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Development of Prosody or Chandahs$astra
Long (guru) and short (laghu) syllables

Scanning of varnavrtta (syllabic metres) and the eight
ganas
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Pratyayas in Pingala’s Chandahsastra

» Prastara Or enumeration in the form of an array

» Sankhya: The total number of metrical forms of n syllables

» Nasta and Uddista: The association between a metrical
form and the row-number in the prastara through binary
expansion

» Lagakriya: Number of metrical forms in the prastara with a
given number of laghus

» Varpameru and the "Pascal Triangle”



Development of Chandahsastra

In his Chandahsastra (c.300 BCE), Pingala introduces some
combinatorial tools called pratyayas which can be employed to
study the various possible metres in Sanskrit prosody.
Following are some of the important texts which include a
discussion of various pratyayas:

» Pingala (¢.300 BCE): Chandahs$astra

» Bharata (c.100 BCE): Natyasastra
Brahmagupta (¢.628 CE): Brahmasphutasiddhanta
Virahanka (¢.650): Vrttajatisamuccaya
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Mahavira (€.850): Ganitasarasangraha

Halayudha (¢.950): Mrtasanjiwani Commentary on
Pingala’s Chandahsastra

v



Development of Chandahsastra

» Kedarabhatta (¢.1000): Vrttaratnakara

» Yadavaprakasa (c.1000): Commentary on Pingala’s
Chandahsastra

» Hemacandra (¢.1200): Chandonusasana

» Prakrta-Paingala (c.1300)

» Narayana Pandita (¢.1350): Ganitakaumudi

» Damodara (¢.1500): Vanibhusana

» Narayanabhatta (¢.1550): Narayans Commentary on
Vrttaratnakara



Varna- Vrtta

> A syllable (aksara) is a vowel or a vowel with one or more
consonants preceding it.
A syllable is laghu (light) if it has a short vowel.

Even a short syllable will be a guru if what follows is a conjunct
consonant, an anusvara Or a visarga.

Otherwise the syllable is guru (heavy).

The last syllable of a foot of a metre is taken to be guru
optionally.
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The first verse of Kalidasa’s Abhijrianasakuntalam:
a0 gie: WgUeq Jef g ar giedt 7 &e
T g Fo fau: giofvaer @ femr e )
THE: HAATIFIANIT TaT WforT: Jrore=:
T = Haq aEeeEa: |

GGG GLG GLL LLL LGG LGG LGG
C




The Eight Ganas

AfRHAEHY T A= AEEH)
HTT ARG A=y T T TEAEaH |

Ya: LGG Ra: GLG Ta: GGL
Bha: GLL Ja: LGL Sa: LLG
Ma: GGG Na: LLL

The pattern of a metre is usually characterised in term of these ganas.

For instance the verse of Kalidasa cited earlier is in Sragdhara metre:
T Faor Brafaafaga e Sifdage)

Thus Sragdhara is characterised by the pattern: MaRaBhaNaYaYaYa,
with a break (yati) after seven syllables each.

GGGGLGG LLLLLLG GLGGLGG

Fa)



A Mnemonic for the Ganas

There is the mnemonic attributed to Panini

JATANIGTH AT A ITH
LGGGLGLLLG

If we replace G by 0 and L by 1, we obtain a binary sequence of
length 10

1000101110
The above linear binary sequence generates all the 8 binary

sequences of length 3. We can remove the last pair 1, 0 and
view the rest as a cyclic binary sequence of length eight.

In modern mathematics such sequences are referred to as
De Bruijn cycles.



A Mnemonic for the Ganas

Figure: De Bruijn cycles for Patterns of three and four letters. [land §
stand for L, G or 1,0]



Pratyayas in Pingala’s Chandahsastra

In chapter eight of Chandahsastra, Pingala introduces the
following six pratyayas:
Prastara: A procedure by which all the possible metrical

patterns with a given number of syllables are laid out
sequentially as an array.

Sarnkhya: The process of finding total number of metrical
patterns (or rows) in the prastara.

Nasta: The process of finding for any row, with a given number,
the corresponding metrical pattern in the prastara.

Uddista: The process for finding, for any given metrical pattern,
the corresponding row number in the prastara.

Lagakriya: The process of finding the number of metrical forms
with a given number of laghus (or gurus).

Adhvayoga: The process of finding the space occupied by the

rastara.
p 0O



Prastara

foar 7@ B ) qeeefareT: | auafer: |

(F=<-ATETH ¢.20-23)

» Form a G, L pair. Write them one below the other.
» Insert on the right Gs and Ls.

» [Repeating the process] we have eight (vasavah) metric forms in
the 3-syllable-prastara.

Single syllable prastara

| ®

Two syllable prastara

oo
Q@

BN =

i
D



Prastara

Three syllable prastara

L

G| G|G

1

2/ L|G|G
3/G|L|G

4 L|L|G

5/G|G|L

6| L|G|L

71G|L

8| L|L

44



Another Rule for Prastara

TS HENEENEY e O |
TR T AT HT: FEe faf)
FY TEEEAT AT | ( JTEAFH £.2-3 )

Start with a row of Gs. Scan from the left to identify
the first G. Place an L below that. The elements to the
right are brought down as they are. All the places to
the left are filled up by Gs. Go on till a row of only Ls is
reached.

Example: The following are five successive rows in 4-syllable
prastara

Ororo
Orroo
| QDD D
|||




Four-Syllable Prastara

ol 01l Bl | | 2| S| ©] | N| o] ;| | w|ro| =
Qoo e oo o ro
i inioliolininioioialaiofolninio/jo)
mimisimioliolololisinimisiollolollo)
i il follolfoliolko)follolk0)]

If we set G=0 and L=1, then we see that each metric pattern is the mirror
reflection of the binary representation of the associated “row-number-1”.

4 N



Sankhya
e =0 gz T2 e dgfoe

(F-<:TMEAH ¢.2¢-3%)

The number of metres of n-syllables is S, = 2".

Pingala gives an optimal algorithm for finding 2" by means of
multiplication and squaring operations that are much less than
nin number.

» Halve the number and mark “2”

» |If the number cannot be halved deduct one and mark “0”

» [Proceed till you reach zero. Start with 1 and scan the
segence of marks from the end]

» 1If “0”, multiply by 2
» If “27, square



Sankhya

Example: Six-syllable metres (n = 6)

> 5 =3 and mark “2”

» 3 cannot be halved. 3-1=2 and mark “0”
> 2 =1 and mark 2’

1 —1=0and mark “0”

Sequence 2,0, 2,0 yields

>

1x2, (1x2)?, (1x2)%x2, ((1x2)?x2) = 2°

Pingala’s algorithm became the standard method for computing
powers in Indian mathematcis.

4



Sankhya

Next sutra of Pingala gives the sum of all the sankhyas S, for
r=1,2,...n.

fea] Ta=IIH | @=:-aEH ¢.39)
Si+S+8S3+...+8,=25,—-1
Then comes the satra:
W gUiH | (@A ¢.33)
Sni1 =25,
Together, the two sutras imply
Sp=2"
and
1+2+4224+. . 42n=2M"1_A

This clearly is the formula for the sum of a geometric series.



Sankhya

» The sankhya 2" discussed above is for the case of syllabic
metres of n-syllables which are sama-vrttas — metres which
have the same pattern in all the four padas or quarters.

» Ardhasama-vrttas are those metres which are not sama,
but whose halves are the same.

» Visama-vrttas are those which are neither sama nor
visama.

» In the fifth Chapter of Chandah-sastra, Pingala has dealt
with the sarnikhya of Ardhasama and Visama-vrttas.

4=



Sankhya

qH qacE@: FaTaaH | e 7 Tg=m1)
E<:TTEH ¥.3-Y)
The number of Ardhasama-vrttas with n-syllables in each
pada is
(2n)2 _on

In the same way, the number of Visama-vrttas with n-syllables
in each pada is

(22n)2 o [((2n)2 _ 2n> + 2”] — (22n)2 _ 22n

40



Nasta

&I T T (F<-AEH ¢.28-2Y)

v

To find the metric pattern in a row of the prastara, start with
the row number

v

Halve it (if possible) and write an L

v

If it cannot be halved, add one and halve and write a G

v

Proceed till all the syllables of the metre are found

-4 N



Nasta

Example: Find the 7th metrical form in a 4-syllable prastara

> (7“) — 4 Hence G

If we set G=0and L = 1, we can see that Pingala’s nasta
process leads to the desired metric form via the binary
expansion

7=0+12+122+0.28



Uddista
ylaerETor fg@ield | adras STeqd |
E<-AMETH ¢.2&-9)

To find the row number of a given metric pattern:
» Start with number 1

» Scan the pattern from the right beginning with the first L
from the right

» Double it when an L is encountered

» Double and reduce by 1 when a G is encountered
Example: To find the row-number of the pattern GLLG in a
4-gyllable prastara:

» Start with 1.

» Skipthe GandgotoL. Soweget1x2 =2

» Then we find L. So we get 2x2 = 4

» Finally we have G. We get4x2 —1 =7

4



Uddista

Another Method

3fee frengTdEE TEfeed
FET & § g ST |

( TAHH 8.9 )

» Place 1 on top of the left-most syllable of the given metrical
pattern

» Double it at each step while moving right.

» Sum the numbers above L and add 1 to get the
row-number



Uddista

Example: To find the row-number of the pattern GLLG

1 2 22 28
G L L G

Row-Number = 0.1 +12+1.224+028+1=7

Both the nasta and uddista processes of Pingala are essentially
based on the fact that every natural number has a unique
binary representation: It can be uniquely represented as a sum
of the different sarikhya Sy, or the powers 2".



Lagakriya

T QUIHRT | (@A ¢.38)

Pingala’s sutra on lagakriya process is too brief. Halayudha, the tenth
century commentator explains it as giving the basic rule for the
construction of a table of numbers which he refers to as the
Meru-prastara.

mudldwlwuwlaq WWW@%
TR | T8 T8 F18 [hdg]l sAaelA HauHeg Jad-
aﬂnwﬁﬁ%maﬁqﬁﬁﬁr EEREEREEY

TAHA: FBFAFFAZ IS TA FY § WRBGAgHH-
Fog gt faamafRefa gorareend: |W@Hﬁmﬁw

3

WWIMHWBQQ B gATgHRIFE qof
BragreT ®rwEql..




Varna-Meru of Pingala

Clearly the number of metrical forms with r gurus (or laghus) in
the prastara of metres of n-syllables is the binomial coefficient
nCr

The above passage of Halayudha shows that the basic rule for
the construction of the above table, is the recurrence relation

nCr —n—1 Cr—1 _|_nf1 Cr

e Y =~



Pascal Triangle

The above Varna-Meru is actually a rotated version of the so
called Pascal Triangle (c.1655) shown below:

1T 111711 1\
112 3|4 |5 1|6
11/3| 6 |10 15
1141020

11515

116

3
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