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•  Music	  can	  be	  represented	  by	  various	  data	  sources	  
–  Music	  scores,	  audio	  recordings,	  videos,	  lyrics,	  metadata	  …	  

•  Music	  scores	  are	  widely	  used:	  
–  Musical	  performances	  
–  EducaHon	  
–  Musicological	  research	  
–  Archival	  and	  preservaHon	  etc.	  

•  Music	  scores	  show	  many	  of	  the	  relevant	  musical	  components	  
–  Notes,	  duraHons,	  measures,	  key,	  tempo,	  embellishments	  etc.	  
–  These	  components	  are	  easy	  to	  access	  
	  

IntroducHon	  
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•  Analysis	  on	  different	  music	  tradiHons	  is	  an	  important	  research	  
problem	  
–  Studying	  and	  comparing	  musical	  characterisHcs	  	  
–  Tackling	  culture-‐specific	  challenges	  
–  Cross-‐culture	  comparisons	  
–  Gaining	  a/enHon	  

IntroducHon	  
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•  Performed	  in	  a	  vast	  geography	  	  
•  Predominantly	  an	  oral	  tradiHon	  
•  Arel-‐Ezgi-‐Uzdilek	  is	  the	  mainstream	  musical	  theory	  	  

–  An	  approximaHon	  of	  53	  tone-‐equal-‐tempered	  (TET)	  system,	  
where	  a	  whole	  tone	  is	  divided	  into	  9	  Holderian	  commas	  

	  
v  IMPORTANT:	  Theory	  does	  not	  necessarily	  correspond	  to	  the	  
pracHce	  
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•  Melodic	  dimension	  is	  explained	  by	  makams	  
–  Modal	  structures	  

•  Each	  makams	  has	  a	  scale	  typically	  formed	  from	  pentachords	  
and	  tetrachords	  

•  Melodies	  revolve	  around	  a	  ini+al	  and	  a	  final	  tone	  	  
	  

Makams	  
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listeners, and investigates the ways in which these two
groups partition melodic passages within a makam
structure. Thus they are able to investigate cultural dif-
ferences in listening strategies. Our tests are quite dif-
ferent since they require identification of the makam
directly from the audio, a task that those unfamiliar with
the genre are unable to accomplish. Indeed, Ayari &
McAdams (2003) observed that some of their Arab
musicians were able to detect and describe modal struc-
tures such as the makam of melodic passages. It is this
ability, within the context of Turkish makam music, that
is the primary focus of the present paper.

Castellano et al. (1984) define tonality as the ‘‘center-
ing of the musical materials around a particular tone,’’
and thus tonality provides one way of structuring and

organizing sound materials in music. For example, in
Western music, the tonic is a reference tone associated
with the musical structure called the key. More generally,
the tonic provides a reference point whereby a set of
musical pitches may be perceived in relationship to that
tonic. Bharucha (1984, p. 421) comments that ‘‘consid-
erable exposure to pieces of music that are structurally
similar gives rise to the . . . tonal hierarchy’’ and suggests
that the temporal ordering of tones may be able to
activate tonal schemas that are held in long-term mem-
ory, a view that is at least partly supported by Boltz
(1989). In this general sense, Castellano et al. (1984)
provide evidence for the tonal perception in classical
Indian music using a probe-tone technique that com-
pares the responses of Western and Indian listeners.

FIGURE 2. Twenty-four makams that appear in this paper are represented in the AEU system. Special symbols are used to indicate the root, the
dominant, and the leading tone. Many of the accidentals represent pitches that fall between the cracks of the Western musical scale. Makams may be
characterized as the conjunction of an n-chord and an m-chord (where n + m = 9), for example, a tetra-chord and a penta-chord, as indicated by the
grouping markers that connect the root and the dominant, and the dominant with the upper octave of the root). These samples are drawn from the
software Mus2okur (Karaosmanoğlu et al., 2009), which lists basic makams as well as hybrid combinations (or transposed forms) in commonly used
genus patterns. These interval sets are shown numerically in Table A1.
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•  Melodic	  progressions	  are	  explained	  with	  the	  seyirs	  

•  Seyir	  is	  dependent	  on	  	  
–  Modal	  centers	  
–  Melodic	  direcHon(s)	  
–  Phrases	  (flavor)	  &	  their	  
progressions	  
–  Intra-‐phrase	  movements	  
–  IntonaHon	  of	  the	  intervals	  	  
–  ...	  	  

Melodic	  Progressions	  
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listeners, and investigates the ways in which these two
groups partition melodic passages within a makam
structure. Thus they are able to investigate cultural dif-
ferences in listening strategies. Our tests are quite dif-
ferent since they require identification of the makam
directly from the audio, a task that those unfamiliar with
the genre are unable to accomplish. Indeed, Ayari &
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musicians were able to detect and describe modal struc-
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with the musical structure called the key. More generally,
the tonic provides a reference point whereby a set of
musical pitches may be perceived in relationship to that
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This content downloaded from 84.89.157.107 on Mon, 4 May 2015 03:44:25 AM
All use subject to JSTOR Terms and Conditions

Different	  	  
progressions	  



•  Metric	  Structure	  is	  explained	  by	  usuls.	  
•  ComposiHons/forms	  are	  constructed	  on	  metrical	  grid	  dictated	  

by	  the	  usul	  
–  DisrupHng	  the	  usul	  might	  also	  alter	  the	  makam	  “feeling”	  

•  From	  2	  beats	  to	  128	  beats	  
–  Two	  different	  usuls	  might	  have	  the	  same	  number	  of	  beats	  or	  
even	  the	  same	  beat	  sequence	  (but	  different	  tempi)	  

	  

Usuls	  
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•  AdaptaHon	  of	  extended	  Western	  notaHon	  in	  20th	  century	  	  
•  Scores	  notate	  basic	  melody	  lines	  

•  Typically	  descripHve	  
•  MulHple	  versions	  may	  exist	  

Music	  Scores	  

10	  

 Neyzen Salih BøLGøN 
 

Uúúak Saz Semâî - Bestekâr: Neyzen Salih Dede (Kız Ney) Uúúak Saz Semâî - Composer: Neyzen Salih Dede (Kız Ney) 
  

Ses kaydını dinlemek için ataç resmine 
çift tıklayınız.

 To listen to the sound recording double click 
on the paperclip icon. 

 
 



•  Performances	  and	  scores	  differ	  substanHally	  
–  Heterophony	  
–  Embellishments	  are	  not	  notated	  
–  Tuning/intonaHon	  

Music	  Scores	  (cont.)	  
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•  The	  largest	  machine-‐readable	  music	  score	  collecHon	  of	  
Turkish-‐O/oman	  makam	  music	  

•  2200	  pieces	  
–  150	  makams,	  100	  usuls	  and	  50	  forms	  
–  865000	  notes	  (~80	  hours	  playback	  Hme)	  

•  Classical,	  folk,	  religious	  and	  military	  genres	  
•  Available	  in	  txt,	  MusicXML,	  MIDI	  etc.	  

SymbTr	  CollecHon	  

13	  
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•  SymbTr	  scores	  are	  used.	  
•  The	  dataset	  consists:	  

–  31362	  phrases	  
–  480	  scores	  of	  different	  composiHons	  	  
–  by	  3	  experts	  (overlapping	  annotaHons)	  

•  ComposiHons	  are	  selected	  from:	  
–  The	  most	  common	  makams	  	  
–  Well	  known	  composers	  	  
–  17th	  century	  to	  today;	  uniformly	  from	  four	  main	  periods	  	  

Turkish-‐Makam	  Symbolic	  Phrase	  Dataset	  

14	  
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   Figure 1. Example excerpt of a score  

 In Figure 1 and Table II we present a short example 
from the dataset. Machine readable files are in SymbTr 
format and basically contain pitch (columns 2 – 5), 
duration (columns 6 – 8, 12) and lyric (column 11) 
information for each note in a piece. It also includes 
microtonal pitch information which is an important 
feature for TMM. For this specific study, segmentation 
and çeşni/geçki information are added as separate lines 
(colored in Table II). So in the new format, each line 
contains information for a note or segmentation. This 
format is very similar to SymbTr and hence basics of the 
format is not explained in detail. New features are: 

New codes (first column) are added to specify the 
type of segmentation: 53 for phrase boundary, 54 for the 
start of a geçki/çeşni label (the type of çeşni is specified 
in the lyrics column), 55 pointing the end of a geçki/çeşni 
label. 

The dataset is shared along with Matlab code for 
importing the data into the standard format used by MIDI 
Toolbox (Eerola & Toiviainen, 2004) (while keeping the 
microtonal pitch information) so that melodic analysis 
tools available in the Toolbox can be easily used on the 

data. In addition to the symbolic data in text file format 
and computer codes, scanned images of the scores with 
manual segmentations are also shared. 

The database can be accessed on:  
http://akademik.bahcesehir.edu.tr/~bbozkurt/112E162_en.html 

or http://www.rhythmos.org/shareddata/turkishphrases.html 

In order to check for the degree of mutual agreement 
between the annotations, we conducted a comparison of 
the data obtained from the three experts. In Table III, we 
present F-measures obtained as a measure of match 
between each set of annotations. The first and the third 
expert agree on boundaries with an F-measure of 0.78. 
The second expert preferred comparatively longer 
phrases hence the corresponding F-measures are lower. 
As we discuss in the next section, there is a high 
agreement across the annotations conducted by the three 
experts considering phrase boundary choices with respect 
to makam pitches and usul beats.   

 Precision Recall F-measure 
Expert 1 vs 2 0.46 0.80 0.57 
Expert 1 vs 3 0.74 0.85 0.78 
Expert 2 vs 3 0.86 0.37 0.51 

Table III. Measure of consistency between 3 experts 

Code NoteName NoteName Pitch Pitch Num. Denum. Ms LNS VelOn Lyrics Offset 
9 Mi5 E5 336 336 1 4 1000 95 96 Tal 0.2 
9 Mi5 E5 336 336 1 8 500 95 96 A 0.3 
9 Sol5 G5 349 349 1 8 500 99 96 tın  0.4 
… … … … … … … … … … … … 
9 Sol5 G5 349 349 1 16 250 99 96 

 
0.65 

9 Fa5#2 F5#1 342 341 1 16 250 95 96 
 

0.7 
9 Mi5 E5 336 336 3 8 1500 95 96 dev 1 
53 

          1 
54 

         
dilkeshaveran@fa5#5 1 

9 Mi5 E5 336 336 1 4 1000 95 96 ri  1.2 
9 Mi5 E5 336 336 1 8 500 95 96 ka 1.3 
… … … … … … … … … … … … 
9 Mi5 E5 336 336 1 8 500 95 96 

 
1.7 

9 Mi5 E5 336 336 1 4 1000 95 96 de  1.9 
53 

          1.9 
9 

  
-1 -1 1 8 500 100 

  
2 

Table II. Machine-readable format of the dataset for the example in Figure 1 for one of the experts (red labels) 
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listeners, and investigates the ways in which these two
groups partition melodic passages within a makam
structure. Thus they are able to investigate cultural dif-
ferences in listening strategies. Our tests are quite dif-
ferent since they require identification of the makam
directly from the audio, a task that those unfamiliar with
the genre are unable to accomplish. Indeed, Ayari &
McAdams (2003) observed that some of their Arab
musicians were able to detect and describe modal struc-
tures such as the makam of melodic passages. It is this
ability, within the context of Turkish makam music, that
is the primary focus of the present paper.

Castellano et al. (1984) define tonality as the ‘‘center-
ing of the musical materials around a particular tone,’’
and thus tonality provides one way of structuring and

organizing sound materials in music. For example, in
Western music, the tonic is a reference tone associated
with the musical structure called the key. More generally,
the tonic provides a reference point whereby a set of
musical pitches may be perceived in relationship to that
tonic. Bharucha (1984, p. 421) comments that ‘‘consid-
erable exposure to pieces of music that are structurally
similar gives rise to the . . . tonal hierarchy’’ and suggests
that the temporal ordering of tones may be able to
activate tonal schemas that are held in long-term mem-
ory, a view that is at least partly supported by Boltz
(1989). In this general sense, Castellano et al. (1984)
provide evidence for the tonal perception in classical
Indian music using a probe-tone technique that com-
pares the responses of Western and Indian listeners.

FIGURE 2. Twenty-four makams that appear in this paper are represented in the AEU system. Special symbols are used to indicate the root, the
dominant, and the leading tone. Many of the accidentals represent pitches that fall between the cracks of the Western musical scale. Makams may be
characterized as the conjunction of an n-chord and an m-chord (where n + m = 9), for example, a tetra-chord and a penta-chord, as indicated by the
grouping markers that connect the root and the dominant, and the dominant with the upper octave of the root). These samples are drawn from the
software Mus2okur (Karaosmanoğlu et al., 2009), which lists basic makams as well as hybrid combinations (or transposed forms) in commonly used
genus patterns. These interval sets are shown numerically in Table A1.
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Figure 7. Short-time histogram view of the examples in 
Figure 6. Bold-line connects the center of gravity of each 
histogram. 

2.4 Typical phrases, “melodic codes” [12]  

Even though overall melodic progression is emphasized 
very often as the most important element in defining a 
makam, one observes that musicians recognize the 
makam of an improvisation without having to listen more 
than 10-15 seconds of the improvisation. In addition, the 
author observed in various occasions that the intermedi-
ate level musicians or listeners perform makam recogni-
tion by matching short segments of melody to the melo-
dies they already know. This suggests that typical phrases 
used to emphasize specific notes are critical in makam 
recognition.  

Apart from typical phrases, it appears that the begin-
ning, ending and central tones of phrases are critical [12]. 
Bayraktarkatal and Öztürk’s study [12] of historical texts 
on makam descriptions, show that “melodic codes” and 
“central tones” play high importance in the percep-
tion/definition of a makam. We agree that their “melody 
centric” approach is an important contribution to under-
standing/studying makam music. However, we are not 
equipped with the melodic analysis tools to carry a com-
putational work based on such descriptions. The auto-
matic melodic analysis literature for makam music is at 
its very early stage. This will be part of our future re-
search. 

Figure 8. Melodic progression of makam Muhayyer and 
Hüseyni (from symbolic data). 

 

 
Figure 9. Seyir features: starting region and sum of deltas 
for makams Muhayyer and Hüseyni. 

2.5 Typical transitions and/or flavors 

An improvisation or composition in a certain makam 
rarely contains melodies only from that specific makam. 
Transitions to other flavors (çeşni) is a common way of 
creating variations in music. Although there is to some 
level freedom of the composer to make a transition from 
one flavor to another, there exists general rules for each 
makam on which flavors to use. “Improper” uses may be 
considered to “destroy” the makam feeling.  

For computational studies of makam music, analysis 
of flavors is one of the important topics of research. Due 
to unavailability of automatic segmentation strategies (for 
transitions to different flavors), no automatic analysis is 
reported in literature. It is among our future goals to de-
velop the tools for automatic analysis in this domain.  
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Starts	  from	  a	  higher	  register	  

Both	  converge	  to	  
similar	  progressions	  	  
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explained in Marcus (2001), the percussive accompaniment
usually would not alter strong accents (düm), but rather the
weak accents in the usul, which can be embellished by
applying additional strokes. Pieces that are not following a
rhythmic mode belong usually to an improvised form, such

as the taksim. All non-improvised forms follow an usul,15

which is expressed by the rhythm of the melody emphasizing

Fig. 6. Melographs of taksims in three makamlar: (a) Uşşak (taksim of Yorgo Bacanos), (b) Hüseyni (taksim of Fahrettin Çimenli),
(c) Muhayyer (taksim of İhsan Özgen).

15Rhythmic elements may also be used in improvisational forms
(Ayangil, 1998) but not in a fixed-specified way.
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Uşşak	  makam	  
(ascending)	  

Muhayyer	  makam	  
(descending)	  

Hüseyni	  makam	  
(ascending,	  	  
descending)	  

B.	  Bozkurt,	  2012,	  "Features	  for	  Analysis	  of	  Makam	  Music.",	  Proc.	  2nd	  CompMusic	  Workshop,	  12-‐13	  July,	  Istanbul.	  
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Figure 7. Time course of the makam assignments of the phrases for three pieces in the symbolic makam music database
as determined using the best performing classification rule Mf .
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A	  piece	  in	  Segah	  makam	   A	  piece	  in	  Huseyni	  makam	  

M
ID
I	  #
	  

Pr
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Segah	   Hüseyni	   Uşşak	   BeyaH	  

B.	  Bozkurt,	  B.	  Karaçalı,	  2014,	  "A	  computaHonal	  analysis	  of	  Turkish	  makam	  music	  based	  on	  a	  probabilisHc	  characterizaHon	  of	  segmented	  phrases”,	  Accepted	  for	  
Journal	  of	  MathemaHcs	  and	  Music.	  



•  Low-‐level	  and	  high-‐level	  heurisHcs	  to	  make	  structural	  
segmentaHons	  

•  Applied	  to	  modal	  ney	  improvisaHons	  in	  Tunisian	  maqam	  
music	  

•  Compared	  with	  segmentaHons	  done	  by	  human	  subjects	  with	  
different	  cultural	  and	  musical	  backgrounds.	  

Phrase	  SegmentaHon	  in	  Tunisian	  maqams	  

20	  

Cultural impact  
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• If no jins is confirmed, we reach a point of indecision, leading to a possible 
segmentation at that point, indicated by a ‘?’ punctuation point in Figure 5. 

 
When, on the contrary, the current long note corresponds to the main pivotal note of 
the selected jins, the modal development reaches a state of stability. This can be 
considered as a possible important punctuation of the phrase, leading to a candidate 
segmentation point indicated by a ‘.’ punctuation point in Figure 5. These rules have 
been implemented in a Matlab script. The output of the algorithm after analysing the 
beginning of the studied improvisation is given in Table 1 in the Result section. An 
example of graphical output returned by the algorithm is shown in Figure 3. A score 
representation of the same results is shown in Figure 4 and 5. 
 

 
Figure 4. Score representation of the computational modal analysis of the first part of 
Mohamed Saâda’s maqam. The terminations of the archetypical Mhayyer Sîkâ motif are 
indicated by bold lines under the staves showing one vertical mark at their right ends. The 
succession of most likely ajnas is indicated below the staves. Important notes (as opposed to 
ornaments) are circled, and pivotal notes are highlighted with grey ovals that encompass the 
whole underlying ornamentation.  
 
Formal and stylistic schemas. This last heuristic considered in our list is related to 
high-level structural configurations that we have not studied yet in our research 
project, but that we plan to consider and model in future works. 

Olivier	  LarHllot,	  Mondher	  Ayari,	  "Cultural	  impact	  in	  listeners'	  structural	  understanding	  of	  a	  Tunisian	  tradiHonal	  modal	  improvisaHon,	  studied	  with	  the	  help	  of	  
computaHonal	  models",	  Journal	  of	  Interdisciplinary	  Music	  Studies,	  5-‐1,	  pp.	  85-‐100,	  2011.	  



•  Worked	  on	  the	  SymbTr-‐scores	  of	  a	  large	  number	  of	  vocal	  
pieces	  in	  short	  usuls	  	  
	  	  

	  
	   	   	   	   	   	   	   	   	   	   	   	   	  Aksak	  Usul	  

	  
	  
•  Relevant	  point:	  “Rhythmic	  aspects	  in	  Turkish	  makam	  music	  

can	  be	  considered	  as	  the	  outcome	  of	  a	  genera7ve	  model”	  
•  Bayesian	  models	  were	  used	  to	  capture	  the	  styles	  

RelaHon	  Between	  Surface	  Rhythm	  and	  Usuls	  	  
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Holzapfel,	  A.	  (2015).	  RelaHon	  Between	  Surface	  Rhythm	  and	  Rhythmic	  Modes	  in	  Turkish	  Makam	  Music.	  Journal	  of	  New	  Music	  Research,	  44(1),	  25-‐38.	  

(a) Aksak (b) Curcuna (c) Düyek

(d) Semai (e) Sofyan (f) Türk Aksaği

Figure 5: Event probability vectors for the six usul, which denote the probability to
observe a note onset at a specific position in an usul cycle. Accents that coincide with
an usul stroke are gray shaded.

usul pattern notes are very likely to occur in a composition. However, obser-
vations and theory are not as strongly related as for Eurogenetic music Palmer
and Krumhansl (1990). We observed that in most cases the metrical positions
di↵erent from the strongest stroke in the accent pattern obtain higher probabil-
ity than would be expected, i.e. note probabilities do not decrease consistently
from high intensity to low intensity stroke positions. This can be seen e.g. for
Sofyan in Figure 5e, where the peaks at 9 and 13 are higher than those in the
related accent pattern (Figure 3e), while the peak at 1 is lower than would be ex-
pected from the accent pattern. For the three usul Curcuna, Düyek and Sofyan,
the first bins of the vectors do not have the largest probabilities of observing an
onset, a phenomenon that is strongest for the Düyek usul. This implies that for
these three usul note onsets are more likely to be encountered on accents in the
middle of the usul cycle than on the downbeat.

We applied Bayesian model selection as described in Section 3, in order to
address the question how strongly the data summarized by the event probabil-
ities in Figure 5 are actually related to the underlying accent patterns depicted
in Figure 3. Or, stated another way, we want to answer the question of how
far the theoretical usul patterns represent an unambiguous description of the
way notes are distributed in a composition. We evaluated the log-Bayes factor
�

k

= log p(y|M
true

)� log p(y|M
k

) between the true model M
true

and all mod-
els M

k

, k = 1...6, for the usul, including the true usul. We then determined
for each song in the collection the value k that leads to a minimum log-Bayes
factor �

k

, which gives the most likely model for the song. We obtained a best-
model matrix as depicted in Table 5, in which the percentage of songs of the
class specified in the rows assigned to the models listed in the columns is listed.
Firstly, by looking at the underlined values on the diagonal of the matrix, it

14



•  Applying	  the	  methodology	  introduced	  in	  Conklin’s	  masters	  
thesis	  to	  model	  the	  melodic	  progressions	  	  
–  Added	  culture-‐specific,	  quarter-‐tone	  viewpoints	  
–  Modeled	  uzun	  hava,	  a	  non-‐metered	  improvisaHonal	  form	  

•  Short-‐term	  model	  has	  a	  lower	  entropy	  than	  long-‐term	  
–  Individual	  improvisaHons	  have	  strong	  melodic	  pa/erns	  
–  A	  “middle”-‐term	  model	  for	  each	  makam	  can	  be	  more	  predicHve	  

ComputaHonal	  Modeling	  of	  ImprovisaHon	  in	  Turkish	  
Folk	  Music	  

22	  

Şentürk,	  S.	  (2011).	  ComputaHonal	  modeling	  of	  improvisaHon	  in	  Turkish	  folk	  music	  using	  variable-‐length	  Markov	  models.	  Master’s	  thesis,	  Georgia	  InsHtute	  of	  Technology,	  
Atlanta.	  
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•  We	  can	  generate	  melodies	  hierarchically	  according	  to	  style	  of	  
O/oman-‐Turkish	  makam	  music	  by:	  
–  Models	  for	  melodic	  progressions	  as	  a	  sequence	  of	  flavors	  for	  
each	  makam	  

–  Models	  for	  note/moHf	  sequences	  within	  each	  flavor	  	  

•  Musicians	  show	  a	  high	  flexibility	  in	  performances	  
–  Generated	  symbolic	  music	  would/should	  be	  treated	  the	  same	  
–  Retaining	  the	  “feeling”	  and	  leaving	  the	  rest	  to	  the	  musician	  

Concept	  

24	  



•  The	  theoreHcal	  framework	  &	  knowledge	  base	  is	  being	  
prepared	  
–  Makam	  Ontology:	  h/ps://github.com/gopalkoduri/ontologies	  	  

•  SymbTr-‐scores	  will	  be	  used	  
–  Specifically	  the	  Turkish-‐Makam	  Symbolic	  Phrase	  Dataset	  

•  We	  can	  base	  the	  methodology	  on:	  
–  The	  findings	  of	  exisHng	  research	  on	  symbolic	  analysis	  of	  makam	  
music	  

–  The	  predicHve/generaHve	  models	  being	  developed	  in	  Music	  
InformaHcs	  Group,	  UPV/EHU	  

Material	  

25	  



•  Makam	  
v  (Usually)	  does	  not	  change,	  but	  modulates	  
–  Melodic	  direcHon	  (ascending,	  descending	  etc.)	  

•  TheoreHcally	  known	  for	  each	  makam	  
•  PracHcal	  implicaHons	  are	  shown	  by	  Bozkurt	  

–  Flavors	  and	  flavor	  modulaHons	  	  
•  Can	  be	  learned	  from	  the	  phrase	  dataset	  
•  For	  composiHon	  transformaHon	  we	  can	  keep	  the	  flavor	  
progressions	  and	  their	  relaHve	  duraHons	  

–  Intra-‐flavor	  movements	  (notes,	  moHfs)	  
•  VLMMs,	  semioHcs?	  

ComposiHonal	  Constraints	  -‐	  Makam	  

26	  



•  Usul	  (Bayesian	  models	  from	  Holzapfel)	  
v  does	  not	  change	  except	  certain	  forms	  
–  Beat	  locaHons	  
–  Metrical	  strength	  

•  ComposiHon	  
–  Mining	  intra-‐composiHon	  (and	  intra-‐makam)	  moHfs	  (LarHllot)	  

•  Style?	  
–  Composer	  
–  Era	  
–  Genre	  (folk,	  classical)	  

ComposiHonal	  Constraints:	  Usul,	  ComposiHon,	  Style	  

27	  
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•  An	  overview	  of	  analysis	  methodologies	  applied	  to	  symbolic	  
data	  on	  O/oman-‐Turkish	  makam	  tradiHon	  
–  Many	  topics	  are	  sHll	  uncovered	  

•  Presented	  basic	  ideas	  to	  extend	  the	  state-‐of-‐the-‐art	  
methodologies	  on	  symbolic	  analysis	  for	  music	  generaHon	  and	  
transformaHon	  

•  Models	  can	  be	  further	  used	  in	  relevant	  tasks:	  
–  MoHf	  discovery,	  structural	  analysis	  and	  segmentaHon,	  makam	  
recogniHon	  etc…	  

•  Future	  work:	  performance-‐informed	  music	  generaHon	  

Conclusion	  

29	  




