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The sources

Sarngadeva: Samgitaratnakara (13th century)
Chapter five: Taladhyaya
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The sources

Sarngadeva: Samgitaratnakara (13th century)
Chapter five: Taladhyaya

Com.: Kalanidhi by Kallinatha (15th century)
(ed. Anandasrama — 1896 and Adyar — 1951)
Sudhakara by Simhabhupala (14th century)
(ed. Adyar - 1951)
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druta o unit of measure .h semi-short
laghu 1 = 2druta J short
guru S = 2laghu = 4 druta J long
pluta S = 3laghu =6 druta J protracted
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The prastara algorithm

Prastara

How to build exhaustively all variations (bheda) for one
musical measure of a given length.
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The prastara algorithm

Prastara

How to build exhaustively all variations (bheda) for one
musical measure of a given length.

Example:

oS (M) 1o (JD) oloo(MMD) 00000 (XIIMDH

Four variations for a five druta (o, &) measure
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The prastara algorithm Rule

nyasyalpam adyan mahato

'dhastac chesam yathopari |
prag Gne vamasamsthams tu

sambhave mahato likhet |
alpan asambhave tala-

purtyai bhiyo 'py ayam vidhih ||
sarvadrutavadhih karyah

A smaller one being set down under the first greater one,
what is left is as above.

If there is a deficiency in the opposite way, in order to
complete the measure, one will write greater ones on the left,
if possible; if impossible, smaller ones. This rule, the end of
which is [a musical measure] wholly [made of] drutas, must
be carried out many times.
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The prastara algorithm Example: five druta prastara

o I=20 S=40 S =60

oS 5
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The prastara algorithm Example: five druta prastara

A smaller one being set down under the first greater one,
what is left is as above.
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The prastara algorithm Example: five druta prastara

A smaller one being set down under the first greater one,
what is left is as above.
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The prastara algorithm Example: five druta prastara

If there is a deficiency in the opposite way, in order to
complete the measure, one will write greater ones on
the left, if possible; if impossible, smaller ones.
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The prastara algorithm Example: five druta prastara

If there is a deficiency in the opposite way, in order to
complete the measure, one will write greater ones on
the left, if possible; if impossible, smaller ones.

-0
-0
U,
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The prastara algorithm Example: five druta prastara

This rule, the end of which is [a musical measure] wholly
[made of] drutas, must be carried out many times.
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-0
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The prastara algorithm Example: five druta prastara

A smaller one being set down under the first greater one,
what is left is as above.

o
o =0
= uou;
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The prastara algorithm Example: five druta prastara

A smaller one being set down under the first greater one,
what is left is as above.

o
o =0
[E—7 )
wouu;
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The prastara algorithm Example: five druta prastara

If there is a deficiency in the opposite way, in order to
complete the measure, one will write greater ones on
the left, if possible; if impossible, smaller ones.

o
o =0
[E—7 )
wouu;
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The prastara algorithm Example: five druta prastara

If there is a deficiency in the opposite way, in order to
complete the measure, one will write greater ones on
the left, if possible; if impossible, smaller ones.

-0
o =0
[E—7 )
U ;
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The prastara algorithm Example: five druta prastara

This rule, the end of which is [a musical measure] wholly
[made of] drutas, must be carried out many times.

oo o v
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The prastara algorithm One to seven druta prastaras
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The samkhya algorithm

Samkhy3

Or how to count the number of variations (bheda) built with
the prastara.
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The samkhya algorithm Rule

ekadvyankau kraman nyasya
yufijitantyam puratanaih |
dvitlyaturyasasthankair
abhave turyasasthayoh ||
trtiyapaficamankabhyam
kramat tam yogam agratah |
likhed daksinasamsthaivam
ankasrenividhiyate |l

Having laid down successively the numbers one and two, the
last one is added, as far as possible, to the second, the fourth
and the sixth preceeding numbers; in the absence of the
fourth and sixth numbers, to the third and fifth ones. One will
write this sum gradually in the beginning. A sequence of
numbers standing together on the right is thus established.
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The samkhya algorithm Rule

Having laid down successively the numbers one and two, the
last one is added, as far as possible, to the second, the fourth
and the sixth preceeding numbers; in the absence of the
fourth and sixth numbers, to the third and fifth ones. One will
write this sum gradually in the beginning. A sequence of
numbers standing together on the right is thus established.

1,2,3,6,10, 19,
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The samkhya algorithm Rule

Having laid down successively the numbers one and two, the
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The samkhya algorithm Rule
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last one is added, as far as possible, to the second, the fourth
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write this sum gradually in the beginning. A sequence of
numbers standing together on the right is thus established.

1,2,3,6,10,19,

ﬂ PARIS DESCARTES

Mathematical algorithms 14th WSC - September 2009 11/19



The samkhya algorithm Rule

Having laid down successively the numbers one and two, the
last one is added, as far as possible, to the second, the fourth
and the sixth preceeding numbers; in the absence of the
fourth and sixth numbers, to the third and fifth ones. One will
write this sum gradually in the beginning. A sequence of
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The samkhya algorithm Rule

Having laid down successively the numbers one and two, the
last one is added, as far as possible, to the second, the fourth
and the sixth preceeding numbers; in the absence of the
fourth and sixth numbers, to the third and fifth ones. One will
write this sum gradually in the beginning. A sequence of
numbers standing together on the right is thus established.

1,2,3,6,10,19,
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The samkhya algorithm Rule

Having laid down successively the numbers one and two, the
last one is added, as far as possible, to the second, the fourth
and the sixth preceeding numbers; in the absence of the
fourth and sixth numbers, to the third and fifth ones. One will
write this sum gradually in the beginning. A sequence of
numbers standing together on the right is thus established.

1,2, 3,6,10, 19, 33,
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The samkhya algorithm Rule

Having laid down successively the numbers one and two, the
last one is added, as far as possible, to the second, the fourth
and the sixth preceeding numbers; in the absence of the
fourth and sixth numbers, to the third and fifth ones. One will
write this sum gradually in the beginning. A sequence of
numbers standing together on the right is thus established.

1,2, 3,6,10,19, 33, 60, 106, 191, 340, 610, ---
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Some mathematics

Problem: how to count all the possible ways to split a given

musical measure lasting 7 drutas into a combination of the

four note values: druta, laghu (=2d.), guru (=4d.) and pluta
(=6d.).
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Some mathematics

Problem: how to count all the possible ways to split a given

musical measure lasting 7 drutas into a combination of the

four note values: druta, laghu (=2d.), guru (=4d.) and pluta
(=6d.).

Mathematical point of view: how to count all possible ways to
write a given number (7) as a sum of the integers: 1, 2, 4 and
6 (partitions of the integer 7).
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Some mathematics

Problem: how to count all the possible ways to split a given

musical measure lasting 7 drutas into a combination of the

four note values: druta, laghu (=2d.), guru (=4d.) and pluta
(=6d.).

Mathematical point of view: how to count all possible ways to
write a given number (7) as a sum of the integers: 1, 2, 4 and
6 (partitions of the integer 7).

7 = 14244 = 641 = 1+1+1+2+1+1 =
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Explanation for the samkhya algorithm

oS
o=1 1=2 S=4 S=6 s
— — — — loS
ooo0S
oS |
olll
loll
oool |
Sol
1ol
oolol
olool
loool
ooooo |
5 5
1S 1S
ooS ooS
S S
11 11
ool l ool l
olol olol
lool lool
ooool ooool
oS oSo oSo
oll ollo ollo
lol lolo lolo
oool ooolo ooolo
S So Soo Soo
I I'lo lloo lloo
ool oolo ooloo ooloo
ol olo oloo olooo olooo
1 lo loo looo loooo loooo
o oo ooo oooo0 ooo0o0o0 000000 000000 )
1 2 3 4 5 6 7 58 pARis escanes

Mathematical algorithms 14th WSC - September 2009 13/19



o=1 I1=2 S=4 S$=6
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Explanation for the samkhya algorithm
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Explanation for the samkhya algorithm

o=1 1=2 S=4 S$=6

U7 =Ue+ Us +
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Explanation for the samkhya algorithm
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Explanation for the samkhya algorithm

o=1 1=2 S=4 S$=6

U7 =Ug+ Us+ U3+
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Explanation for the samkhya algorithm

o=1 1=2 S=4 S$=6

U7 =Ug+ Us+ U3+
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Explanation for the samkhya algorithm

o=1 1=2 S=4 S$=6

U7 =Ug+ Us+ U3+ U1z
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Explanation for the samkhya algorithm

o=1 1=2 S=4 S=6

U7 =Ug+ Us+ U3+ U1z

Up =Up-1+Un-2+Un-4+Un-s6
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Nasta
Disappearance

Or how to retrieve a deleted line in the prastara
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.

A word B is greater than a word A if:
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.

A word B is greater than a word A if:

» There is a letter in B greater than a letter in A in the same
position,
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.

A word B is greater than a word A if:

» There is a letter in B greater than a letter in A in the same
position,

» Letters before that position are the same in B and A,
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.

A word B is greater than a word A if:

» There is a letter in B greater than a letter in A in the same
position,

» Letters before that position are the same in B and A,
» Whatever the letters after this position are.
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.

A word B is greater than a word A if:

» There is a letter in B greater than a letter in A in the same
position,

» Letters before that position are the same in B and A,
» Whatever the letters after this position are.

Rk < prkkk g0 < g**** < e
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The lexicographic order
Some mathematics

Order allowing to compare words, using an ordered alphabet:
a<b<c<--<y<z

Words are compared letter by letter in the same position.

A word B is greater than a word A if:

» There is a letter in B greater than a letter in A in the same
position,

» Letters before that position are the same in B and A,
» Whatever the letters after this position are.

Rk < prkkk g0 < g**** < e

alpha < alphabet < alphabetic < alphabetical < alphabetize
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Prastaras are lexicographically ordered
Some mathematics

In our case, the ordered alphabet is:
o<l<S<S
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Prastaras are lexicographically ordered
Some mathematics

In our case, the ordered alphabet is:
o<l<S<S

Reading each "word" from right to left:
0000000 < 100000 < 0l0000 < --- < 0S
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1,2,3,6,10, 19, 33
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1,2,3,6,10, 19, 33
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