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Problem Formulation

e Given symbolic transcript of a raga, discover repeti-
tive phrases

¢ Any rhythm cycle A = [uy,us,us,...,up,] s.t. p(A) = ngl p(sp) = H,?;‘l 0

where sy is such that |six| < N and for any T4 > N, Q4 > 1. and s1 = [up,,...Up, |, S2 = |[Up,+1,---Up,| and
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Figure 1: Sample symbol transcript of Begada raga.
— 2. Update parameters g
e Let transcript be denoted by A = [A1, As, ... Aj]. 07" = CJZ*

e Any rhythm cycle, A; = [uj—1us—o . . . Ut=T,, |, Where
swaras, u; € V, with V ={S,R,G,M, P,D, N, S}. Results
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Figure 2: Rough pitch contours of more than 100 rhythm Figure 3: Rough pitch contours of more than 100 avarthanas from training data of raga Begada (in blue) and top ten
cycles from symbolic transcripts oBegada raga. frequently occurring phrases (sorted aided by other colors) as discovered by 8-multigram. Two characteristic phrase(s)

are highlighted using (black and red) arrowheads.
e Multiple and unknown phrases

. e N determines maximum length of sub=sequence
e Variable length phrases

e Propose a modified 2-stage approach:
Assumptions — Obtain {si};_, containing < N length phrases, using multigram training

e Rhythm cycle contains note sequences : concatena- — Create new vocab: V/ = {V U{s;:|s;| =N, 0; > Py}, Vi € {s; 2/:1}
tion of independent phrases

— Replace any occurrence of s; in data with its corresponding entry from V'

2 IRlzases i el vl el eyl — Obtain {5/ }3/:/1 containing N + N’ length phrases through a second stage of multigram training

e Phrases are repeated across rhythm cy-

cles/compositions |
N -gram N -multigram mode] Modified N'-multigram model
Training Testing Training Testing Training Testing
e Rapa|lN =5(N =6|N =T|N =8[|[N =5N =6|N=T|N =8 [Rapa|N =5/N =6N=TIN=8||IN=5N=6N=TIN=8 N=tIN=g|[N=7IN=s|IN=s|IN=G|IN=7T|N==8
Experlmental Raga|N' = 8|N' = 6|\ = 7|N" = 8[| = 5|N" = 6| N" = 7|N" =
Bh | 280 | 279 [ 281 [ 293 || 55| 335 [ 6145|9025 [Bh | 191 [ 172 | 156 | 143 || 265 | 266 | 267 | 263 || [Bh | 162 | 155 | 153 | 163 || 28 | 275 | 269 | 2.65
o Pubhcly available online database Nt | 307 | 308 [ 283 | 281 || 84 [ 267 | 902 [15265| Nt [ 193 [ 173 | 155 | 143 [ 248 [ 227 [ 229 [ 233 || [Nt | 155 | L2 | 162 | led || 264 | 236 | 235 | 236
. ; : ; 2 2 . . . 62 | L 03 | 299 | 302 || [Pa | 176 | 164 | 159 | 16l || 293 [ 297 | 299 | 302
[http.//WWW.Shlvkumar.org/musm/] (IlOtatIOIlS Pa | 207 | 273 | 272 | 294 || 762 [ 1034 [ 917 | 577 | [Pa [ 198 | 177 [ 162 | 1.48 [ 2.82 [ 202 [ 299 | 3.0 a
i Sb [ 277 | 255 [ 250 [ 245 || 1L57 [ 256 [ 516 [ 7055 [Sb [ 190 [ 172 [ 152 | 136 || 250 [ 252 [ 260 [ 255 || [Sb | 150 | 141 | 143 | 13 || 286 | 276 | 263 | 259
by Dr. Shivakumar Kalyanaraman) Th | 276 [ 243 [ 225 [ 219 || 848 | 1636 | 2702|3435 | ([Th | 192 [ 177 | 154 | 141 || 250 | 244 | 253 | 255 || (Th | 139 [ 130 [ 131 | 1.29 | 285 | 261 | 258 | 255
He | 247 [ 229 [ 220 [ 222 [] 97 [2008 | 6261|6040 | |[Hk | 182 | 150 | 140 | 131 || 247 | 247 | 256 | 262 || [Hk [ 132 [ 130 | 134 | 1.26 | 272 [ 282 | 259 | 2a2
Experiments on 12 ragas: Hari-K ambh@j@') Bhaimvi, Mv | 293 | 268 | 277 | 306 || 7.2 | 1069 [ 1025 | 755 | [Mv | 186 | 165 | 148 | 1.33 || 216 | 218 | 225 | 224 || [Mv | 169 | 169 | 166 | 157 || 237 [ 210 | 225 | 277
- — 7. - . — . Kh [ 253 [ 232 [ 219 [ 215 || &19 [ 1061 [ 1223 | 1146 | |Kh | 183 | 167 | 144 | 133 || 250 | 259 | 262 | 276 || [Kh | 149 [ 138 | 141 | 133 || 282 | 270 | 263 [ 277
Shankarabharana, Thod:, Nattar, Panthuvarals,
- By | 263 | 250 | 245 | 235 [[ 50.64 [236.08|18675] 8597 | [Bp | 184 | 157 | 150 | 1.30 || 268 | 286 | 200 | 301 || [Bg | 152 [ 156 | 156 | 148 || 275 | 28 | 299 | 3.0
Madhyamavathz, Khamas, Begada, Kalyam, Ki | 297 | 296 | 317 | 210 ||15631|770.04 | 1667 |1946.5| |KI | 1.87 | 1.65 | 151 | 141 (| 281 | 296 | 307 | 324 || [KI | 170 | L66 | 174 | 173 || 301 | 305 | 319 | 3.4
' Sh | 230 [ 212 | 202 | 198 || 30.7 [21228] 1163 | 2324 | [Sh | 174 | 130 | 142 | 1.33 || 250 | 245 | 258 | 264 || [Sh [ 131 [ 120 | 122 [ 120 | 292 [ 275 | 263 | a7
Reethigowla and Sahana

Rg | 267 | 251 | 244 | 249 || 3095 | 23913 | 1136 | 1777 RBg | 1A3 | 170 | 149 | 141 || 246 | 254 | 273 | 278 Re 1.49 1.47 1.41 1.46 276 | 272 | 275 279

Octave folded

Fach note of unit duration Figure 4: Perplexity values of N-gram, N-multigram and modified (N, N')-multigram on training and testing symbolic

music data for the ragas considered.
Training: > 2000 note sequences; Testing: > 1500

per raga

Performance measures: perplexity, semantic rele- . . . . .
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Figure 5: Rough pitch contours of more than 100 avarthanas from training data of raga Begada (in blue) and top ten
Appreciable number of musicological phrases cap- frequently occurring phrases (sorted aided by other colors) as discovered by modified N’'-multigram with (N, N') = (8, 8).
tured Two characteristic phrase(s) are highlighted using (black and red) arrowheads.




