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Outline

@ Analysis of Sanskrit Language

@ Structure of Astadhyayr
@ Syntax of Astadhyayr
@ Ordering of the rules
@ Conflict Resolution
@ Modularity
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Etymology:

Informatics: German Informatik
Fench Informatique

Information + automatic = informatic (Science of Automatic processing of
Information)

A person who practices Informatics: Informatician
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Panini's Astadhyayt
e Circa 500 B.C.E.
o Extant Grammar of the then prevalent Sanskrit Language
@ Around 4000 sutras
@ 8 chapters 4 sections each
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One of the greatest monuments of human intelligence (Bloomfield) is
only beginning to claim its rightful position in linguistics. Many of the
insights of Panini’s grammar still remain to be recaptured, but those
that are already understood constitute a major theoretical contribution.

Prof. Paul Kiparsky
‘The encyclopedia of Language and Linguistics’, Asher, pp 2923.
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Panini, then, was not an ancient and nebulous precursor of a science in
which everything has since been done better, but a distant colleague of
genius from whom linguists are still able to learn.

Prof. Fritz Staal
Panini , ‘Encyclopedia of Languge and Linguistics’, Vol-6, Page no:
2917: Ed: Asher
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Not only Panini was by far the first linguist in recorded history, but |
claim he was the first informaticien, 24 centuries before computers came
into existence.

— Prof. Gérard Huet, in the Inaugural Speech at the First International Sanskrit
Computational Linguistics Symposium, Paris, 29th october, 2007
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Evident from

@ The structure of Astadhyayr
@ His method of analysis of Sanskrit Language
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Analysis of Sanskrit Language

Panini paid utmost attention to the dynamics of Information flow while analysing
Sanskrit.

We cite 3 sutras to highlight this point.
o MMM (1.3.1) (Where is the information Coded)
o TT: eIl (1.4.54) (How much information is coded)
o THMGG®HAN: Yadlel (3.4.21) (How is the information coded)

In this talk I'll concentrate more on the second aspect of Panini
— the one related to the structure of his monumental work: Astadhyayr
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Structure of Astadhyayi

A) Features of a Computer Programme

a) A Computer Programme is written in an Artificial Language
b) This artificial language has well-defined Syntax

Astadhyayi is written in SANSKRIT
The syntax as well as the programme are intermixed in the same piece of work.
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Syntax of Programming Languages

Backus Naur Form (BNF)
A BNF specification is a set of derivation rules, written as
<symbol> ::= Expression
@ <symbol> is a nonterminal
@ Expression consists of one or more sequences of symbols separated by |’
@ Symbols that never appear on a left side are terminals
@ Symbols that appear on a left side are non-terminals

@ '::=" means that the symbol on the left is replaced with the expression on the
right.
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Syntax of Astadhyayt

UcH = gdayq
forg=aH (gfre— Us 1.4.14)

EIREICERES e
D (PTG 1.2.46)
dfega

A
terminaI_EIT[%‘rCIﬁ_CF’:[
JIRT::=  3ciifbe  foure:

a?ﬁ%_ﬁag:::% rfrafaed gy wTfiafednd U (8 JuT 2.1.4)
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Syntax of Astadhyayt

Examples of Syntax:

o IfH 3far FIfER YT (1.1.65)
o TRHTA 3ftT ST (1.1.66)

o N TN (1.1.48)
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Syntax of Astadhyayt

Ingermann observed that the sutras of Astadhyayr have the same structure and
suggested 'Panini Backus form(1967 ACM Communications)".

W{5} W{6} W{7} == W{5} W{1} W{7}

§P{6} {7} == A{1} 3 {7} (6.1.74)
(Bhate Kak)
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Ordering of the rules

o Safjiia triggers the rules

o T 31IEH (8.2.1)
o JMTAGI AT (6.4.22)
o TAgPRNE: (6.1.83)
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Ordering of the rules

SIRE-CEECEICING

o gl 2fd: (6.4.101)
o A&l (6.435)

6.4.101: qRY + & — oy fd
6.4.35: A + f& — o + &

Application of one rule blocks the application of the other.
Both the rules need to be applied.

22" August, 2013 Scope/ of

Amba Kulkarni (Department of Sanskrit Studies, Un IS : An Informatician



Analysis of Sanskrit Language Structure of Astadhyayt

O00@00000000000C

Ordering of the rules

Instead of a rule as
R:ab—cd

Panini states it as a combination of two rules:

Ri:ab—cb
Ry:ab—ad

Implications:
@ Brevity
Instead of n; * ny rules, only n; + ns rules are needed.
o Parallel Computing
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Conflict Resolution

Programming Languages
@ Longest match

@ Precedence Rules

Astadhyayt
o fTUftMY W BRI (1.4.2)
o 3T BRI UehT o=t (1.4.1)
o WR-" - RF - AR -SRI T

K&
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Modularity

The rules related to a particular task are grouped together.
For example,

consider the following siitras which identify sounds used as markers (anubandha).

o JUSY 3 AT S 1.3.2
o & 3T 1.3.3
o 7 fvep! g&: 1.3.4

o aifa: farged: 1.3.5

o ¥: YT 1.3.6

o g 137
o TG 3TfEd 1.3.8
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Modularity

If we take into account the recurrence (anuvrtti) of terms from preceding sitras,
the rules may be rewritten (indicating the anuvrtti by indentation) as

o IUSY Tq
o 3T FFATRID 1.3.2
o B 3T 133

o 1 fvwhl gwm: 1.3.4
o 3rTfe:

o f3Igsa: 1.35

o UTTRT

Q@ T 136
Q I 137
Q g e 1.3.8

Translation of this set of rules into a simple algorithm

will show the parallel
between Panini's sutras and a computer algorithm.
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Features of Astadhyayi .. contd
Object Oriented Programming:

Encapsulation of data with the (markers to the) functions
Bhaj + (gh)a(fi): In the presence of gh, j — g

Inheritance:

Multiple inheritance — arranged as a linear inheritance
Taddhita pratyaya
(Ashwini Deo 2007)

&&=
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Factorisation in Mathematics:
2*¥(34+4)=2*342%4

Factorisation in Languages:
R1H: € Tefc

M: Y18 Yof

R T8 TBfcl TS ¥ uafd

Or simply,

IH: T8 Tesfd,
976 UafdT.
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Consider the following sutras:

o JUQET 37 IATRID 3], 1.3.2
o B 3T 1.3.3
o 7 fIvep! g&: 1.3.4

o aifa: farged: 1.3.5

o §: UJIg 1.3.6

o g 137
o WP 3TfE 1.3.8

NS
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o U (2 ) (= %) (c)
o I IIARD (b)
o 8o 3T (d)
o 7 fateht gEr: (=3) (e)
o IMf: (f)
o figsd: (=5) (g)
o TITH (h)
Q W (=s) (i)
Q T (=% (j)
Q P (=51 & (k)
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Maximum advantage of features of Natural Language:

How are the complete phrases reconstructed?

3MhTET (Expectancy): Major role in deciding the 3Jdf< (Bhate)

(af
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Analysis of Sanskrit Language
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3rggfa:

Example of borrowing from as many as 11 sutras

Original stitra: 3-3-65 qUT: SO T
After 3gfI: 3-3-65: FUN: AUMAT T (UT: WR: T MG T &Tal: el fshaarai
fopemerfar aTd R o HRP ASETRIT) Y SURFT ar At
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Some Statistics:

Total sutras (3984) 4000
Total Words (with sandhi) (7007) 7000
Total Sandhi split words 9843

Total words after repeating the words with anuvrtti 40,000
Compression because of anuvrtti 1/6

In terms of byte size, compression 1/3

Significant from Oral Tradition.

The time to memorise the sutras grows exponentially.

With anuvrtti, a student can memorise the complete Astadhyayt in about only 6
months!
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fereregaTfor

Normal Arrangement of Alphabet

JFIATEIFH 3k @ U 3N 3 a:
FETIS

ek EE]

TIEIU

SRR

THhgTH

IRAq

AYE
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Panini required several(42) subsets of this alphabet to describe various operations.
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Some of these subsets:

All vowels

All consonants

All vowels + semivowels + Anunasikas (3)
The voiceless stops (TY)

stops and sibilants (3R)

Any of ST ST (99)

Any of U3 ¥ (¥Y)

Any of TIRAAHSUAHAYH (I3])
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It is not advisable to give 42 names to these sets.
It will be difficult to memorize the association.

These are Partially ordered sets.

Panini arranged them linearly in the form of 14 ShivasUtras.
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ag 9 ()
ig((a?))
Tl (g
Q3 ()
g§g9X(2)
a ()

FHSUA(H)
49 (3)
g2 9 (Y)

EERECEAE)
THe3dacd(q)

&Y ()

799 ()

g (1) Fo
: ‘:'22"5Auﬁl_§stl‘2_913 ?co%‘*@f




Optimality of these sitras is
proved independently by

Kiparsky (linguistically)
and Petersen (mathematically)
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Given a set of Partially Ordered Sets,
Now it is possible to tell

Whether the elements are

Sivasiitra encodable or not.

Ref: Petersen(2008)

(af
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