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Background in electronic & software design for music research

1979 - Shruti Harmonium: A digitally-programmable polyphonic (4-octave) keyboard instrument for

the empirical study of microtonal scales.

1980 - Bol Processor (BP1): An expert system mimicking the ability of drum (tabla) players to

compose variations on a musical theme or assess their acceptability. (With Jim Kippen)

1981 - Melodic Movement Analyser (MMA): A real-time digital melograph with fundamental pitch

extractor for the accurate transcription of melodic movements in Hindustani music.

1985 - Automatic transcription of microtona melody in Hindustani ragas. (With Wim van der Meer)
1989 - Question-Answer Validated Analytic Inference Device (QAVAID): A machine-learning

environment for inferring grammars from sets of examples provided by drum (tabla) experts.
1990 -BP2:A new implementation of Bol Processor for music composition in the MIDI and Csound

environments. (With Kumar Subramanian)
2006 - Bol Processor is open-sourced.
2007 - Bol Processor is ported to MacOS X by Anthony Kozar.

Pattern grammars

The Bol Processor project originated in 1980 as a word processor facilitating the transcription of quasi-onomatopoeic syllables used
as an oral notation system for Indian drumming. It grew up as an expert system mimicking the ability to compose variations on a
musical theme or assess their acceptability. Pattern grammars (a subset of type-2 formal grammars) proved appropriate for modelling
the musical system under study.In 1989 a numeric-symbolic learning device was developed for inferring grammars from examples.

The next implementation (BP2) addressed the issue of music composition in the MIDI and Csound environments of electronic music.
The new challenge was to deal with superimposed sequences of events (polyphony) within the framework of text-oriented rewriting
systems. This was achieved by means of polymetric representation. Minimal descriptions of polyphonic/polyrhythmic structures may
be ‘expanded’ by the system to produce arbitrarily complex musical scores. This ‘sonemic description’is an arrangement of musical
events (‘sound-objects’and ‘time-objects’) along symbolic time measured with integer ratios.

Producing the actual performance requires additional information which the Bol Processor encapsulates in metrical/topological
properties of ‘sound-object prototypes. The time-setting algorithm modifies sound-objects taking into account physical timing and
their adjacent sound-objects, much in a similar way human speakers modify the articulatory parameters of speech sounds with
respect to the speaking rate and influence of adjacent segments (coarticulation).

In a classical electronic music environment, musical works are represented on scores analogous to Western staff notation. Thus, human
and machines rely on ‘rules of interpretation’ for the actual performance. The polymetric representation makes it possible to produce
sophisticated time structures from information comprehensively imbedded in compositional rules, thereby maintaining the
consistency of interpretation. This is a major discovery for computer music as ‘natural’ phrasing is no longer achieved by randomness.
Similar frameworks could be applied to the alignment of tonal symbols in speech synthesis.

Pattern (transformational) grammar

Alphabet and ‘khuli/band’ homomorphism GRAM#1 (subgrammar)
<10> S —>(=Al6) (=V8) (=A'8) *(:A16) (:V8) (=A8)

Theme and variations (qa‘ida) @ © <60> S _ > (=V16) (=A'16) *(:V16) (=A16)
. ne — —A' . —
LUCknOW Style Of tabla playmg Jim Kippen & Bernard Bel (1992). Modelling Music dha » i <30> S —> (_V.24) (_A 8) *('V24) (_AS)
with Grammars: Formal Language Representation in dhi > ® ra ® weights Al6 —> dhatldhagenadhatrktdhatldhagedheenagena
the Bol Processor. In A. Marsden & A. Pople (eds.): n ti . .
dhatidhage nadhatrkt  dhatidhage dheenagena Computer Representations and Models I[i)n Music. " A'l6  —> dhatidhagenadhatrktdhatidhageteenakena
dhatidhage nadhatrkt dhatidhage teenakena London, Academic Press: 207-38. dhee > na ® A8  —> dhatidhagedheenagena
tatitake natatrkt tatitake teenakena http://halshs.archives-ouvertes.fr/halshs-00004506 tee A'S > dhatidhageteenakena
dhatidhage nadhatrkt dhatidhage dheenagena K ©
ge » ke @ a GRAM#2
dhatidhage nadhatrkt dhatidhage dheenagena . @ [1] V8 —>VVVVVVYVYV
dhatrktdha fdhagens dhatidhage teenakena ghi > ki ® - 2] V16 —>VVVVVVVVVVVVVVVYV
) . [3] V24 —> VVVVVVVVVVVVVVVVVVVVVVVYV
tatitake natatrkt tatitake teenakena
dhatrktdha tidhagena dhatidhage dheenagena GRAM#3
Pattern syntax [1] \4 —> V1
dhatidhatr ktdhatidha trktdhage nadhagena [2] \AY —> trkt
dhatidhage nadhatrkt dhatidhage teenakena (=dhatidhage nadhatrkt  dhatidhage dheenagena) [3] Y¥y  —>¥3
fatitatr Hialita fridiaice Aatakend (=dhatrktdha  tidhagena) (=dhatidhage teenakena) GRAM#4 (context-sensitive)
dhatidhage nadhatrkt dhatidhage dheenagena M ok K ok K [1] V3 _> dhagena
(:tatitake gatatr t tatita € teenakena) Bl IEFT @Vl o il dha
dhagenadha trktdhage nadhatrkt dhatrktdha (:dhatrktdha  tidhagena) (=dhatidhage dheenagena) 3] LEFT  # V1 —> #- -
tidha-dha tidhagena dhatidhage teenakena [4] LEFT dha V1 #tr —> dha ti #tr
takenata trkttake natatrkt tatrktta % Iigg¥ ni] }’11# #r  —> na t;#t"
. . . - tr —> - ti #tr
tidha-dha tidhagena dhatidhage dheenagena 7] CVI#Hr —> (=i fr
° Undetermined rests, concatenation , ,
olymetric structures 3 = Shape’ grammar
Zé)g .j “.jh ——F :Eu S —> Frase1 1 Frase1 Frase2 1/2 {_retro _transpose(12) Frase1} {_rotate(2) _transpose(1) Frase2} {_transpose(-13) Frase3} 1/4
/ 7’ . © AZ\ Y {_transpose(-1) Frase1} Frase4 {_retro _transpose(-1) Frase1} {_rotate(3) _transpose(-11) Frase4} 1 Frase1 {_keyxpand(C4,-1)
The comma’notation 1. : Frase1} 1/2 {2, _keyxpand(B3,-1) _vel(40) M19, M24} 1/2 {2, _keyxpand(A#3,-1) _vel(40) M19, M24} 1/4 Frase5 {_keyxpand(B3,-1)
0 ‘ _1.00s ¥ —H— — £ _transpose(-1) Frase5} {_keyxpand(C4,-1) Frase1} 1/2 {2, _keyxpand(B3,-1) _vel(40) M19,M24} 1/2 {2, _keyxpand(A#3,-1)
_be 1 2 3 4 5 6 R ' T TR ' _vel(40) M19,M24} - Frase6 - Frase6 F1 B3 - {_vel(50) F1 B3} - - {6, vel(40) F1}
G|l _|_|-|_|= . |
- _ | F3 | _ |G3 | _ lL] P S R I B e Y P Y B Yy Frase1l —> _legato(100) {_velcont _vel(50) M1 M2 M3 M4 _vel(60) M5 M6 _vel(50)}
L Bb5 [ F3 [ 63 l °| 1| 2| 3| ‘1 fl’ El’ Frase2 —> _legato(100) {_velcont _vel(50) _transpose(2) M7 M8 _vel(60) M9 M10 M11 M12 _vel(50)}
E - —— D_5 —— e [T \Ghs | B54 | Frase3 —> _legato(100) {_velcont _vel(50) _transpose(2) M13 M14 M15 _vel(60) M16 M17 M18 _vel(50)}
3 = 1 = =1 = [ aHS ] | [r__sl'ﬁ . ‘ Frase4 —> _legato(100) {_velcont _vel(50) _transpose(2) M19 M20 M21 M22 _vel(60) M23 M24 _vel(50)}
: I 1 i Frase5 —> _legato(100) {_velcont _vel(50) _transpose(2) M25 _vel(60) M26 M27 M28 M29 M30 _vel(50)}
R L U (e | | | Frase6 —> _legato(100) {_velcont _vel(50) _transpose(2) M31 _vel(60) M32 M33 M34 M35 M36 M37 M38 _vel(50)}
{1,C4-,-F3G3,Bb5,-D5} T A q | o5 M1 —> {5,C3 F#3
M2 —> {3, _transpose(13) C3 F#3
S —>{A,... B} O M3 —> {3, _transpose(1) C3 F#3
A —>{2,A1,... A2} {4,A3} M4 —> F2 B3} .. . . . .
Al —>A11A12 ;I M5 —> F2 B3} This piece is constructed on the idea of self-imbedding
- _ o A3 —>A31A32 5| mg:g Bjil(6o)c3 " {5,ab{3,ab{3,abcd}cd}cd}
This polymetric expression is expanded as: 21 ; —> 22 . | | 3 '. M8 —> (3, transpose(13) C3 Fi3
tempo(6) {C4 - - _F3_G3_,Bb5 - D5 >4 ' M9 —> {3, _transpose(1) C3 {M8 M10} F#3
- P 6)ica__-__,-_F3_G3_,Bb5S_____ --D5_J A2 —>{F5,A5} M10 —> F2 B3}
A31  —>{1/2,G#3,E5, G5} M11 —>F2 B3}
: . A32 —>{3/2,Bb4&} {2, &Bb4 M12 —>F1 B3}
The ‘period’ notation NG it ol SR Y M13 — {5, vel(60) C3 F#3
! remre ! ! M14 —> {5, _transpose(13) C3 {_transpose(1) M13 M17} F#3
S—>ABCDEFGHIJKL M15 —> {5, _transpose(1) C3 {M14 M16} F#3
A—>E2- E—>F#2D |—>A2H o o M16 —> F2 B3}
B_>D2A F > A#2E J—>D#21 Serial tools, recursive grammars M17 —>F2B3} o )
C—>B2B G—>C2F K—> C#2 J M18 —> F4 B3} (Harm Visser “Waves’ 9 Sept. 1998)
D—sG2C He>Gi2 G | > F2K S —> _volume(90) _vel(70) _rndvel(10) M1 M1 - M1 M1 { rotate(1) M1 M2 M3 M4 M5 M5 M5} -
{_transpose(11) M1 M2 M3 M4 M5} - {{12, M1a} {M2a M5a}} _transpose(2) {_rotate(1) M1 M2 M3 M3 M3 M4 / ’ . . . .
T 2 T T3 T 72 73 77 = 32 T3 E7T 7 M5} - {5, _keyxpand(C4,-1) M1} {5, _transpose(11) _keyxpand(C4,-1) M3} - {_transpose(-1) M1 M2 M3 M4 M5} Natural . phrasmg is not achieved by using tempo() or r.and() tO(?IS' but by Fhe
S S S IS ESSS S MU S S " —— M1 —> {C5,- B3, F3,_chan(9) {1/2 C4 B3 - F4 -}} complexity of the expanded polymetric structure. The relative durations of musical
- - = am = " om N e M2 —> {_transpose(11) M1} material on any scale from individual notes to phrases, sections, or an entire work may

D2 — — -_— - - - - - - - -

E1

G1
El

E2-D2E2-B2D2E2-G2B2D2E2+F#2G2B2D2E2+ A#2 F#2 G2B2 D2 E2 - C2 A#2
F#2 G2B2D2E2 - G#2 C2 A#2 F#2 G2 B2 D2 E2 - A2 G#2 C2 A#2 F#2 G2 B2 D2 E2 - D#2
A2 G#2 C2 A#2 F#2 G2 B2 D2 E2 « C#2 D#2 A2 G#2 C2 A#2 F#2 G2 B2 D2 E2 - F2 C#2 D#2
A2 G#2 C2 A#2 F#2G2B2D2E2 -

M3 —> {_transpose(5) M1 + M2}
M4 —> {_transpose(-11) M1 « M2 M3}
(

be specified by integer ratios allowing for the careful shaping of the entire time

M5 —> {_transpose(11) M1 - » M2 - M3 M4} structure and its performance by a computer. In this way, ‘rules of interpretation’ are

imbedded in the compositional structure.

<1-1>M1la—>{1,C2,- B3,- F3,- C4,- - B4,{_chan(9) - - - B3 F3 -}} _transpose(5) {_retro M1a} _repeat(6)

<1-1>M2a —> _transpose(-1) {1,C2,- B3,- F3,- C4,--B4,{_chan(9) ---B3 F3 -}}

If | belong to a tradition, it is a tradition that makes the masterpiece tell the
_transpose(7) {_rotate(1) M2a} _repeat(5)

M5a—> retro {_transpose(11) M1 - -+ M2 - M3 - M4} performer what to do, and not the performer telling the piece what it should be like,

M1a —> nil

or the composer what he ought to have composed.

. . . |
No tempo() tool is required for speeding up! - Alfred Brendel
M2a —> nil
o o [
Fhe tlme-settlng of SOUHd-ObjECtS
Time-objects, time patterns Speech prosody and computational
° o o o ° ° [0 — Metronome —H °
DES’gnlng a Sound'Ob]eCt The tlme'SEttlng algorlthm mm = [1200000 mus,cology: related concepts
3 = . _mm(120.0000) smooth @ smooth O striated
Pr OtOtype p—— °"‘°“""°"°“'°‘"’""”"°" This algorithm is used to solve the set of constraints imposed by
P o metrical-topological properties of sound-objects. S—>{10,t1t2,Part1 Part2} Intonation Unit
I 0 |00 2005 3.00s 4005 5.00s Part1 —> {t1t3 t4,do4 re4 mi4 fa4 - la4}
- - (Don't forget to fix the period if the object is cyclic) R .
Dmvemes-wvmt(- O Dilation ratiorange: | |%to [___|% 0 1| zl 3 4 5 Part2 —> {t3 t1,si4 do5 _ mi5}
(3 Never cover @ Cover at will a - Dtie::":;:::_? L Chﬂ"“el IEI [1..16] T‘ = B [ 4 I
) Not more than ms «a» PIVOT : 1) Truncate the TIMEPATTERNS:
(3 Not more than °e of duration ‘ation / pivot /location |( Chan /instr /& ® Beginni ) First NoteOn — L ! (Defective) foot Stress-foot Stress-foot
COVER END tlover / truncate / break tempo ]Edit/ O Middle () Middle NoteOn/Off ‘ ‘ ‘ i‘ beglnnlng t1 = 1/1 t2 = 3/2 t3 = 4/3 t4 = 1/2
O Never cover ~ ® Cover atwill tinuity / pre-postroll | Csound || n| O End Q Last Noteoff | | of <b>
(3 Not more than ms [riod (cyclic object) / strike mode ] st 3 set pivot [100 ms from beginning
(O Not more than % of duration _] ol . 0.50s (O Set pivot |20 % duration from beginning n i.00s 2 0is =.00s d 0is 5.00s
TRUNCATE BE @] CRannelsEinsrrenta I This object may be entirely cover| LOCATION 0 { 2 3 4 5 Anacrusis Narrow rhythm unit Anacrusis Narrow rhythm unit
g:e\tlertru ;IDI CHANNEL W} l' (O Never relocate @ Relocate at will .L | | l .I'
e Force to current channel - . () Alloacdalav me / 4
(O Not moreg () Do not change channels liea gm Continuity - preroll etc. \; l e fotd SR BRI L | 2) Break tempo
TRUNCATE EN| O Force to channel: [15_ | [1.16] [ s . FORCE CONTINUITY (BEG) . | | | | | 3 t3 ik
O Nt ] MIDI CHANGES | e O and & R 'K:] | | | Syllabl Syllable  Syllabl Syllabl Syllable  Syllable  Syllabl Syllabl
O Notmoreg o a  ont tonsposition b o | OAllowgap [0 ms = [ [ | yllable yllable Syllable yllable yllable  Syllable yllable yllable
O Not moreg [ Accept articulation | GAlowgap [0 [*ofduration | 0 1.00s 2005  3.00s  4.00s 5. 005 | | | | | | | | | | |
BREAK TEMP | (4 Acceptvolume changes b | FORCE CONTINUITY (END) [ i 1 o 3 4 5 | | ‘
NS g:ﬁi::t :zsz;:r:::e:hanges Force to curren t IIDI channel Q) Force @ Don'tforce .I.. | | . .
O esak ot et ety cnge — 2 e v Fn; T I| they ex- -pec- -ted his e- -lec- -tion
These soud c5oUND SCORE CHANGES ate new objec ¢== ==> -
-gr.kotﬂ‘( O Force to currentinstrument Liet this object | [Goto..] [ ok ||| PREROLL - POSTROLL | D4 l b I | = I 3) Move back D4 BEI, B. (2005) Two algorithms for the instantiation of /N M / /\
o © Pre-roll Eo ms | | | structures of musical objects. '
1 MIDI To C50UND CONVERS N I 2:“;”"" 2 o http://halshs.archives-ouvertes.fr/halshs-00004504 d ¢ 1 1 k's p € k tr1 d h 1z I 1 ¢ k f n
] At s 1] 1.00= 2. 00= 2. 00= 4. 00=s 5. 00= °
I| Assign instrument: 0K ) O Post-roll 0 = of duration
1] 1 2 = 4 =i
T, . ] . .
L 1 T . I =4 Il o ] stress-feet <—> tlme-objects
. | | 4) Move back D4, then apply continuity constraint rhythm units (anacrusis etc.) <—> time-objects
R between the end of <b> and the beginning of <c> . ’ .
o _ _ _ _ | | | other suprasegmental units (syllables etc.) <—> variables
Every sound-object is assigned metrical and topological properties.

phonemes <—> sound-object prototypes

phones <—> sound-objects



