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The sources

Śārṅgadeva: Sam. ḡıtaratnākara (13th century)

Chapter five: Tālādhyaya
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The sources

Śārṅgadeva: Sam. ḡıtaratnākara (13th century)

Chapter five: Tālādhyaya

Com.: Kalānidhi by Kallinātha (15th century)
(ed. Ānandāśrama – 1896 and Adyar – 1951)

Sudhākara by Sim. habhūpāla (14th century)
(ed. Adyar – 1951)
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Notations

druta o unit of measure � semi-short

laghu I = 2 druta ♩ short

guru S = 2 laghu = 4 druta 
 long

pluta S̀ = 3 laghu = 6 druta 
· protracted
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The prastāra algorithm

Prastāra
How to build exhaustively all variations (bheda) for one

musical measure of a given length.
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The prastāra algorithm

Prastāra
How to build exhaustively all variations (bheda) for one

musical measure of a given length.

Example:

oS (� 
) I I o (♩ ♩ �) o Ioo (� ♩ � �) ooooo (� � � � �)

Four variations for a five druta (o, �) measure
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The prastāra algorithm Rule

nyasyālpam ādyān mahato
’dhastāc ches.am. yathopari

prāg ūne vāmasam. sthām. s tu
sam. bhave mahato likhet

alpān asam. bhave tāla-
pūrtyai bhūyo ’py ayam. vidhih.

sarvadrutāvadhih. kāryah.
prastāro ’yam. laghau gurau

plute vyaste samaste ca
na tu vyaste drute ’sti sah.

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 prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

o S 5
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The prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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

o S 5
I 2
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The prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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 prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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

o S 5
o I I 5
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The prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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

o S 5
o I I 5
o 1
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The prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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

o S 5
o I I 5
o I 3
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The prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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 S 5
o I I 5
I o I 5
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The prastāra algorithm Example: five druta prastāra

o I = 2o S = 4o S̀ = 6o

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

o S 5
o I I 5
I o I 5

o o o I 5
S o 5

I I o 5
o o I o 5
o I o o 5
I o o o 5

o o o o o 5
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The prastāra algorithm One to seven druta prastāras
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The sam. khyā algorithm

Sam. khyā
Counting

Or how to count the number of variations (bheda) built with
the prastāra.
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The sam. khyā algorithm Rule

ekadvyaṅkau kramān nyasya
yuñj̄ıtāntyam. purātanaih.

dvit̄ıyaturyas.as.t.hāṅkair
abhave turyas.as.t.hayoh.

tr.t̄ıyapañcamāṅkābhyām.
kramāt tam. yogam agratah.

likhed daks.in. asam. sthaivam
aṅkaśren. ı̄vidh̄ıyate

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 sam. khyā 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 sam. khyā algorithm Rule
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The sam. khyā algorithm Rule
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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 sam. khyā 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 sam. khyā 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 sam. khyā 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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Explanation for the sam. khyā algorithm

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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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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Explanation for the sam. khyā algorithm

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 = 1+ 2+ 4 = 6+ 1 = 1+ 1+ 1+ 2+ 1+ 1 = · · ·
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6

7 = x+ · · ·+ 1
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6

7− 1 = x+ · · ·
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6

u7 = u6+

7− 1 = x+ · · ·
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Explanation for the sam. khyā algorithm
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6

u7 = u6+ u5+

7− 2 = x+ · · ·
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6
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7 = x+ · · ·+ 4
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Explanation for the sam. khyā algorithm

o = 1 I = 2 S = 4 S̀ = 6

u7 = u6+ u5+ u3+

7− 4 = x+ · · ·
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Nas. t.a

Nas.t.a
Disappearance

Or how to retrieve a deleted line in the prastāra
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Nas. t.a The lexicographic order

Some mathematics

Order allowing to compare words, using an ordered alphabet:

a < b < c < · · · < y < z

Paris Descartes Mathematical algorithms 14th WSC – September 2009 15/19



Nas. t.a 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.

Paris Descartes Mathematical algorithms 14th WSC – September 2009 15/19



Nas. t.a 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:

Paris Descartes Mathematical algorithms 14th WSC – September 2009 15/19



Nas. t.a 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.

Paris Descartes Mathematical algorithms 14th WSC – September 2009 15/19



Nas. t.a 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.

Paris Descartes Mathematical algorithms 14th WSC – September 2009 15/19



Nas. t.a 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.

Paris Descartes Mathematical algorithms 14th WSC – September 2009 15/19



Nas. t.a 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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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.

a**** ≺ b**** ≺ · · · ≺ g**** ≺ · · ·

alpha ≺ alphabet ≺ alphabetic ≺ alphabetical ≺ alphabetize
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Nas. t.a Prastāras are lexicographically ordered

Some mathematics

In our case, the ordered alphabet is:

o < I < S < S̀
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In our case, the ordered alphabet is:
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Nas. t.a Application to the nas. t.a
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