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Appendix
1. Metadata description of the dataset
Raga

Audio ID

Artist

Tonic
in Hz

Tala (Laya)

Duration
in min:sec

Deshkar

DK AC-1
DK AC-2
DK KA
DK RK
DK VK
DK UK

Ajoy Chakrabarty
Ajoy Chakrabarty
Kishori Amonkar
Rashid Khan
Venkatesh Kumar
Ulhas Kashalkar

146.8
138.5
233.0
155.5
155.5
155.5

Ikwai (Madh)
Teental (Madh)
Teental (Vil)
Teental (Madh)
Jhaptal (Madh)
Teental (Madh)

21:25
16:22
29:55
21:54
20:45
16:29

Bhupali

BP AC-1
BP AC-2
BP RK
BP OD
BP DVP
BP BGAK
BP ARK
BP KA-1
BP KA-2
BP KG
BP SK

Ajoy Chakrabarty
Ajoy Chakrabarty
Rashid Khan
Omkar Dadarkar
D V Paluskar
B Ghulam Ali Khan
Abdul Rashid Khan
Kishori Amonkar
Kishori Amonkar
Kumar Gandharv
Sameehan Kashalkar

130.7
146.8
155.5
155.5
158.7
140.7
137.3
236.9
235.9
192.2
146.8

Ektal (Vil)
Ektal (Vil)
Teental (Madh)
Ektal (Vil)
Ektal (Vil)
Ektal (Vil)
Teental (Madh)
Teental (Vil)
Teental (Vil)
Teental (Madh)
Tilwada (Vil)

33:46
37:57
22:21
55:46
28:11
23:59
17:30
29:40
21:34
16:37
25:02

Puriya

PR RSM
PR J
PR BJ
PR DVP
PR AK
PR RMS
PR BM

Rajan Sajan Mishra
Jasraj
Bhimsen Joshi
D V Paluskar
Amir Khan
Ratan Mohan Sharma
Brajeswar Mukherjee

155.5
138.5
155.5
155.5
146.8
138.5
146.8

Ektal (Vil)
Ektal (Vil)
Teental (Madh)
Ektal (Vil)
Ektal (Vil)
Ektal (Vil)
Ektal (Vil)

20:03
15:44
18:17
28:40
17:30
19:23
30:49

Marwa

MR VD
MR BGAK
MR AC
MR RK-1
MR RK-2
MR OD
MR AK
MR CRV
MR HB
MR J
MR SJ
MR SK

Vasantrao Deshpande
B Ghulam Ali Khan
Ajoy Chakrabarty
Rashid Khan
Rashid Khan
Omkar Dadarkar
Amir Khan
C R Vyas
Hirabai Barodekar
Jasraj
Srinivas Joshi
Sameehan Kashalkar

155.5
138.5
146.8
155.5
155.8
155.5
138.5
157.9
210.6
139.7
155.2
146.8

Ektal (Vil)
Ektal (Vil)
Teental (Madh)
Ektal (Vil)
Ektal (Vil)
Ektal (Vil)
Jhumra (Vil)
Jhaptal (Madh)
Teental (Madh)
Ektal (Vil)
Ektal (Madh)
Ektal (Vil)

18:57
16:32
21:31
25:52
24:06
32:17
18:29
14:58
13:32
27:44
17:02
33:59

Multani

ML RSM
ML AC
ML KC
ML HB
ML BJ
ML OT
ML OD

Rajan Sajan Mishra
Ajoy Chakrabarty
Kaushiki Chakrabarty
Hirabai Barodekar
Bhimsen Joshi
Omkarnath Thakur
Omkar Dadarkar

155.5
146.8
233.0
207.0
146.8
146.8
155.5

Ektal (Vil)
Ektal (Vil)
Teental (Madh)
Ektal (Vil)
Ektal (Vil)
Ektal (Vil)
Teental (Vil)

29:56
21:05
25:04
13:01
19:07
14:42
27:52

Todi

TD OT
TD HB
TD VS
TD KA
TD BJ
TD J
TD AK
TD KG
TD KKG
TD OD
TD PA
TD RRM

Omkarnath Thakur
Hirabai Barodekar
Veena Sahasrabuddhe
Kishori Amonkar
Bhimsen Joshi
Jasraj
Amir Khan
Kumar Gandharv
Kaivalya K Gurav
Omkar Dadarkar
Prabha Atre
Ritesh Rajnish Mishra

155.5
207.0
220.0
207.0
146.8
138.5
139.4
186.3
174.4
153.1
237.8
156.0

Ektal (Vil)
Ektal (Vil)
Teental (Madh)
Ektal (Vil)
Ektal (Vil)
Ektal (Vil)
Jhumra (Vil)
Jhumra (Vil)
Ektal (Vil)
Teental (Vil)
Ektal (Vil)
Rupak (Madh)

16:50
13:36
19:48
29:23
19:06
20:05
27:34
32:01
29:03
17:36
26:14
28:39

Table A: Metadata associated with each concert in our dataset. We list the artist, tonic, tala, laya, and duration of
each concert. Vil ≡ vilambit; Madh ≡ madhyalaya.
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2. Results for Individual Raga-pairs
2.1 Raga-pair Deshkar-Bhupali
The correspondence of the figures for the Deshkar-Bhupali allied raga-pair for distance measures is Figure 8 ≡
Figure I and time-scale is Figure 10 ≡ Figure II. The trend of the shape of the ROCs (and relative differences of the
AUC values) for the corresponding distance measures is observed to be similar.

Figure I: Raga-pair Deshkar-Bhupali (full concerts, octave-folded): ROCs obtained for four different distance
measures from pitch salience (left), svara salience (middle), and svara count (right) histograms.
We obtain 17x17 (=289) pairs out of the 17 concerts in the Deshkar-Bhupali allied raga dataset. Of these,
2x6x11 (=132) pairs contain mismatched ragas and hence serve as ungrammatical instances. The ROCs for
the detection of ungrammatical instances were obtained from pairing concerts drawn from the Deshkar-Bhupali
raga dataset. We observe that the svara histograms show distinctly superior performance with the Bhattacharyya
distance measure.

Figure II: Raga-pair Deshkar-Bhupali (partial and initial concerts): Comparison of ROCs obtained with best
distance measures (Correlation distance for pitch salience and Bhattacharyya distance for svara histograms) at
different time-scales (n=1,2,3) and annotated initial portion (alap+vistar).

2.2 Raga-pair Puriya-Marwa
We carry out the same set of experiments for representation, distance measures for the Puriya-Marwa allied
raga-pair. The correspondence of the figures that describe the tonal hierarchy representation is as follows: Figure 4
≡ Figure III, Figure 5 ≡ Figure IV, Figure 6 ≡ Figure V.
From the pitch salience histogram (Figure III) of raga Puriya (left), we observe the svaras G and N as most
prominent, which corresponds to the vadi and samvadi svaras. However, the peak height for the vadi G being less
than that for the samvadi N is a result of octave-folding. N has more salience (accumulated duration) because of
its presence in both lower and middle octaves, whereas G had most of its occurrences in the middle octave only.
The r and D svaras have very low salience, which reinforces the grammaticality in the eminent artists’ performance.
The r peak is almost merged with the S peak, this is indicative of the fact that r is taken only within the glide (e.g.
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N(r)S, N(r)G, G(r)S) and is never sustained as an individual svara. In contrast, the r svara has the highest salience
for raga Marwa (right), which also happens to be its vadi svara. The second most salient peak corresponds to the
samvadi D svara.

Figure III: Pitch salience histograms (octave folded, 1 cent bin resolution) of 7 concerts in raga Puriya (left) and
12 concerts in raga Marwa (right).

Figure IV: Svara salience histograms (octave folded) of 7 concerts in raga Puriya (left) and 12 concerts in raga
Marwa (right).

Figure V: Svara count histograms (octave folded) of 7 concerts in raga Puriya (left) and 12 concerts in raga
Marwa (right).
The interpretations from the svara salience histograms (Figure IV) are similar. There is a high visual similarity
between the pitch salience and svara salience histograms for the corresponding ragas (ignoring the bin mapping
due to difference in resolution), this supports the musicological knowledge that major portion of a phrase in course
of the raga development is covered by stable svaras. However, in comparison, we find an interesting observation
on the relative salience of the r svara in the svara count histograms (Figure V). In raga Puriya (left), the svara
count is relatively high though the same has a very low salience in the svara salience histograms (Figure IV). This
indicates a large number of detected r svaras that were of short durations, thereby accumulated to a low peak in
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the svara salience histogram. In contrast, the average duration of the r svaras in raga Marwa (right) are high,
thereby accumulating to a high peak in the svara salience histogram for a moderate peak in the svara count.
The correspondence of the figures for the Puriya-Marwa allied raga-pair for distance measures is Figure 8 ≡
Figure VI and time-scale is Figure 10 ≡ Figure VII. The trend of the shape of the ROCs (and relative differences of
the AUC values) for the corresponding distance measures is observed to be similar.

Figure VI: Raga-pair Puriya-Marwa (full concerts, octave-folded): ROCs obtained for four different distance
measures from pitch salience (left), svara salience (middle), and svara count (right) histograms.

Figure VII: Raga-pair Puriya-Marwa (partial and initial concerts): Comparison of ROCs obtained with best
distance measures (Correlation distance for pitch salience and Bhattacharyya distance for svara histograms)
at different time-scales (n=1,2,3) and annotated initial portion (alap+vistar).

2.3 Raga pair Multani-Todi
Similarly, we perform the same experiments for the Multani-Todi allied raga-pair. The correspondence of the
figures that describe the tonal hierarchy representation is as follows: Figure 4 ≡ Figure VIII, Figure 5 ≡ Figure IX,
Figure 6 ≡ Figure X.
The pitch salience histogram (Figure VIII) for raga Multani (left) has the salience of r and d svaras so feeble (and
the peaks are merged with that of S and P respectively) that the tonal hierarchy almost resembles a pentatonic scale.
This is also indicative of the fact that r and d svaras are taken only within the glide (e.g. N(r)S, N(d)P, Mg(r)S)
and is never sustained as an individual svara. The vadi svara S and samvadi P, as hypothesized, are placed at the
top two ranks in the tonal hierarchy. In contrast, the svaras in raga Todi (right) are distinctly visible in the tonal
hierarchy. While the vadi svara d has a relatively high peak, samvadi g is lower down the order. The salience of r,
again, is contributed by its presence in the middle and higher octaves.
The svara salience histogram (Figure IX) for raga Multani (left) also preserves the salience order of the S and
P svaras. r and samvadi d svaras, in a similar way, have negligible peak heights. For raga Todi (right) also, visually,
correlation (ignoring bin-mapping) between the pitch salience and svara salience histograms are high. The svara
count histograms (Figure X) are highly correlated with the svara salience histograms. For raga Multani (left),
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Figure VIII: Pitch salience histograms (octave folded, 1 cent bin resolution) of 7 concerts in raga Multani (left)
and 12 concerts in raga Todi (right).

Figure IX: Svara salience histograms (octave folded) of 7 concerts in raga Multani (left) and 12 concerts in raga
Todi (right).

Figure X: Svara count histograms (octave folded) of 7 concerts in raga Multani (left) and 12 concerts in raga Todi
(right).
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the count of the g svara is relatively height as one might expect from its salience in the svara salience histogram
(Figure IX). This indicates presence of larger no. of detected g svaras, each of short duration.
The figure correspondence for the Multani-Todi allied raga-pair for distance measures is Figure 8 ≡ Figure XI
and time-scale is Figure 10 ≡ Figure XII. The trend of the shape of the ROCs (and relative differences of the AUC
values) for the corresponding distance measures is observed to be similar.

Figure XI: Raga-pair Multani-Todi (full concerts, octave-folded): ROCs obtained for four different distance
measures from pitch salience (left), svara salience (middle), and svara count (right) histograms.

Figure XII: Raga-pair Multani-Todi (partial and initial concerts): Comparison of ROCs obtained with best distance
measures (Correlation distance for pitch salience and Bhattacharyya distance for svara histograms) at different
time-scales (n=1,2,3) and annotated initial portion (alap+vistar).

