzere her bir figlr, ritmik yapilar bakimindan numaralandiriimistir. Cook (1994: 151),
Syrinx analizi icin sona dogru temeller olugsa da sona ulasincaya kadar sematik anlatimlarin belirsizlikler
icerdigini, olusturdugu 6zellik listesindeki koda benzer isaretlemelerin bir ¢cikarimdan éte serbest analitik kararlar
oldugunu sdyler ve Nattiez'nin analizi yeterince ileriye gétliremeyisini elestirir. Bu konuda haksiz da sayilmaz.
Kodlamalari betimleyen isaretlemeler arasinda cogu zaman sistematik bir iliski diizeni yaratiimamis oldugu igin
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bunlar serbest analitik kararlar gibi gézilkkmektedir. Ote yandan ayni analitik kararlarin bir baska yapitta ayni
sekilde kodlanabilecegi meselesi de tartismalidir. Clnku bu ézelliklerin pek cogu bir bakima her yapit icin farkh
sekillerde kurulur.
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Sekil-4: Nattiez’'nin Debussy Syrinx analizinden bir kesit (Cook, 1994: 165)

Cook (1994: 151), Nattiez’nin Syrinx yapitina uyguladigi bu analizin icerik itibariyle bir tir dagihmsal analiz'3
(distributional analysis) oldugunu ve bu tip bir yaklasimin Schenker’in analiz tipinde ya da set-teori analizlerinde
zaten islendigini belirtir. Bu kavramin mizik yapiti analizine sirayet etmesi Nattiez’'nin hocasi Nicolas Ruwet ile
olur. Mark Everist ile hazirladigi “Methods of Analysis in Musicology”4 isimli makalesinde Ruwet, dagilimsal
analiz bicimine yakin bir analiz modeli sunar. Bu analiz tipi, yapitin icerisindeki 6geleri belirli derecede énem
tasiyan kugclk birimlere (gOstergelere) ayirmak, sonrasinda bu dagiimi yéneten ilkeleri kesfetmek amaciyla
bunlarin yapit boyunca dagiima bigimlerini analiz etmek olarak tarif edilebilir. Ote yandan Schenkervari bir
analiz, pargalarina ayirdigi yapiti belirli bir sadelestirme egilimi ile butinlerken Nattiez'nin geleneksel analiz

'3 Bu analiz tipi miizik alanina dilbilimden sirayet etmistir. Amerikan yapisalciliginda Leonard Bloomfield (1887-1949) ve Zellig S.
Harris (1909-1992), dagiimsal dilbilim ya da dagilimcilik ismiyle bilinen bu akimin kurucularindandir. Ozellikle Harris, dilsel
6gelerin betimlenmesinde dagilimlara éncelik tanir. Bu ¢déziimleme ydnteminde 6gelerin anlamlar degil dagiimlarn goézetilir.
Harris, buradan hareketle déntsimsel dilbilimle ilgili calismalarda bulunur. Hocasinin yolundan ilerleyen Noam Chomsky
(1928- ), daha sonra Uretici-dontustimsel dilbilimin temelini olusturacaktir. Bu teori, mizik kuramcisi ve besteci Fred Lerdahl
(1943- ) ve dilbilimci Ray Jackendoff (1945- ) tarafindan geligtirilerek “Uretici-Déniigiimsel Tonal Miizik Teorisi” (A Generative
Theory of Tonal Music) olarak temellenir. Schenker’in mizik analizi ve Chomsky’nin dilbilim kurami izerine kurulan bu bakis,
disiplinler arasi iligkinin nasil gelisebilecegine dair son derece 6nemli galismalardan biridir.

" Music Analysis, 6 (1/2), Mart-Temmuz, 1987, s. 3-36, Blackwell Publishing,
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yéntemi ve terminolojisiyle kurdugu bu ¢ézimleme tipi, butlini tekrar dagihmlarina gére bilesenlerine ayirmaya
calisan bir bakis sunar. Schenker’de 6geler yapi kurucu olma 6zelliklerine gére ylizeyde tutulurken Nattiez'de
bu dagihmi belirleyen, 6delerin yeniden ortaya ¢cikma halleri ya da birbirlerine benzerlikleri olur. Bununla birlikte
Schenker’de (i¢ katmanli bir ¢cézimleme goérulur. Nattiez’'nin neutral dlizeyinde tek bir diizlem gbze carpar. Bu
bakimdan Nattiez’nin “yapittan uzaklasma” korkusunun, belki de onu Ruwet’nin daha evvel yaptiklarini gézden
gecirdigi ve (dagihmsal) dilbilime yaslanan guvenli bir alana, dolayisiyla ¢ok temel bir analiz tipine géturdigui
soylenebilir. Aslinda neutral diizey, gdstergesel zemine en muisait dizey olarak degerlendirilebilir. Nattiez bu
potansiyeli degerlendirmeye yoénelik bir ¢dézimleme O&nerisi sunmaktan ¢ok yaklasimini muzikal séylem
etrafinda kurmaya odaklanmig gibidir. Dilbilim alaninda Zellig S. Harris tarafindan ortaya konan “sdylem
¢6zUmlemesi”1s, GUr’'dn tanimiyla (2013: 185) “icinde uretildigi sosyal ve psikolojik baglami ve sdylemi etkileyen
tim sartlari géz éniine alarak algilama, yorumlama, degerlendirme ve tekrar uretme sireglerini inceler.” Bu
tanimdan yola ¢ikarak Nattiez'nin yaklagiminin, bir “dagilimsal analiz” tekrari sunmaktan ¢ok muzik yapitinin bir
sOylem ¢dzimlemesi yéniinden incelenmesiyle bagdasik hareket ediyor gibi goértinur.
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Sekil-5: Nattiez’'nin Density 21.5 analizinden bir kesit (Cook, 1994:166)

Yine ayni yil yayinlanan, Edgard Varése'nin Density 21.5 yapitina yonelik ¢calismasi da onun analiz yaklagsimina
bir bagka 6rnektir. Bu analiz (bkz. Sekil-5), ilkine oranla daha kapsamlidir. Alt birimler genis tutulmustur. Ritmik
benzerlik aranmasi, ayni notayla baslayip biten birimlerin incelenmesi gibi énceki analizden izler de tasir.
Boélum, bélme, kesit gibi daha genis 6lcekte analiz kavramlarini isin icine katar. Bu kez poietik, neutral ve
estezik dlizeyleri devreye sokarak analiz basligi altinda yeni icerikler olusturur.

5 “Sgylem g¢dziimlemesi (discourse analysis), yirminci yiizyilin ikinci yarisindan itibaren sosyal bilimlerde -hem bir aragtirma
yéntemi hem de bir uygulamal dilbilim alani olarak—- adindan sikga s6z edilen kavramlardan biri olarak éne ¢ikmistir” (Gur,
2013: 185).
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Estezik diizey, yapitin alimlanmasini konu edinir. Dinleyicinin (ya da izleyicinin) sahip oldugu bilgi birikimi,
yetistigi ortam, alana uzakhgr ya da yakinhgi, icinde bulundugu ruh hali vb. her sey yapitin alimlanigini
etkilemektedir. Nattiez burada alimlayan 6zneyi daha ¢ok miuzikolog U(zerine kurar. Goézleme dayali
incelemelerinin sonucunda her bir mizikologun ayni yapiti kendi kultir birikimi ve dislnce diinyasinin
referansiyla sekillendirdigi tespitine varir. Estezik diizeyin nasil bir zincir halinde gelistigini gbsterebilmek adina
Nattiez bir anlatim semasi olusturur (bkz. Sekil-6). Anlatim semasindaki érnek Wagner’in herhangi bir operasi
ve onun bir icrasi Gzerinden ilerlemistir.

Wagner’in yaratim slrecine Schopenhauer, Feuerbach, Nietzsche gibi pek ¢ok aydinin fikirlerinden yansiyan
edebi, felsefi ve mizikal bir arka plan bilgisi eslik eder. Bu hayli katmanli poietik diizeyin sonunda yapit ya da
(Nattiez’nin deyimiyle) iz (trace), yani partisyon ve (tlriin opera oldugunu dislnursek) libretto ortaya c¢ikar.
Bestecinin elinden ¢ikan bu drin bir sonraki 6znesiyle, yani icraciyla bulugur. Sirece bir yorumcu dahil
olmustur. Herhangi bir icracinin/miizisyenin yapiti yorumlamasi da yine onun felsefi, edebi, politik, mizikal arka
planinin eslik edecegi bir okuma ve alimlama ile sekillenecektir. Ote yandan yapitin tizerinden yillar gectikge
anlamlandirma degisecek veya zenginlesecektir. S6zgelimi ayni yapitin ayni yorumcu tarafindan yillar sonra
tekrar seslendirilisindeki yorum farklihgi da yorumcunun estezik dlzeyini etkileyen birtakim degisikliklerin bir
sonucu olarak yorumlanabilir. Bir bestecinin baska bir bestecinin yapitina yaklasimi da agilan ayni yollardan
ilerleyebilir.
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Sekil-6: Mlzikal analizin icerigi (Nattiez, 1990: 140)

icracinin elinde sekillenen iz, bir performansa (yani icraya) dénisir. Bu performans da kendi bagina bir
“sembolik formu” insa eder. Semada 9-10-11-12-13-14. adimlar izleyici ve elestirmenlerin bu performans
Uzerinden yaptiklar yorumlari kapsar. Bu yorumlar da alimlamanin bir sonucudur. Burada -icracilarda oldugu
gibi- her bir izleyici ve elestirmenin kendi poietik sirecleri de devreye girecektir. 9. adimda bu kisiler sadece
ortaya cikan Uretimle degil, yapitin estezik sonuglariyla da ilgilenir. icraci gibi sef de séz konusu yapiti eline
aldiginda ayni adimlar Uzerinden ilerler. Yapitin o tarihte sefligini yapan Pierre Boulez [P. B.] ve Patrice
Chéreau [P. C.]'nun poietik sireclerinin ve yapitla 6nceden kurduklari iliskinin bir sonucu olarak ortaya gikan
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estezik surecin de performansa yansidigi unutulmamalidir. Clnkul tim bu sireclerden gecen sef, kendi dilini ve
alimlamasini orkestrayla ortak bir paydada bulusturmaya ¢alisirken bu unsurlarin her biri belirleyici olacaktir.
11. adim izleyici ve elestirmenlerin Wagner’in metniyle kurduklari iligki, 12. adim yine ayni éznelerin Wagner’in
eseri yaratim sireci (yani onun poietik siireci) ile kurduklar iliskiyi betimler. icraci ve sefin zaten bu bilgilere
vakif oldugu dustnuliirken izleyici/dinleyici ya da elestirmenin Wagner’in hayati, yasadigi dénemin tarihsel
kosullari ve onun etkisinde kaldigi dustndr veya ydnelimleri biliyor ya da bilmiyor olmalar da alimlama sirecini
etkiler. Yalnizca tek bir yapitin yorumlanmasinda karsimiza ¢ikan bu birbirini etkileyen sure¢ (14. adim)
Nattiez’nin s6z ettigi G¢ bolimli géstergebilimsel analizini (tripartite semiological analysis) olusturur. Bu durum
tam da Peirce’in s6z ettigi sonsuz yorumlayanlar zincirini (chain of interpretants) isaret eder. 15. adim,
performansin sonunda izleyici ve elestirmenlerin olumlu ya da olumsuz degerlendirmelerini isaret eder. Bunlar,
“alkig, protesto 1shgi, takdir eden ya da 6fke sagan yorumlar, perde arasi konusmalar, kése yazilar, elestirel
makaleler ya da kitaplar” (Nattiez, 1990: 77) olabilir. Yine burada unutulmamasi gereken izleyicilerin ve
elestirmenlerin her birinin kendi poietik sureclerinin de 15. adima yansidigidir.

Sonug¢

Muzik yapitinin gostergebilimsel ya da dilbilimsel bir kuramla analiz edilmesi her seyden Once alternatif bir
¢6zimleme Onerisi sunar. Bu durum, farkli disiplinlerin mizik analizine eklemlenmesine dénlk tartismalara
dahil olma olanag! yaratir. Mulzigin, bir gostergeler dizgesi Uzerinden okunmaya calisildigi, son derece
tartismal bir alandan séz ediliyor olsa da bu bakisin, gelistiriimeye deger bir ¢cogul disiplinli anlayisa imkéan
tanidigr disunulmektedir. Nattiez’nin bu U¢ diizey lzerine kurdugu yaklasimi, kimi acilardan muglak ve zaman
zaman celigkiler iceren bir kuramsal cerceve olarak elestiriise de bir butlin olarak degerlendirildiginde,
tartismaya tesvik eden ve mizikal gostergebilimin akademik anlamda kurumsallasmasina katki saglayan bir
icerik ortaya koymustur. Ozellikle neutral diizey, daha evvel gelistiriimis kimi analiz bigimlerine benzer bir
yonelimi icinde barindirsa da yukarida anlatildigi tGzere belirli bakimlardan kendine ait bir ¢ézimleme &nerisi
ortaya koymustur. Ote yandan analiz bigiminin kendine déniik bu yapisi, tonalitenin varhigini temsil eden yapitlar
Uzerine kurulagelmis olan mizikal gostergebilimsel anlayisi, tonal muzikle sinirh kalmayan bir alana cekmeye
yardimci olarak da gérilebilir. S6zgelimi Nattiez’nin analiz i¢in sectigi Density 21.5 yapitinin, diyatonik diziler
disindaki dizileri de icerdigine dikkat cekmek gerekir. Hem Density 21.5 hem de Syrinx yapitlarina uygulanan
her iki analiz biciminde de analizi yuruticti 6ge tekrardir. Bu bakimdan, tonalitenin surdurdiga iliskilerin
g6rilmedigi yapitlarda da bu yeniden beliren motif veya figlrleri aramak ve bunlarin tekrar dagihmlarini
iliskilendirebilmek mimkin gérunir. Yapit 6zelinde bu iliskilendirmenin daha sistematik bir diizende yuratiimesi
kosuluyla Nattiez’'nin analiz anlayisinin yalnizca tonaliteyi sirtlanan yapitlarda degil tonal iliskilerin belirleyici
olmadig1 muzikal érgutlenmeler icin de kapsayici oldugu diistinilmektedir.

Poietik diizey baglaminda bestecinin kompozisyonel niyetini ¢éztiimleyebilmek icin onun tslubu, dénemin stili ve
tarihsel kosullar gibi pek cok parametrenin bilinmesi gerekir. Yaratim surecini belirleyen etkiler, yapita dogrudan
tezahlr edebildigi kimi zaman bestecinin bilingli olmayan yoénelimleriyle de kendini var etmistir. Yapiti
yorumlamaya dair partisyonda yerini almis en ufak bir gésterge, besteci tarafindan o niyetle yerlestiriimemis de
olabilir. Yasayan besteciler icin bu yonelimleri tartisabilmek mimkin, ancak diger kosulda, yapilacak poietik
okuma, geriye donlk arastirmalar zinciriyle muzikal anlama yoénelik ¢ok cesitli yorumlara kapi agacaktir.
Ozellikle ikinci durum gozetildiginde bu diizey, pratikte imkansiz oldugu diisiincesiyle cokga elestirilmistir.
Cunkl Nattiez’nin bu dizeyleri kurdugu zemin, tonalitenin varligindan s6z edebildigimiz yapitlar olmus,
dolayisiyla kosullar, poietik diizeyi tarihsel agidan besteciyle iligkili ikincil kaynaklar tGzerinden kurma sinirlhihgini
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getirmistir. Besteciyle temas edebilme imkani ortaya ¢ikan durumlarda yapitin poietik dlzeyi dogrudan elde
edilebilecek bilgilere daha elverigli bir ortam hazirlamaktadir.

Estezik dlzeyi dogrudan etkileyen (ya da belirleyen) unsur, yine poietik ve neutral dizeyin getirdikleridir. Bu
dizeyler, birbirine bagh sirecleri betimler. Son derece 6znel bir sire¢ olarak nitelendirilebilecek alimlama
slrecini inceleyen estezik duzeyin cercevesi, Nattiez’de Agawu’nun topicler lizerinden kurdugu iligkiler gibi
birtakim ifadelerle belirlenmemistir. Onun yaklagsiminda yapitin mizikal érgltlenmesine bir yerinden referans
veren, alimlamay: etkileyecek konu basliklari gérilmez. Bu bakimdan son derece kapsami agik bir aimlama
siirecinden bahsedilir. Ote yandan daha evvel belirtildigi gibi bu alandaki teori ve yaklasimlarin birgogu,
olabildigince somut gdsterenlere sahip tonalitenin etrafinda sekillenmigtir. Bdylesi somut bir zeminde kurulan
alimlamalar, ister istemez bestecinin kompozisyonel niyetine odakli da hareket edebilir. Ancak bunun
g6rilmedigi, tonal mizikle sinirh kalmayan yapitlarda estezik diizey daha soyut bir diizlemde ilerlemek zorunda
kalabilecegi gibi birbirinden cesitli okumalara da kapi acacaktir.
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KANi KARACA iCRASINDA ARTIK iKiLi ARALIGI KULLANIMI VE PERDE ANLAYISI
Eren OZEK 1
Abstract

The oldest historical sources available in the history of Turkish music date back to the ninth century.
Safiytiddin Urmevi, one of the most important scientists this century and the founder of the systemist
school started a new era when he introduced the systematic approach towards the theory of Turkish
music that appeared in the tenth century. Edvars — written pieces investigating the rules of Turkish
music- were consulted as the primary sources for the transfer of music culture from this time until the
twentieth century, at the beginning of which the first samples of Turkish music have been recorded.
The recordings facilitated transferring the performances of the masters to the new generations. We can
analyze the performances of the masters using the frequency analysis techniques and understand their
preferences of various pitches which is important to establish a unifying theory for Turkish music as the
search for such a theory still continues. The results of the analysis of the recordings of the master artists
will be the basis of a system where the theory and the practice are consistent with each other. The Arel
/ Ezgi / Uzdilek (AEU) tuning system, which was developed under the leadership of Hiiseyin Saadettin
Arel, one of the twentieth-century theorists, is still widely used.

Hicaz, nikriz, hiizzam ¢enies and many makams such as hicaz, nikriz, hizzam, karcigar, suzinak, saba
in AEU theory, are described as structures using augmented second intervals. Although all these
structures are described using the 12 comma augmented second interval values, they have different
pitch usage characteristics during the performance. This issue, together with other issues, brings along
criticisms that the AUE system is insufficient to describe the relevant cesnies and makams and that it
is insufficient in terms of the musical notations. This study applies frequency analysis techniques to the
published recording samples of the performer Kani Karaca and examines his preferences of pitches on
the augmented second intervals. Each performance is analyzed separately for each makam sample
according to the ahenks they are performed and the results are compared to each other. The impact of
the changes in the tuning order on the performance is investigated. For each makam, all samples
belonging to that makam are analyzed and the results are aggregated. The values of the augmented
second pitches used in nikriz and hicaz makams are compared to those in hiizzam, karcigar, and
suzinak makams. The variable structure of the pitches used in the fourth-order of hiizzam and saba
makams is examined and compared with those used in the other makams. Hicaz and saba ¢enies used
in the saba makam, are examined in terms of pitch usage characteristics and are compared with the
values obtained from the other makams. By determining whether the interval values that are not used
in the AEU system are used in performance, we demonstrate how well the theory captures the practice
and contributes to establishing a unifying theory of Turkish music and a domain database for
computational musicology.

Keywords: Kani Karaca, Gesni, Frequency Analysis, Makam Theory, Computational Turkish Music
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Giris

Turk miziginde kuramsal calismalarin baslangici IX. ylzyildan énceki tarihlere dayaniyor olsa da guniumuze
ulasmis en eski calisma ilk islam filozofu unvanina sahip El-Kindi’ye aittir (Turabi, 2003:1). Kindi’den sonra ilk
dnemli eserin sahibi X. ylzyilda yasamis olan Farabi'dir (Ozalp, 1986:120). XIIl. yiizyilda makam kurami (izerine
ilk sistemli calismay! yapmis olan Safiyiddin Abdulmimin Urmevi'dir. “Safiyliddin Abdulmimin Urmevi’'nin
kigiliginde saglam temellere oturan Tirk musikisi nazariyati, bu sekle gelinceye kadar bircok asamalardan
gecmistir’ (Ozalp, 1986:115). Safiyytiddin'in ardindan XIV. yiizyilda énemli kuramsal ¢alismalari olan Maragali
Abdulkadir gelmektedir (Bardakgi, 1986). XV. ylizyilda Osmanli imparatorlugu’nun bagkenti olmasi ile istanbul’'un
kilturel tarihimizdeki 6nemi artmis, muzik kurami adina yapilacak bircok énemli calismaya da ev sahipligi
yapmistir. Bedri Dilsad, Hizir bin Abdullah, Yusuf bin Nizameddin Kirsehri, Seydi, Ladikli Mehmet Celebi gibi
6nemli ilim adamlarinin ¢alismalari bu yeni ddnemde yapilmistir. Daha sonra Xlll. yiizyilda Kantemir ve XIV.
yuzyil baglarinda yasamis olan Nasir Dede edvarlari da Turk miizigi tarihinde ¢ok édnemli bir yer tutmaktadir. XX.
yuzyil basina kadar daha birgok miizik kuramci eserler Uretmeye devam etmisg, glinimiize ulagsmayi basarmis
edvarlar yazmiglardir. Tim bu edvarlar uzun tarihsel sirecte kendi dénemlerinin mizik kaltGrini, kuramsal
anlayisini ve icra anlayisini ginimize aktaran en degerli bilgi kaynaklari olmuslardir. Edvarlar “ait olduklari
dénemlerin geleneksel miizik ézelliklerini ayrintili bir bicimde yansitmaktadi” (Giray, 2012: 128). XX. ylzyila
gelindiginde, Rauf Yekta, Abdilkadir Tére ve Hiseyin Saadettin Arel gibi kuramcilarin calismalari 6n plana
ctkmaktadir. Gunuimuzde en yaygin bicimde kullaniimakta olan sistem Arel-Ezgi-Uzdilek (AEU) sistemi olarak
adlandirilan sistemdir. Bu calismada AEU kurami esas alinmigtir.

Gunumuzde yazili kaynaklarin disinda, bilgi ve kultir aktarimini saglayan farkli teknolojiler kullaniimakta, bu
sayede bilimsel ¢alismalarda yeni yaklagim ve yéntemler gelistiriimektedir. Muzik teorisi alaninda da gelisen
teknolojiden faydalanilarak yeni arastirma teknikleri kullaniimaktadir. Yazili kaynaklarin yani sira, icracilara ait
ses kayit érnekleri Gizerinden arastirmalar yariitilmektedir. Ozellikle frekans analiz yéntemleri kullanilarak icraya
ve icranin yapildigi déneme ait mizikal anlayisin incelenebilmesi mimkin olmaktadir. Ancak Turk muzigi
alaninda ge¢cmis dénemlere ait usta icracilarin ses kayitlarina ulasmak ¢ok miimkin olmamaktadir. Turk muazigi
icrasinda bilinen en eski ses kayit érnekleri XX. ylzyilin baslarinda yapilmistir. “T.A. Edison’un bulusu olan
fonograf Osmanli baskenti Istanbul’da; 1895 yilindan itibaren gériilimeye basladr” (Unlii, 2004:83). Bu sebeple
icra kayitlar Gzerinden yapilacak calismalar, sinirli bir gegmise kadar olan icralar tizerinden yapilabilmektedir. Bu
calismada da icra kayitlari Gzerinden frekans analizleri yapilacak, Kani Karaca’ya ait bazi icra ézellikleri tespit
edilmeye caligilacaktir.

AEU kuraminda tarif edilen gesni ve makam yapilarinda artik ikili araligi kullanimi bulunmaktadir. Ozellikle hicaz,
nikriz ve hiizzam c¢esnilerinin kullanildigi makamlar basta olmak lzere pek ¢cok makam icerisinde artik ikili
araligina rastlanmaktadir. Ancak s6z konusu cesnilerin perde anlayisi bakimindan birbirlerinden farklh
kullanildiklari ve kuramsal olarak tarif edilen 12 komalik artik ikili aralik degerlerinin icra sirasinda farkli perde
tercihleri ile kullanildigi bilinmektedir (Ozkan, 1986: 60).

Hicaz ve nikriz gesnileri yakin komsu cesniler olarak kabul edilmektedir (Ozek, 2014:42). Hicaz gesnisinin bir
tanini pesinde nikriz ¢egnisi bulunmaktadir. Bu sebeple siklikla birbirlerine gecki yapan cegnilerdir.

Huzzam gesnisi igerisinde artik ikili araidi kullaniimaktadir (Ozek, 2014:43). Ayni zamanda hiizzam makam tarifi
icerisinde evig ve neva perdeleri {izerinde hicaz cesnisi kullaniimaktadir (Ozkan, 1986: 311).

AEU kuraminda karcigar ve suzinak makamlari icerisinde de neva perdesi lizerinde hicaz ¢esnisi kullaniimaktadir
(Arel, 1968:23). Iki makam icerisinde de segah perdesi (izerinde segah Ugliisii bulunmakta, neva perdesi
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Uzerindeki hicaz cesnisi ile birlikte, segah perdesi Gzerinde hiizzam cegnisi olusmakta ve asma kalig olarak
kullaniimaktadir. Bu nedenle hizzam, karcigar ve suzinak makamlari icerisinde kullanilan artik ikili arahgi
degerlerinin incelenmesine, benzerlik veya farkliliklarinin tespitine calisiimistir.

Saba cesnisi artik ikili araligi barindirmayan bir cegnidir. Ancak saba makami yapisindan da anlasilacagi tzere
¢esninin Ug¢lincl derecesi olan ¢argah perdesi Uzerinde hicaz ¢esnisi, dolayisiyla artik ikili araligi kullaniimaktadir.
Makamsal tarif icerisinde ¢argah perdesi Uzerinde zirgileli hicaz dizisi bulunmaktadir (Arel, 1968:23).

Hicaz, nikriz, hiizzam ve saba cesnilerini ya da makamlarini kullanan birgok makam bulunmaktadir. Calismanin
Kani Karaca’ya ait analiz i¢in uygun kayitlarla sinirli olmasi sebebiyle bazi makamlar incelemeye dabhil
edilmemislerdir.

Turk muziginde frekans analizi yontemi kullanilarak yapilan ilk ¢alisma 1977 yilinda Karl Signell tarafindan
gerceklestiriimistir. Signell, Makam adli kitabinda Necdet Yasar’a ait ses kayitlarini kullanarak, bazi kuramsal
araliklar Gzerinde caligmalar yapmistir (Signell, 2006). Glilgin Yahya Kacar, Yorgo Bacanos’un Ud Taksimleri
(Kacar, 2002) kitabinda Bacanos’a ait kayitlar lzerinden frekans analizleri yapmistir. 2002 yilinda Yildiz Teknik
Universitesi'nde Ruhi Ayangil’in yirGtictliginde “Tirk Mizigi Perdelerini Calabilen Piyano imali” konulu proje
kapsaminda frekans analizleri yapiimistir. 2003 yilinda M. Kemal Karaosmanoglu tarafindan gelistirilen “icra
Analizi” programi kullanilarak ¢esitli lgiimler yapilmistir (Karaosmanoglu, 2003). 2010 yilinda Baris Bozkurt’'un
yuratuciliginde klasik Turk mizigi kayitlarinin otomatik olarak notaya dékilmesi ve makamlarin otomatik olarak
taninmas (zerine TUBITAK destekli proje kapsaminda MakamToolBox yazilimi dretilmistir (Bozkurt, 2010).
Yazilim kullanilarak gok cesitli yayinlar yapilmistir (Bozkurt, 2009). 2014 yilinda ise Eren Ozek tarafindan usta
icracilara ait ses kayitlarinin frekans analizleri gesni temelinde incelenmistir (Ozek, 2014).

2005 yilinda Gilgin Yahya Kagcar tarafindan Yorgo Bacanos, ve Necdet Yasar’a ait ses kayit érnekleri tizerinden
hicaz, hicazkar, hiizzam, sedaraban, zirglleli suzinak, buselik makamlarinda artik ikili araligi kullanimini teorik ve
pratik degerler agisindan incelemistir (Kacar, 2005:15-21). 2019 yilinda Muhammed Recai Cift¢i tarafindan
yapilan bir caismada, Kani Karaca ve Bekir Sidki Sezgin tarafindan hicaz makaminda okunan ezan kayitlari
frekans analizi ydntemi kullanilarak karsilastirmal olarak incelenmistir (Ciftci, 2109).

Kani Karaca

1930 yilinda Adana’da dogan Karaca, (i¢ aylik iken bir kaza sonucu gérme yetenegini kaybetti. Kiiglik yaslarinda
camilerde mukabele okumaya basladi. Saatgi Ali (Nergis) Efendi ile hifza basladi. 1950 yilinda istanbul’a geldi.
“Hafiz Uskidarl Ali Efendi’den lstanbul’a 6zgii en giizel okuyus tavri olan ve “Uskiidar agzi” denilen islibu
megketti. Hafizlik ve mevlidhanlik alanindaki (stiin yetenegini éncelikle bu hocasi sayesinde gelistirdi, yliksek
sanat zevkini ve glictini temsil eden bir seviyeye ulasti. Kur'an okumanin inceliklerini, tecvid kaidelerini ona
dgreten de Ali Efendi’dir’ (Pacgaci, 2019). Sadettin Kaynak’tan ve Sadettin Heper’den musiki dersleri aldi. 1953
yilinda Mesut Cemil Bey ile tanisarak istanbul Radyosu’nda yayinlar yapmaya basladi. 1995'te emekliye ayrilana
kadar kurumda hizmet verdi. istanbul’da kurulan Tiirk Masikisi Devlet Konservatuvarrnin ilk yillarinda egitim verdi.
Karaca 29 Mayis 2004 yilinda vefat etti.

Kani Karaca, hem dini musikide hem de dindisi musikideki basarilariyla 20. yuzyil icracilari arasinda usta kabul
edilen sanatcilar arasinda dnemli bir yere sahiptir. istanbul’a 6zgii mevlid ve Kuran okuma Usluplarindaki
yetenegi, gazel icrasi ve yiksek dogaclama kabiliyeti ile makam muziginin ve nitelikli perde icrasinin en basarili
isimlerinden kabul edilmektedir (Guntekin, 2016).
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Arastirmanin Amaci ve Problemleri

Bu calismanin amaci icra ile kuram arasindaki farkliliklarin tespitinin yapilmasi, Kani Karaca'ya ait icralarin
frekans analizi yéntemiyle, artik ikili araligi perde kullanim tercihlerinin incelenmesi ve yeni kuramsal ¢caligsmalar
icin veri tabani olusturulmasidir.

AEU kuraminda hicaz, nikriz ve hiizzam g¢esnileri artik ikili araligi kullanan c¢egnilerdir. Hicaz, nikriz, hiizzam,
karcigar, suzinak, saba gibi pek cok makam igerisinde kullaniimakta olan bu ¢esniler, artik ikili araligi bakimindan
benzer kuramsal aralik degerlerine sahip iken, icra sirasinda farkl perde kullanim 6zelliklerine sahiptirler. Artik
ikili arahgin 12 koma olarak tarif edilmesine karsin, icra sirasinda bu aralik degerinin farkli degerlerle kullaniimasi
icra kuram farkliigi tartismalarinda 6nemli bir husus olarak én plana ¢ikmaktadir. “Artik ikili araligi kullanan
cesnilerin makamsal yapi icerisinde perde kullanim 6zellikleri bakimindan farkliliklar nelerdir?” ana probleminden
hareketle arastirmanin sonucuna ulasabilmek i¢in asagidaki alt problemlere yanit aranmistir.

. Kani Karaca icrasinda, hicaz ve nikriz makamlarinda kullanilan artik ikili araliga ait perde kullanim
Ozellikleri nelerdir?

. Kani Karaca icrasinda, hliizzam, karcigar ve suzinak makamlarinda kullanilan artik ikili araliga ait perde
kullanim 6zellikleri nelerdir?

e Kani Karaca icrasinda, saba makaminda kullanilan artik ikili araliga ait perde kullanim 6zellikleri
nelerdir?

. Hicaz, nikriz, hizzam, karcigar, suzinak, saba makamlarinda kullanilan artik ikili araliga ait perde
kullanim 6zelliklerinin farklilik ve benzerlikleri nelerdir?

. Farkli ahenk dulzenlerinde icra edilmis ¢esninin, perde kullanim &zellikleri bakimindan farkhlik ve
benzerlikleri nelerdir?

Yoéntem

Bu arastirmada Kani Karaca'ya ait ses kayitlari Uzerinden elde edilen frekans analiz sonuglarinin, “Yekta-
Arel/Ezgi/Uzdilek”, “Tére-Karadeniz” ve “53 TET” teorilerinde verilmis olan kuramsal aralik degerleri ile
karsilastirmasi yapilmistir.

Evren, Orneklem ve Sinirlilik

Arastirma konusuna kaynaklik edecek olan calisma evreni Turk muzigi icrasidir. Aragtirmanin érneklemi Kani
Karaca'ya ait icra 6rnekleridir.

Calisma, artik ikili araligi kullanan hicaz, nikriz, hiizzam, karcigar, suzinak ve saba makamlarinda, Kani Karaca’ya
ait cevrimici ortamlarda yayinlanmis ses kayitlar ile sinirli tutulmustur. Kani Karaca icrasinda artik ikili arahgin
perde kullanim o&zellikleri bakimindan kuramsal degerlerle karsilastirmal olarak incelenmesi, benzerlik ve
farkliliklarin tespit edilmesi arastirmanin temel konusu olarak belirlenmisgtir.

Calismada Turkiye Radyo Televizyon kurumunda yapilmis kayitlar, yayinlanmis cd kayitlari ve 6zel arsiv kayitlari
kullaniimistir. Kayitlar ¢evrimici ortamlardan temin edilmistir. Tespit edilen makamlarda analiz edilecek icralara
ait eser listesi Tablo-1’deki gibidir.
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Tablo-1: Eser Listesi

Eser Adi Beste Makam Ahenk
Nideyim sahn-1 gemen seyrini cananim yok Haci Sadullah Aga Hicaz Kiz Ney
Bir nigah et ne olur halime ey gonce dehen Sekerci Cemil Bey Hicaz Kiz Ney
Baglanip zlilf-i hezaran tabina Sevki Bey Hicaz Kiz Ney
Ulfet etsem yar ile agyare ne Sevki Bey Hicaz Kiz Ney
Ezan 1 - Hicaz Kiz Ney
Ezan 2 - Hicaz Mansur
Sevginle Tnan génliime sen bagka cihansin Kani Karaca Nikriz Kiz Ney
Sevginle Tnan génliime sen bagka cihansin 2 Kani Karaca Nikriz Kiz Ney
Mecnun gibi duy 6zlemi Leyla'yl hatirla Kani Karaca Nikriz Kiz Ney
Hi¢ diismedi dilimden ne hatiran ne adin Kani Karaca Hizzam Kiz Ney
lahe'l-Aleminsin Rabb-i Ala Zekai Dede Hizzam Siplrde
Hiizzam Beste (ibranice) Mechul Hlzzam Supurde
ZUlfa siyahina ram oldu su kalbim ey gicek Kani Karaca Karcigar Kiz Ney
Zahme-i sevda-nisarin Kani Karaca Suzinak Kiz Ney
Zahme-i sevda-nisarin - 2 Kani Karaca Suzinak Mustahsen
Dagitma ey saba geysu-yi yari perisan eyleme Zekai Dede Saba Kiz Ney
Bir lahza nihan olsa 0 mah-ru nazarimdan Zekai Dede Saba Kiz Ney
O suhun ey génul diugnam-i lali telh-bar olmaz Tahir Efendi Saba Kiz Ney
Kalmaz kararim ol bit-i mekkari gérmesem Zekai Dede Saba Kiz Ney
Gus etti nay'i naleler agaze basladi Zekai Dede Saba Kiz Ney
Ezan - Saba Mansur

Calisma artik ikili araligi temelinde yapildidi i¢in, analiz sonuglar hicaz, nikriz ve hiizzam ¢esni analiz sonuglari
Uzerinden degerlendirilmigtir.

Kayitlardan saz paylari, ara sazlar ve vokal eslikleri gibi bolimler ¢ikartilarak analize dahil edilmemistir. Kayitlar
icra edildikleri ahenk diizenine gére gruplandiriimistir. Ayni ahenk diizeninde icra edilmis eserler bir arada
degerlendirilerek ahenk dizenlerine gére sonuclara ulasiimistir. Daha sonra makama ait tim kayitlar ahenk
dizenleri gdz 6niinde bulundurulmadan toplu olarak degerlendiriimis, makama ait toplam sonuglar elde edilmistir.

Kayitlarin analizi Bozkurt, Gedik, Savaci, Karaosmanoglu, Ozbek, (2010)'da ayrintili olarak anlatilan aragtan
faydalanilarak yapilmistir. Matlab2 yazilimi ile ¢alisan MakamToolBox (Bozkurt, 2008) araci kullanilarak
histogramlar3 elde edilmistir.

2 Matlab, teknik hesaplamalar ve matematiksel problemlerin ¢éziimii ve analizi igin tasarlanmis bir yazilim gelistirme araci.
8 Histogram: Tekrarli sayilardan olusan verilerin, tabloya sonrada grafige aktariimasi.
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Histogramlarda yatay eksen Holder komasi4 ve senté cinsinden karar sesine olan uzakhgi géstermektedir. Dikey
eksen ilgili perdenin c¢alinma sikhgini vermektedir. Suslemelerin fazla yapildigi perdelerde tepelers
yayvanlasmakta, ¢ok kullanilan perdeler icin tepe diklesmektedir.

Histogramlarda Yekta-Arel/Ezgi/Uzdilek, Toére-Karadeniz, 53 TET kuramlarina ait aralik degerleri dikey cizgiler
halinde gdsterilmistir. Bu sayede kuramsal araliklar ile icra degerleri arasinda karsilastirma yapilmasi mimkin
kilinmustir.

Histogramlardan elde edilen tepe degerleri ve kuramsal degerlerin karsilastirmali gdsterimi igin tablolar
kullaniimistir. Tablolarda, kuramsal araliklar ve icra degerleri Holder komasi ve Cent cinsinden gosterilmistir.
Ayrica tablolarda icracidan elde edilen degerler, ¢esninin birinci derecesine olan uzakhgi ve perdeler arasindaki
uzakliklar olmak uzere iki sekilde sunulmustur.

Tum makamlara ait hicaz ¢esnisi perde kullanim tercihleri karsilastirmali olarak sunulmus, sonuglar; hicaz
cesnileri diigah perdesi, nikriz cesnisi rast perdesi Gizerinden yazilmis, bu sayede artik ikili araliklarin ayni perdeler
kullanilarak gésterimi ve karsilastirmasi saglanmistir.

Bulgular
Hicaz makami

AEU kuramina gore, hicaz makami dizisinde karar perdesi lizerinde hicaz ¢esnisi kullanmaktadir. Bu sebeple
karar perdesi lizerindeki hicaz ¢esnisi degerlendirmeye alinmistir.

Hicaz makaminda 6 adet icra kaydi incelenmistir. Kayitlardan bes tanesi kiz ney ahenk dizeninde, bir tanesi
mansur ahenk dizeninde icra edilmistir. icra edilen ahenk diizenine gére gruplandirilan kayitlar icin ayri ayri
inceleme sonuglar verilmistir. Daha sonra tim hicaz makami kayitlarindan elde edilen sonuglara ait histogram
Sekil-3'de, kuramsal araliklarla karsilastirma tablosu Tablo-4’de verilmigtir.

-Kiz ney ahenk diizeninde icra edilen 5 kayit i¢in elde edilen analiz sonuglarina ait histogram Sekil-1’de, kuramsal
araliklarla karsilastirma tablosu Tablo-2'de verilmistir.

Yekta-Arel-Ezgi-Uzdilek
08  Tare-Karadeniz

53-TET

number of occurences(normalized)

Lo

i % 1 5 i 1 i i i T He
-100 0 100 200 300 400 500 600 700 800 cent

Sekil-1: Hicaz Makami Kiz Ney-Hicaz Cesnisi Perde Dagilimi

*Holder Komasi (Hc): Bir oktavin 53 esit pargaya béliinmesi ile bulunan deger (1Hc=22,6415sent).
® Sent: Oktavi 1200 esit pargaya bélerek elde edilen kiiiik aralik.
® Tepe degeri: siklik dagiiminda en gok yinelenen deger.
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Sekil-1’de sifir noktasi hicaz g¢esnisinin baslangi¢c perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 4.7 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 12.6 Hc olarak icra edildigi Tablo-2’deki gibi tespit edilmigtir.

Tablo-2: Hicaz Makami Kiz Ney-Hicaz Gesnisi Kuramsal Aralik Kargilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 1245 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9

O Hcile 4.7 17.3 22 30.7 ] 106.4 | 391.7 | 498.1 | 695.1
icra

2’li arahk 4.7 12.6 4.7 8.7 |106.4 | 285.3 | 106.4 | 197

-Mansur ahenk diizeninde icra edilen 1 adet kayit icin elde edilen analiz sonuclarina ait histogram Sekil-2'de,
kuramsal araliklarla karsilastirma tablosu Tablo-3’de verilmigtir.

Hicaz

Yekta-Arel-Ezgi-Uzdilek
08  Tore-Karadeniz
53-TET

06

0.4

number of occurences{normalized)

02

He
-100 1} 100 200 300 400 500 600 700 800 cent

Sekil-2: Hicaz Makami Mansur-Hicaz Gesnisi Perde Dagilimi

Sekil-2’de sifir noktasi hicaz ¢esnisinin baslangi¢c perdesi kabul edilmistir. Kuramda ¢esnini birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik micennep (S) arahiginin 5 He, ikinci ve t¢linct perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahiginin ise 12 He olarak icra edildigi Tablo-3’'deki gibi tespit edilmistir.
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Tablo-3: Hicaz Makami1 Mansur-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9
O Hcile 5 17 21.7 31 113.2 | 384.9 | 491.3 | 701.9
icra
2’li aralhk 5 12 4.7 9.3 113.2 | 271.7 | 106.4 | 210.6

-Tim hicaz makami kayitlarindan elde edilen sonuglara ait histogram Sekil-3'de, kuramsal araliklarla
karsilastirma tablosu Tablo-4’de verilmistir.

Yekta-Arel-Ezgi-Uzdilek
08  Tore-Karadeniz
53-TET

06

0.4

number of occurences{normalized)

02

-100 0 100 200 300 400 500 600 700 800 cent

Sekil-3: Hicaz Makami Toplam-Hicaz Gesnisi Perde Dagilimi

Sekil-3'de sifir noktasi hicaz g¢esnisinin baslangi¢c perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 4.7 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 12.6 Hc olarak icra edildigi Tablo-4’deki gibi tespit edilmigtir.
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Tablo-4: Hicaz Makami Toplam-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9
O Hcile 4.7 17.3 22 30.7 | 106.4 | 391.7 | 498.1 | 695.1
icra
2’li aralk 4.7 12.6 4.7 8.7 106.4 | 285.3 | 106.4 197

Nikriz makami

AEU kuramina gore, nikriz makami dizisinde karar perdesi Uzerinde nikriz ¢egnisi kullanmaktadir. Bu sebeple
karar perdesi lizerindeki nikriz gesnisi degerlendirmeye alinmistir.

-Nikriz makaminda 3 adet icra kaydi incelenmistir. Kayitlar kiz ney ahenk diizeninde icra edilmistir. Kayitlarin

timu ayni ahenk dizeninde icra edildigi icin birlikte inceleme yapilmis, elde edilen analiz sonuglarina ait histogram

Sekil-4’'de, kuramsal araliklarla karsilastirma tablosu Tablo-5'de verilmigtir.

Nikriz

Yekta-Arel-Ezgi-Uzdilek
08  Tore-Karadeniz
53-TET

06

04+

number of occurences{normalized)

02

500

Sekil-4: Nikriz Makami Kiz Ney-Nikriz Cesnisi Perde Dagilimi

700

5 Hc
800 cent

Sekil-4’de sifir noktasi nikriz ¢esnisinin baslangic perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 9 Hc'lik tanini (T) araliginin 9.3 Hc, ikinci ve t¢linct perdeler arasinda tanimlanan
5 Hc'lik kuigik micennep (S) araliginin 3.7 He, tglincl ve dérdincl perdeler arasinda tanimlanan 12 Hc'lik artik

ikili araliginin ise 13 Hc olarak icra edildigi Tablo-5’deki gibi tespit edilmigtir.
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Tablo-5: Nikriz Makami Kiz Ney-Nikriz Gesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 9 14 26 31 203.7 | 316.9 | 588.2 | 701.9
TK 9 145 | 275 31 203.8 | 328.3 | 622.6 | 701.9
53-TET 9 14 26 31 203.7 | 316.9 | 588.6 | 701.9

0 Hcile 9.3 13 26 30.3 | 210.6 | 294.3 | 588.7 | 686
icra

2’li aralk 9.3 3.7 13 43 |210.6| 83.8 [294.3 | 97.4

Hiizzam makami

AEU kuramina goére, hizzam makami tarifinde karar perdesi lzerinde hiizzam ¢esnisi, dizinin Gglnci derecesi
Uzerinde de hicaz cesnisi kullanmaktadir. Hem hizzam cesnisi icerisinde bulunan artik ikili yapr hem de neva
perdesi lizerinde bulunan hicaz ¢egnisi birlikte degerlendirmeye alinmistir.

Hlizzam makaminda 3 adet icra kaydi incelenmistir. Kayitlardan iki tanesi supurde ahenk dizeninde, bir tanesi
kiz ney ahenk diizeninde icra edilmistir. icra edilen ahenk diizenine gére gruplandirilan kayitlar icin ayri ayri
inceleme yapilmigtir. Daha sonra tim hiizzam makami kayitlarindan elde edilen sonuglara ait histogram Sekil-
12'de, kuramsal araliklarla karsilastirma tablosu Tablo-8’de verilmistir.

-Stipurde ahenk dulzeninde icra edilen iki kayit icin iki ayri histogram verilmistir. Hizzam makami dizisi perde
dagihmi Sekil-5'de, hicaz cesnisi perde dagilimi Sekil-6'da verilmistir. Hicaz cegnisi kuramsal araliklarla
karsilastirma tablosu Tablo-6’da verilmistir.

huzzam

Yekta-Arel-Ezgi-Uzdilek o] [o]
08  Tore-Karadeniz

53-TET

number of occurences(normalized)
o
=
T

i He

-100 o 100 200 300 400 500 600 700 800 cent

Sekil-5: Hizzam Makami Siipiirde-Hiizzam Makam Dizisi Perde Dagilimi
Sekil-5’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin Gg¢linct derecesinde bulunan

hicaz ¢esnisinin baslangi¢ perdesi ile karar perdesi arasinda 13.3 Hc aralik degeri tespit edilmis, hicaz ¢egnisinin
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ilk perdesinin makam dizisi icerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 0.7 Hc pes
oldugu belirlenmigtir.

Hicaz

Yekta-Arel-Ezgi-Uzdilek f o] < Q @
08  Tore-Karadeniz IR P & @ =
53TET o o & o

number of occurences(normalized)

Y A He
-100 0 100 200 300 400 500 600 700 800 cent

Sekil-6: Hiizzam Makami Siipiirde-Hicaz Cesnisi Perde Dagilimi

Sekil-6’da sifir noktasi hicaz g¢esnisinin baslangic perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 6.7 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 10.6 Hc olarak icra edildigi Tablo-6’daki gibi tespit edilmigtir.

Tablo-6: Hiizzam Makami Siipiirde-Hicaz Gesnisi Kuramsal Aralik Kargilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 55 18.5 22 31 1245 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9

0 Hcile 6.7 17.3 22 31 151.7 | 391.7 | 498.1 | 701.9
icra

2’li aralk 6.7 10.6 4.7 9 151.7 | 240 | 106.4 | 203.8

-Kiz ney ahenk diizeninde icra edilen iki kayit i¢in iki ayri histogram verilmistir. Hizzam makami dizisi perde
dagihmi Sekil-7’de, hicaz cesnisi perde dagilimi Sekil-8'de verilmistir. Hicaz cegnisi kuramsal araliklarla
karsilastirma tablosu Tablo-7’de verilmistir.
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Sekil-7: Hizzam Makami Kiz Ney-Hiizzam Makam Dizisi Perde Dagilimi

Sekil-7'de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin Gg¢linct derecesinde bulunan
hicaz ¢esnisinin baslangi¢ perdesi ile karar perdesi arasinda 15.3 Hc aralik degeri tespit edilmis, hicaz ¢egnisinin
ilk perdesinin makam dizisi icerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 1.3 Hc tiz
oldugu belirlenmisgtir.

Hicaz
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Sekil-8: Hiizzam Makami Kiz Ney-Hicaz Cesnisi Perde Dagilimi

Sekil-8’de sifir noktasi hicaz g¢esnisinin baslangi¢c perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 6.3 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 9.4 Hc olarak icra edildigi Tablo-7’deki gibi tespit edilmistir.
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Tablo-7: Hiizzam Makami Kiz Ney-Hicaz Gesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9
O Hcile 6.3 15.7 22 30.7 | 142.6 | 355.5 | 498.1 | 695.1
icra
2’li aralik 6.3 9.4 6.3 8.7 142.6 | 212.8 | 142.6 197

-Tum hizzam makami kayitlarindan elde edilen sonugclara ait iki ayri histogram verilmistir. Hizzam makami dizisi
perde dagihmi Sekil-9'da, hicaz g¢esnisi perde dagihmi Sekil-10°da verilmistir. Hicaz ¢egnisi kuramsal araliklarla
karsilastirma tablosu Tablo-8’de verilmistir.
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Sekil-9: Hiizzam Makami Toplam — Hiizzam Makam Dizisi Perde Dagilimi
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Sekil-9°'da sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin Gg¢linct derecesinde bulunan
hicaz ¢esnisinin baslangi¢ perdesi ile karar perdesi arasinda 13.3 Hc aralik degeri tespit edilmis, hicaz ¢egnisinin
ilk perdesinin makam dizisi icerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 0.7 Hc pes

oldugu belirlenmigtir.
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Sekil-10’da sifir noktasi hicaz gesnisinin baslangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 6.7 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 11 He olarak icra edildigi Tablo-8'deki gibi tespit edilmistir.

Tablo-8: Hiizzam Makami Toplam-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 | 113.2 | 362.2 | 498.1 | 701.9
O Hcile 6.7 17.7 22 31.3 | 151.7 | 400.8 | 498.1 | 708.7
icra
2’li aralik 6.7 11 4.3 9.3 151.7 | 2491 | 97.4 | 708.7

Karcigar makami

AEU kuramina gore, karcigar makami dizisinde dizinin dérdiinct derecesi tizerinde hicaz ¢esnisi kullanmaktadir.

Bu sebeple dizinin dérdlincl derecesi Gzerindeki hicaz ¢esnisi degerlendirmeye alinmistir.

-Kiz ney ahenk diizeninde icra edilen bir kayit icin iki ayri histogram verilmigtir. Karcigar makami dizisi perde
dagihmi Sekil-11’de, hicaz cesnisi perde dagiimi Sekil-12'de verilmistir. Hicaz cegnisi kuramsal araliklarla
karsilastirma tablosu Tablo-9’da verilmistir.
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Sekil-11: Karcigar Makam Dizisi Perde Dagilimi

Sekil-11’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin dérdiincl derecesinde bulunan
hicaz ¢esnisinin baslangi¢ perdesi ile karar perdesi arasinda 22.33 Hc aralik degeri tespit edilmig, hicaz ¢esnisinin
ilk perdesinin makam dizisi icerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 0.3 Hc tiz

oldugu belirlenmigtir.
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Sekil-12: Karcigar Makam-Hicaz Cesnisi Perde Dagilimi

Sekil-12’de sifir noktasi hicaz gesnisinin baglangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik micennep (S) araliginin 5.7 Hc, ikinci ve lg¢lincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 10.3 Hc olarak icra edildigi Tablo-9’daki gibi tespit edilmigtir.
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Tablo-9: Karcigar Makam-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 12451 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9

O Hcile 5.7 16 22.3 31 129.1 | 362.3 | 504.9 | 701.9
icra

2’li aralk 5.7 10.3 6.3 8.6 |129.1 [ 233.2 | 142.6 | 194.7

Suzinak makami

AEU kuramina gére, suzinak makami dizisinde dizinin besinci derecesi lizerinde hicaz ¢esnisi kullanmaktadir. Bu
sebeple dizinin besinci derecesi lizerindeki hicaz ¢egnisi degerlendirmeye alinmistir.

Suzinak makaminda 2 adet icra kaydi incelenmistir. Kayitlardan biri kiz ney ahenk diizeninde, digeri mustahsen
ahenk diizeninde icra edilmistir. icra edilen ahenk diizenine gére gruplandirilan kayitlar igin ayri ayri inceleme
yapiimistir. Daha sonra tim suzinak makami kayitlarindan elde edilen sonuglara ait histogram Sekil-18’de,
kuramsal araliklarla karsilastirma tablosu Tablo-12’de verilmistir.

-Kiz ney ahenk diizeninde icra edilen bir kayit i¢in iki ayr histogram verilmigtir. suzinak makami dizisi perde
dagihmi Sekil-13’de, hicaz cesnisi perde dagilimi Sekil-14’de verilmistir. hicaz c¢esnisi kuramsal araliklarla
karsilastirma tablosu Tablo-10’da verilmistir.
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Sekil-13: Suzinak Makami Kiz Ney-Suzinak Makam Dizisi Perde Dagilimi

Sekil-13’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin besinci derecesinde bulunan
hicaz ¢esnisinin baglangi¢ perdesi ile karar perdesi arasinda 31 Hc aralik degeri tespit edilmis, hicaz ¢esnisinin
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belirlenmisgtir.
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ilk perdesinin makam dizisi igerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerle uyumlu oldugu
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Sekil-14: Suzinak Makami Kiz Ney — Hicaz Cesnisi Perde Dagilimi
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Sekil-14’de sifir noktasi hicaz gesnisinin baslangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 5.3 Hc, ikinci ve Gg¢uincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 11.4 Hc olarak icra edildigi Tablo-10’daki gibi tespit edilmistir.

Tablo-10: Suzinak Makami Kiz Ney-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 113.2 | 384.9 | 498.1
TK 5.5 18.5 22 124.5 | 418.9 | 498.1
53-TET 5 16 22 113.2 | 362.2 | 498.1
O Hcile 5.3 16.7 22 120 | 378.1 | 498.1
icra
2’li aralik 53 1.4 5.3 120 | 258.1 120

-Mustahsen ahenk diizeninde icra edilen bir kayit i¢in iki ayri histogram verilmistir. Suzinak makami dizisi perde
dagihmi Sekil-15°de, hicaz cesnisi perde dagilimi Sekil-16'da verilmistir. hicaz c¢esnisi kuramsal araliklarla
karsilastirma tablosu Tablo-11’de verilmistir.
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Sekil- 15: Suzinak Makami Miistahsen-Suzinak Makam Dizisi Perde Dagilimi

Sekil-15’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin besinci derecesinde bulunan
hicaz ¢esnisinin baglangi¢ perdesi ile karar perdesi arasinda 32 Hc aralik degeri tespit edilmis, hicaz ¢esnisinin
ilk perdesinin makam dizisi icerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 1 Hc tiz oldugu
belirlenmisgtir.
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Sekil-16: Suzinak Makami Miistahsen-Hicaz Cesnisi Perde Dagilimi

Sekil-16’da sifir noktasi hicaz gesnisinin baglangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiigiik mucennep (S) araliginin 6 Hc, ikinci ve tGguncl perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 10.7 Hc olarak icra edildigi Tablo-11’deki gibi tespit edilmistir.
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Tablo-11: Suzinak Makami Miistahsen-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 113.2 | 384.9 | 498.1
TK 55 18.5 22 124.5 | 418.9 | 498.1
53-TET 5 16 22 113.2 | 362.2 | 498.1

0 Hcile 6 16.7 | 22.3 | 135.8 | 378.1 | 504.9
icra

2’li aralk 6 10.7 5.6 | 1358|2423 | 126.8

-Tum suzinak makami kayitlarindan elde edilen sonuglara ait iki ayri histogram verilmistir. Suzinak makami dizisi
perde dagilimi Sekil-17°de, hicaz ¢esnisi perde dagihmi Sekil-18’de verilmistir. Hicaz ¢esnisi kuramsal araliklarla
karsilastirma tablosu Tablo-12’de verilmistir.
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Sekil-17: Suzinak Makami Toplam — Suzinak Makam Dizisi Perde Dagilimi

Sekil-17’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin besinci derecesinde bulunan
hicaz ¢esnisinin baglangi¢ perdesi ile karar perdesi arasinda 32 Hc aralik degeri tespit edilmis, hicaz ¢esnisinin
ilk perdesinin makam dizisi icerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 1 Hc tiz oldugu
belirlenmisgtir.

| 69]



Yekta-Arel-Ezgi-Uzdilek b e} @ Q o]
08 Tore-Karadeniz : & oo & & =
53.TET o o ) )

nurmber of occurences(normalized)

He
100 200 300 400 500 600 700 800 cent

oo

-100

Sekil-18: Suzinak Makami Toplam — Hicaz Cesnisi Perde Dagilimi

Sekil-18’de sifir noktasi hicaz gesnisinin baglangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 5.3 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahiginin ise 10.7 Hc olarak icra edildigi Tablo-12’deki gibi tespit edilmistir.

Tablo-12: Suzinak Makami Toplam-Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 113.2 | 384.9 | 498.1
TK 55 18.5 22 1245 | 418.9 | 498.1
53-TET 5 16 22 113.2 | 362.2 | 498.1

O Hcile 53 16 21.7 120 | 362.3 | 491.3
icra

2’li aralik 5.3 10.7 5.7 120 | 2423 | 120

Saba makami

AEU kuramina gdre, saba makami tarifinde dizinin t¢linct derecesi lzerinde hicaz g¢esnisi kullanmaktadir. Bu
sebeple dizinin t¢lncl derecesi Uzerindeki hicaz ¢esnisi degerlendirmeye alinmistir.

Saba makaminda 6 adet icra kaydi incelenmistir. Kayitlardan bes tanesi kiz ney ahenk dizeninde, bir tanesi
mansur ahenk dizeninde icra edilmistir. icra edilen ahenk diizenine gére gruplandirilan kayitlar igin ayri ayri
inceleme yapilmistir. Daha sonra tim saba makami kayitlarindan elde edilen sonuglara ait histogram Sekil-24’de,
kuramsal araliklarla karsilastirma tablosu Tablo-15’de verilmistir.

-Kiz ney ahenk diizeninde icra edilen bes kayit icin iki ayri histogram verilmistir. Saba makami dizisi perde
dagihmi Sekil-19°da hicaz cesnisi perde dagilimi Sekil-20°’de verilmistir. Hicaz ¢esnisi kuramsal araliklarla
karsilastirma tablosu Tablo-13’de verilmistir.
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Sekil-19: Saba Makami Kiz Ney-Saba Makam Dizisi Perde Dagilimi

Sekil-19’da sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin Gglincti derecesinde bulunan
hicaz ¢esnisinin baglangi¢ perdesi ile karar perdesi arasinda 18 Hc aralik degeri tespit edilmis, hicaz ¢esnisinin

ilk perdesinin makam dizisi igerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerle uyumlu oldugu
belirlenmisgtir.
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Sekil-20: Saba Makami Kiz Ney — Hicaz Cesnisi Perde Dagilimi

Sekil-20’de sifir noktasi hicaz gesnisinin baslangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik miicennep (S) araliginin 6.7 Hc, ikinci ve lGglincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 11.6 Hc olarak icra edildigi Tablo-13’deki gibi tespit edilmistir.
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Tablo-13: Saba Makami Kiz Ney — Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9
O Hcile 6.7 18.3 23.3 31 151.7 | 414.3 | 527.5 | 701.9
icra
2’li aralhk 6.7 11.6 5 7.7 151.7 | 262.6 | 113.2 | 174.3

-Mansur ahenk diizeninde icra edilen bir kayit igin iki ayri histogram verilmistir. Saba makami dizisi perde dagilimi
Sekil-21’de, hicaz ¢esnisi perde dagihmi Sekil-22’de verilmigtir. Hicaz ¢esnisi kuramsal araliklarla karsilastirma

tablosu Tablo-14’de verilmigtir.
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Sekil-21: Saba Makami1 Mansur-Saba Makam Dizisi Perde Dagilimi

Sekil-21’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin Gglinct derecesinde bulunan
hicaz ¢egnisinin baslangi¢ perdesi ile makamin karar perdesi arasinda 17.7 Hc aralik degeri tespit edilmis, hicaz
¢esnisinin ilk perdesinin makam dizisi igerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 0.3

Hc pes oldugu belirlenmistir.
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Sekil-22: Saba Makami Mansur — Hicaz Cesnisi Perde Dagilimi
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Sekil-22’de sifir noktasi hicaz gesnisinin baslangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik micennep (S) araliginin 6.7 Hc, ikinci ve Gguincu perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 10.3 Hc olarak icra edildigi Tablo-14’deki gibi tespit edilmistir.

Tablo-14: Saba Makami Mansur — Hicaz Cesnisi Kuramsal Aralik Karsilastirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 | 113.2 | 362.2 | 498.1 | 701.9
O Hcile 6.7 17 22.7 31.3 | 151.7 | 384.9 | 514 | 708.7
icra
2’li aralhk 6.7 10.3 5.7 8.6 151.7 | 233.2 | 129.1 | 194.7

-Tum saba makami kayitlarindan elde edilen sonuclara ait iki ayri histogram verilmistir. Saba makami dizisi perde
dagihmi Sekil-23’de, hicaz cesnisi perde dagiimi Sekil-24’de verilmistir. Hicaz cegnisi kuramsal araliklarla
karsilastirma tablosu Tablo-15’de verilmistir.
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Sekil-23: Saba Makami Toplam-Saba Makam Dizisi Perde Dagilimi

Sekil-23’de sifir noktasi makamin karar perdesi olarak kabul edilmistir. Makamin Gglinct derecesinde bulunan
hicaz ¢esnisinin baglangi¢ perdesi ile makamin karar perdesi arasinda 17.7 Hc aralik degeri tespit edilmis, hicaz
¢esnisinin ilk perdesinin makam dizisi igerisindeki konumunun kuramsal aralik tariflerinde verilen degerlerden 0.3
Hc pes oldugu belirlenmistir.
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Sekil-24: Saba Makami Toplam — Hicaz Cesnisi Perde Dagilimi

Sekil-24’de sifir noktasi hicaz gesnisinin baglangi¢ perdesi kabul edilmistir. Kuramda ¢esninin birinci ve ikinci
perdeleri arasinda tanimlanan 5 Hc'lik kiiglik micennep (S) araliginin 7 He, ikinci ve t¢linct perdeler arasinda
tanimlanan 12 Hc'lik artik ikili arahginin ise 11 He olarak icra edildigi Tablo-15’deki gibi tespit edilmigtir.
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Tablo-15: Saba Makami Toplam-Hicaz Cesnisi Kuramsal Aralik Karsilagtirma (Hc/Sent)

Holder Komasi Sent
YAEU 5 17 22 31 113.2 | 384.9 | 498.1 | 701.9
TK 5.5 18.5 22 31 124.5 | 418.9 | 498.1 | 701.9
53-TET 5 16 22 31 113.2 | 362.2 | 498.1 | 701.9
O Hcile 7 18 22.7 31.3 | 158.5|407.5 | 514 | 708.7
icra
2’li aralk 7 11 4 8.6 158.5 | 249.1 | 90.6 | 194.7

Sonug, Tartigma

Kani Karaca'’ya ait ses kayitlari Gzerinden hicaz, nikriz, hiizzam, karcidar, suzinak ve saba makamlarinda, artik
ikili araligin kullanim &zellikleri, benzerlik ve farkliliklari tespit edilmistir.

-Hicaz makami kayitlar kiz ney ve mansur olmak Uzere iki farkli ahenk diizenine gére incelenmistir. Elde edilen
sonuglarda, kiz ney ahenk diizeninde kullanilan artik ikili araiginin mansur ahenk diizeninde kullanilan araliga
gobre 0.6 Hc daha buyiik kullanildigi gézlemlenmistir. Sekil-25’te hicaz ¢egnisi diigah perdesi Gizerinde gdsterilerek
iki ahenk dlizenindeki perde kullanim degerleri karsilastirmali olarak verilmistir. Sekil zerinde kuramsal araliklara
ait perdeler (X) ile gsterilmigtir.

(0 He) (9.3 He)
Mansur |, (5 He) (12 He) (4.7 He)
La | Si Do | | Re Mi
e o ¢
Kiz Ney T T T
(0 He) (47He) (12.6 He) (4.7 Ho) (8.7 Ho)

Sekil-25: Hicaz Makami

Tum hicaz makami kayitlar igerisinde elde edilen analiz sonuclarina gére, hicaz ¢esnisi icerisinde kullanilan artik
ikili arahginin degeri 12.6 Hc olarak tespit edilmis, kuramsal araliklara gére 0.6 Hc daha genis bir aralik olarak
icra edildigi sonucuna varilmigtir.

-Nikriz makami kayitlar i¢erisinde elde edilen analiz sonuglarina gére, nikriz ¢esnisi icerisinde kullanilan artik ikili
arahiginin degeri 13 Hc olarak tespit edilmis, kuramsal araliklara gére 1 Hc daha genis bir aralik olarak icra edildigi
sonucuna varilmistir.  Sekil-26’da nikriz ¢esnisi rast perdesi Uzerinde gosterilmistir. Sekil (izerinde kuramsal
araliklara ait perdeler (X) ile gosterilmigtir.
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Sekil-26: Nikriz Makami

-Hiizzam makami kayitlar kiz ney ve stpurde olmak Gzere iki farkli ahenk diizenine gére incelenmistir. Elde edilen
sonuglarda, siiptirde ahenk diizeninde kullanilan artik ikili arahiginin kiz ney ahenk diizeninde kullanilan araliga
gbre 1.2 He daha genis kullanildigr gdézlemlenmistir. Sekil-27°de hicaz ¢esnisi neva perdesi tizerinde gdsterilerek
iki ahenk dlizenindeki perde kullanim degerleri karsilagtirmali olarak verilmistir. Sekil izerinde kuramsal araliklara
ait perdeler (X) ile gsterilmigtir.

(0 He) (4.7 He) (9 He)
Siipiirde | (6.3 He) (10.6 He) Il
Re ! Mi Fa Sol La
S e B e e e A e o S e - e B R
Kiz Ney T T T
(0 He) (6.3 He) (9.4 He) (6.3 He) (8.7 He)

Sekil-27: Hiizzam Makami

Tum hiizzam makami kayitlar icerisinde elde edilen analiz sonuglarina gére, hiizzam makami icerisinde kullanilan
hicaz g¢esnisinde artik ikili araliginin 11 Hc olarak kullanildigi tespit edilmis, kuramsal araliklara gére 1 Hc daha
dar bir aralik olarak icra edildigi sonucuna varilmigtir.

-Karcigar makami kayitlar icerisinde elde edilen analiz sonuglarina gére, karcigar makami igerisinde kullanilan
hicaz ¢egnisinde artik ikili arahginin 10.3 Hc olarak kullanildigi tespit edilmis, kuramsal araliklara gére 0.7 Hc
daha dar bir aralik olarak icra edildigi sonucuna variimistir. Sekil-28’de hicaz g¢esnisi neva perdesi (izerinde
gosterilmistir. Sekil tzerinde kuramsal araliklara ait perdeler (X) ile gosterilmistir.

(0 He)
Re Mi Fa Sol La
Bl B

(5.7 He) (10.3 He) (6.3 He) (8.6 He)

Sekil-28: Karcigar Makami

-Suzinak makami kayitlar kiz ney ve mustahsen olmak (izere iki farkli ahenk diizenine gére incelenmistir. Elde
edilen sonuglarda, kiz ney ahenk dlizeninde kullanilan artik ikili araliginin miistahsen ahenk diizeninde kullanilan
araliga goére 0.6 Hc daha buyuk kullanildigi gdzlemlenmistir. Sekil-29°'da hicaz ¢esnisi neva perdesi lzerinde
gosterilerek iki ahenk dlzenindeki perde kullanim degerleri karsilastirmali olarak verilmistir. Sekil Gzerinde
kuramsal araliklara ait perdeler (X) ile gésterilmigtir.
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Y. i{ C) (6 He) (10.7 He) (5.6 He)
Re | Mi Fa | X
7 A Y - P S S Y B R i
Kiz Ney T T T T
(0 He) (5.3 He) (11.4 He) (5.3 He)

Sekil-29: Suzinak Makami

Tum suzinak makami kayitlar icerisinde elde edilen analiz sonuclarina gére, suzinak makami icerisinde kullanilan
hicaz ¢egnisinde artik ikili arahginin 10.7 Hc olarak kullanildigi tespit edilmis, kuramsal araliklara gére 1.3 Hc
daha dar bir aralik olarak icra edildigi sonucuna varilmistir.

-Saba makami kayitlar kiz ney ve mansur olmak uzere iki farkli ahenk diizenine gére incelenmistir. Elde edilen
sonuglarda, kiz ney ahenk diizeninde kullanilan artik ikili arahiginin mansur ahenk diizeninde kullanilan araliga
gére 1.3 Hc daha bilylk kullanildigi gézlemlenmistir. Sekil-30’da hicaz c¢esnisi ¢argah perdesi Uzerinde
gosterilerek iki ahenk dulzenindeki perde kullanim degerleri karsilastirmali olarak verilmigtir. Sekil Gzerinde
kuramsal araliklara ait perdeler (X) ile gésterilmigtir.

(0 He) (8.6 He)
Mansur J, (6.7 He) (10.3 He) (5.7 He)
Do } Re Mi Fa | Sol
R B T L L e e e e e e B B B B B B B B < B B B B P e R B 37
& : - BB ;
KizNey 1 (6.7 He) (11.6 He) (5 He) (7.7 He)

Sekil-30: Saba Makami

Tum saba makami kayitlar icerisinde elde edilen analiz sonuglarina gére, saba makami icerisinde kullanilan hicaz
cesnisinde artik ikili araliginin 11 He olarak kullanildigi tespit edilmis, kuramsal araliklara gére 1 Hc daha dar bir
aralik olarak icra edildigi sonucuna varilmistir.

Sekil-31’de karsilastirmali sonuclar verilirken hicaz ¢esnisi diigah perdesi, nikriz ¢cesnisi ise rast perdesi tizerinden
yazilmig, bu sayede artik ikili araliklarin ayni perdeler kullanilarak gdsterimi saglanmisgtir.

Sol La Si Do Re
Nikriz Makam - Nikriz Cesnisi | - ---‘---‘--- ---‘-—-‘--— e - } } } } I : } } ] } : } } - ...‘... e
(0 He)
(9.3 He) (3.7 He) (13 He) (4.3 He)
La Si Do Re Mi
Hicaz Makamm - Hicaz Genisi e |- fESE ][ 2SS SSfESREREE -efemrfref e eemfeemef e emfeeefofomelome
(0 He) T
(4.7 He) (12.6 He) (4.7 He) (8.7 He)
La Si Do Re Mi
Hiiczam Makam - Hicaz T-—|- S e A R Rt 1
)
(67Ho) (11 He) (43 He) (93 He)
La Si Do Re Mi
Karcgar Makams - Hicaz Gesnisi  Jons]owe|-os]onefeoe] - fome] oS e feeef e T B Tt
(0 He) Iy
(5.7 He) (10.3 He) (6.3 He) (8.6 He)
La Si Do Re Mi
Suzinak Makami - Hicaz Cesnisi D TN O S S o s N MR N R R A O O M,
(0 He) [ T
(5.3 He) (10.7 He) (5.7 He)
La Si Do Re Mi
Saba Makam - Hicaz Cesnisi e e B e B B e B e e e B e e e e e ,,,].f T e e e e e
(0 He)
(7He) (11 He) (4Ho) (8.61c)

Sekil-31: Artik ikili Araligi-Kargilagtirmali Degerlendirme
|
0 |
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Hicaz makami icerisinde kullanilan hicaz ¢egnisi kuramsal araliklara en yakin icra degerleri olarak tespit edilmigtir.

Nikriz makami, incelenen makamlar icerisinde 13 Hc degeri ile artik ikili arahginin en genis kullanildigr makam
olarak tespit edilmistir.

Hlzzam ve saba makamlarinda kullanilan artik ikili arahginin 11 Hc degeri ile esit genislikte kullanildig tespit
edilmistir.

Karcigar ve suzinak makamlarinin siklikla hiizzam geckisi yapmasi sebebiyle bu tic makam i¢in kargilastirma bir
inceleme yapiimistir. Karcigar makaminin 10.3 Hc degeri ile en dar artik ikili araligini kullandigi, daha sonra
siraslyla suzinak makaminin 10.7 Hc aralik degeri kullandigi ve hiizzam makami 11 Hc ile en genis artik ikili
arahgi degeri ile icra edildigi tespit edilmigtir.

Hlzzam, karcidar ve suzinak makamlar icerisinde kullanilan neva perdesinde hicaz ¢esnisine ait analiz sonuglari
karsilikh degerlendirildiginde, ¢esninin ikinci perdesi olan hisar perdesinin en pes kullanildigi makam 5.3 Hc
degeri ile suzinak makami olarak tespit edilmistir. Daha sonra 5.7 Hc ile karcigar makami degerleri bulunmus. 6.7
Hc ile en tiz hisar perdesi kullanimi hiizzam makami igerisinde tespit edilmigtir.

Tum sonuclar degerlendirildiginde artik ikili araligr kullanimi bakimindan AEU sisteminde bulunmayan aralik
degerlerinin icrada kullanildigi goézlemlenmistir. Ozellikle hiizzam, saba gesnileri gibi karakteristik perde
kullanimina sahip ¢esnilerin nota yazisinda ilave degistirme isaretlerine ihtiya¢ duydugu goériimus, kuramsal yapi
icerisinde hicaz cegnisi kullanan hiizzam, saba, karcigar, suzinak gibi makamlarda da ayni ihtiyacin bulundugu
tespit edilmistir.

icra ve kuram arasindaki geligkileri gidermek adina usta icracilarini ses kayitlar (izerinde frekans analiz
calismalarina ihtiya¢ bulunmaktadir. Elde edilecek analiz sonuglarinin tim arastirmacilarin erisimine agiimasi ve
hesaplamali mizikoloji alaninda yapilacak ¢alismalarda kullanilabilen bir Tirk mizigi veritabani hazirlanmasi ve
paylasiimasi hedeflenmelidir. Bu sayede icradan yola ¢ikilarak olusturulacak bir kuramsal yapi mimkun olacaktir.
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