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sivasutrani

Normal Arrangement of Alphabet

Vowels aaituiarrleaioauamah

Velar ®U&] k kh g gh n
Palatal dies c ch j jh A
Retroflex IQJCT*‘JI t th d dh n
Dental =¥ t th d dh n
Labiel ftex p ph b bh m
semi-vowel A« yr /v

Fricative I §ssh
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Sivasutrani

Panini required several(41-44) subsets of this alphabet to describe
various operations. Some of these subsets are:

All vowels

All consonants

All vowels + semivowels + nasals

The voiceless stops

stops and sibilants

Any of ba ga da da

Any of bha gha dha dha

Any of ya va ra la ia ma na na na ma jha bha

3/24



41 sets Panini needed are as follows

e aN = {aiu}
SUESS

e aK={aiurl}
AgI®:=

eaC={aiurleoaiau}
EEEE A )

e aT ={aiurleoaiauhayavara}
EECE A T L R

@ aN ={aiurleoaiauhayavarala}
AII W UMM EATLS

e aM ={aiurleoaiauhayavaralaiia mananana}
AIIRTUA AN EATISAATUA

@ aS=1{aiurleoaiauhayavaralafamanananajha
bha gha dha dha}
NI R UMM EAIISAASTNAGT T
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@ aL ={aiurleoaiauhayavaralaifamanananajha
bha gha dha dha ja ba ga da da kha pha cha tha tha ca ta ta
ka pa $a sa sa}
3133BE62QaﬁQaﬁaaaiaau@maawaauaanga@m
SEYFAIdRYIANH

o iIK={iurl}

EIR®

e iC={iurleoaiau}
TIWT LA

@ iN={iurleoaiauhayavarala}
IIMIUAAFMETILS

o uK={url}

IR
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haS = {ha ya va ra la fia ma na na na jha bha gha dha dha ja
ba ga da da}

EHAISAASUAFAITIAINESE

hal = {ha ya va ra la fia ma na na na jha bha gha dha dha ja
ba ga da da kha pha cha tha tha ca ta ta ka pa $a sa sa}
EYIIAIHSUNAGIHYCHI I SqERSSIFAIdRTIAY
q

yaN = {ya vara la}

EERE)

yaM = {ya va ra la fia ma na na na}

JI(SAHS A

yaN = {ya va ra la fia ma na na na jha bha}
JAVBAHS U AHHA
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yaY = {ya va ra la ia ma na na na jha bha gha dha dha ja ba
ga da da kha pha cha tha tha ca ta ta ka pa}
JAVSIHS NATHAYTHYSIIN S qEERSEITZIdRT

yaR = {ya va ra la fia ma na na na jha bha gha dha dha ja ba
ga da da kha pha cha tha tha ca ta ta ka pa $a sa sa}
JA{BIASUNAFHAUGCTY AN S qUERDS ST ITRTIIATH

vaS = {va ra la ia ma na na na jha bha gha dha dha ja ba ga
da da}

JUSSAHASUAZFHH YT I €q

vaL = {va ra la ia ma na na na jha bha gha dha dha ja ba ga
da da kha pha cha tha tha ca ta ta ka pa $a sa sa ha}
JIVAAHS NAFHYCHS IS qERSEITIdRTRAY
g
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e raL = {ra la fia ma na na na jha bha gha dha dha ja ba ga da
da kha pha cha tha tha ca ta ta ka pa $a sa sa ha}
VSAASUHATAYGCYIA TN SqERISITIdRYIATHE

@ maY = {ma na na na jha bha gha dha dha ja ba ga da da kha
pha cha tha tha ca ta ta ka pa}
ASUNAIHAYTHYSdINSqERDSSITIdRY

e naM = {na na na}

S UH

@ jhaR = {jha bha gha dha dha}
AT

@ jhaS = {jha bha gha dha dha ja ba ga da da}
FHITIAATTNET
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@ jhaY = {jha bha gha dha dha ja ba ga da da kha pha cha tha
tha ca ta ta ka pa}
FAYGIYATNSqERDSIATA®RT

@ jhaR = {jha bha gha dha dha ja ba ga da da kha pha cha tha
tha ca ta ta ka pa $a sa sa}
FHHYGHUSTdINSqERSSEITIdRYIATH

@ jhal = {jha bha gha da dha ja ba ga da da kha pha cha tha
tha ca ta ta ka pa $a sa sa ha}
FHHGHYIdINSqUE@RSSEITIdRYIATH

e bhaR = {bha gha dha dha}
HYugy
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jaS = ja ba ga da da
SED L

baS = ba ga da da
ERIRCE

CaV = cha tha tha ca ta ta
EXR KA

KaY = kha pha cha tha tha ca ta ta ka pa
SEYFIdEHT

KaR = kha pha cha tha tha ca ta ta ka pa $a sa sa
AHRISYACARTRATH

caR = ca ta ta ka pa $a sa sa
FZdHRYUATH

SaR = $asasa

ATH

Sal = $a sa sa ha
A9TE
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Panini organised these partially overlapping sets in a linear order,
and devised a naming scheme to remember the members of each
set.
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Simple Example

Let me take a small example with 6 members instead of 41, and
explain what Panini did.

In a certain class in a school there are 6 students who participate
in various games. Let us name them from ‘a’ to ‘f"

The games they participate are as under.

Cricket: b, c

@ Tennis: d, e, f

o Football: a, d, f

@ Chess: b, e, f

Students playing the same games want to sit next to each other.
Now if these students sit in an alphabetic order then student ‘b’
can not talk with ‘e’ on chess, since he would be intervened by two
other students ‘c’ and ‘d". Similarly ‘a’ will not be in a position to
talk to his other friends ‘d’ and ‘f' on football.

In what order should these students sit so that there are no

cross-talks.
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Simple Example ..

@ Cricket: b, c

@ Tennis: d, e, f

@ Football: a, d, f

@ Chess: b, e, f

If they are seated in the following order

cbefda

then everybody is happy. All the players having common interests
are adjacent to each other.

Can we have some acronyms so that we can also remember which
students play which games?
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Simple Example ..

Cricket: b, c
Tennis: d, e, f
Football: a, d, f
Chess: b, e, f

® 6 6 ¢

We introduce markers My, My, M3 and M, indicating the boundary
for Cricket, Chess, Tennis and Football players respectively.

cbM efMydMsaM,

The slice starting with ‘c’ and ending with M; gives us the names
of players playing cricket. Let us name this slice by ‘cM;". The
slice ‘bMy' gives the names of Chess players, the slice ‘eMs3’ gives
the names of Tennis players, and finally ‘tM,' gives the names of
football players.

Such a naming scheme, which is a sort of abbreviation is called a
pratyahara. In order to know the members of a set or to know the

name of a set given the elements, one needs to- memorise this
linear list. That's alll 14 /24



Simple Example ..

This is how Panini solved his problem. He arranged 41 Sanskrit
sounds in a linear order and inserted some markers (called
anubandhas) or it markers, in between that serve as the right

boundary. Panini needed 14 markers in order to describe all 41
subsets.
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How did Panini arrived at this Sivasutra?
Tradition: Legend
In recent years there are several efforts to justify this arrangement

Historically (Cardona)
Logically (Kiparsky, Staal)
Mathematically (Petersen).
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Logical Approach

Logical approach to build the Sivastitra

From the given sets, we try to arrange the sets in a linear order
with partial overlaps.

Let us try to decide the order from the 41 sets Panini needed.
Consider the following sets.

A={aiurl}
B={iurl}
C={url}
D={aiu}

This fixes the order as
aiul\/ll_rle
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Logical Approach ...

Suppose, in addition to

A={aiurl}
B={iurl}
C=A{url}
D={aiu}

we also have
E={aiurleoaiau}
F={iurleoaiau}

G={eoaiau}
H = {aiau}
| ={eo}

This fixes the order:

aiuMrl| My {eo} Mg {ai au} My, or as

aiuMr| M {aiau} My {eo} Ms

or in short as

aiuMrl M {({e o} M) ({ai au} M)}

where order of elements within is not fixed. 18/24



Logical Approach ...

Now suppose, we consider the following sets
J={yvrl}
K={aiurleoaiauhyvrl}
L={iurleoaiauhyvrl}
M={aiurleoaiauhyvr}

This fixes the further order:

h {y v r} | order within is not fixed.

Thus so far we have the following order.
aiuMyrl My {({eo} M) ({aiau} My) }h{yvr}IMs
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Logical Approach ...

Now consider following sets
N={hyvrl..}
O={yvrl..}

P={vrl..}

Q={rl...}

This fixes the order of y,v,r also, as
hyvrl

aiuM;rl My {({eo} M3)({aiau} My)} hyvrl Ms
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Sivasutrani

Following this process, we finally get the following order.

1 2 iu (N)

2 rl(K)

3 eo (N)

4 ai au (C)

5 ha ya va ra(T)

6 s (N)

7 fia ma na na na (M)
8 jha bha(N)

9 gha dha dha (S)
10 ja ba ga da da (S)
11 kha pha cha tha tha ca ta ta (V)
12 ka pa (Y)

13 sss(R)

14 ha (L)

There are 14 sutras, which are also called pratyahara sutras
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Sivasutrani

It is not advisable to give 41 names to these sets.
It will be difficult to memorize the association.

Panini devised a special scheme for naming these sets.

adih antyena sahita (1.1.71)

ML |l

An initial letter with an 'it’ letter as a final, is the name of itself
and of the intervening letters.

According to ‘hal antyam’, final ‘hal’ is an ‘it".

Thus in the above arrangement, all the letters marked in red color
are ‘it's.
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Gl W N =

The naming of the sets now is as follows.
The name consists of two letters: adi (the first one) and the antya
(the last one) which is an

it
iu(N)
ri(K)
eo (N)
ha yla \73 ra(T)

For example aC represents all the letters that occur between (and
including) ‘a’ and the ‘it' marker ‘C’, i.e. the set {aiur|e o ai
au}

With this arrangement now it is trivial to associate the set names
with its members.
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s A Pratyahara consists of a phoneme-letter (varna) and an
anubandha (or a marker) and signify all of the intervening

phonemes (more than one) from the $ivasutra, excluding the
anubandha.
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With 14 markers, how many Pratyaharas are possible with the 14
Sivasutras?

There are 3 varnas in the first sutra viz. a,i,u. And there are 14
markers after these. So there are 14*3 possible pratyaharas.
Similarly in the second sutra, there are 2 varnas, and 13 markers
following it. So there are total 2*¥13 possible pratyaharas.
Continuing in this way, we have

14*3 4 13*2 4 12*2 4 11*2 + 10*4 + 9*1 + 8*5 4 7*2 + 6*3 *
5*%5 4 4*8 4 3*2 4 2*3 +1*1

possibilities. But of these, all pratyaharas with single phoneme are
to be deleted. Further, due to the duplication of ‘h’, the sets aR
=al, iR = iL, and so on. These are 10 in number with
a,i,u,r,l,e0,ai,au and h combining with either ‘R’ or ‘L. Thus there
are 305-14-10 = 281 pratyaharas possible. But Panini needed only
41-44 of them.
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