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Preface

This volume presents the proceedings of the Third International Sanskrit Com-
putational Linguistics Symposium hosted by the University of Hyderabad,
Hyderabad, India during January 15-17, 2009. The series of symposia on Sanskrit
Computational Linguistics began in 2007. The first symposium was hosted by
INRIA at Rocquencourt, France in October 2007 as a part of the joint collabora-
tion between INRIA and the University of Hyderabad. This joint collaboration
expanded both geographically as well as academically covering more facets of
Sanskrit Computaional Linguistics, when the second symposium was hosted by
Brown University, USA in May 2008.

We received 16 submissions, which were reviewed by the members of the
Program Committee. After discussion, nine of them were selected for presenta-
tion. These nine papers fall under four broad categories: four papers deal with
the structure of Panini’s Astadhyayil. Two of them deal with parsing issues,
two with various aspects of machine translation, and the last one with the Web
concordance of an important Sanskrit text.

If we look retrospectively over the last two years, the three symposia in succes-
sion have seen not only continuity of some of the themes, but also steady growth
of the community. As is evident, researchers from diverse disciplines such as lin-
guistics, computer science, philology, and vyakarana are collaborating with the
scholars from other disciplines, witnessing the growth of Sanskrit computational
linguistics as an emergent discipline.

We are grateful to S.D. Joshi, Jan Houben, and K.V.R. Krishnamacharyulu
for accepting our invitation to deliver the invited speeches.

The symposium hosted a traditional debate, called Vidvat Sabha, where par-
ticipants presented views of different schools of language analysis — vyakarana,
nyaya, and mimansa — on the meaning of a sentence and debated on it. We
thank all the participants of the Vidvat Sabha, in particular Prahlad Char, who
accepted our invitation to chair the session. Since the Vidvat Sabha is a ‘live
program’ to be watched and listened to, we do not have its report in these pro-
ceedings, however, the video recordings of this program will be available on the
symposium website shortly.

We thank the University of Hyderabad, INRIA, Ministry of Information
Technology, Government of India, Rashtriya Sanskrit Sansthan, and Sanskrit
Academy for their valuable support.

This symposium would not have been possible without the involvement of
several persons. In addition to the Program Committee members, we would
like to thank J.S.R.A. Prasad and K. Subramaniam for their help in the local
organization.

We thank all the researchers who responded to our call for papers and partic-
ipants in this event without whose response the symposium and workshop would
not have been a success.
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Finally we thank the editorial team of Springer, who have provided us with a
platform to record the proceedings of the symposia so as to make them available
to other researchers and help in building the community right from its birth.

January 2009 Amba Kulkarni
Gérard Huet
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Background of the Astadhyay1

S.D. Joshi

Retired Prof. and Head, Department of Sanskrit and Director, CASS, Pune, India

1. T have hesitated in accepting the invitation extended to me by Amba Kulka-
rni on September 9. The main reason was that I am not acquainted with
what is called Sanskrit Computational Linguistics, or with theories of Ma-
chine Translation, or with information theory. In fact, I know nothing about
these subjects. So what can I tell you? In view of my deeply regretted lack
of knowledge regarding the subjects mentioned, I have decided to deliver a
talk on a subject of which I have some experience, namely, Panini’s linguistic
analysis as shown in his method of analysis, in the development of theoret-
ical concepts and in the composition of the Astadhyay1. Clearly, Panini, in
applying his linguistic analysis of the spoken Sanskrit of his days, has de-
veloped a number of theoretical concepts which can be used for the analysis
of other languages also. That is an elementary insight which proved to be
fruitful already in the 19th century when linguistics and especially compar-
ative linguistics were developed as separate branches of science in Germany
and France. Reading statements about information coding in which Panini
is hailed as an early language code information scientist, I am reminded of
the situation in the early sixties, after Chomsky had published his book on
Syntactic Structures in 1957. Here Chomsky introduced a type of grammar
called transformational generative grammar. It earned him a great of ap-
plause, globally, I may say. Then it dawned on linguists that Panini had also
composed a generative grammar. So Panini was hailed as the fore-runner
of generative grammar. That earned him a lot of interest among linguists.
Many linguists, foreign as well as Indian, joined the bandwagon, and posed
as experts in Paninian grammar on Chomskyan terms. Somewhat later, af-
ter Chomsky had drastically revised his ideas, and after the enthusiasm for
Chomsky had subsided, it became clear that the idea of transformation is
alien to Panini, and that the AstadhyayT is not a generative grammar in the
Chomskyan sense. Now a new type of linguistics has come up, called Sanskrit
Computational Linguistics with three capital letters. Although Chomsky is
out, Panini is still there, ready to be acclaimed as the fore-runner of Sanskrit
Computational Linguistics. I am, of course, grateful for the interest shown
in Panini.

2. So what to talk about? I can, obviously, refer to the 25 volumes published
by the University of Pune, and the Sahitya Akademi, one series on sections
of Mahabhasya and another series on sections of the Astadhyay1. From the
first series I expressly mention the Samarthahnika, the Karakahnika, the
Anabhihitahnika and the Paspasahnika. In all of these books fundamental
questions about Panini’s method of linguistic analysis have been discussed
extensively. But references cannot make up a key-note address. So what I

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 1-[5] 2009.
© Springer-Verlag Berlin Heidelberg 2009
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plan to do is to mention a number of typical features of the Astadhyayt and
some basic grammatical concepts applied in Panini’s analysis of the spoken
Sanskrit of his days, and in the composition of the Astadhyayt.

. Panini is short on theory, great on grammatical detail. A coherent linguistic

theory can only be inferred from his detailed observations of linguistic data
put in the form of rules. Questions of linguistic development, of historic
sound change, and of history in general lie outside Panini’s interest.

Contrary to some Western misconceptions the starting point of Panini’s anal-
ysis is not meaning or the intention of the speaker, but word form elements
as shown in the initial stages of the prakriya. Here morphemic elements ob-
tained from analysis are put side by side in an order of purva and para from
left to right. Then by applying operations to these elements a derivation
process starts. The process results in a word fit for use in vyavahara, the ev-
ery day usage of an educated brahmin .Thus we may say that Panini starts
from morphology to arrive at a finished word where no further rules become
applicable. We have to bear in mind that Sanskrit is an inflecting language.

. Is the Astadhyay1 rightly called a grammar? It certainly deals with the tra-

ditional parts of grammar in the West, namely, morphology, word-formation
and syntax. On that account the name “grammar” is applied. It is, in fact,
part of the title given by Bohtlingk to his edition of the Astadhyayi. But the
AstadhyayT is not a grammar in this general Western sense of the word. It
is a device, a derivational word-generating device. It presupposes knowledge
of phonetics and it is based on morphemic analysis. It derives an infinite
number of correct Sanskrit words, even though we lack the means to check
whether the words derived form part of actual usage. As later grammarians
put it, we are laksanaikacaksuska, solely guided by rules. Correctness is guar-
anteed by the correct application of rules. For purposes of derivation as seen
by Panini a list of verbal bases, dhatus, is essential. That list is provided in
the dhatupatha. It must have formed part of the Paninian tradition from
the very beginning.

Every sastra ‘branch of science’ has its technical vocabulary. Technical terms
require a definition of their meaning, as opposed to words in everyday speech
which are characterized by free symbolization, not bound by a previous con-
vention regarding meaning. The Astadhyayi, being a $astra, has its own
technical vocabulary, consisting of sarhjnas ‘technical terms’ and pratyaharas
‘abbreviative designations.” The samjnas are usually, but not always, defined.
The non-defined samjnas are borrowed from various other branches of sci-
ence supposed to be generally known. I mention mantra, yajus, napursaka,
linga, kriya, vartamana, vibhakti, prathama, jati, dravya, gunavacana, vis-
arga, vakya, vidhi, samartha and upamana. Use of pratyaharas is made when
the question is of enumerations of speech sounds or of suffixes. Pratyaharas
are an enumeration saving device.

. Is semantics part of the Astadhyayi? Or, put slightly differently, does mean-

ing (artha) form part of Panini’s linguistic analysis? We have to be very
careful here in what is understood by the word “meaning.” In the Indian
tradition artha is the thing-meant, the thing referred to, that to which
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we refer by means of words and sentences. Taking artha in this sense, the
answer to my question is, no. That is clearly stated by P1.2.56, arthasya
anyapramanatvat ‘because artha is decided by something else (than the
Astadhyay1).” The idea is that the Astadhyay1 is no authority to decide that
word A refers to item A and that word B refers to item B. That is decided
by usage in which metaphor plays a big role. Obviously, this should not be
taken to mean that lexical meaning is of no interest to the Astadhyayi. The
whole of the taddhita-section testifies to the opposite.

To specify the meaning in which a nominal form is used, its lexical mean-
ing, Panini uses meaning-conditions. They are usually stated in a locative
nominal form, sometimes also by means of a phrase. I quote two exam-
ples. The first is P. 3.2.134. It prescribes the following krt-suffixes up to P.
3.2.177 in three meanings stated as tacchila ‘(an agent) having such and
such a habit,” taddharma ‘(an agent) having such and such a duty’ and
tatsadhukarin ‘(an agent) who does something well.” The second is P. 3.3.116.
It deals with the krt suffix LyuT. The rule says yena samsparsat kartuh
sarirasukham ‘one account of contact with which the agent experiences a
feeling of physical pleasure.’

In the taddhita-section the meaning-condition is often phrased by means
of a pronominal form like tasya, tena followed by a noun or participle in the
nominative. The whole serves as an adhikara. But here also phrases may be
used for the same purpose. I mention P. 4.2.59, tad adhite tad veda.
Panini’s operational rules are generally substitution rules. Here the distinc-
tion between the original (sthanin) and the substitute (adesa) is essential. As
far as further rule application is concerned, the substitute is declared to be
like the sthanin (P. 1.1.56). An exception is made for rules which deal with
the substitution of phonemes. An ingenuous idea of Panini was to extend
the concept of substitution to zero-substitution (lopa) also. Lopa is defined
as adarsanam “disappearance from sight” (P. 1.1.60).

What about rule-order application in the Astadhyayi? As is well-known,
the Astadhyay1 has been divided into two parts, the siddha-kanda and the
asiddha-kanda, the latter part starting from the rule purvatrasiddham (P.
8.2.1). The asiddha-kanda is also known as the tripadi. In the earlier part
rules are applied independently of the numerical order. In the tripadi rules
are applied strictly according to their numerical order. Also, with regard to
the application of a rule in the siddha-kanda a rule in the tripadi-section is
asiddha. A rule A can be siddha ‘(regarded as) effected’ or asiddha ‘(regarded
as) non-effected’ with regard to rule B in the sense that rule A is regarded as
having taken effect before the application of rule B or not. Accordingly, rule
B may become operative or not. This is a very useful grammatical fiction
in the Astadhyayl. The tripadi-section has been established to overcome
difficulties in the random application order, when this order would lead to
undesired results. The majority of rules put in the asiddha-section are rules
dealing with consonant-substitutions due to sandhi.

Another situation in which the order of application of rules becomes vi-
tal is that of conflict (vipratisedha). The term vipratisedha has not been
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defined in the Astadhyayi, but it was taken up by Katyayana for explana-
tion (vartika I on P. 1.4.2). In the prakriya a conflict may arise in the sense
that two rules become applicable at the same stage. Here the question is
of determining the stronger rule which is to prevail. Tradition, as embodied
in Nagesa’s Paribhasendusekhara, has formulated a number of principles to
solve a conflict. I may point out that recently a considerable amount of work
has been done on conflict-procedure, leading to the formulation by myself
and P. Kiparsky of the siddha-principle. I won’t bother you with further
details on this intricate subject, but refer you to Vol. IV in the Astadhyayt
of Panini Series, 1995, Introduction, p. viii-xi, Here the new ideas on the
subject have been explained.

Katyayana, in the opening vartika of the Mahabhasya, says atha
sabdanusasanam ‘now starts the instruction in words.” But what are words?
Patanjali explains in his bhasya that words may belong to ordinary speech
or the Veda. They are laukika or vaidika. Examples for both categories are
quoted. Then he asks the question, in gauh what is the word ($abda)? The
answer is that from this word we understand an object with a dewlap, a
hump, hoofs and horns. Apparently, a word is that from which we under-
stand a meaning in the sense of a thing-meant.

Panini’s answer to the question what is a word is rather different and
rather more linguistically precise. First of all, for “word” he does not use
the word $abda, but he uses the term pada. Then he defines that term
as suptinantam ‘ending in a suP-suffix or in a tiN-suffix’ (P. 1.4.14). Thus
pada does not just mean “word”. It means a fully derived word according
to Paninian standards. Clearly here Panini does not enter into questions of
meaning, but talks in terms of word form categories. The suffixes mentioned
are listed by P 3.4.78 and P. 4.1.2. We further note that the endings called
tiN are excluded from the designation krt (P. 3.1.93).

The derivational process, prakriya, starts from a dhatu, a verbal base, a list
of which is provided in the dhatupatha. What comes next in the derivation
are suffixes (pratyayas), divided into krt and taddhita. The section dealing
with the addition of suffixes starts from P 3.1.92, dhatoh. This is the central
rule in the Astadhyayt for purposes of derivation. The order of dhatu and
pratyaya is fixed by P. 3.1.2, which says that a suffix is a following element.
The derivational base of a subanta pada is either a dhatu + a krt suffix, which
forms a nominal base, or a nominal base + a taddhita suffix, or a combina-
tion of nominal bases called samasa. All of these derivational nominal bases
are called pratipadika (P. 1.2.46). Thereafter a feminine suffix may be added
to indicate feminine gender, and the suP-suffix comes to take care of gender
other than the feminine and of number, and of case. The last two general
stages of the derivation are reserved for the application of sandhi-rules and
of accent-rules. We have to bear in mind that Sanskrit is a pitch-accented
language, although, unlike in the Vedas, accent in Sanskrit is not indicated.
Accent is treated by Panini in great detail; from P. 6.1.158 to 6.2.199, in
all 263 sutras, with two isolated rules at the end of pada 8.4. That is in
short how the derivation of a nominal form goes, the whole process being
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regulated by rules. As everybody knows, for some Sanskrit subanta words a
derivational base is not reasonably available. They are declared to be avyut-
panna ‘underivable,” or they may be still be derived with the help of an ad
hoc invented suffix.

One more point about prakriya which may be of interest to you being

computer-linguists. The Astadhyay1 is not just an analysis of what he calls
bhasa, and what was called Sanskrit later on. It is also a generative calculus,
which is actually the main thrust of the Astadhyayi. Whereas the type of
grammar developed in Greece and Rome is paradigmatic, the Astadhyaytis a
generative calculus known as prakriya for which BhattojT Diksita composed
the authoritative handbook known as the Siddhantakaumudi. Mastery of
Panini is shown in mastery of prakriya, and the rest is silence. The prakriya
evolves by means of rule operations in successive stages. This is strongly rem-
iniscent of a mathematical procedure known as algorithm. Here the answer
to a problem belonging to a class which has an infinite number of members is
produced in a finite number of steps. As you undoubtedly know, in principle
the calculus can be produced by a machine provided with a tape. That was
shown already in 1937 by Turing. Thus, I think, we may say that Panini
whom I date around 350 B.C. has intuitively used this idea of calculus.
What about case, one may ask. The technical term in the Astadhyay1 is
karaka, literally “one who or that which brings about”, introduced by P.
1.4.23. A satisfactory English translation is not found. Karaka is a syntac-
tic category, since it deals with the formal characteristics of word meaning
combination according to the speaker’s intention, whether in a word group
or in a sentence. Karaka is not a semantic category, nor a semantic-syntactic
category which merely confuses the issue. For an exhaustive discussion of
the grammatical points involved I may refer to the Karakahnika, published
by the University of Poona in 1975.
Finally, I want to say something very briefly about Panini’s idea of vakya.
The term is not defined in the Astadhyayi. Literally the term means “what
can be spoken”, in distinction from vacya. The term is used in the sense of
“utterance” whose end is marked by a pause (avasana, P 1.4.110), but also
in the sense of what we call a word group or sentence. Since Panini uses the
term vakyadeh ‘at the beginning of a vakya’ in P. 8.1.8, he must have had an
idea where the vakya starts. In fact, it starts after a pause in speech. That
is why Panini need not define vakya and that has saved him a lot of trouble.
The first attempts to formally define vakya stem from Katyayana. He has
provided two definitions in the vartikas. IX and X on P. 2.1.1.

September 24, 2008



Panini’s Grammar and Its Computerization: A
Construction Grammar Approach”

Jan E.M. Houben

Ecole Pratique des Hautes Etudes (SHP), Paris

Abstract. This article reviews the impact of modern theoretical views on
our understanding of the nature and purpose of the grammar of Panini
(ca. 350 BCE), and argues that new possibilities for progress open up for
our understanding of this ancient grammar by confronting it not with the
presuppositions of generative grammar as has been done — with undeniable
but limited theoretical profit -- in the last few decades, but with recently
developed theories of construction grammar and cognitive linguistics. This,
in turn, provides new perspectives on old problems in the study of Paninian
grammar, and especially on the challenge of its computerization. The
present article focuses on general technical aspects of Panini's grammar and
is the counterpart of a recent study on the earliest available elaborate theory
of Panini's grammar, the one formulated by the grammarian-philosopher
Bhartrhari (5th cent. CE).

Keywords: Panini's grammar, (transformative) generative grammar,
construction grammar, cognitive linguistics, computerization of Panini's
grammar, levels of representation in Panini's grammar, Dhatu-patha, lists of
roots.

1 Introduction

The history of grammatical thought in India can be estimated to be at least around
3000 years old, as we find hints to the analysis of verbal roots from various
linguistic forms, finite verbs and nominal forms, in the Atharva-veda, and
especially in the Brahmanas (Liebich 1919, Palsule 1960). These three millennia
of Indian grammatical thought have been dominated by Panini’s grammar for
more than two thirds of the time, since the date of its composition, ca. 350 B.C.E.!

Because of the limited time available for writing this article I have to refer to earlier
publications (Houben 1999, 2003, 2006, 2008a, 2008b) for the substantiation of some of
my points with detailed examples from the works of Panini and Paniniyas. A brief
discussion of Panini and his predecessors and successors, not only in their intellectual
but also in their social and cultural contexts, is given in Houben 1997.

Panini's ripya (A 5.2.120) refers to a type of coin which appeared in the Indian
subcontinent only from the 4™ century B.C.E. onwards: cf. von Hiniiber 1989: 34 and
Falk 1993: 304. The date of “ca. 350 B.C.E.” for Panini is thus based on concrete
evidence which till now has not been refuted.

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 6 20009.
© Springer-Verlag Berlin Heidelberg 2009



Panini’s Grammar and Its Computerization: A Construction Grammar Approach 7

As the earliest major grammatical description, Panini’s grammar is remarkably
extensive in covering its object, surprisingly efficient and brief in formulation and
presentation, and of impressive quality. Even then, it was marginally amended
and improved upon in a long tradition, and on a large scale it was recast and
abbreviated. While it never received a definitive replacement, numerous
alternative grammars have been composed which adopted a great number of the
techniques and materials of Panini’s grammar while modifying it — in the
respective authors’ view, improving on it — in other respects. The domination of
Panini’s grammar over the practice of Indian grammar and Sanskrit literature can
therefore be described as a kind of extended love-hate relationship.

The object of Panini's grammar is (a) the language of the Vedic texts and (b)
the current language of Panini’s time, which is very close to the "classical"
Sanskrit that got established in subsequent centuries. The sophisticated and highly
complex system of Panini's grammar consists of the following components : (i) an
inventory of phonemes in the form of fourteen formulas, the pratyahara-siitras;
(i1) the grammatical rules or sitras, in eight books, collectively the Astadhyay1
(A); (iii) lists of roots or dhatu-s divided in ten major groups, collectively called
the Dhatu-patha (DhP); (iv) a number of lists of forms that are not derivable from
roots, collectively the Ganapatha (GP); additional components that can be left out
of consideration in a brief overview are (v) the unadi-sitras referring to suffixes
that form nominal stems apart from the krz- and taddhita-formations that are
extensively discussed in the Astadhyayt; (vi) the phit-sitras on the accents of
derived forms; and (vii) the linganusasana giving lists and rules to determine the
gender of various words (according to A 1.2.53, knowledge of the gender of
words can be presupposed and need not be taught in the grammar).

Grammars which present themselves as independent, even when they use many
of the techniques and devices of Panini, normally concern Sanskrit but also Pali
or the closely related Prakrits.

A direct view on Panini’s grammar as composed and intended by the author
and as accepted by first-generation users in the author’s own time is impossible.
The cultural and technical conditions of the transmission of knowledge in the
Indian world — which, until several centuries after Panini, was initially dominated
by orality and later on by manuscript-literacy — allow us to achieve only a view
that is to an important extent mediated. Three major steps in this mediation over
many centuries can be distinguished, out of which the crucial importance of the
last two, b and c, has been almost entirely neglected. The first step is (a) the
interpretations and constructions of early grammarians whose work is sufficiently
transmitted and whose thought concerns more or less the entire grammar of
Panini: Patafijali, 2" cent. B.C.E., author of the Vyakarana-Mahabhasya;
Bhartrhari, 5" cent. C.E., author of the Mahabhasya-dipika and of the
Vakyapadiya, an investigation of theoretical and philosophical issues regarding
basic concepts in Panini’s grammar; Vamana and Jayaditya, 7" cent. C.E.,
(regarded as) joint authors of the Kasika; (b) the interpretations and constructions
of “later” grammarians who perceive the nature and role of Panini’s grammar in
specific ways in function of their study of the transmitted texts and in function of
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the cultural and sociolinguistic conditions of their own time — partly similar,
partly different from the conditions in Panini’s time; the view and constructions
of later grammarians are all the more important because we know that the oral
tradition knew important discontinuities at an early stage — referred to by the 5
century grammarian-philosopher Bhartrhari — and that the written transmission
depends on manuscripts whose physical lifespan is limited to around two to four
hundred years, and hence on regular copying; (c) the interpretations and
constructions of “western” scholars (and Indian scholars following the methods of
modern linguistics) of Panini’s grammar who perceive the nature and role of
Panini’s grammar in specific ways in function of their study of the available
transmitted texts and in function of the nature and roles of grammars in “western”
context, and of their own theoretical views on grammar and language — on the
nature of words, nouns, verbs and the sentence — whether implicitly accepted or
explicitly formulated. With regard to the highly sophisticated Indian sciences and
disciplines pertaining to language, it has been rightly pointed out that it is difficult
for modern scholars to detect and appreciate something in these linguistic works
if they do not have already discovered it by themselves (Staal 1988: 47).

It is with regard to step (c) in our mediated view on Panini’s grammar that the
presuppositions of construction grammar are of direct relevance. Construction
grammar, sometimes abbreviated as CxG, refers to a “family” of theories or
models of grammar that have started to attract wider attention especially since
around 2000, when theories of the “family” of Chomskian transformational
generative grammars were losing their attraction. Perhaps unexpectedly, the
presuppositions of construction grammar also have implications for steps (a) and
(b). Presuppositions of construction grammar overlap to a great extent with those
of cognitive linguistics. Cognitive linguists investigate basic psychological
mechanisms underlying all cognitive domains including the learning and use of
language, normally without postulating an identifiable structure given before
hand in language or in the language user as in Chomskian theory.

In several significant respects, a mediated view on Panini’s grammar in
the light of construction grammar turns out to be different from a view on
Panini’s grammar in the light of transformative generative grammar or of
generative grammar. Moreover, it opens new perspectives on the computerization
of this grammar. Because of the importance and authoritative status of Panini’s
grammar in Indian cultural and literary history the great challenge of
computerizing this grammar has attracted several scholars but till now no
comprehensive and convincing results can be cited.

One of the problems in our understanding of and dealing with Paninian
grammar is that it has come to us without a statement of underlying theoretical
views by the author himself. In the tradition of Paninian grammar we do have
quite elaborate theoretic and philosophical discussions of basic grammatical
concepts in the work of Bhartrhari, especially in his Vakyapadiya. Major
presuppositions of Bhartrhari, fortunately or unfortunately, do not match major
presuppositions of Chomskian transformative generative grammar or those of
generative grammar (Houben 2008b). Since our views on Panini’s grammar have
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been very much informed, explicitly or implicitly, by theories of generative
grammar it was till now not possible to see Bhartrhari as a thinker developing a
valid view on Panini’s grammar. Instead he has been regarded as someone
carrying his readers away from grammar to a peculiar, idiosyncratic philosophy
which does not fit very well in any of the traditional philosophical schools of
Bhartrhari’s time, and which is hardly relevant to modern linguistic concerns.

In a recent study (Houben 2008b), I confronted foundational assumptions of
cognitive linguistics with features of Bhartrhari’s theory of grammar and found,
surprisingly, that in this light Bhartrhari’s theoretical investigations are of direct
relevance to current linguistic concerns, and, moreover, that he develops a valid
and directly relevant theoretical perspective on Panini’s grammar, in spite of the
eight to nine centuries that intervene between him and Panini (which is at least 15
centuries less than those intervening between us and Panini). The present article
is a counter-part to this article on “Bhartrhari as a cognitive linguist” as it
explores the relevance of three foundational assumptions of construction
grammar (which, as said, partly overlap with presuppositions of cognitive
linguistics) for Panini’s grammar as known to us. To make this article comparable
and compatible with the Bhartrhari article I will refer to the same lists of
foundational assumptions, the list for construction grammar and the list for
cognitive linguistics, that were used in that article.

One major difference between the two articles is that in the case of Bhartrhari
and cognitive linguistics we can directly match (or contrast) theory and theory,
whereas in the case of Panini and construction grammar we have on the one
hand Panini’s full-fledged grammar and on the other hand the theories of
construction grammar which have been used with regard to problems of
language learning and language use but, to my knowledge, it has not yet led to
the formulation of a comprehensive grammar entirely on the basis of these
theories. In our present study we will therefore explore to what extent principles
of construction grammar can be assumed to be underlying the grammar of Panini
as we have it. It will force us to rethink certain views on Panini’s grammar that
have till now seemed entirely natural and indisputable. It will force us also to
rethink some of the currently indisputed choices to emphasize some of the
relevant ancient and pre-modern texts and to neglect others. It may provide new
perspectives on how Panini’s grammar originated and how it was used, which
also implies a new perspective on what deserves to be central and what
secondary in its computerization.

In recent years William Croft has argued in favour of what he calls Radical
Construction Grammar (e.g., Croft 2001, 2003, in prep.), in contradistinction to
conventional construction grammar, which he labels "vanilla construction
grammar". The aims of Croft include the comparison of constructions in
different languages, which is not relevant in the case of Panini’s sanskrit
grammar. According to Croft, three (Croft 2003) or four theses (Croft in prep.)
are accepted by conventional construction grammarians, whereas his own
Radical Construction Grammar accepts a few more theses which emphasize that
what the first theses describe as conventional construction grammar is “all that is
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universal in formal syntactic representation” (2003: 4). For the present purpose,
we can limit ourselves to Croft’s first four theses, supposed to be valid for most
theories of construction grammar:

)]

@)

3
“)

The basic unit of grammatical representation is a pairing of form and
meaning, where the form may range from the complex and schematic to
the atomic and substantive.

The basic units of grammatical representation are symbolic, that is, for a
grammatical unit there is no separation of (a) the form and (b) the
meaning or function of that form.

According to Croft's third thesis, the constructions of a language form a
structured inventory.

According to the fourth thesis which we find in Croft (in prep.), usage is
the basis of constructions.

For the sake of reference I will give here also the list of foundational assumptions
formulated by Adele E. Goldberg in 1996 which I used in the Bhartrhari article.
Although in the title of her article she speaks of “construction-based grammar”
the list is said to represent “widely shared foundational assumptions of cognitive
linguists.”

1.

Semantics is based on the speaker's construals of situations, not on
objective truth conditions (Langacker 1985, 1987, 1988; Fauconnier 1985;
Lakoff 1987; Talmy 1985).

Semantics and pragmatics form a continuum, and both play a role in
linguistic meaning. Linguistic meaning is part of our overall conceptual
system and not a separate modular component (Talmy 1978, 1985; Haiman
1980; Lakoff 1987; Langacker 1987)

Categorization does not typically involve necessary and sufficient
conditions, but rather central and extended senses (Rosch 1973; Rosch et al.
1976; Lakoff 1977, 1987; Haiman 1978; Fillmore 1982; Hopper and
Thompson 1984; Givén 1986; Brugman 1988; Taylor 1989; Corrigan et al.
1989)

The primary function of language is to convey meaning. Thus formal
distinctions are useful to the extent that they convey semantic or pragmatic
(including discourse) distinctions (Wierzbicka 1986, 1988; Lakoff 1987;
Langacker 1987; Haiman 1985; Croft 1991; Deane 1991)

Grammar does not involve any transformational component. Semantics is
associated directly with surface form.

Grammatical constructions, like traditional lexical items, are pairings of
form and meaning. They are taken to have a real cognitive status, and are
not epiphenomena based on the operation of generative rules or universal
principles (Fillmore et al. 1987; Lakoff 1987; Wierzbicka 1988; Goldberg
1995)

. Grammar consists of a structured inventory of form-meaning pairings:

phrasal grammatical constructions and lexical items (Fillmore and Kay
1993; Lakoff 1987; Langacker 1987; Wierzbicka 1988; Goldberg 1995).
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Foundational assumptions of construction grammar and of cognitive linguistics
are usually formulated in contradistinction to those of generative grammar or
transformative generative grammar. Panini’s grammar, however, does have parts
and aspects that are very well addressed in the light of generative grammar or
transformative generative grammar. Other basic and crucial aspects, however, are
destined to remain un-recognized and unexplored if the family of generative
grammars form our only theoretical frame of reference.

2 Construction Grammar and Paninian Grammar

According to Croft’s first thesis, “the basic unit of grammatical representation is a
pairing of form and meaning, where the form may range from the complex and
schematic to the atomic and substantive,” in other words, from phrase structures
and idioms to words and morphemes. This refers to the syntax — lexicon
continuum, which Goldberg addressed in foundational assumption no. 6
"Grammatical constructions, like traditional lexical terms, are pairings of word
and meaning." The result is that for construction grammarians the lexicon
becomes an inventory of lexical items in the classical sense as well as
constructions and even lexically unfilled constructional idioms. The counterpart
to this thesis is found in the family of generative grammars which typically
distinguish and separate different components in the grammar, mainly a lexicon,
or lists of lexical items, and an (autonomous) syntax, or a body of general rules.
Langacker (2000 : 2) refers to this as the Rule / List fallacy, which implies “the
spurious assumption that rules and lists are mutually exclusive.” According to
Langacker, this fallacy should be avoided by including in the grammar

both rules and instantiating expressions. This option allows any
valid generalizations to be captured (by means of rules), and while
the descriptions it affords may not be maximally economical, they
have to be preferred on grounds of psychological accuracy to the
extent that specific expressions do in fact become established as
well-rehearsed units. Such units are cognitive entities in their own
right whose existence is not reducible to that of the general patterns
they instantiate. (Langacker 2000 : 2)

In the practice of grammar, the separation of syntax and lexicon can therefore be
overcome either by setting up a lexicon that includes idioms, phrase structures,
etc., or by including lists of lexical items in the syntax. This is precisely the
situation we find in Panini’s grammar : the grammar contains numerous lists
integrated into the rules, and moreover a number of major lists in the form of
roots and nouns assorted in sophisticated ways.

To Langacker’s remarks we should add that the aim to have an accurate
description of psychological processes underlying the use of language is shared
with the generative grammars which claim that the division of grammar into
components reflects the human capacity for learning and using language. In
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classical transformational generative linguistics it is the syntax which forms the
core of a postulated universal Language Acquiring Device (LAD). This explains
the fascination of generative linguists with the syntactic rules as the central
component of grammar. As Kiparsky (2002: 1) observed :

Generative linguists for their part have marveled especially at its
ingenious technical devices [in use in the body of rules (JH)], and at
[the] intricate system of conventions governing rule application and
rule interaction that it presupposes, which seem to uncannily
anticipate ideas of modern linguistic theory (if only because many
of them were originally borrowed from Panini in the first place).

Of the theoretical aim of somehow capturing universal psycho-linguistic patterns
in the grammar there is no trace either in Panini’s grammar or in the theoretical
discussion of Bhartrhari. On the contrary, Bhartrhari argues that the divisions
accepted in grammar are for the sake of analysis and description only and have no
absolute status, and that, for instance, in the understanding of a sentence by a
language user there is no definitive status of the parts of a sentence, which each
individual may provisorily isolate in his own way:

artham kathar cit purusah kas cit sampratipadyate /

samsrsta va vibhakta va bheda vakyanibandhanah //

A person understands a meaning in one way or the other.
Whether combined or separated, parts are based on the sentence.
(Vakyapadiya 2.39)

With regard to the study of Panini’s grammar, however, there is a risk that the
perspective of generative linguistics leads not only to a fascination with the body
of rules but also to a neglect of other aspects of the grammar or to a tendency to
see the other components as both separable from and secondary to the body of
rules.

Conversely, the perspective of construction grammar invites us to re-valuate
the lists, especially the most sophisticated lists of assorted roots, the Dhatupatha,
in which we find stored much grammatical information on each root. The
postulation of a root as the element underlying numerous verbal and nominal
forms actually occurring in the language is in each case a grammatical
achievement. For the Dhatu-patha presupposed in his grammar, Panini was
indebted to generations of previous grammatical thinkers, from the time of the
Atharva-veda and Brahmanas onwards. The fact that the current Dhatupatha
contains dhatusitras, rules specifically applicable to a set of roots, and that
through their categorization and through markers in the form of accents and
labels in the form of phonemes a root evokes specific sets of rules in the body of
rules or AstadhyayTt suggests the validity of a view on the grammar of Panini that
is an inversion of the common view on this grammar (and an inversion of the
generative linguist’s view): the rules appear as an appendix to the lists of roots,
rather than the lists of roots being appendices to the body of rules. The
Astadhyayt and perhaps its predecessors thus appear as integrations of separate
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sets of rules, some of which concern specific sets of assorted roots (others being
concerned with sandhi-rules, etc.). Moreover, from the point of view of a
grammar user of Panini’s own time, the analysis of whose conditions has
remained surprisingly poor in the generative linguist’s framework, the selection
of a suitable root is normally the starting point of the synthetic part of his
consultation cycle.

According to Croft’s second thesis, “the basic units of grammatical
representation are symbolic, that is, for a grammatical unit there is no separation
of the form and the meaning or function of that form.” This amounts to an
entailment of Goldberg's foundational assumptions 4 and 6: grammatical
constructions do not have an independent formal status, nor do meaning and
function resort to a separate component of the grammar. In Croft's formulation
the thesis includes the acceptance of a continuity of semantics and, what Croft
calls, "conventional discourse or information structural properties" (2003: 3).
This is Goldberg's foundational assumption 2, the continuity of semantics and
pragmatics.

In this perspective it is “wrong” — or: it is a theoretical exercise more inspired
by modern theoretical concerns than by ancient practice or theory of grammar —
to postulate a level of “pure” semantics, and even more “wrong” to suggest that
this level of “pure” semantics is the starting point for uni-directional derivations
in Panini’s grammar. In an earlier article on “meaning statements in Panini’s
grammar” (Houben 1999) I discussed the views formulated in Kiparsky and Staal
(1969), Bronkhorst (1979), Joshi and Roodbergen (1975) and Kiparsky (1982)
according to which “semantics” or “meanings” form the starting point of the
derivation of words in Panini’s grammar. Also in his lectures on the architecture
of Panini’s grammar (Kiparsky 2002: 2-6), Kiparsky sticks to the postulation of a
first level of “semantic information” in Panini’s grammar. This is all the more
problematic as Kiparsky also postulates that “The grammar is a device that starts
from meaning information such as [5] and incrementally builds up a complete
interpreted sentence,” where [S5] refers to a case where, basically, karakas are
assigned on the basis of “semantic information.”

This is not that much different from Kiparsky and Staal (1969), except that in
this earlier article the formulation leans more to Chomskian generative
grammar. As I argued extensively in 1999, the view that Panini’s grammar is a
device “to encode a given meaning and to produce an expression” is untenable:
“how the semantic level can be placed at the basis and, as far as derivations are
concerned, at the beginning of the sophisticated grammar of Panini, while it is
admitted at the same time that this semantic level is very sketchy” (Houben
1999: 26-27). Criticizing the partly parallel view of Bronkhorst according to
which “meaning elements” are the input of Panini’s grammar I observed
similarly: “Just as a semantic level with sketchy representations of semantic
relations can hardly be accepted as forming the basis and starting point of
Panini’s grammar, in the same way the terms which Bronkhorst considers to be
Panini’s ‘semantic elements’ are too vague and insufficient to initiate the
procedures of Panini’s grammar and to direct them with precision to the desired
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utterances” (Houben 1999: 29). The appropriateness of my refusal to accept
“pure” meanings or ‘“pure semantics” as a significant level or stage in Panini’s
grammar, for which no direct traditional support exists, finds support in this
basic thesis of construction grammar: for a grammatical unit there is no
separation of (a) the form and (b) the meaning or function of that form.

If “pure” meanings or “pure semantics” are not the starting point of the
derivations in Panini’s grammar, then what is the starting point? As argued in
1999 and 2003, we have to understand the nature and purpose of Panini’s
grammar in its specific context which is quite different from that of modern
grammars. Strictly speaking it is not incorrect to say, with Kiparsky (2002) that
“Panini studied a single language”’; however, this statement is incomplete on a
vital point: Panini was definitely aware of various “substandard” forms of the
language, forms which from a modern perspective we would assign to an
altogether different language such as Prakrit. The system of Panini’s grammar
“clearly requires a user who wants to check and possibly improve a preliminary
statement” (Houben 2003: 161). The system implies the presence of a
knowledgeable user, a preliminary statement, and the application of first analytic
and next synthetic procedures to the words in it, with the user keeping in mind the
preliminary statement and its purport, and aiming at the best possible, sarni-skrta
form of his preliminary statement.

The concrete starting point for a derivation in the synthetic phase of the
consultation cycle of a user of grammar in Panini’s time will then never be “pure”
meaning or an autonomous level of semantic representations but the selection of a
root — for instance, bhii ‘to be’ — or a form from lists of underived stems,
pronominal forms, etc., in which form and meaning are inseparably integrated. In
the sociolinguistic context of Panini’s time we can suppose that the preliminary
statement of the user of the grammar contained not necessarily only “perfectly
formed” words but also substandard ones, for instance honti or bhonti instead of
bhavanti. The knowledge of the user of grammar in Panini’s time concerns not
only the basic outlines of the grammar and knowledge of the language aimed at,
but also substandard forms current in his time and area.

What does this mean for the four “levels of representation” in the derivation of
forms postulated by Kiparsky and Staal in 1969 and confirmed with minor
modifications by Kiparsky in 2002? Against the background of then current
generative grammar theories of “deep structure” in linguistic utterances, the
scheme of four levels of representation seemed attractive in 1969. An opposite
trend is visible in construction grammar, as testified for instance in Goldberg’s
fifth thesis: “Grammar does not involve any transformational component.
Semantics is associated directly with surface form.” With regard to the first part
of this statement, formulated explicitly in opposition to transformational
generative grammar: it became soon clear to scholars, how ever much they were
inspired by transformational generative linguistics, that the presence of syntactic
transformations (for instance, from passive to active constructions, etc.) cannot be
accepted for Panini’s system. The second part of Goldberg’s statement is what
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also appears to be the desired outcome of the present thesis of Croft: “no
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separation of the form and the meaning or function of that form.” Even a little
familiarity with Panini’s system, however, will make it clear that, how ever much
one may be inspired by construction grammar or cogntive linguistics, at least two
distinct levels of derivation are to be accepted: a level of morphological
representations (where we find roots, stems, suffixes) and a level of phonological
representations (with words in their final form after the application of all
substitution rules including those of sandhi).

Is any other level to be accepted? It turns out to be the case that no additional
level of representation is needed to account for Panini’s system. Above we have
already dispensed with a level of “pure” semantic representations, as its
postulation is untenable. In an earlier article (Houben 1999), when the potential
usefulness of construction grammar had not yet attracted my attention, I proposed
to replace Kiparsky’s (and Kiparsky’s and Staal’s) level of semantics with a level
of “semantics, pragmatics and intentionality,” and I emphasized its
unformalizable nature, which seems quite disastrous from the perspective of
generative linguistics, but which at the end only means that we need a
knowledgable user of the grammar, familiar with the language and basic outlines
of the grammar, and also a preliminary statement that is the starting point of the
consultation cycle. One more level remains in Kiparsky’s scheme, that of
“morphosyntactic representation,” earlier referred to as “abstract syntax (e.g.,
karakas)”. Even from Kiparsky’s own account, e.g. his recent one of 2002, it is
clear that this is in fact not an autonomous level of representation. I would now
like to propose that both this and the “level” of “semantics, pragmatics and
intentionality” are better regarded as domains of consultation, which allow the
user of the grammar to label the linguistic forms of his preliminary sentence
according to syntactically relevant categories of meaning or according to
semantically relevant generalizations of form (suffixes). The proof of the validity
of this scheme of the architecture of Panini’s grammar is provided by Kiparsky’s
own account of his four levels of representation (2002). Although, as we have
seen, according to his explicit statement, “The grammar is a device that starts
from meaning information ... and incrementally builds up a complete interpreted
sentence” (Kiparsky 2002: 4), Kiparsky defeats his own account by placing the
“output” of the correct sentence at the beginning. After giving his scheme of four
levels of representation under [1], his immediate next step is:

“Consider the sentence whose output (phonological) form is shown in [2]:

(2] vdnad gramam adydpétyaudand asvapaténapaci®
‘When Asvapata came from the forest to the village today, he cooked some rice.’ ”

It is difficult to find a better confirmation of my thesis (Houben 1999, 2003)
that not a semantic level but a preliminary utterance forms the starting point of a
derivation according to Panini. That the two “broad classes of rules” which
should “effect a mapping” between the first and second and the second and third

2 Kiparsky (2002 : 3) gives the last part of the sentence as : asvapaténdpdci, omitting the
application of A. 8.1.28 tin atinah.
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level do not concern an autonomous first and second level of representation is
moreover clear from the way these classes of rules are referred to in Kiparsky’s
scheme. The first class of rules would effect the “assignment of karakas and of
abstract tense”: but to what are these karakas and abstract tenses (lat, etc.)
assigned? Not to the semantic representations of level one, but to the words of the
preliminary utterance, in accordance with my thesis and as de facto demonstrated
by Kiparsky. Similarly, the “morphological spellout rules” which would effect a
mapping between the level of morphosyntactic representation and that of abstract
morphological representation is not sufficiently steered by the information
available on the first two level, without taking into account a preliminary
sentence, which is what Kiparsky actually does.

According to Croft's third thesis, “the constructions of a language form a
structured inventory.” This corresponds to Goldberg's foundational assumption 7:
“Grammar consists of a structured inventory of form-meaning pairings: phrasal
grammatical constructions and lexical items.”

The negative implication of this thesis is that it takes away the theoretical basis
for a grammar consisting in a pure and autonomous syntax to which lists of
lexical items are appended. It also takes away the theoretical basis for a structure
that is given before hand, whether in the Saussurean sense or in a more dynamic
Chomskian sense (cf. Kaldewaij 1986). Since in Panini’s grammar we have only
the grammar without direct statement of the underlying linguistic view, it is
difficult to confirm directly whether this thesis is congenial to Panini’s approach
or not. There is in any case no trace that a structure given before hand in language
was accepted by Panini or his predecessors. In the case of Bhartrhari's linguistic
views, however, it is clear that they leave no room for the presence of a "structure
given before hand" in Sanskrit, inspite of what one might expect on the basis of
the oft-cited words of Sir William Jones (1786): "The Sanskrit language,
whatever may be its antiquity, is of a wonderful structure."

The positive side of this thesis, as discussed by Croft, is that the inventory is
widely characterized as a network. But he adds that the nature and structure of
this network is a matter of debate, with as one of the parameters the extent to
which inheritance and usage play a role in the formation of this network. The
topic of “usage” appears again in the next thesis.

According to a further implication of this thesis, as it is the constructions that
are the primitive elements of syntactic representation, grammatical categories
such as “noun,” “verb,” etc., are derived from these. Bhartrhari must definitely
be counted among those who would agree to this. In book 2 of his Vakyapadiya,
verses 344-345, for instance, Bhartrhari refers positively to the view of another
authority, Audumbarayana, according to whom the division into four categories
of words disappears both in front of the mental nature of the sentence (the fact
that it is based in the mind) and in front of the purposeful employment of
language in daily life; both in the discipline of grammar and in daily life,
however, we speak about language in terms of divided words and categories of
words as this is convenient and widely applicable. This would further imply that,
“the only internal syntactic structure of constructions is their meronomic structure
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(i.e. the part-whole relation defined by an element's role in a construction), and
symbolic links to components of semantic structure” (Croft, in prep.). This is
again entirely congenial to Bhartrhari’s approach to language and grammar.

Would Panini accept this too? We do not have direct access to the way
grammatical concepts such as “noun” and ‘“verb” were in use in Panini’s own
time. Panini’s own purely formal definition of a word as sup-tiri-antam ‘“that
which ends in a -sup suffix or in a -tin suffix is a word,” and hence as divisible in
only two major categories, the noun and the verb, is in any case remarkable. If
Panini’s definition contrasted with the categories of “noun,” ‘“verb,” “adverb,”
“preposition” as we find them in the Nirukta — which is likely but difficult to
prove as the relative date of the Nirukta vis-a-vis Panini’s work is not established
— the latter were apparently relativized by the postulation of the pure technical
definition with only two major categories.

According to the fourth thesis, widely accepted by proponents of construction
grammar, usage is the basis of the constructions. This is part of a theory on how
people learn and use language, and it is the counterpart of theories that place
emphasis on inherited components of the language faculty.

Panini is not directly concerned with a theory of individual’s language use or
language acquisition. As grammarians, however — and not as specialists in
psycho-linguistics — the early Paninians such as Katyayana and Patafjali clearly
base themselves on attested usage which they aim to describe efficiently. It is
most likely that we can assume the same for Panini, his contemporary
grammarians and his predecessors. There is no trace that it ever was the aim of
Panini and early Paninians to describe a mental language capacity.

The contrast between two seventeenth century grammarians in the Paninian
tradition will in this respect appear in a different light (cf. Houben 2008a). One
among these two, Bhattoji Diksita, placed Panini and his two early successors,
Katyayana and Patafijali, on a level of absolute nominal and practical grammatical
authority. Although seemingly “saving” the three Paninian munis from distortions
by lesser grammarians who come later in the tradition, he in fact cuts himself off
from the Paninian “spirit” of usage based grammar. The other, Narayana Bhatta,
defended the authority of “non-Paninian” grammarians even if he himself follows
Panini’s system in great detail and adopted all his central techniques and devices.
Although seemingly giving a lower place to Panini it is precisely Narayana Bhatta
who preserves the Paninian “spirit” of usage based grammar. Practically all major
specialists of Paninian grammar, western and Indian, trace their teacher parentage
back to the school of Bhattoji Dikisita which found its fulfillment in the work of
NageSa Bhatta. Through a configuration of factors, Narayana’s work was
neglected even in his native area (in what is now Kerala), and his distinctive,
usage based perspective on Paninian grammar of a sanskrit tradition that can be
said to have been “living” at least up to seventeenth century Kerala, has been
largely neglected by modern scholars. In the light of the principles of construction
grammar it appears worthwhile to review the modern scholars’ automatic choice
of perspective on Paninian grammar.
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3 Computerizing Panini’s Grammar

In an important overview of modern Paninian Studies, namely George Cardona’s
Recent Research in Paninian Studies (1999), we read in the concluding section
that the author considers the "expanding use of technology in connection with
Indology and particularly the application of computer science methods to Panini"
a major research direction in Paninian Studies.

Indeed, in the last few decades publications on sanskrit grammar and on
sanskrit computational linguistics often express high expectations regarding a
"fruitful collaboration between traditional grammarians and engineers" in order to
contribute to the solution of "some of the problems of modern technology"
(Le Mée 1989: 114, approvingly cited in Cardona 1999: 272). This view?
harmonizes well with the view on grammar and its purposes dominant in modern
linguistics in the past two or three decades: the rules of a grammar should be able
"to generate the infinite number of sentences of the language" in such a way that
"any speaker, or even a machine, that followed the rules would produce sentences
of the language, and if the rules are complete, could produce the potentially
infinite number of its sentences" (Searle 2002: 33; cf. Chomsky 1965).

Panini’s grammar in which an intricate system of rules occupies a central
position has frequently been compared with a computer program. As systematic
collections of rules Panini’s grammar and a computer program can indeed be
compared, but how far can we really take this popular comparison? If the two are
so similar, transcribing the rules of Panini’s grammar intelligently into an XML-
language should yield us a rich computer program describing the sanskrit
language. Since at least twenty years there have been ideas to develop "programs
replicating Paninian prakriya" and programs that analyse "strings in terms of
Paninian rules” (cp. Cardona 1999 : 272f). In spite of several elaborate and
sophisticated attempts in this direction, it seems we are still far from a
comprehensive and convincing endresult. Why is it proving so difficult, for at
least some twenty years, to computerize Panini’s grammar?

Perhaps a major reason is that we are not clear on some crucial issues
regarding Panini’s grammar. In particular, it remains generally unclear for which
aim exactly Panini wrote his grammar and for which aim it was accepted and
transmitted by his public. The focus on Panini as an isolated genius has prevented
us from rigorously addressing the question: what is the nature of Panini’s
grammar and what were the aim and context of his grammar in his own time?

According to Cardona (1999: 201), the Astadhyayl "presents a synthetic
system, whereby affixes are introduced, under meaning and co-occurrence
conditions, to verbal and nominal bases, forming syntactic words (pada) that bear
particular semantic and syntactic relations with each other." Each part in this

3 While Cardona suggests here he supports the high expectations regarding a "fruitful
collaboration between traditional grammarians and engineers," he is elsewhere rightly
reticent in accepting detailed parallels between Panini and methods and approaches in
modern linguistics.
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statement is in itself correct, yet on its own the statement as a whole amounts to a
one-sided and incomplete, and in that sense also problematic view of Panini's
system. If the system is only synthetic, why would so much attention have been
paid to the finished utterances of Vedic texts* with all their grammatical
exceptions? If the system is synthetic, it must be the abstracted linguistic elements
(affixes, verbal and nominal bases) that form the starting point of the synthesis.
But then one finds that the system fails entirely in providing guidance to arrive at
an acceptable utterance. However, in the practice of modern, early and pre-
modern Paniniyas through the ages up to the present, no-one has ever produced a
correct form through Panini's system that was not already his starting point, or
among his starting options. Usually the correct form is put at the beginning after
which it is derived through the system. This is not what modern users of grammar
usually do with their grammars, if, for instance, they want to learn a language.
We can hence suspect that the aim of Panini’s grammar must have been
something else. As already indicated, it is therefore useful to see Panini’s
grammar not as “a device that starts from meaning information” nor to see it as a
synthetic system combining affixes and nominal and verbal bases, but as a system
that starts with a preliminary statement. The more comprehensive and more
realistic view of Panini's grammar as '"reconstitutive" rather than one-sidedly
"synthetic" gives an important place to unformalized and fundamentally
unformalizable domains, which need not be an unsurmountable problem for the
designer of a computer program if this is not thought of as a closed system but as
a program that interacts with a knowledgeable user who has a starting sentence to
be checked.

4 Conclusion and Prospects: The Dhatu-patha as a Central
Component of Panini’s Grammar

If the fascination with a closed system of rules, which has been more an ideal —
not only of modern scholars but also of Paniniyans admired by them such as
Bhattoji and Nagesa — than a reality in the case of Panini’s grammar, is given up,
the interface between the impressive collection of verbal roots together with all
the grammatical information it contains, and the collection of rules that are now
found together in the Astadhyayt can receive more attention. The derivation of a
word in a preliminary statement by any potential user of Panini’s grammar will
normally start with the selection of a root in the Dhatu-patha corresponding to a
selected problematic word in his statement. If the grammar user succeeds, he is

* We may accept, with Bronkhorst 1991: 81-87 and Kelly 1996: 105f (and see now also
Bronkhorst 2007), that the process of creating texts coming under Panini's category of
chandas was probably not yet entirely over in the times of Panini and the Buddha. But
compared to the Vedic texts which were ritually employed and transmitted in largely —
not yet entirely — fixed forms in Panini's time, linguistic creation in chandas must have
been marginal, so that the main referent of the term must still be regarded to be "the
(established) Vedic texts".
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immediately in possesion of crucial grammatical information on this root and is
steered on to the rules that can apply. If he does not succeed, he has to go on and
search in lists of underived stems, etc. These procedures have little interest from
the point of view of generative grammar, but they can be supported by the use of
digitital data bases and a consultation program designed by a skilled computer
programmer and specialists of Paninian grammar.

The Dhatu-patha has its own problems, for instance the fact that important
commentaries on it have not yet been satisfactorily edited. Moreover, in the
currently available one associated with Panini’s grammar we have not only
extensive sections which seem to have predated Panini but also later additions. In
general, it seems that new forms have been added over the centuries without
discarding outdated ones. Early Dhatu-pathas conserved in Tibetan and the
Dhatu-pathas of alternative grammars such as the Sarasvata grammar or the
Mugdhabodha, which are still in many respects “Paninian” even if they present
themselves as independent, are here of interest not only for the forms they contain
but also for those left out. This can help in tracing something of the linguistic
reality of two millennia of ‘living’ sanskrit in India, to which strict followers of
Bhattoji’s school have to remain blind.

The challenge of a computerized Paninian grammar together with theoretical
incentives derived from construction grammar may thus provide a new impetus to
the study of domains and aspects in the work of sanskrit grammarians, and finally
of the rich cultural tradition of sanskrit literature, that have been largely neglected
till now, among them the domain of the Dhatu-pathas that deserves to be taken up
at the point where Liebich and Palsule left it.
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2 Introduction

Though Sanskrit has a huge repository of texts as well as well discussed grammar
formalism, we still neither have a full fledged parser for Sanskrit based on this
formalism nor do we have any annotated text.

We propose here a tagging scheme for manual tagging of Sanskrit texts, based
on different grammatical relations that have been discussed by different schools
of $éabdabodha systems. We hope the tagging scheme proposed here serves as a
good starting point for manual annotation.

The process of Sabdabodha involves identifying the relations between differ-
ent words in a sentence. The traditional model of sentence analysis which is
mainly based on Paninian model provides us with various relations that are
mainly Syntactico-Semantic in nature. Tradition treats a sentence as a series of
modifier-modified relations(M.M.R.). Akarnksa (expectancy) plays a major role
in establishing these relations.

Sentence is a group of words that are bound together by akanksa. Sentences
are of two types: vakya (simple sentence) and maha-vakya (complex sentence).

Vakya is a group of words with one verb. Other words in the sentence satisfy
the akanksas (expectancies) of the main verb. These akanksas are called utthita
akanksa(Natural expectancies). The main verb is the mukhya visesya (head)
which is modified by other words (modifiers) in the sentence.

Maha vakya is a group of sentences which are inter-related and denote a
single meaning. Here the head of the main sentence is modified by the heads
of the other (subordinate) sentences. As such the relations between the main
verb of the main sentence and the main verbs in sub-ordinate sentences denote
the inter-sentential relations. The akanksa between the activities i.e. heads of
the sentences is not natural but are triggered by special words in the sentence
construction. These akanksas, therefore, are called utthapyakarnksa.

The relations, thus, are of two types: external relations - relations between
sentences and internal relations - relations between words within the sentences.

In what follows, we list different inter-sentential and intra-sentential rela-
tions. We indicate, wherever possible, the marker which helps in identifying these

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 26 2009.
© Springer-Verlag Berlin Heidelberg 2009
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relations, semantics associated with these relations, language conventions associ-
ated with them, if any, followed by the proposed tag' with an example sentence.

3 Proposed Tagset

3.1 Inter-sentential Relations

These relations are denoted by certain link words and non-finite verb forms. The
akanksa between two sentences is known only if the link words are present in the
sentence. All such relations are marked by (...) R where (...) denotes the part
of the sentence, R is the inter-sentential relation. The inter-sentential relations
may be further subclassified as

1. Relations denoted by non-finite verbs
2. Relations denoted by certain link words

Relations denoted by Non-finite verbs
1. qEHTATTH (purvakalimatvam)

lingam: ktva ending non-finite verb form

Meaning: ktva- ending verb form denotes the activity which preceeds an
activity denoted by the main verb.

Properties: The karta of the ktva ending verb is shared with that of the
main verb?.

Proposed tag: (...) ktva

Example: (YT79: g TieaT) ktva AT =3 fd) |

(ramah (dugdham pitva) ktva $alam gacchati).

2. WATTAH (purpose of the main activity)
lingam: tumun-ending nonfinite verb form
Meaning: The tumun-ending verb denotes the purpose of the main activity
Properties: The karta is shared in some cases. In some cases the karma or
sampradana of the main activity becomes the karta of the purpose activity.
proposed tag: (...) tumun
Example: (378 fafes (@mmeme afed) tumun faames m=arf) |
(aham pratidinam (yogasastram pathiturh) tumun vidyalayam gacchami).
(378 Wa= AF [& (ITHH) tumun ATEATH) |

(aham bhavantam mama grhe (bhoktum) tumun ahvayami).

! Though technically name of the relation should end in the bhava pratyaya ‘tva’ as in
‘kartrtva’, ‘karmatva’ etc., since we tag the words, we tag them as ‘karta’, ‘karma’,
etc.

Thus in the sentence
aH: Tﬁ‘ T=id | (ramah grharm gacchati),
rama has kartrtva of the kriya denoted by gam, but we tag it as
T karta & T=Fd | (ramah karta grhar gacchati).
2 H’H’Fﬁﬁ‘iﬁ!ﬂ': "@?Tlﬁ' 3.4.21, (samanakartrkayoh purvakale).
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3. FHHATAEH (Simultaneity)
lingam: Satr or sanac
Meaning: It denotes the activity occuring simultaneously with the main
verb
Properties: The karta is shared with the main activity
proposed tag: (...) Satr/(...) sanac
Example: (FTet@: (S f9a=) daty T=afq@) |
(balakah (jalam piban) Satr gacchati).
(FTA®: (IAT:) $anac EATT) |
(balakah (sayanah) $anac hasati).

4. ATEARITETHT (bhavalaksana saptami)

— FA=aTAITAR@ (Time of the completion of preceeding activity)
lingam: kta - ending in 7t" case
proposed tag: (...) ktar
Example: (X7 @ 3T kta; 9 fa=:) |

((rame vanam gate) kta; dasarathah khinnah).

— FHEATATAEEH (simultaneous events)
lingam: $atr or §anac - ending in 7" case
propsed tag: (...) Satry
Example: (777 a9 T=(q) Satr; HAT ATTLT) |

(rame vanam gacchati) $atry sita anusarati.

— "ﬁ'ﬂ?’ﬁ?ﬁ?{ (time of the main activity before the starting of the sub-
ordinate activity)
lingam: Irt + s’atr or §anac ending in 7" case
Proposed tag: (...) lrt-Satry

Example: ( Tﬁgq‘ra’qﬂwrg Irt-$atry IT:) |

((gosu dhoksyamanasu) Irt-Satr; gatah).

Relations denoted by words
1. HATAHTAEH (samanakalimatvam)

— lingam: yada - tada or yasmin kale - tasmin kale
yvada or yasmin kale in the subordinate sentence typically in the
beginning and tada or tasmin kale in the beginning of the main sentence
proposed tag: (...) yada,
Example: (8T AG: AT (TET q9: 9fA) yada) |
(tada mayturah nrtyati (yada meghah varsati) yada;)

— lingam: yada or yasmin kale
Only yada or yasmin kale is present, and tada or tasmin kale is absent.
proposed tag: (...) yadas
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Example: (FF¥: Jeafd (FT d9: Vi) yaday) |
(maytrah nrtyati (yada meghah varsati) yadas)

— lingam: tada or tasmin kale
Only tada or tasmin kale is present, and yada or yasmin kale is absent.
proposed tag: (...) tada
Example: (F=: aNfq (F&T AYL: A1) tada) |
(meghah varsati (tada mayturah nrtyati) tada)

2. gfq@=: (conditional relation)

— lingam: yadi - tarhi
‘yadi’ in the beginning of a subordinate sentence and ‘tarhi’ in the main
sentence;
proposed tag: (...) yadi;
Example: ((Ife @9 §=a9) yadi; af& 318§ waa: 89 A0T=a0H) |

((vadi tvam icchasi) yadi; tarhi aham bhavatah grham agacchami).

— lingam: yadi
Only yadi is used,
proposed tag: (...) yadia
Example: (¥gH WAty (Ffe war  oafad d@rena fa-
gTEAfa) yadis) |
(aham  agamisyami  (yadi  bhavan  apeksitah  saulabhyarh
vidhasyati) yadis).

— lingam: tarhi
Only ‘tarhi’ is used, and the word ‘yadi’ is missing. proposed tag
(...) tarhi
Example: (@H =59 (qf8 1§ Waq: TEH ANT=JH) tarhi) |

(tvam icchasi (tarhi aharh bhavatah grham agacchami) tarhi).

— lingam: cet
presence of the word ‘cet’ proposed tag: (...) cet
Example: (@9 $=3F Q) cet & ad: [&H ANT=ZIH) |

((tvam icchasi cet) cet aham bhavatah grham agacchami).

— lingam: tarhi eva
group the words from the beginning up to tarhi eva as one sentence,
and the rest as second sentence
proposed tag: (...) tarhi eva
Example: ((T9 §=a7 afg T) tarhi eva 318 Waq: TEH ANT=ZH) |

((tvam icchasi tarhi eva) tarhi eva aharh bhavatah grham agacchami)).

3. @S T &, dreomaTas T @rEieata: (Non productive effort

(or) product without cause)
— lingam: yadyapi — tathapi
proposed tag (...) yadyapi;
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Example: (UMM 31T g TATH Faa) yadyapi; T90(T TEET T
ST |
((yadyapi ayar bahu prayasam krtavan) yadyapi; tathapi pariksa tu
anuttirna)

lingam: yadyapi
Example: ((FFTT =T 95 419 &d:) yadyapi, TEET T STIT) |
((vadyapi anena bahu prayasah krtah) yadyapip pariksa tu anuttirna).

lingam: tathapi proposed tag (...) tathapi

Example: (37T TIT T FIT: (TITTT TIHTTERTT ASIGT) tathapi) |
(ayarh  tatha na kusalah (tathapi prathamapuraskaram labd-
havan) tathapi)

lingam: athapi or evamapi

proposed tag (...) athapi

Example: (TO&TATH TEH A0 (309rfa g forfasar) athapi) |
pariksayam aham anuttirnh (athapl punah likhisye) athapi)

4. EFEGHETT: (cause and effect)

— lingam: yatah-tatah or yasmat-tasmat

proposed tag (...) yatah;

Example: (I 31 7Y AOTA:) yatahl T : TIIILTAT ATTHT:) |
((yatah ayarh samaye nagatah) yatahl tatah pravesapariksiyam
nanumatah)

— lingam: yatah or yasmat

proposed tag (...) yatahs
Example: (TGOILIGTET ATGHT: 3T (Tq: 7Y A0TA:) yatahy) |

(pravesapariksayar nanumatah ayam (yatah samaye nagatah) yatahs)

— lingam: tatah or tasmat or atah

proposed tag () tatah ) )
Example: (37T 9T ANTA: (T 3T TLATAT ATTAT: ) tatah) |

(ayam samaye nagatah tatah ayam pariksayam nanumatah)

5. AT eaH (following action)

lingam: tatah or tatastatah or anantaram or atha
proposed tag: (...) atha
Example: (T¥AH T8 IUITH (309 @) atha) |

(prathamam aharh srnomi (atha likhami) atha)

6. 99IT: (conjunction)

lingam: api ca or kim ca

proposed tag (...) apica

Example: (Frerm 1 (31fa=r mmHT=) apica) |
(bhiksam ata (apica gamanaya) apica)
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7. FHTATTHSR TS (co-location)
— lingam: yatra - tatra or yasmin - tasmin
proposed tag: (...) yatraq
Example: (I 8] I99=) yatra; TH=T a= aqar:) |

((yatra naryastu plijyante) yatra; ramante tatra devatah)

— lingam: yatra or yasmin
proposed tag: (...) yatrag
(TET ge_Ta T (I AT f1f) yatrag) |

(aho brndavanam ramyam (yatra govardhano girih) yatrasg)

— lingam: tatra or tasmin
proposed tag: (...) tatra
Example: (T ®Te@T TIT TT9) tatra TMHEAHA AHd) |

((tatra snatva naro rajan) tatra gosahasraphalam labheta)

8. IAFTHeIH (non-fulfilment of expected activity)
lingam: kintu or parantu
proposed tag (...) kintu
Example: (TToi=g: @avaed® w0 q (=g Tshogrq T g&:) kintu) |

(gajendrah tivraprayatnam akarot (kintu nakragrahat na muktah) kintu)

4 Sentence Internal Relations

These are of two types

— related to the words denoting activity,
— related to other words

4.1 Relations Related to the Activity-Denoting Words

These relations are triggered by the vibhaktis. However one vibhakti may indi-
cate several relations. It is the context which indicates a particular relation. we
mark these relations by REL where REL stands for the relation label.

These relations are also of two types:

— karaka relations
— non-karaka relations

— karaka relations

e karta ki
karma ko
karana ks
sampradana k4
apadana ks
adhikarana k7
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These karaka relations may also be further classified as

° aﬁﬁ' (kartﬁ) (k‘l)

*

*

default (k1)

g ky T
devadattah ki pacati
L ky TSI

rathah k; gacchati

FIIET (experiencer(k;-e)
Example: 2T k;-e T9FTT |
ghato kj-e nasyati.

T k- ST |

putrah ki-e jayate.

q: ky-e @ AT |

sah kj-e sukham anubhavati.

I : (abstract) (ki-a )
Example: 3T ky-a ATTSSAT |
krodhah ki-a agacchati.

TATST&: (prayojakah) (k;-p)
: ky-p Farsrfasor arerafa
(devadattah ki-p visnpumitrena pacayati.

gATT: (prayojyah) (ki-j)
e fasyfasEr ky-j q=afa
devadattah visnumitrena ki-j pacayati.

Tege: (madhyasthah) (k1-m)
gET: I ky-m fasopfasor qreafa

devadattah (yajnadattena) k;1-m visnumitrena pacayati.

AR /ITTH: (cause for temptation) (ki-t)

Example: Hia: k-t T |
modakah k;-t rocate.

& (karma-kartr) (ki-ko)
Example: firera &rs: ki-ko il
bhidyate kasthah ki-ko svayameva.
T I : ky-ko FTIHT |

pacyate odanah kq-ko svayameva.

FI-Fq (karana-kartr) (ki-ks3)
Example: AT ky-ks fEi
asih ki-ks chinatti.
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TSI -FaT (sasthi karta) (K1-6)
Example: HTITAET k-6 ATATHH |

acaryasya k1-6 anusasanam.

o & (karma) (ko)

*

*

*

*

default (k2)

Example: I3 k2 ST |
Satrun ko jayati.

AT ey W |

odanam ko bhunkte.

IATIH (created) (kg-u)
Example: & ky-u T |

odanam ko-u pacati.

fa@T@H (raw meterial) (ko-v)
Example: ﬂ'ﬂ"ﬁ' ko-v 3;703?{ FIfT |

suvarnam ko-v kundalam karoti.

T -Far (prayojya-karta) (ko-j)
Example: T ky-j &TT 91931 |
balam ko-j ksiram payayati.

ATITL: (location) (ko-1)
Example: SHUSH k-1 3TTer9rer |

vaikuntham ko-1 adhisete.

Tur: (village, town, state, country etc) (ko-p)
Example: & ko-p it |

kurtin ks-p svapiti.

FTA: (time) (ka-t)
Example: HTHH ka-t AATET |
masam ko-t aste.

T (activity) (ke-a)
Example: TTETEH ko-a AT |
godoham ks-a aste.

ATT: (road measurment) (kg-m)
Example: ST ko-m 3T |

krosam ko-m aste.

HHEIQTH (recipient) (ko-ky)
Example: 99T 'b?,‘ ko-ky TSI |
pasuna rudram ko-k4 yajate.

33
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% FITHTH (not intended) (ko-an)
Example: U =81 EIUT ko-an PCRFFCF |

gramam gacchan trnam ks-an sprsati.

* FHRTITH (not expected) (kz-un)
Example: I IT ky-un &M 93¢ |
gopah gam ks-un dogdhi payah

* fa-ae (gati-karma) (k2-g)
Example: TH: UTH ko-g 1|‘®;|%| |
ramah gramam ko-g gacchati.

* UM (instruments of playing) (ka-k3)
Example: 3T&ITT ko-k3 Sreafa |
aksan ko-ks divyati.
Fgd ko-ks TSI |
kandukam ks-k3 kridati.

* I gfa &TT: (yam prati kopah) (ko-k)
Example: :3H ko-k sfiseafa |
kruram ko-k abhikrudhyati.

* - (in disrespect) (ko-d)
Example: T &&T U ka-d / T ko-d AT |
na tvam trnaya ko-d / trnam ko-d manye.

* TET-&H (sasthi-karma) (ko-6)
Example: IRTATH £2-6 ATIATHAH |
Sabdanam k,-6 anu$asanam.

o HTUH (instrument) (k3)

x default (ks3)

JIA: FEHAT ATAH IgTeI(d |

balah kuncikaya talam udghatayati.

* & (karma) (k3-k2) ’
Example: 99T k3-k2 ¥F IS |
pasuna ks-ko rudram yajate.

* TFCRTUE (money in bonded labour) (ks-m)
Example: I k3-m THChIOTI |

Satena ks-m parikrinati.
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o THIGTAH (recipient) (k4)

* HearAT: (recipient with ownership) (k4-0)
e FATEIVITT ky-o TT F&T(A |

devadattah brahmanaya k4-o gam dadati.

* TIT&AT (recipient without ownership) (k4)
TIE: THART kg-0 T TRTATT T |
devadattah rajakaya k4-o vastram praksalanaya dadati.

« FRaaT stfave: (intended to relate with activity) (ks-i)
example: Qe ky-1 AT |

patye k4-i Sete.

* FToIHT: (addressed through praise etc.) (ks-a)
example: FTT ky-a HTET |

krsnaya k4-a Slaghate.

* JAH: (a creditor) (ka-u)
example: TTEATT ky-u Tq LTI |

devadattaya ks4-u $atam dharayati.

* FAAH (desired) (ks-d)
Example: TS0T: ky-d TI&FTT |
puspebhyah k4-d sprhayati.

« I gfa &TT: T (point of anger) (ky-k)
Example: 8T ky-k ™ fa
haraye k4-k krudhyati.

s« TrFHETT: (location of desire) (kg-p)

Example: SF&ATT ky-p T HTEH: |
devadattaya k4-p rocate modakah

* e fawe: (enquiry about) (k4-e)

Example:- @I ky-e et |
krsnaya k4-e radhyati.

 TFCRTUE (money in bonded labour) (k4-b)
Example: S&: AT ky-b TFCEHI: |
devadattah $ataya k4-b parikritah

o YT-H (apadanam) (ks)
* default (point of departure/seperation) (ks)
T ks IO T |
vrksat ks parnam patati.
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* TT-Bq: (cause of fear) (ks-f)
Example: [g € EﬁTI'E[ ks-f faafa
grhasthah corat ks-f bibheti.

* AT - JTART (teacher) (ks-u)
Example: BT JITATAT ks-u 3T |
chatrah upadhyayat ks-u adhite.

* TEATA. T (point for obstruction) (ks-o)
Example: 9T ks-0 e qTLAT |
kiipat ks-o andham varayati.

* JET | TEIT ATYAH ¢ |: / AT (person intended not to be seen)
(ks-n)
Example: ATJ: ks-n e O R
matuh ks-n niliyate krsnah

* W&fe: (raw material) (ks-p)
Example: J&: ks-p g€ T |
mrdah ks-p ghatah jayate.

* I (place of first appearence) (ks-a)
Example: fgwaa: ks-a TTgT Tt |

himavatah ks-a ganga prabhavati.

* qUTST: (defeat from activity)?® (ks-d)
Example: 3TTFAT ks-d TSI |
adhyayanat ks-d parajayate.

o ATIHTUH (location) (kr)
* FTA: (time) (kr-t)
Example: AT k-t TT: SATHI |

tretayuge k7-t ramah asit.

* 92 dedah (place) (k7-p)
Example: T SATATATATH kr-p HATHIA |
ramah ayodhyayam k7-p asit.

« faw=: visayah (other than above) (k7-v)
Example: qrer ky-v =87 AT |

mokse k7-v iccha asti.

* FHIET QT (time duration) (k7-td)
Example: STE@: ks-a (A% 99=d) kr-td fazm: |

janavaritah ks-a (mal paryantam) k7-td viramah.

3 q¥TS: 7€ pargjeh asodhah 1.4.26.
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% IFALTA-RI: (place in between) (k7-pd)
Example: faeafad: ks-a Twgimiead=a ky-td ya=rt= af=T |
tirupatitah ks-a candragiriparyantam k7-td bhavanani santi.
— FAHRHEE: T Raar (Non karaka relations, but direct relations
with the activity)

o FFEITYAH (addressed) (radr)

Example: qT 19 radr ATH 3gT |
bho rama radr mam uddhara.

o JESIWTANY: (uncompounded negation) (rneg)
Example: TH: [§ T rneg 1<%, Sl

ramah grham na rneg gacchati.

o THIH (similarity) (rs)
Example: STETOTE 15 3T |

brahmanavat rs adhite.

o FET - sSTTe=aTrE® T (time duration between the repetition of the
same activity) (rtd)

Example: 37T &1 fEgamq rtd W=t |
adya bhuktva dinadvayat rtd bhokta.

e ATEA (purpose) (rtv)
Example: GTT: 30T rtv faermaar aafa |
chatrah adhyayanaya rtv vidyalaye vasati.
AT SHFUTH 1ty AT 7=
sa krayanaya rtv apanam gacchati.

e &q: (cause) (rhv)
Example: fa@mit eregg«= rhy faemeasr aafa

vidyarthi adhyayanena rhv vidyalaye vasati.

e JICAT (repitition) (rrpt)
Example: Ig=aeT ATHH qfager rrpt faafa

Sakuntala asrame prativrksam rrpt sincati.

o FRIT-TTEf AT (counting of repetition) (rerpt)
Example: aTe7e: 978 T99@TL rerpt I8 |
balakah patham pancavaram rcrpt pathati.

o FFATFASYURT (manner adverb) (rad)
Example: 86T ART A% rad T=d |

hastT marge mandam rad gacchati.
T2 I rad o149 |

mrgah (vegena) rad dhavati.
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o JT~I-THg: &lA: (complete relation with time) (rt2)
Example: aTedh: &gl ATHH 1t2 ST |
balakah gurukule masam rt2 adhitah

o ITq-AH g ANT: (complete relation with road) (rr2)
Example: 973 Eﬁl'-‘m:[ 12 A |
pathah krosam rr2 adhitah

o IT-HagG: &A: (FATSI:) TheA: (complete relation with time
with result) (rt3)
Example: aTeTa ATH 1t3 AqaTd: I |

balakena masena rt3 anuvakah adhitah.

o FT-TFaG: ANT: (FATS:) HhReA: (complete relation with road with
result) (rr3)
FTAGT KT 113 AT I |
balakena krosena rr3 anuvakah adhitah.

— Other Relations

e WET (sasthi relation) (r6)

(FTATIHRET) 16 T JIAT: Taf= |
adhyapakasya r6 pustakam chatrah pathanti.

o ATTRIEHT: HTYA (starting point of time) (rst5)
Example: ®TIAaT: rst5 ATARTIIT ATH |

kartikyah rstb agrahayani mase.

o TTRIQI: AT (starting point of place) (rsp5)
Example: fasafaa: rsps I=fTfe: e
tirupatitah rspb candragirih krose.

o &I (point of direction) (rd)
Example: T{&T gt rd faerraer l%?g’f[l
vrksam prati rd vidyotate vidyut.
T HETET 39T rd ST |
paksi bhavanasya upari rd dayate.
T Ut 9fd rd T4
ramah gramar prati rd 3T |

e @TEA (purpose) (rt)
Example: aTAHTA rta T&T& 10T |
balakaya rt pustakam krinati.

e &J: hetuh (rh) )
Example: FHHTT: FUS rh F€ HI( |
kumbhakarah dandena rh ghatam karoti.
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(associative) (ras)

(3T |%) ras faar m=gfaq

(putrena saha) ras pita gacchati.

fa=T (non-associative) (rnas)

(a¥or fG9T) rnas Stae ATRET |

(dharmena vina) rnas jivanam nasti.

o fae:

(comparison between two) (rv5)

HTYAT: TS gaana: 1vh AT T: |
mathurah pataliputrakebhyah rvh adhyatarah

39

o faTTRT (Isolating one from a group - in the superlative degree context)

(7 /

TET 07 FIT TEAT |

rn6).

gavam rn7 krsna bahuksira
Y 106 FT
gosu rn6 krsna bahuksira

Appendix

Inter Sentential

karakam
->| karta

Non-
karakam

|DirectRelationswilhthe| | Other Relations |
activity

[sambodhana | 4—

->| karanam

'P'sampradénaml | Similarity |<_
->| apadanam Time Duration
Between the
Repetition of the
Same Activity

[ ]
o e
[ o«

Starting point of the
time
01

i
Starting point of the|
lace

two activities

]

| Non-finite Verb Forms | |

‘Words |

—’I Point of direction

activi

_’tédart hya-Purpose

Associative

vina (Non
-Associative)

1

e 4]

Complete Relation|
with Road | €

(Complete Relation|

comparison
between two

>

nirdharana

4_

with time and
Road with result

(Isolating one
from a group)

Time of preceding
activity’s
L completion |

Time of the
activity performed

Simultanious
activit;

Conditional
relation

Non-productive
Effort

Cause and effect

Following action

simult aniously

Time fo activity
to be performed
after the main
activity

Fig. 1. Relations in anvaya-prakriya

i

In addtion to

same place

Non-fulfillment
of wished activity



Modelling the Grammatical Circle of the
Paninian System of Sanskrit Grammar

Anand Mishra

Department of Classical Indology
Ruprecht Karls University, Heidelberg, Germany
amishra@ix.urz.uni-heidelberg.de

Abstract. In the present article we briefly sketch an extended version
of our previously developed model for computer representation of the
Paninian system of Sanskrit grammar. We attempt to implement an
antecedent analytical phase using heuristical methods and improve the
subsequent phase of reconstitution using the rules of Astadhyayr by in-
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1 Introduction

In the following we propose a computer model for representing the grammatical
process of the Paninian system of Sanskrit grammar. In Sect. [2] we describe the
circular nature of this grammatical process. It consists of first an analysis of a
given linguistic expression into constituent elements and then its reconstitution
using a given set of rules. This process, thus starts with a provisional statement
and ends in a samskrta or perfected expression.

A brief summary of our model for implementing the latter step of reconstitu-
tion of linguistic expressions using the rules of Astadhyayi is presented in Sect. Bl
The implementation of the preceding analytical step is now being attempted. The
main approach here is to improvise heuristics to guess the constituent elements
of a given expression. This is outlined in Sect. @l The subsequent reconstitutive
step as specified by Astadhyayi is now proposed to include strategies for auto-
matic application of rules in Sect. fl The main program modules implementing
all this are mentioned in Sect. 6l

2 Circular Nature of the Grammatical Process

The Astadhyayr of Panini is a device to produce linguistic expressions using
its constituent elements. It prescribes a set of fundamental components which
constitute the language, characterizes them using a number of attributes and
specifies rules to form the final linguistic expressions. This process of constructing

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 40 2009.
© Springer-Verlag Berlin Heidelberg 2009
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linguistic expressions presupposes a process of analysis, as a result of which,
Paninﬂ had at his disposal fundamental components like bh1, titd etc.

The analytical process, beginning with the pada-patha of Vedic mantras is not
recorded in terms of rules of analysis. Thus, MADHAVA DESHAPANDE [3] notes
that Panini’s grammar “does not provide us with analytical tools to go from
texts to their interpretation, or from sentences to morphemes and phonemes. It
presupposes the results of an analytical phase of scholarship, but is itself not
representative of that analytical phase”.

The Astadhyayr records processes only of the second phase of a grammatical
circle that begins with a provisional expression which a speaker formulates to
express her/his intention (vivaksa) and culminates in formation of a samskrta
expression. The first phase, that of analysis of a sentence in one or more padas
(vakyavibhajyanvakhyana) and further a pada in its constituting components
i.e. prakrti and pratyaya etc. (padavibhajyanvakhyana), precedes the process of
synthesis

Thus, the grammatical process can be stated as consisting of the following
steps:

1. Collection of padas P; from a (provisional) sentence S;.

Si ={Pj} (1)

Decomposition of a pada P; into prakrti (root) R and pratyayas (affixes)
Al k.
P; ={R, A1k} (2)

2. Combination of the constituent components into padas and sentence.

{R,Ar.k} — P (3)
{Pi} — S; (4)

The above steps comprise a circular process of first decomposing a (provisional)
sentence into imaginamﬂ components and then reassembling these components
to form a samskrta expression.

Si — {Pj}1 — {R, A1} — {Pj}1 — 5] (5)

Thus, modelling the grammatical process involves modelling this circular process
of decomposition and then recombination, through which a provisional sentence
is transformed into a samskrta sentence

! Here, a reference to Panini includes his predecessor, contemporary and successor
grammarians as well.

2 The it - markers are represented in SMALL CAPS.

3 See BHATTACHARYA [I] Pp. 228.

4 See BHATTACHARYA [I] Pp. 229.

® See HOUBEN [7] Pp. 48.
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3 Representing the Grammatical Process of Astadhyayr

This section briefly summarizes the basic data structure for modelling the gram-
matical process of Astddhydyz’@

3.1 Fundamental Components

The building blocks of the language are collected and assigned a unique key in
our database. For example, the phoneme /a/ has the key a 0, the krt suffix /a/
has the key a 3 and the taddhita suffix /a/ is represented by the key a 4.

Definition 1. The collection of unique keys corresponding to the basic con-
stituents of the language, we define as the set F of fundamental components.

Remark 1. This set is further sub-divided in two disjoint sets consisting of the
set of keys corresponding to the phonemes (P) and the set containing the keys
of the rest of the constituting elements (M).

P={a0,i0,u0,...} (6)
M = {bhU a,tip 0,1aT O,...} (7
3.2 Attributes

The fundamental units of the language are given an identity by assigning a num-
ber of attributes to them. This includes the various technical terms introduced
in the grammar as also the it -markers and pratyaharas.

Definition 2. The collection of unique keys corresponding to the terms, which
characterize a fundamental component, we define as the set A of attributes.

Remark 2. Corresponding to the sets P and M we can decompose the set A into
two disjoint sets A, and A,, A being the set of unique keys of the attributes
to the elements of P and A, to elements of M.

A=A UA, (8)
Ay = {hrasva 0,udAtta 0,it O,...} 9)
A, = {dhAtu 0,pratyaya 0,zit 9,...} (10)

Remark 3. Any two of the four sets P, M, A., A, are mutually disjoint.

Given the mutually disjoint sets P, M and A, we represent a linguistic expres-
sion at any stage of its derivation through a language component, which is an
ordered collection of sound sets. We first define a sound set and then a language
component in terms of these sound sets.

5 For a detailed description, see MISHRA [9].
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3.3 Sound Set v

Definition 3. A sound set v is a collection of elements from sets P, M and A
having exactly one element from the set P.

wz{ﬂpaui7aj‘ﬂpep7u'i€M7aj€A7i7j20} (11)

3.4 Language Component A\

Definition 4. A language component X\ is an ordered collection of at least one
or more sound sets.

A= [Yo, Y1, %2, .. ] such that [|[A| >0 (12)

A language component X has as many sound sets 1;’s as there are phonemes in
that component. A sound set ¢ contains a number of fundamental components
and attributes. Those attributes which are common to a number of sound sets in
a language component, become the attributes of that chain of sound sets. This
chain could be a single phoneme, or a morpheme or more than one morphemes
and even more than one words.

The process of formation is represented through a process strip o, which is an
ordered collection of a pair having its first entry as a rule number and second
one to be a language component, which is achieved after application of this rule.

3.5 Process Strip o

Definition 5. A process strip o is an ordered collection of pairs, where the first
element of the pair is the number of a particular grammatical rule (e.g. rule,)
and the second element is a language component .

o = [(rulep, \p), (ruleg, Ag), . . .] (13)

There are two basic operations, attribute addition and augmentation which are
applied to a language component. All the operations in Astadhyayi e.g. substi-
tution, reduplication, accentuation etc. are implemented using a combination of
these two basic operations.

3.6 Attribute Addition
Let « C AU M and ¢ be a sound set. Then attribute addition is defined as

hay (¥, ) = Ua (14)

Remark 4. This operation can be applied to a number of sound sets given by
indices [¢,7 + 1,...,j] in a given language component A

ha>\()\7a7[i,...,j}): ['LZJl,...,'l/J,‘Ua,...,'l)/JjUO[7...7¢n] (15)
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3.7 Augmentation

Let

A= [wlv"'vwiﬂwi+17”~;¢n]
e = [V1ks Yok, V3ks - - - s Yrnik]

and ¢ be an integer index such that ¢ < ||A]|, then augmentation of A by A\ at
index 7 is defined as

hg<>\7 )\kvi) = [/(/)17 cee 7¢i,7ﬁ1k7¢2k;7f’3k; .. '7¢mk7¢i+17 e 7¢n] (16)

3.8 Substitution

We define substitution in terms of the above two operations.

Let [¢,i + 1,4 + 2,..., 7] be the indices of sound sets to be replaced in the
language component A\ = [¢1, ..., ¥, Vit1, ..., Yl

Let A\, = [¥1, Yok, Y3k, - - -, YUmk] be the replacement, then the substitution is
defined as

hs()‘v>\k7 [iv oo aJD = hg(ha)\<>‘7 {6}7 [ia cee 7j])7 )‘kuj) (17)

where § € A is the attribute which says that this sound set is no more active
and has been replaced by some other sound set.

A rule of grammar is represented through a function f,, which takes a process
strip o, and adds a new pair (ruleg, Aq) to it where rule, is the number of the
present rule, and A, is the new modified language component after application
of one or more of the two basic operations defined above on the input language
component \p.

fqlop) = o4 where (18)
op=1[..., (ruley, Ap)] (19)

g =1[..., (rulep, Ap), (Truleg, Ag)] (20)
(21)

Ay = has hg(Mp, ..

A typical formative process begins with a seed element (usually a verbal root
or nominal stem), and a chain of rules provided manually through a template is
applied. At the end, a samskrta expression is formed.

The system has been tested for different formative processes of Astadhyayr
and can be accessed online (http://sanskrit.sai.uni-heidelberg.de).

4 Heuristically Analyzing the Sanskrit Expressions

Astadhyayr provides us with a collection F of fundamental elements which is
a finite set, having limited entries. Using this set and another finite collection
of rules, a substantially bigger set of linguistic expressions can be formed. To
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specify this process, a number of meta-linguistic entities (collected in set A of
attributes) as well as conventions are used.

This process presupposes another process of looking for these fundamental
components in the expressions of the language. For example, by some process
of analysis, it is ascertained that with bhavati the elements like bhii or SaP or
tip are associated[] As mentioned earlier, there are no recorded rules for this
step. The question, which fundamental elements are associated with a particular
expression, can however be approached heuristicallyﬁ The problem can be stated
as follows:

Problem 1. Given a string S, search for the possible break-up tuples such that
each tuple contains only fundamental elements which could be later used as seeds
for reconstitution.

The above task is performed by an Analyzer (A) which aims at guessing the
possible fundamental components constituting a given sentence S. It does not
aim to ascertain the perfect break up in terms of fundamental constituents, but
only some of the possible components, which could function as seeds for the
subsequent step of reconstitution.

Example 1. We give an example first for a sub-problem, where our string S is
a pada. Given S = jayati, A(S) should fetch us at least a tuple consisting of at
least the verbal root ji and possibly the #N suffix 1P as well.

A(jayati) = [(i, tip, .. .), (e1,...), (e2,...),...] ~wheree; € F (22)

In fact, it gives a list of possible decomposition tuples.

4.1 Some Observations on the Process of Analysis

Before we describe our approach for developing heuristics towards analysing an
expression and give an example, we first mention a few observations as to the
nature of this problem.

On the surface, it seems to be searching for a needle in a hay stack, but a
closer look allows for such an adventure! For this purpose, certain features of the
grammatical corpus and processes of Astadhyayi can be made use of.

1. The set of fundamental elements F is finite. That means, we do not have to
search infinite elements.

2. The order of fundamental elements in a tuple is also not random. Thus,
(upasarga, dhatu, vikarana, pratyaya) is one such (partial) order.

" The examples here are at pada level and not at vakya level, although the unit of
analysis (as well as synthesis) is a sentence. This is because of simplicity and also it
does not amount to any loss of generality.

8 T am also working on the possibilities to incorporate some statistical methods, but
it is too early to report about it.
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3. Simultaneous presence of certain fundamental elements within a tuple is also
restricted. For example, while analysing a pada, both a #iN suffix as well as
a sUP suffix can not occur simultaneously.

4. Certain attributes of the fundamental elements, like avasana, sUP, #iN indi-
cate pada boundaries. This is helpful to identify more than one padas within
a character string.

5. A dictionary of possible surface forms (as keys) and corresponding original
elements (as values) provides a connection between phoneme chains on the
surface level to the fundamental elements, which may have contributed to it.
Here, a special sub-set is of those elements, like dhatus or #N suffixes which
are more abundantly present.

6. Consonants are less prone to phonetic changes.

7. The replacement rules (adesa-satras) can be reversed, and these reversed
rules can be used to gain the replaced element. Thus, for example, the re-
placement rule tha ah se (3.4.080)|9 replaces the whole of thas of a tit lakara
with se. So in case, se is identified, the reversal of this rule will be used to
check the possibility of thas here.

8. Reverse engineering of certain standard wvidhis, e.g. reduplication or satva
vidhi etc. brings us closer to the original element.

Finally it should be mentioned that it is for the teleological purpose of providing
seeds for the subsequent step of reconstitution, with which this phase is con-
cerned and not to provide a correct and complete decomposition of a sentence
or a word. In fact an imprecise break up of an incorrect pada can only possibly
lead to the samskrta form.

4.2 The General Process of Analysis

Given a character string, the general process of analysis involves in guessing its
possible break ups in terms of elements of the set F of fundamental constituents.
It comnsists of the following steps:

1. Take a possible break up of character string.

2. Try to find the corresponding elements associated with these sub-strings
using the dictionary which maps surface forms to fundamental elements.

3. Try to find the possible replaced elements using reverse replacement rules in
a given tuple of fundamental elements.

4. Check for Paninian consistency of this tuple.

5. If consistent, then add to the list of break up tuples.

6. Repeat the previous steps for a new initial break up.

We illustrate the above process through a couple of examples.

Ezxample 2. Consider pavete to be the input string. We first try to guess the
possible N suffix. For that, we look up in the the dictionary which maps surface
forms to fundamental elements for N suffixes. This dictionary looks like

{ti: [tip,...],tah: [tas,..],..., te: [atam,...],...}

9 Numbers in brackets refer to the rule number in Astadhyayi.
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We take only those break up strings which can possibly be associated to some
tiN element. Thus, the possible break up is restricted through the keys of the
dictionary of surface forms to fundamental elements. In this case, we break the
string as pave te and associate atam to te. We represent this as follows

[(pave)(te : atam)]

Next we look at the leading part (pave) of the provisional break up, which has
the possibility that it may contain the verb. Here we look first in the list of verbs
beginning with p. These are [pacl, pafA, ..., pusA, paN, paN, ...]. We now use
the rules for reverse replacement. This is guided by the standard replacement
series in verbs. One such series is 4 — 0 — av replacements. The character string
av motivates the reverse replacement, and applying this, we come from (pave)
to (pae). We associate now the verbs puN as well as paN to the sub-string pa.
We thus have,

[(pa : paN, paN)(e)(te : atam)]
We now collect the decomposition tuples. These are,
[(paN, atam), (paN, atam), . . .]

Now the Paninian consistency of the tuples are checked. In this case the tuples
are (dhatu, pratyaya) tuples. So the order of elements within a tuple is correct.
Moreover, within a tuple, there is no simultaneous presence of mutually exclusive
pairs of fundamental elements. For example, no sUP and #N suffixes are present
simultaneously. Thus, these two tuples are added to the list of other possible
break up tuples of fundamental elements.

L =...,(puN, atam), (paN, atam), . . .|

The process is repeated for other possible character break ups (as long as there is
such a possibility). The tuples are ranked according to the richness of information
they contain for the subsequent process of reconstitution. Thus, those tuples,
having a dhatu or pratipadika and a tiN or sUP suffix are ranked higher than
those having only a dhatu etc.

Ezample 3. Consider the case where the input string (for a pada) has four or
more consonants. We look for the possibility whether it is the case of reduplica-
tion, specially because of the suffix saN.

1. Look whether there is consonant s or s in the input string

2. Use the heuristics for deciding the #N endings for a pada (see previous
example) and check if s or s appear before these.

3. Get the part before s or s and check it with heuristics for reduplication.

Now the heuristics of reduplication is implemented taking care of the process
of reduplication in Astadhyayr. Thus, let us consider the case, where input has
three consonants.
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1. The probability of a root with two consonants is high.

2. Get the list of roots having the consonants as the last two consonants of
input. (Here, also the roots which undergo changes due to patva or satva
vidhi etc.)

3. Check if the first consonant of input could be a reduplicated consonant e.g.
pairs like j-g or c-k etc.

4. If the last consonant is r or [ then consider the possibility of 7 or [.

Consider now the input string: titiksate. The process of analysis is briefly sketched
below.

Consider a possible string break up: titik sa te

Check heuristics for N and assume that it returns (ta, atam...)

Split at s or g: titik sate

Send the first half before s or s to check for reduplication.

We have here three consonants: ¢ ¢t k

Search for the roots with consonants ¢ k (as also the possible variants ¢ j, ¢

g ete.). Tt returns roots like tikA, tigA, tijA, tujA, tujl ete.

7. Check the first consonant of the input, if it is according to the reduplication
rules.

8. Now reduce the choice further using other heuristics (e.g. looking at the
vowels between the two consonants of the root).

9. Thus, the output of this heuristics is: [(tikA, saN, ta), (tigA, saN, ta), (tijA,

saN, ta), ...]

S ot N

5 Forming Samskrta Expressions Using
the Rules of Astadhyay?

Given a break up tuple, the process of forming the samskrta expression(s) is
regulated by the rules of Astadhyayr. We developed a model for constituting
linguistic expressions beginning with seed elements and through manual pre-
scription of rule order using templates (see Sect. B)). We now propose to include
strategies for automatic application of rules.

5.1 An Extended Model for Forming Samskrta Expressions

This part of the grammatical process is being implemented in the Synthesizer
module, which takes as input a tuple of fundamental elements. This tuple is
gained by the preceding step of analysis. All the constituent elements for for-
mation of a particular expression are not provided in this input tuple, but only
the seed elements, e.g. verbal root or nominal stem and if possible #N or sUP
suffixes etc. This initial tuple contains partial information about the vivaksa or
intention of the speaker.

Further, the input tuple is consistent. Consistency means that it contains
only those elements which can occur simultaneously. Moreover, the ordering of
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these elements is according to the Paninian principles. For example, the element
corresponding to dhatu must precede the pratyaya or suffix element.

In the Synthesizer, the elements of this input tuple are taken as seeds and
a number of appropriate rules are applied with the goal of reproducing the
samskrta form of the original expression. For this purpose, the data structure
and corresponding operations are described in Sect. Bl The entire process is
simulated using the process strip. All the information which is required to assess
the conditions for application of a particular rule is stored in this process strip,
which stores not only the current stage of formation but also the previous stages.

The question, which rule must be applied next, was resolved thus far by
prescribing a template based approach in which the order of rules to be applied
was stated manually. We now propose strategies for automatic application of
rules. For this, we introduce stable and transitional X - states.

5.2 Stable and Transitional \ - States

At any stage of formation, the fundamental components together with their
attributes are represented in a language component A. Given such a language
component, we first try to bring it in a stable A - state by applying certain rules
which we call stabilizing rules.

The purpose of this step is to prepare the current A - state for assessing the
‘cause of application’ or nimitta of those transitional rules which bring about a
transition of A - state. We first specify what we mean by stabilizing and transi-
tional rules.

Stabilizing Rules. There are certain rules in Astadhyayt (specially most of the
definition rules), which need to be applied to a A - state in order to add more
grammatical information which is necessary for a progressive flow of the process
of formation of linguistic expressions.

For example, if a new element is introduced in the previous step, which con-
tains the phoneme /a/, then the application of rule vrddhiradaic (1.1.001) adds
the information that it also has the attribute vrddhi, which may be required for
subsequent application of other rules. Similar rules which bring about some kind
of attribute addition are what we call stabilizing rules[[

We collect these stabilizing rules seperately and define this set as follows:

Definition 6. The set of stabilizing rules R, 1is the set of those characterizing
rules in Astadhyayi, which fulfill the condition that the application of any rule
belonging to this set on a language component is not depended upon the results
of application of any other rule of this set.

For example, the characterizing rules vrddhiradaic (1.1.001) and adengunah
(1.1.002) belong to the set of stabilizing rules R;.

0 In fact many fundamental elements have certain attributes which are static, i.e. they
are always associated with that particular fundamental element. For example, with
the element /a/ the attribute aC (specifying that it is a vowel) is always attached.
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Having defined the set of stabilizing rules, we can now speak of a stabiliz-
ing process (—) which brings a language component A to a stable language
component X by applying the stabilizing rules from the rule set R;.

Ai — X (23)

Transitional Rules. Those rules which do not belong to the set of stabilizing
rules, we call transitional rules. The effect of the application of a particular rule
belonging to this set has a consequence for the application of some other rule
belonging to this same set. Barring those characterizing rules grouped under R,
all the other rules, we put in this group.

The process of transition of A\ - states caused by application of transitional
rules can now be considered as a transitional process (=).

N = )\Z'Jrl (24)

The General Formative Process. The general Paninian process of formation
of linguistic expressions can now be presented as an incremental increase of
process strip o through a transitional phase and then stabilization of the strip
through a stabilizing phase, whereby the two phases always alternate.

[.., ([rulep,], A\p — /\;)] = [..., ([rulep,], A;,), ([ruleq,], A\q — )\;)] (25)

5.3 Executing the Stabilizing Process

The stabilizing phase (A, — )\;) is executed every time by applying the rules
from the set R ;. This helps in characterizing the current situation of the language
component.

Example 4. For example, if a morpheme like $aP is added in the previous tran-
sitional phase, the following stabilizing phase adds the attributes like hrasva,
guna, sit, pit, sarvadhatuka etc. to the sound set corresponding to the phoneme
/a/ of SaP.

5.4 Executing the Transitional Process

Given a stable X - state within a process strip, the main challenge here is to decide
as to which rule should next be applied to proceed through the transitional
step. A correct and definite answer to this problem is the key for automatic
application of rules in the process of formation of linguistic expressions according
to Astadhyayi. The problem can be divided into two sub-steps.

1. What are the possible rules which could be applied?
2. Given more than one possibilities, how to choose the correct one?

Assessing a A - State. A sub-module Assessor assesses a given A - state and
gives a tuple of list of rules, which could be applied for a transitional process. This
tuple is then sent to ConflictResoluter, another sub-module, which evalutes
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the question of conflicting rules and fetches those options which may lead to
correct results. If there are more than one possibilities, then all are pursued in
a parallel manner.

The Assessor Module. There are two guiding principles here to decide which
rules can possibly now be applied:

1. Assessment of the intention (vivaksa) of the speaker.
2. Assessment of the thus far evolution of formative process, i.e. assessment of
the input process strip.

Assesing the Intention of the Speaker. One way to assess the intention of
the speaker is to provide a user interface at this level. But for now, we depend
on our heuristic analysis of the original provisional input by the speaker.

Example 5. If bhavati is what the speaker inputs and if our analysis provides us
with one such tuple like (bha, ¢iP) then we can guess some of the information as
to what she/he wants to convey. Thus, at some stage when the question arises
which #iN suffix is to be attached, then the entry in the input tuple can give us
the information.

Ezample 6. Given the initial tuple (tijA, saN, ta), and the situation that we
have just the dhatu in the stable A — state (\’), the question as to which way to
proceed could be answered by looking at the presence of saN.

Assesing the Stable A — state. The assessment of the stable A - states
in a process strip is based upon the observations as to what are the elements
which are currently present and what could be the next introduction (agama) or
substitution (adesa). Here, certain guidelines for the general flow of the formative
process are first taken into consideration.

For example, in the situation where only a dhatu is present and the input
tuple has a #N suffix, the general flow would be to apply rules for introduction
of lakara. If there is already a lakara and no tiN substitute, then rules for such
a substitution are applied.

The observations regarding the general order of introduction of fundamental
elements are stored in terms of defining a partial order of these elements. This
partial ordering aims to provide the answer to the question as to which element
should next be introduced.

Certain morphemes give rise to a scope of applying certain rules once they
are introduced. This observation is collected in the form of a special dictionary,
where the possible rules, which could subsequently be applied, are listed. For
example [IT, saN etc. trigger reduplication, and so the rules which bring about
reduplication are listed with these morphemes.

Conflict Resolution. The successive filtering of possible candidates should
normally provide a definite answer to the question of rule application. But in
some cases, there are conflicting claims. Here we follow the solutions according
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to the principles laid down by JOSHI-ROODBERGEN [5]. One such principle for
a ‘one-way conflict’ is that in case of rules not belonging to asiddhakanda, “that
rule is to be applied first, which destroys the nimitta of the other rule, or which
changes the phonetic form to which the other rule was to become applicable”

The ConflictResoluter Module. The conflict resolution algorithms are im-
plemented in the module ConflictResoluter which gets as input, the process
strip together with a tuple of list of conflicting rules. It checks the applicability
of these rules and returns the one which should be applied. We briefly show its
functioning by way of one example.

Ezxample 7. Consider the reconstitutive process of dudyusati and let the process
strip correspond to the stag

op = dit+ saN + SaP + tiP

At this stage, the Assessor proposes two possibilities ([6.1.009], [6.1.077]). The
first one is the rule san yan oh (6.1.009) which calls for reduplication and the
second one is the rule ikah yan aci (6.1.077) which prescribes substitution of
yaN respectively in place of {K. The ConflictResoluter now checks as follows:

1. Take the process strip o, and apply san yan oh (6.1.009). This means
applying the process of reduplication. This gives the extended process strip
with the new X - state as

oq = di+ dii+ saN + SaP + tip

2. Now this new A - state is stabilized and then checked using Assessor if the
conflicting rule (6.1.077) is still applicable. This is the case here. So, the
application of this rule neither changes the nimitta of the conflicting rule
nor does it bring about any change in the phonetic form of the elements to
which the other rule is to be applied.

3. The other rule ikah yan aci (6.1.077) is now applied to the process strip
op. This gives the result

o4 = dya + saN + SaP + tip

4. The resulting new A - state is assessed and it shows that the phonetic form
of the element to which the other rule is to be applied has been changed.

5. This results in selection of the rule ikah yan aci (6.1.077) for application
at this stage, because both the rules do not belong to the range of rules of
astddhakanda.

Similarly, other principles of conflict resolution are implemented. We enunciate
below the general architecture of the computer implementation of the modelling
process. At the moment, the modules are in the programming phase and testing
of a wider range of examples are needed before the system could be put to use.

"1 Josu1-ROODBERGEN [6] Pp. X.

12 The process strip actually is a complex data structure which is expressed in terms
of language components, which in turn is a list of sound sets (see Sect. [3), but for
the sake of simplicity, we write it here in this form.
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6 Computer Implementation of the Model

The entire process is divided into four main modules besides a specially designed
Database of the fundamental components F and attributes A of Paninian Gram-
mar. These four main modules are:

1. Input

2. Analyzer

3. Synthesizer
4. Output

Each of them contain a number of other sub-modules. We sketch briefly the main
ones below.

6.1 Database

Besides having a repository of the fundamental components F and attributes
A in Astadhyayt, there are a few special dictionaries and lists of elements and
attributes serving specific purposes. It includes

1. A dictionary which maps surface forms to fundamental elements, which is
used by the Analyzer module. It looks like:

{ti: [tiP,...], tah: [tas,...],..., te: [atam,...],...}

2. A set of pairs whose elements exclude each other within an analysis tuple.
E.g. {(sup, tiN), (IAT, IAN), ...}

3. A list of acceptable partial orders within an analysis tuple. E.g. [(upasarga,
dhatu, vikarana, pratyaya), (dhatu, saN, vikarana), .. .]

4. A dictionary, used by Assessor, of fundamental elements as keys and list of
rules which are possibly applied when this element is introduced as values.

5. A number of special subsets of the set of fundamental elements or attributes
for the sake of identification of respective elements. For example, the set of
phoneme attributes, or the set of morpheme attributes etc.

6.2 Input

This module, as the name suggests, takes care of the user interface for enter-
ing a provisional sentence S. After an initial processing, e.g. checking the non-
occurence of phonemes not belonging to the language, the input is passed to the
Analyzer.

6.3 Analyzer (See Sec. M)

Given a sentence S, the Analyzer aims at guessing the possible fundamental
components constituting it. The Analyzer functions heuristically and suggests
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first a number of possible break ups. These possibilities are then ranked based
upon certain constraints and provide seeds for Synthesizer.

Thus, given a string .S, the Analyzer (A) produces a ranked list D of possible
decompositions, represented as tuples containing the fundamental components
constituting S.

A(S) =D = [(61762,...),(637...),(64,...),...] Where (24 EF (26)

6.4 Synthesizer (See Sec. [B])

Given an analysis tuple ¢t = (e, €9, €3, . ..), the Synthesizer (Z) now applies a
series of rules from Astadhyayz, which are collected in a rule set R, and produces
the final expression S’.

Z((e1,e2,€3,...)) =S’ where e; € F (27)

For the purpose of assessing a given stage during the process of formation, it
uses the Assessor module, which outputs a tuple of lists of rules which could
be applied at that stage. In case of a conflict of rules, the ConflictResoluter
module tries to resolve the clash. Otherwise all the possibilities are checked in a
parallel manner.

6.5 Output

This module outputs the reconstituted sentence S’ as well as the original provi-
sional sentence S. It also provides a step-by-step process of constitution of the
final expression beginning with its elemental parts and grammatical information
gathered during the course of formation.
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Abstract. Panini’s Astadhyayr consists of sutras that capture funda-
mentals of Sanskrit language and define its structure in terms of phonol-
ogy, morphology and syntax. The Astadhyayt can be thought of as an
automaton to generate words and sentences. In object oriented program-
ming terms, prescribing stuitras are objects having its transformation rule
as its method. The meta rules or paribhasa stutras and paribhasa vartikas
define the flow of the program. During application of sutras, conflicts may
arise among two or more competing sutras. In this paper, computational
structure of the Astadhyayi, sutra objects observing the environment,
tree representation of sutras and mathematical representation of conflict
resolution techniques are presented.

Keywords: Panini, Astadhyayi, Sanskrit, Vyakarana, Sutra, Computer
Modelling, Conflict Resolution, Object Oriented Programming, Mathe-
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1 Introduction

The Astadhyayil] ($abdanusasanam) deals with the generation of words and
sentences of Sanskrit Language and also provides a base for the analysis of
the same in general. Its algebraic nature and comprehensiveness illustrate that
its structure can be described as a machine generating words and sentences of
Sanskrit.

The Astadhyayi]9] consists of around 4000 stitras that describe the fundamen-
tals of Sanskrit language in terms of phonology, morphology and syntax. The
structure consists of definitions, rules, and meta-rules that are context-sensitive
and operate in sequence or recursively[6].

Generally these rules are classified into three groups:

1. Rules of definition and meta-rules (samjna and paribhasha)
2. Rules of affixation of roots (dhatu and pratipadika) and
3. Rules of transformation for stems and the suffixes.

The computer programs have exactly the same features of context-sensitive
rules, recursion and sequential rule application[7]. Prescribing stitras are context-
sensitive rules, paribhasas define the flow and hence the astadhyay: can be
thought of as an automaton that generates Sanskrit words and sentences.

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 56-65] 2009.
© Springer-Verlag Berlin Heidelberg 2009
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2 Computational Structure of the Astadhyayr

The Astadhyayr consists of sutras that are organized in a systematic and math-
ematical manner. The application of sutras follows a systematic procedure in
deriving the final form of words from roots and affixes. In object oriented
programming][8], objects have state and behaviour as two characteristics. State is
the data part and behaviour is the method or function. Here, stitra as an object
will be observing the state of environment and applies as its transformation rule
if the condition satisfies. Thus, object oriented programming suits best to model
the astadhyayt.

2.1 Classification and Representation of Sutras
Traditionally the stutras in the Astadhyayr are classified into 6 groups
1. samyna sutras: assign samjna-s or labels.
2. paribhasa sutras: meta-rules for interpretion and application of sttras.
3. vidhi satras: prescribing rules for adesa(substitution/deletion) and
agama(insertion).
4. niyama sutras: conditioning rules that confines vidhi sttra with some addi-
tional conditions.
5. atidesa sutras: extension rules to extend the existing rules in another sce-
nario.
6. adhikara sutras: governing rules adopted for division of contents and gives
meaning to the successive sttras.

For our convenience these stuitras can be grouped as follows.

1. Meta rules or helping rules (2 & 6 above)
2. Prescribing rules (1,3,4 & 5 above)

paribhasa and adhikara stutras are meta rules. Paribhasa sttras are utilized to
intrepret the sttras and adhikara sttras are meant to define the boundary of a
particular topic domain. Rest are prescribing rules that define transformation
functions. The meta rules help in interpretation[d] and application of rules. This
will be discussed in detail in the conflict resolution section.

The prescribing rules can be grouped under each nested topic (ekavakya).
Each nested group can be represented as a tree of sutra objects. utsarga or
general stitra will be root node and apavada (exception) stutras will be the child
nodes. The stutras that are having different conditions under the same topic
will be the sister nodes. During the application of stuitras a single tree traversal
algorithm can be used to determine the stitra that is to be applied. It has to be
seen whether this process of tree building can be automated.

The following examples will explain the nature of representation.

Example 1: The Figure [Il shows representation of mutually exclusive guru and
laghu samjnas.

Y samjnia ca paribhasa ca vidhir niyama eva ca
atidesodhikarasca sadvidham sutralaksanam.
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Fig. 1. Tree representation for guru and laghu samjna rules

1. hrashvam laghu 1.4.10
2. samyoge guru 1.4.11
3. dhirgham ca 1.4.12

Example 2: At various different places the it samjrnia is used. The Figure[2 shows
its definition.

1. upadeSe ajanunasika it 1.3.2
halantyam 1.8.3

na vibhaktau tusmah 1.3.4
adih nitudavah 1.3.5

sah pratyayasya 1.3.6

cutu 1.3.7

lasakvataddhite 1.5.8

Fig. 2. Tree representation for it samjna rules

NSO N

Example 3: The Figure [B] shows the representation of the sandhi sttras. The
sutra 2, 3, 4 & 6 are sister nodes as their conditions for applying or domain are
different. The stutra 12 is apavada to both sutra 2 and stutra 6. There may be
many such cases in whole of the astadhyays.

samhitayam 6.1.72

tko yanact 6.1.77
ecoyavayavah 6.1.78

vanto yi pratyaye 6.1.79
dhatostannimittasaiva 6.1.80
adgunah 6.1.87

vrddhireci 6.1.88
etyedhatyuthsu 6.1.89

ent pararupam 6.1.94

10. omangosca 6.1.95

11. ato gune 6.1.97

12. akah savarne dirghah 6.1.101
13. prathamayoh purvasavarnah 6.1.102

© XN O =
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Fig. 3. Tree representation for ac sandhi rules

2.2 Computational Structure

The root nodes will be observing the environment (subject). All the nodes that
find the condition send a request for their application. After getting requests,
conflict resolver adopts the resolution techiques and selects only one node among
them for application. Then the tree with that as root node will be traversed to
find the exact sutra for application. The stutra object contains all the information
about the sutra. The sutra will be applied to update the environment. The
Figure M represents the overall structure of the astadhyay1.

The output states and other sutras are siddha (visible) to all the sutras of the
astadhyayr except where it is explicitly mentioned as asiddha (invisible). There
are three places where the asiddhatva is explicitly mentioned.

1. Asiddhavadatrabhat 6.4.22
2. Satvatukorasiddhah 6.1.86
3. Purvatrasiddham 8.2.1

In general, whenever conditions for a sutra are satisfied, that stutra will be ap-
plied. Only one stutra will be applied at a time. In other words no two sutras
can be applied simultaneously. However, the stutras of asidhavat prakarana that
are all having the same condition, can be thought of as applied simultaneously.
The sutras in the last three padas, that is, tripadi need to be applied in the
sequential order. The Figure [l explains this model.

In Figured the siddha block contains the stutras of sapadasaptadhyayt minus
the asiddhavat prakarana sutras (6.4.22 to 6.4.175). The asiddhavat block con-
tains the sutras of asiddhavat prakarana. The asiddha block contains the tripadi
stutras. The ovals A and B represent the output states and the C represents the
output of the system (final state). The small circles represent sutra group that
takes the input state and changes the state. There will be a state transition
function defined for each sutra object. While in a particular state, if the condi-
tions for root sutra are satisfied, then complete tree with this as a root node is
traversed in order to find out which stutra within this tree is to be applied, ac-
cordingly it transforms the state by invoking the function defined for that sttra.
In the siddha block, all the states are visible and can be input state to any sutra
in the same block.
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”/Asiddhavat\\\

Q Root Level Nodes observing the Environment

A, B Environment
C Output

Fig. 4. Computational Structure of the Astadhyayr

While in the siddha blok, if conditions of any of the sutras in the asiddha-
vat block are met, initially, state B is same as state A. The sutras here in
the asiddhavat block take both A and B as input, and transforms only B. So,
all other stutras check for their condition in state A and operates on B. When
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there are no more conditions for the sutras in this block, the state A is made
same as state B.

When there are no more conditions for stutras in the siddha block or in the asid-
dhavat block then the state is sequentially updated by the stitras in asiddha block
that are applicable in that particular state and the final output state will be C.

There is a need to develop techniques that make the explanation of the
computational structure of the astadhyayr easier. The techniques of represent-
ing and manipulating knowledge should be developed and create computing
algorithms that have computational abilities.

Example 1. When the state A is wvana + fa(case 3,num 1)], the sttra ta
nasinasam inatsyah (7.1.12) in the siddha block finds its condition. After its
invocation A is changed to vana + ina. Then the sttra ad gunah (6.1.87) in the
siddha block finds its condition and gets invoked. A now becomes vanena. No
other sttra finds the condition, hence A is passed to C. Now C has the final
form vanena.

Example 2. When the state in A is Sas + hi sutras in the Asiddhavat block
find the condition. Initially, state B will be same as state A. Now the sutra $a
hau (6.4.35) is invoked and then B is changed to sa + hi. The sutra hughalbhyo
herdhih (6.4.101) also finds the condition in A and is invoked. B is now changed
to sa + dhi. No more sttras finds the condition, so A is made same as B. None
of the sutras either in siddha block or the asiddha block find the condition in A.
Hence A is passed to C without any tranformation giving the final word [$adhi.

Example 3. When the state A is dvau + atra. The sttra ecoyavayavah
(6.1.78) finds the condition. This sutra is now applied, A is changed to dvav +
atra. No sutra in the siddha block or the asiddhavat block finds condition in A.
The sttra lopah Sakalyasya (8.3.19) in the asiddha block finds the condition.
After its invocation it is changed to dva + atra. This state is not visible to the
sutras either in the siddha block or in the asiddhavat block. Even though there
is condition for akah savarne dirghah (6.1.101) in the siddha block, this state is
not visible to this stitra. Hence this stutra cannot be applied. The stitras that
are following the sttra lopah Sakalyasya(8.3.19) have visibility of this state but
do not find condition. Hence none of the sutras are applied, yielding the final
form as dva atra.

The asiddhatva is the base for the above shown computational structure of the

astadhyayt. This whole structure developed on the basis of Siddha-asiddha prin-
ciple resolves many conflicts in the whole application.

3 Techniques for Conflict Resolution

In general, it can be thought of, as all the stutras will be observing the changes in
a given state (prakriya) and wherever they find their condition (nimitta), they
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would come forward to apply their function - karya on that state, as a result the
state would get modified. However there are possibilities of conflict that arise
between many stitras in this process, as many of them may find condition in a
particular state and all of them would try to apply. At any point of time only
one modification is possible in the given state. Sometimes all the stitras may be
applied in a particular order or one is applied and others are rejected. Due to
this, complexity of the program will not only increase, but also results into a
paradoxical situation.

There are different paribhasa sutras, paribhasa vartikas to resolve these con-
flicts. Considering only the astadhyayi stutras it may not be possible to resolve
conflicts under all circumstances, hence vartikas also should be taken into ac-
count in conflict resolution. We are trying to represent conflict resolution tech-
niques mathematically, that can be directly adopted in a computer program.

3.1 Conflict Resolution through Sitras

There are only few stuitras that directly prescribe the flow or resolve conflict.

3.1.1 Vipratisedhe param karyam

1.4.2 This sutra says when there is conflict then para (the later one in a sequential
order) stitra is to be applied. According to Patanjali’s interpretation para means
ista[2] and not the later one in the siitra order. There is another controversy
among traditional and modern Grammarians in interpretation of this stutra. The
traditional view is that this stitra is globally applicable across the astadhyayi.
The modern thinking is that this stutra is locally applicable to the ekasamjna
domain which runs through 2.2.38. This needs to be looked into greater detail
to see the cases on which they have taken their stands.

3.1.2 Siddha and Asiddha
All the stutras are treated as siddha (visible) to each other unless specified ex-
plicitly as asiddha (invisible) in the stitras [

There are two view points on asiddha concept namely Sastrasiddha and
Karyasiddha. If a sutra is Sastrasiddha, if sutra itself is invisible to another
sttra, and it is Karyasiddha if the stutra is visible but its karya (result) is
asiddha to the other. These two alternative ideas need to be examined.

Example Sivacchaya[10]

Swachaya

Swatchaya 6.1.73
Swadchaya 8.2.39
Siwajchaya 8.4.40
Siacchaya 8.4.55

U o=

2 parvatra asiddham 8.2.1, asiddhavadatrabhat 6.4.22, satvatukorasiddhah 6.1.86.
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The environment is Sivachaya. The sutra che ca 6.1.73 is applied and is
changed to state 2. Now the sutras jhalamjasonte 8.2.39 and stohscunascuh 8.4.40
find the condition in this context. Since 8.4.40 is asiddha to 8.2.39, 8.2.39 is ap-
plied first and state is updated to state 3. Again, 8.4.40 and khari ca 8.4.55 has
nimmita for application, similar to earlier one, here also since 8.4.55 is asiddha
to 8.4.40, 8.4.40 is applied first and state is update to state 4. Now, 8.4.55 gets
a chance for its application and environment is moved to state 5. The sutra coh
kuh 8.2.30 cannot see the environment and does not come forward. This way
application of rule 8.2.30 is prevented after the final form.

3.2 Conflict Resolution through vartikas

3.2.1 Para-nitya-antaranga-apavadanam uttarottaram baliyah

[3] This paribhasa gives us criterion for conflict resolution. The priority is
apavada, antaranga, nitya and para. We explain below how we model these
priorities.

1. utsarga - apavada
utsarga and apavada (General and Exception) sttras are static; this
information is embedded in the tree structure itself. During the application
of stitras the tree is traversed in such a way to determine the apavada sutra.
When two stitras have utsarga and apavada relation then apavada sutra is
selected and applied, utsarga sutra is rejected.

2. antaranga - bahiranga
The definition alpapeksam antarangam and bahvapeksam bahirangam can
be used to determine the antarangatva and bahirangatva of the any two
stutras. When the sutras have antaranga and bahiranga relation then an-
taranga sutra is selected and applied, bahiranga sutra is rejected. The an-
taraniga and bahirariga are relative to the context and can be mathematically
determined. The definition could be formalized as follows.
Let f(X, ¢) return the number of conditions that are required for stitra X

to apply in the given state ¢.

if f(X,¢) is less than f(Y, )

then X is Antaranga and Y is Bahiranga

else Y is Antaranga and X is Bahiranga
endif

Example, Let X = sarvadini sarvanamani 1.1.27 and Y=prathamacharama
tayalpakatipayanemasca 1.1.33. When the state is ubhaya jas. Whether ubaya
gets sarvanamasamjna by X or optionally by Y is the question.

f(X,¢) =1 as there is only one condition for X to apply. The condition
is ubhaya’s existance in sarvadi gana.

f(Y,¢) = 2 as there are two conditions for Y to apply. One condition is
ubhaya is a tayappratyayante and second condition is jas pratyaya in front
of it.
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Since, f(X,¢) < f(Y,¢), X is antaranga and Y is bahiranga. Since
antaranga is preferred, here ubhaya will get the sarvanamasamjna by X,
but not optional sarvanamasamjna by Y.

Nitya - Anitya

The definition of nitya and anitya is given as krtakrtaprasangi nityam
tadviparitamanityam. The nitya and anitya are relative to the context and
can be mathematically defined.

Let there be sutras X and Y that have the condition for its application
in a particular state. If X is applicable irrespective of the application of Y
then X is said to be nitya. On application of Y if X loses its condition for
application then it is said to be anitya. It can be defined mathematically as
follows.

Let f(X, @) returns ¢/ jtransformed state after application of sutra X in
the ¢ state and returns zero if sutra X is not applicable in the ¢ state.

if f(X, f(Y,¢)) is not zero
X is nitya and Y is anitya
else

if f(Y, f(X,¢)) is not zero
X is anitya and Y is nitya
else X and Y do not have the nitya anitya relation.

Comsider the case when the state is tud ti then the sttras tudadibhyah
$ah(3.1.77) and pugantalaghtipadasya ca (7.3.86) both find their con-
dition. Let X = tudadibyah $ah(3.1.77) and Y = pugantalaghupadasya
ca(7.3.86). Then f(X,¢) =tud sha ti and f(Y, f(X,¢)) = 0 because Y is
not applicable in the state tud sha ti. So Y is anitya. Consider, f(Y,¢) =
tod ti and f(X, f(Y, ¢)) =tod sha ti i.e, is not equal to zero. Hence X is nitya.

. Para - Apara

Para and Apara (Posterior and Prior): The siitra that is positioned before
in the astadhyayr order is apara and the one later is para. Between the para
and apara sttras, para sutra is selected and applied, apara sttra is rejected.
The para-apara relation can be determined based on the sutra sankhya.

For example, bahuvacane Jhalyet 7.3.103 is para to supi ca 7.3.102 as
7.3.103 is later than 7.3.102. Let f(X) returns the slitra number in the
atadhyayt.

if £(X) > £(Y)

then X is para and Y is apara

else Y is para and X is apara

3.2.2  Varnadarngambaliyo bhavati
There are two rules one acting on aﬁgaﬁ and other on phoneme. In this case, the
stutra on anga should be applied first.

3 yasmat pratyayavidhih tadadi pratyaye angam - 1.4.13.
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3.2.3 Laksye laksanam sakrdeva pravartate

This vartika prevents the recursion. Only once any sutra should be applied in
a particular environment[5]. Here siitra means group of stitras under the same
topic (ekavakya). In the tradition, analogy of takmkaundmyaﬂ is given to expain
this concept.

4 Conclusion

The next objective is to implement this as a computer program and see whether
we can optimize the sutras or evaluate the necessity of the vartikas. Such an
implimentation would not only confirm the automata nature of Paninian System
but also exhibit the complexities of the system and feasibility of resolutions to
them by employing techniques shown by Paninian Tradition. Our current effort
could be a first step towards achieving that goal.

Acknowledgment. Authors thank Lalit Kumar Tripati and Amba P Kulkarni
for useful discussions at various stages of the work.
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4 Brahmanebhyo dadhi diyatam, takram keundinyaya. Here there are two rules.
Brahmanebyo dadhi diyatam is first one, takram kaundinyaya is the second one.
Once takram is given to kaundinya, again dadhi will not be given according to first
rule.
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Abstract. In 1969 Kiparsky and Staal proposed that Panini's Asthadhyayi con-
tained a four-level hierarchy of rules. While modifying the interrelation of the
levels, Kiparsky (2002) still maintains the four-level hierarchy. R. Rocher
(1964: 51) and Cardona (1976: 215-224) argued against such a hierarchy, the
former maintaining that Panini operated just with a two-level hierarchy of
meaning and speech. Cardona was willing to accept the propriety of speaking
of one intermediate level on the grounds that the assignment of karaka terms
involved both semantic and cooccurrence conditions. The present paper clari-
fies the issue, argues that the assignment of abstract /-affixes to the same level
as karaka classification by Kiparsky is problematic, that most rules considered
to be purely phonetic (sandhi rules) in fact include morphological conditions
and concludes that although there are intermediate stages in derivation, Panini
considers there to be just two levels. The semantic and syntactic levels are
properly coalesced in a syntacticosemantic level and the abstract morphological
and the morphophonemic level are properly coalesced in a single morphopho-
nemic level.

Keywords: levels, generative grammar, Panini, Astadhyayi, phonology, mor-
phology, syntax, semantics, morphophonemic, syntacticosemantic, computa-
tional implementation.

1 Kiparsky's Architecture

One of the most prominent contemporary linguistic models used to interpret Paninian
grammar is the idea that grammar consists of modules in a generative hierarchy, or
levels. Clearly influenced by Chomskian generative grammar, Kiparsky and Staal
(1969) proposed that Paninian grammar contains rules in a hierarchy of four levels of
representation: semantics, deep structure, surface structure, and phonology. More re-
cently Kiparsky (2002) restates this scheme referring to the four levels as follows: (1)
semantic, (2) morphosyntactic, (3) abstract morphological, and (4) phonological (see
Fig. 1). Three classes of rules map prior levels onto subsequent levels: (1) rules that
assign karakas and abstract tense, (2) morphological spellout rules, and (3) rules of al-
lomorphy and phonology. Rules incorporate conditions at both the levels from which
and to which they map, as well as at prior levels in a unidirectional derivation begin-
ning with semantics and ending with phonology.

As an example of how derivation is understood to work in the four-level hierarchy,
one may take the derivation of the sentence Devadatta odanam pacati (Fig. 2). At the
semantic level, the speaker intends to express that Devadatta, called here John Doe,

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 66 2009.
© Springer-Verlag Berlin Heidelberg 2009
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undertakes the action of cooking in present time for the purpose of making boiled
rice. Paninian semantics classifies John Doe as the independent agent in the action,
and boiled rice as that which is desired to be obtained. Four rules apply to map the
semantic level onto the morphosyntactic level. 1.4.49 and 1.4.54 assign karakas,
3.4.69 lets an [-affix occur to denote an agent (kartr), and 3.2.123 assigns abstract
tense by introducing the [affix /at on the condition that present time is to be denoted.

1. Semantic information
N2 Assignment of karakas (th-roles) and of abstract tense
2. Morphosyntactic representation
8% Morphological spellout rules
3. Abstract morphological representation
8% Allomorphy and phonology
4, Phonological output form

Fig. 1. Levels according to Kiparsky 2002: 3

L. John Doe[svatantra] rice_[ipsitatama] COOkS[vartamﬁna]'
John Doe[independent] CC|desideratum] COOkS[present]'

1.4.49 kartur ipsitatamam karma

N2 1.4.54 svatantrah karta
3.4.69 lah karmani ca bhave cakarmakebhyah
3.2.123 vartamane lat

2. Devadattayy, ) odanay,man) dupacas+lat.
Devadattay,oene) 0danaggirect object] Pac+lat.

3.4.78 tiptasjhi...idvahimahin
1.3.78 Sesat kartari parasmaipadam
1.4.108 sese prathamah
1.4.22 dvyekayor dvivacanaikavacane

N 3.1.68 kartari sap

. svaujasamaut...nyossup

karmani dvitiya
6 pratipadikarthalingaparimanavacanamatre prathama

N1
R
SN

3. Devadatta+su odana+am dupacag+§ap +tip.
Devadatta+ o) odana+,cc Pac+3g, pre)-

1.3.9 tasya lopah
6.1.107 ami parvah
N 8.3.17 bhobhagoaghoapiirvasya yo ’si
8.3.19 Iopah sakalyasya
8.3.23 mo ’‘nusvarah

4, Devadatta odanam pacati.
Devadatta cooks rice.

Fig. 2. Example of Four-level Derivation
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Several “spellout” rules then apply to map the morphosyntactic level onto the ab-
stract morphological level. 3.4.78 provides that a basic verbal termination replaces
the [ of the affix lat that occurs after the verbal root pac. Restrictive rules 1.3.78,
1.4.108 and 1.4.22, read in conjunction with 3.4.78, select the third person singular
active (3sa) affix tip on condition that a single agent that is neither the speaker nor the
addressee is to be denoted. Before the affix tip (termed sarvadhatuka by 3.4.113 tinsit
sarvadhatukam), 3.1.68 provides the default verbal stem-forming affix §ap to cosig-
nify the agent. Then 4.1.2 provides nominal terminations. Restrictive rules 2.3.2,
2.3.46, and 1.4.22, read in conjunction with 4.1.2 select the appropriate nominal ter-
mination. 2.3.2 selects a second triplet nominal termination (dvitiya) after the stem
odana on condition that the karaka karman, which has not yet been denoted (anabhi-
hite 2.3.1), is to be denoted. 2.3.46 selects a first triplet nominal termination
(prathama) after the stem devadatta on condition that just the stem meaning, gender,
and number are to be denoted. (The karaka kartr has already been denoted by the
verbal termination thus preventing 2.3.18 kartrkaranayos trtiya from applying.)
1.4.22 selects the singular terminations am (2s) and su (1s), respectively in each trip-
let.!

Finally, several rules of allomorphy (of which there are none in the present exam-
ple) and phonology apply to map the abstract morphological level onto the
phonological level.?

The example of the derivation of the sentence Brahmanaya phalany adat, shown in
Fig. 3, provides greater detail. At the semantic level, the speaker intends to express
that someone, indicated by an X, undertakes the action of giving in past time for the
purpose of transferring his ownership of fruit to a Brahmin. Paninian semantics clas-
sifies X as the independent one in the action, and the fruit as that which is desired to
be obtained. Five rules apply to map the semantic level onto the morphosyntactic
level. 1.4.32, 1.4.49 and 1.4.54 assign karakas, 3.4.69 lets an [-affix occur to denote
an agent (kartr), and 3.2.110 assigns abstract tense by introducing the [affix lun on
the condition that past time is to be denoted.

Several “spellout” rules then apply to map the morphosyntactic level onto the ab-
stract morphological level. 3.4.78 provides that a basic verbal termination replaces
the 1 of the affix Jun that occurs after the verbal root da. Restrictive rules 1.3.78,
1.4.108 and 1.4.22, read in conjunction with 3.4.78, select the third person singular
active (3sa) affix tip on condition that a single agent that is neither the speaker nor the
addressee is to be denoted. Before the affix tip (termed sarvadhatuka by 3.4.113 tinsit
sarvadhatukam), 3.1.43 provides the default abstract verbal stem-forming affix cli
that occurs with verbal terminations that replace /uri. Then 4.1.2 introduces nominal
terminations. Restrictive rules 2.3.2, 2.3.13, and 1.4.22, read in conjunction with
4.1.2 select the appropriate nominal terminations. 2.3.2 selects a second triplet nomi-
nal termination (dvitiya) after the stem phala on condition that the karaka karman,
which has not yet been denoted (anabhihite 2.3.1), is to be denoted. 2.3.13 selects a
fourth triplet nominal termination (cathurthi) after the stem brahmana on condition

! Rules 1.4.99-108 that designate verbal and nominal terminations in the lists 3.4.78 and 4.1.2
by terms that allow selection according to person, number, and voice are not shown.

2 The rule that deletes markers, 1.3.9, is shown here though its application is simultaneous with
the introduction of affixes.
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1.4.21 selects the plural second-triplet

termination $as (2p) after the stem phala, and 1.4.22 selects the singular fourth-triplet

termination rie (4s) after the stem brahmana.

8aV€(phita.sesa.ckal’

1.4.32
1.4.49
1.4.54
3.4.69
3.2.110 un (bhiite 84)

kartur ipsitatamam karma
svatantrah karta

dudaii+lun [kartr.bhuta.Sesa.eka]

da+lun [3rdperson.one]-
78 t1ptasﬂu .Idvahimahin

108 Sese prathamah
21 bahusu bahuvacanam

43 cli luni

2 svaujasamaut...yossup
2 karmani dvitiya

13 caturthi sampradane

9 tasya lopah
1

cleh sic
lah parasmaipadam

ner yah

§1 sarvanamasthanam
72
.102 supi ca (ato dirgo yafi 101)

71 Ilunlanlmksv ad udattah
iko yan aci

<«
.O\O\.O\\‘.\‘.”.\‘.\‘!\’.”.WW.”

4. Brahmanaya phalany adat.
He gave fruit to the Brahmin.

L. X[svata.ntra.eka] Brahmin[kmnané yam abhipraiti.eka] fruit[Ipsitatama.bahu]

X[independent.one] Brahmin[whom one intends with the direct object.one]
frult[desideratum.ma.ny] gave[past.3rdperson.one]'

karmana yam abhipraiti sa sampradanam
lah karmani ca bhave cakarmakebhyah

2. Brahmanajs, iy oradana.eka] PD12[karman. bahu]

Brﬁhmana[indirect object.one] phala[direct object.many]

78 Sesat kartari parasmaipadam

4.
3.
4.
4.
4.22  dvyekayor dvivacanaikavacane
1.
1.
3.
3.

3. Brﬁhm‘ma"’ﬁe[qatqrthi.ekavaca.na] phala+§ 8S[dvitiya.bahuvacana]
dudati +cli+tip [lun.prathama.ekavacanal-
Brahmana"'[dative.sg] phala+[accusative. pll da+[3sa aor]’

00 jtas ca (nitah 99, lasya 77, lopah 97)

gatisthaghupabhiibhyah sicah parasmaipedesu (luk 58)
jassasoh sih (napumsakat 19)
napumsakasya jha]acah (num 58)

8  sarvanamasthane casambuddhau (nopadhayah, dirghah 6.3.111)

Fig. 3. Fuller Example of Four-level Derivation
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Finally, several rules of allomorphy and phonology apply to map the abstract mor-
phological level onto the phonological level. Three rules modify the basic termina-
tions provided after the verbal and nominal stems: 3.4.100 deletes the i in the basic
verbal termination ¢ that replaces fun, 7.1.13 replaces the basic singular fourth triplet
nominal termination rie with ya, and 7.1.20 replaces the basic plural second triplet
nominal termination Sas after a neuter stem with §i. Two rules modify the verbal
stem-forming affix: By 3.1.44 cli is replaced by the s-aorist stem-forming affix sic,
and 2.4.77 deletes it after the root da before a verbal termination termed parasmaipada

by 1.4.99. Four rules modify the nominal and verbal stems: 7.1.72 provides the aug-
ment n after the final vowel of the vowel-final neuter stem phala before the termina-
tion §7 which is termed sarvanamasthana by 1.1.42; 6.4.8 lengthens the penultimate
vowel of an n-final stem before such a termination, 7.3.102 lengthens the final vowel
of an a-final stem before a nominal termination that begins with a semivowel, nasal,
Jh, or bh (here the y in ya), and 6.4.71 adds the augment a to the beginning of a stem
followed by a termination that replaces lun, lan, or Irin. Finally, a purely phonetic
rule applies: In phalani, 6.1.77 replaces the vowel i followed by a vowel with y.?

2 Karakas

As early as 1964, R. Rocher (1964: 51) criticized the characterization of karakas as
syntactic categories, instead arguing that they are semantic. Calling them syntactico-
semantic, Cardona (1976: 215-224) countered that it is suitable to consider karakas as
a level between the purely semantic level and the level at which nominal terminations
are introduced (the abstract morphological level in Kiparsky 2002) because the rules
that introduce karaka terms include both semantic and co-occurrence conditions.

It is certainly the case that co-occurrence conditions enter into karaka classification
rules, and therefore that the karaka classification is an intermediate stage of derivation
between that of semantic conditions and that of the introduction of nominal termina-
tions. The intermediate stage is a way of achieving a complex mapping between
meaning and speech. It is possible that such an intermediate stage serves merely the
purpose of procedural economy and does not imply that karaka classification consti-
tutes a level in any psychological or structural sense. Panini may conceive of just two
levels: semantic (artha) and phonetic (sabda).

3 L-affixes

In their description of levels, Kiparsky and Staal place Laffixes at the same level as
karakas. Kiparsky (2002: 3) describes “Assignment of karakas (th-roles) and of ab-
stract tense” as the function of the first set of rules mapping the semantic level to the
morphosyntactic level. The treatment of [-affixes by Panini, however, differs mark-
edly from the treatment of karakas. Karakas are semantic objects classified by being
designated by terms (safijia). Section 1.4 classifies semantic objects intended to be
expressed by a speaker in relational categories by calling them by a karaka term.

3 Notes 1-2 apply to Figure 3 as well.
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Speech forms are subsequently introduced under the condition that an item designated
by a karaka term is to be denoted. L-affixes, in contrast, are introduced under seman-
tic and syntactic conditions, just as other affixes are, and then are replaced by mor-
phological elements; they serve therefore as abstract morphological elements them-
selves (level 3) rather than as morphosyntactic representations (level 2).* Kiparsky’s
placement of [-affixes in level 2 rather than level 3 therefore sharply contrasts with
Panini’s treatment.

Part of the motivation for assigning l-affixes to the level of morphosyntactic repre-
sentation and their replacements tip, tas, jhi, etc. to the level of abstract morphological
representation is to place the basic set of verbal terminations and the basic set of
nominal terminations at the same level in the hierarchy and thereby to achieve paral-
lelism between them. 1.4.14 suptinantam padam refers to basic verbal (tir1) and
nominal (sup) terminations alike as the items ending in which a phonetic string is
termed a word (pada). Just as the basic nominal terminations su, au, jas, etc. are dis-
tributed over semantic and syntactic conditions including karaka and number, the ba-
sic verbal terminations tip, tas, jhi, etc. are distributed over the same conditions
karaka and number, and similar conditions such as person (purusa). Kiparsky (2002:
3) calls the rules that achieve this distribution 'morphological spellout rules'. 3.4.78
tiptasjhi... introduces the basic set of verbal terminations just as 4.1.2 svaujas... intro-
duces the basic set of nominal terminations. These sutras are read in conjunction with
restrictive rules (niyama) that achieve the proper distribution over the conditions of
number (1.4.21-22),> person (1.4.105-108),° and karaka (pada 2.3 for nominal termi-
nations, and 1.3.13-93 for verbal terminations).

However, the parallelism is incomplete. The verbal terminations introduced by
3.4.78 are not distributed over the conditions of time and mood as the nominal termi-
nations introduced by 4.1.2 are distributed over karakas. On the contrary, it is rather
the [-affixes introduced by 3.2.110 [un, 3.2.111 anadyatane lan, etc. that are distrib-
uted over time and mood. Moreover, the conditions under which I-affixes are intro-
duced include karakas. 3.4.69 lah karmani ca bhave cakarmakebhyah provides that [-
affixes occur under the condition that a kartr is to be denoted or either a karman or
bhava. The later alternative depends upon whether the root after which the laffix oc-
curs is transitive or intransitive, i.e. occurs with (sakarmaka) or without (akarmaka) a
direct object (karman); after intransitive verbal roots the [affix is introduced under
the condition that the action itself (bhava) is to be denoted, while after transitive ver-
bal roots the [-affix is introduced under the condition that the direct object is to be de-
noted. 3.4.69 thus accounts for the distribution of I-affixes over certain karaka condi-
tions. In the derivations in Figure 2 and Figure 3, 3.4.69 is clearly out of place; as a
rule that maps an abstract morphological element onto a karaka, it is alone in the sec-
tion of rules that map from level 1 to level 2. The other rules that map onto karakas
(1.3.78, 3.1.68, and 2.3.2 in Fig. 2; 1.3.78, 2.3.2, and 2.3.13 in Fig. 3) all occur be-
tween levels 2 and 3. Verbal terminations, including the so-called basic verbal termi-
nations, are morphophonemic replacements of the Faffixes. On the grounds of the

4 Cardona (1997: 496) calls them “abstract affixes”.

5 1.4.21 bahusu bahuvacanam. 1.4.22 dvyekayor dvivacanaikavacane.

1.4.105 yusmady upapade samanadhikarane sthaniny api madhyamah. 1.4.106 prahase ca
manyopapade manyater uttama ekavac ca. 1.4.107 asmady uttamah. 1.4.108 sese prath-
amah.
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parallelism between [-affixes and basic nominal terminations, in addition to the fact
that they, like the basic nominal terminations su, au, jas, etc. are initially introduced
items rather than replacements, Faffixes, rather than the basic verbal terminations tip,
tas, jhi, etc., would properly be placed at the same level as basic nominal terminations
in a fourfold hierarchy of levels.

Moving [-affixation to the level of abstract morphological representation would re-
quire that basic verbal terminations appear subsequently in the transformation of ab-
stract morphology to phonological output. Such a move is entirely unproblematic.
There are no objective criteria to distinguish the level of the basic verbal terminations
that replace I's from the level of the nominal terminations that replace the basic nomi-
nal terminations su, au, jas, etc. Just as I’s are the primary elements introduced after
verbal stems, basic nominal terminations su, au, jas, ..., Ai, os, sup are the primary
elements introduced after nominal stems and feminine affixes. Basic verbal termina-
tions replace I's by 3.4.78, and other verbal terminations replace basic verbal termina-
tions by 3.4.79-112, 7.1.3-5, 7.1.35, 7.1.40-46, etc.” Replacements include partial as
well as total replacements. For example, by 3.4.79 tita atmanepadanam ter e, under
the condition that the basic verbal terminations are marked with ¢, the segment of the
basic atmanepada terminations ta, atam, jha, etc. that consists of the last vowel and

any following consonants is replaced by e; while by 3.4.79 the entire basic verbal
termination thas is replaced by se. The basic verbal terminations inherit markers and
other properties from the [/ they replace in accordance with the principle, stated in

1.1.56 sthanivad adeso ’nalvidhau, that replacements have the status of their substitu-
ends. Having the status of their substituends likewise extends to the replacements of
basic verbal terminations so that verbal forms qualify to be termed padaby 1.4.14.

There is no segregation of the type of conditions under which replacements of ba-
sic verbal terminations and their subsequent replacements occur, nor any segregation
of such conditions according to the location of the sttras that provide such replace-
ments in the Astadhyayi. Replacements of the basic terminations in the third adhyaya
include phonological conditions, and subsequent replacements in the seventh adhyaya
include semantic conditions. For example, 3.4.109-111 include morphological and
phonological conditions in the provision that jus replaces the jhi that replaces I
marked with . Thus 3.4.109 sijabhyastavidibhyas ca includes the condition that the
Jhi follows the vikarana sic, a reduplicated root (abhyasta), or the class 2 root vid;
3.4.110 atah includes the phonological condition that the jhi follows an a-final root af-
ter the deletion (Juk) of sic;® and 3.4.111 laniah Sakatayanasyaiva allows the replace-
ment, in the opinion of éﬁkatﬁyana, also if the jhi that replaces lan follows an a-final
root. On the other hand, 7.1.35 tuhyos tatan asisy anyatarasyam provides that tatan
optionally replaces tu or hi, which are themselves derived from the basic verbal ter-
minations tip and sip respectively by 3.4.86-87, under the semantic condition that a
wish is to be expressed (asisi).

7 Cardona (1997: 487-496) analyses the abstraction of a set of basic verbal terminations first in-
troduced as replacements of /by 3.4.78 from verbal terminations that occur in various tenses,
aspects, and moods and (1997: 273-279) discusses rules that derive the occuring verbal ter-
minations from the basic verbal terminations.

8 Cardona (1997: 278) provides details of the derivation of examples.
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Likewise, basic nominal terminations are replaced under phonological conditions
as well as semantic conditions. For example of the former, after a-final stems 7.1.9
ato bhisa ais replaces the basic nominal termination bhis by ais, 7.1.12 tanasinasam
inatsyah replaces the basic nominal terminations ta, fiasi, and nas by ina, at, and sya,
and 7.1.13 replaces the basic nominal termination rie by ya. For example of the latter,
7.1.19 napumsakac ca and 7.1.20 jassasoh sih replace the basic dual and plural first-
triplet nominal terminations by s7and §irespectively after neuter stems.

The fact that there are no objective criteria to distinguish the character of replace-
ments of [-affixes from replacements of nominal terminations makes the relocation of
basic verbal terminations to the chain of morphophonemic changes that occur in the
transformation of abstract morphology to phonological output entirely suitable.

4 Abstract Morphology Versus Phonology

The claim that the phonological output form resides on a different level from the ab-
stract morphological representation is problematic. The abstract morphological repre-
sentation often appears unchanged as the final phonological output, without having
been subject to any additional rule. In the example devadatta odanam pacati dis-
cussed in section I above (Fig. 2), the affix -t/ in pacati, remains unchanged except for
the dropping of the marker p.

Conversely, the abstract morphological representation often undergoes more than
one permutation before arriving at its final phonological output form. The number of
permutations is not correlated with the number of levels. In the same example, the fi-
nal sin devadattas (devadatta+su) is placed at the level of abstract morphological rep-
resentation (level 3). The s is first changed to y by 8.3.17 and then to zero (lopa) by
8.3.19 undergoing replacement twice in stepping one level. Figure 3 shows several
instances in which there are multiple stages of derivation that take place in transform-
ing abstract morphology to phonological output. Most notably 3.1.44 replaces cli (in-
troduced at the level of abstract morphology by 3.1.43) with sic which 2.4.77 subse-
quently deletes.

In contrast to pacati in Figure 1, an extra stage of replacement occurs in the deriva-
tion of the form pacanti (3pa pre: pac-a-anti < pac-a-jhi < pac-jhi < pac-lat). The I of
Iat is replaced by jhi in accordance with 3.4.78 tiptasjhi... and then the cover symbol
Jjh is replaced by ant after a-final stems in accordance with 7.1.3 jho ntah. The sym-
bol jh is replaced by at instead after reduplicated stems in accordance with 7.1.4 ad
abhyastat and after stems that do not end in a before atmanepada terminations in ac-
cordance with 7.1.5 atmanepadesv anatah. Thus are accounted for forms such as da-
dati (3pa pre da ‘give’) and cinvate (3pm pre ci ‘collect’) respectively. The use of the
cover symbol jh achieves a valuable generalization in unifying the verbal terminations
of the third person plural that do and do not contain n. Without privileging either ant
or at as the more basic termination, the former of which is more common in paras-
maipada terminations and the latter of which is more common in atmanepada termina-
tions, positing jh as basic nevertheless achieves the same economy of rules as would
be achieved by positing ant as the basic termination.
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It is certainly arguable that in some instances the choice of abstract morphological
representation, whether it ever appears in phonological output or not, is motivated by
procedural economy and proportional representation of forms that actually occur.
Cardona (1997: 330-332) discusses cover symbols and (490-492) demonstrates the
economy and elegance of the inclusion of the cover symbol jh in the basic verbal ter-
minations. The reasons for the use of the abstract symbol c/i as the basic aorist stem-
forming-affix are less apparent. To what extent procedural economy and proportional
representation in phonological output serve as the criteria to determine the choice of
abstract morphological representation requires further investigation. It is nevertheless
certainly clear that the choice of the particular abstract morphological representation
in some cases is identical to a final phonological output; in other cases it requires sev-
eral stages of transformation to reach phonological output; and in still others it never
appears as phonological output. The last is precisely what the previous section argued
is the situation with [-affixes. Just as jh and cli are abstract morphological representa-
tions at level 3, I, with various markers, is the abstract morphological representation
of all verbal terminations. Since the number of permutations is not correlated with the
number of levels, the fact that I’s undergo more than one permutation before reaching
final phonological output form in most verb forms is not grounds for segregating
these permutations into separate levels, just as it is not grounds for positing a separate

level for the y posited as a replacement for the nominal termination su in accordance
with 8.3.17 (Fig. 2), or for sic which replaces cli by 2.4.77 (Fig. 3), both of which un-

dergo an additional permutation before appearing in final phonological output.

Once [-affixes are postponed one level to the level of abstract morphology, basic
verbal terminations tip, tas, jhi, etc. are seen to be simply one additional morphopho-
nemic modification of [-affixes, just like, for example, the imperative terminations fu,
tam, antu, etc. which are further morphophonemic modifications of the basic verbal
terminations tip, tas, jhi, etc., and just like ais (introduced after a-final stems by 7.1.9
ato bhisa ais) which is a morphophonemic modification of the basic nominal termina-
tion bhis.

The only justification for considering that [-affixes belong to the level of morpho-
syntactic representation rather than to the level of abstract morphological representa-
tion like other abstract affixes such as cli and jh is that the conditions for the replace-
ment of [affixes include semantics and syntax while the conditions for the
replacement of cli (by 3.1.44) and jh (by 7.1.3-5) are only morphological and
phonological. However, this criterion is invalid. As Scharf (2008: sections IVB and
IVD2) pointed out, Houben (1999) demonstrated that semantic factors directly serve
as conditions even in phonological rules, and Cardona (personal communication)
pointed out that most phonological rules include syntactic conditions. Houben (1999:
46) illustrated the direct use of semantic and pragmatic factors as conditions for pho-
netic modifications to strings in the section of rules 8.2.82-108. Factors such as giv-
ing a responding greeting to someone belonging to a higher caste than a $tdra (8.2.83
pratyabhivade ’Siidre) and calling from a distance (8.2.84 dirad dhute) conjoin with
the syntactic condition, specified in the heading to the section (8.2.82 vakyasya teh
pluta udatta), that the string be a sentence to condition vowel prolongation and high
tone. Since semantic and syntactic conditions can serve as conditions in rules that
map from abstract morphological representation (level 3) to phonological output form
(level 4) it is not the case that conditions are restricted to the levels from which and to
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which they map. Kiparsky (2002) conceded that rules incorporate conditions at prior
levels as well. Therefore the fact that rules that replace l-affixes include semantic and
syntactic conditions is not sufficient grounds for preponing I-affixes to the level of
morphosyntactic representation. The real motivation for doing so must be recognized
as a twentieth century conception of a fourfold distinction between semantics, syntax,
morphology, and phonetics.

5 Conclusions

Stages of replacement vary greatly in the production of speech forms; there is no
clear association between those stages and any psychological or conceptual level. In
distinction to potentially multiple stages of affixes and their replacements, it seems to
me that just one level is involved once an affix has been introduced. The fact that
Panini uses the technique of replacement for the derivation of the final output form
from an abstract morphological representation indicates that the replacement is con-
sidered to belong to the same level rather than to a different one; it belongs to the
morphophonemic level as opposed to the syntacticosemantic level.

The semantic and syntactic levels are properly coalesced in a syntacticosemantic
level and the abstract morphological and the morphophonemic levels are properly
coalesced in a single morphophonemic level. While Panini derives forms through
numerous un-correlated stages of derivation, he makes a clear distinction between the
level of meaning and the level of speech.

The concept of levels in Paninian grammar, and the hierarchy of four levels pro-
posed by Kiparsky and Staal, was inspired by divisions that evolved in modern lin-
guistics. It is anachronistic to read them into the Astadhyayi Kiparsky himself
(2002: 2) hedges his attribution of levels to Panini calling them, “what we (from a
somewhat anachronistic modern perspective) could see as different levels of represen-
tation.” Panini's grammar certainly worked with two levels: meaning and speech. Its
derivational procedure certainly included more than two stages. However, it appears
forced to press the derivational stages into a conceptual hierarchy of levels between
the purely semantic and the purely phonetic, particularly into a four-level hierarchy
corresponding to modern linguistic divisions.® Consequently, it would be inappropri-
ate to call a computational implementation of such a four-level hierarchy a close
model of Paninian methodology.

In working within the two levels meaning and speech, Panini does stratify these
levels so that it is possible to consider that there are four levels, though these do not
align neatly with the modern conceptions of semantics, syntax, morphology, and pho-
nology. The level of meaning can be stratified into an initial stage of naive worldly
semantics as opposed to a subsequent stage of syntacticosemantic organization ready
to serve as conditions for morphophonemic rules. The level of sound can be stratified
into an initial stage in which basic morphophonemic elements, including abstract

® Hyman (2003: 188-89) argues that Herodian's recognition of three types of linguistic errors--
namely, barbarism, solecism, and acyrologia--corresponds to the threefold distinction of
phonology, morphosyntax, and semantics.
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morphological elements, are introduced and a final stage of the finished phonological
form. In this way one does arrive at a four-fold hierarchy with three types of rules:
rules that organize the syntacticosemantic level, rules that introduce basic elements,
and rules that modify introduced elements. Rules that organize the syntacticoseman-
tic field include karaka classification. Rules that introduce basic elements include the
rules that introduce affixes after roots and stems in chapters 3-5 of the Astadhyayi.
Rules that modify introduced elements include rules of augmentation, substitution,
and deletion. The criteria for the segregation of such rules are obvious in the syntax
and purport of the rules themselves.

6 Implications for Computational Modeling

Because it is incorrect to assert that [affixes, which would be more appropriately
placed in the level of abstract morphological representation, and karakas, which be-
long to the level of morphosyntactic representation, occupy the same level in a four-
level hierarchy, therefore a four-module implementation based on such a hierarchy
would not produce a close computational model of Paninian procedure if it imple-
mented rules that provide [-affixes in the same module as rules that classify karakas.
Likewise, because it is incorrect to assert that verbal terminations, which are morpho-
phonemic modifications of I’s brought about by 3.4.78, etc., and the nominal termina-
tions su, au, jas, etc., which are affixes that serve as abstract morphological represen-
tation initially introduced by 4.1.2, occupy the same level, it would not produce a
close computational model of Paninian procedure to implement these rules in the
same module. In a computational model based upon a hierarchy of levels that mod-
eled Paninian procedure, [-affixes would have to be introduced in the same module
that introduced other affixes, in a module prior to a module that provided morpho-
phonemic replacements of them, and in a module subsequent to one that classified
karakas. Verbal terminations would have to replace laffixes in the same module that
provided other morphophonemic replacements of abstract morphological representa-
tions, and in a module subsequent to one that initially introduced affixes.
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Abstract. In the present paper, a formalization of the technique used
by Panini in his Sivasiitras for the denotation of sound classes is given.
Furthermore, a general notion of Sivasﬁtra—alphabets and of Sivasiitra-
sortability is developed. The presented main theorem poses three suf-
ficient conditions for the Sivasﬁtra—sortability of sets of classes. Finally,
the problem of ordering sets of classes which are not Sivasiitra-sortable is
tackled and an outlook on modern problems which could be approached
by Panini’s technique is given.

Keywords: Sivasutras, Panini, orders, lattices.

1 Introduction

1.1 Panini’s Sivasiitra-Technique

Among linguists Panini’s grammar of Sanskrit is acknowledged to be the culmi-
nation point of ancient Indian grammar:

Indian linguistics originated among reciters who wanted to preserve their
Vedic heritage and apply it in ritual. Unconcerned with meaning, they
concentrated on form and incorporated a good measure of linguistic anal-
ysis that culminated in the Sanskrit grammar of Panini. (Staal, 2006)

Although more than 2000 years old, Panini’s grammar is rather accurately pre-
served due to the fact that it was soon considered to be the standard grammar
of Sanskrit. Thereby the originally descriptive grammar of a living language
achieved the status of a normative, prescriptive grammar (cf. [Staal, [1995). Sit-
uated in the oral culture of ancient India, Panini’s grammar was designed for
repetitive recitation. Thus the grammar is necessarily presented in a purely linear
form, and its compactness was particularly desirable.

Its main part consists of about 4 000 rules, many of them phonological rules
which describe the complex system of Sanskrit Sandhi (cf. [Bohtlingk, [1887).
Phonological rules are typically of the form “sounds of class A are replaced by
sounds of class B if they are preceded by sounds of class C' and followed by
sounds of class D”, which in modern phonology is usually denoted as

A—B/c p. (1)

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 7807 2009.
© Springer-Verlag Berlin Heidelberg 2009
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FEIV KAGF YAG Yo TRE F0] THSUAH &5 (I
YUY JTSay WhgoYdcdd U qUHL §c)

a-i-un r-lk e-on ai-auc hayavarat lan namanananam jhabhan (Im)
ghadhadhas jabagadadas khaphachathathacatatav kapay $asasar hal

Fig. 1. Panini’s Sivastitras in linear form ( I: DevanagarT script; II: Latin transcription)

Since Panini’s grammar has been designed for oral tradition, it makes no use
of visual symbols (like arrows, slashes ...) to indicate the role of the sound
classes in a rule. Instead, Panini takes natural case suffixes which he uses meta-
linguistically in a formalized way in order to mark the role a class plays in a
rule. In Paninian style rule () becomes

A + genitive, B 4+ nominative, C' + ablative, D + locative . (2)

Since constantly repeating the single sounds of each class involved in a rule is
not economical, an appropriate phonological description must involve a method
to denote the sound classes. The method should be such that it is easier to
address a natural phonological class than an arbitrary set of sounds (cf. [Kornai,
1993, 12008). A wide-spread technique in modern phonology is to build up a
structured system of phonetic features (e.g., [tconsonantal] or [f£voiced]) in
order to define the phonologically relevant sound classes. The aim is to identify
phonetic features, i.e., features that are motivated by properties of the isolated
sounds, by which the sounds can be classified into phonological classes, i.e.,
into classes of sounds with analogous behavior in the same speech contexts.
Unfortunately, this leads to the problem of choosing and naming features and
often involves the danger of defining ad-hoc features.

Panini’s technique for the denotation of sound classes allows him to do com-
pletely without features. His grammar of Sanskrit begins with 14 sutras, the
so-called 5§ivasﬂtras7 which are quoted in Fig. [lin their original linear form and
in Fig. Plin the tabular form given in Kiparsky (1991). Each single stitra consists
of a sequence of sounds which ends in a consonant, the so-called anubandha. This
last consonant of each sutra is used meta-linguistically as a marker to indicate
the end of a sutra. According to [Misra (1966) the system behind the choice of
the consonants used as anubandhas is unknown. Together the Sivasiitras define a
linear list of Sanskrit sounds which is interrupted by marker elements (anuband-
has). In his grammar Panini uses pratyaharas, i.e., pairs consisting of a sound
and an anubandha in order to designate the sound classes on which a rule oper-
ates. Such a pair denotes the sounds in the interval between the sound and the
anubandha; e.g., the pratyahara iC denotes the class {i, u, r, 1} as depicted in
Fig. Pratyaharas are often used in rules of type () where they replace the
open place-holders A, B, C and D.

! To simplify matters we ignore here that a pratyahara actually denotes the ordered
list of sounds in the interval and not just the unordered class of sounds .
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1. a i u N
2. r 1 K
3. e o N
4. al au C
5. h y v r T
6. 1 N
7. n m n n n M
8. jh bh N
9. gh dh dh S
10. j b g d d S
11. kh ph ch th th

c t t \%
12. k P Y
13. $ S S R
14. h L

Fig. 2. Panini’s Sivasttras in tabular form (the default, syllable-building vowel a is
left out)

1. a @ u N
2. r 1 K
3. e o N
4. ai au C
5 h y v r T

Fig. 3. Example of a pratyahara: iC = {i,u,r,l,e,0,ai,au}

There is a longstanding debate on how Panini developed the Sivasiitras and
whether he arranged the sounds in the best way possible (cf. m7 @;
[Faddegon, 11929; Staal, 1962; Kiparskyl, |199_l|) Note that exactly one sound,
namely h, occurs twice in the list of the Sivasiitras (in the 5th and in the 14th
sttra). Nowadays it is generally assumed that the order of the sounds in the
Sivasutras is primarily determined by the structural behavior of the sounds in
the rules of Panini’s grammar and that the arrangement of the sounds is chosen
such that economy or rather brevity is maximized (cf. Staal, [1962; [Misr4, 11966
\Cardona, 1969; Kiparskyl, 1991). Kiparsky (1991) argues “that the structure of
the Sivasitras is entirely explicable on systematic grounds [. . . and] that no other
principles are needed than those used in the construction of the rest of Panini’s
grammar, namely the principle of economy and the logic of the special case and
the general case.”

In Peterserl (M) it has been formally proven that there is no shorter solution
than the Sivasiitras to the problem of ordering the sounds of Sanskrit in a by
markers interrupted, linear list with as few repeated sounds as possible such
that each phonological class which is denoted by a sound-marker pair (i.e., a
pratyahara) in Panini’s grammar can be represented by such a pair with respect
to the list. Hence, Panini was forced to duplicate one sound, namely h, in the
Sivasiitras and he used a minimal number of markers. Actually, it can be shown
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that there are nearly 12000000 alternative sound lists interrupted by markers
which fulfill the above mentioned conditions and which are of the same length as
the Sivasutras (Petersen, 12008). The question whether the actual list chosen by
Panini in the Sivasiitras results, as [Kiparsky (1991) argues, from the ‘principle
of economy’ and the ‘logic of the special case and the general case’ and not
from the ‘principle of historic continuity’ (Cardona, 1969) or the ‘principle of
homorganic continuity’ (Staal, [1962) cannot be answered by the mathematical
reasoning in [Petersen (2008).

The present paper focuses not so much on the concrete list of the Sivasttras
as former ones (cf. [Petersen, 2004, [2005), but concentrates more on the general
technique of ordering entities in a list which is interrupted by marker elements
such that each class of entities out of a given set of classes forms an interval
and thus can be unambiguously addressed by a pair consisting of an entity and
a marker. In particular it is examined under which conditions it is possible to
construct such a list without being forced to include an entity twice.

1.2 General Problem of S-sortability

As a start we will simplify Panini’s Sivasttra-technique by abandoning the claim
that the target list is interrupted by markers and that each class which is deno-
table with respect to the list forms an interval which ends immediately before a
marker. Thus the simplified problem states as follows:

Problem 1. Given a set of classes, order the elements of the classes in a linear
order such that each single class forms a continuous interval with respect to that
order.

The target orders will be called S-orders:

Definition 1. Given a finite base set A and a set of subsets @ with | JP = A,
a linear order < on A is called a Sivasitra-order (or short S-order) of (A, @)
if and only if the elements of each set ¢ € @ form an interval in (A, <), i.e.,
Vo € D i if Gunin is the minimum of ¢ w.r.t. (A, <) and Gmas is the mazimum
of ¢, then there is no a € A\ ¢ s.th. Pmin < @ < Pmaz-

Furthermore, (A, ®) is said to be S-sortable if and only if there exists an

S-order (A, <) of (A, ).

Ezample 1. Given the base set A = {a,b,c,d, e, f,g,h,i} and the set of classes

@ = {{d7e}7 {a7b}7 {b7c7d7f7g7hVZ.}V{f’i}7{c7d767f7g’h7i}7 {g7h}}7 (A @) iS S_
sortableand a <b<c<g<h<f<i<d<eisan S—orderof(.A,@)

It is important to note that not all sets of classes are S-sortable. For instance,
since the duplication of at least one sound element in the Sivasiitras is unavoid-
able, the set of classes defined by the sound classes in Panini’s grammar which
are denoted by pratyaharas is not S-sortable. Orders, like the one underlying the

2 As usual, < stands for the binary predecessor relation, i.e., a < b if and only if a < b
and there is no ¢ such that a < ¢ < b.
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Sivasttras, which contain at least one element twice will be called S-orders with
duplications. A smaller example of a non S-sortable set of classes is given here:

Ezample 2. Given the base set A = {a,b,c,d, e, f} and the set of classes ¢ =
{{d,e},{a,b},{b,c,d},{b,c,d, f}}, (A D) is not S-sortable (without duplica-
tions).

One of the major aims of the present paper is to examine the conditions which
S-sortable sets of classes fulfill and to show how these conditions can be con-
structively applied to different tasks: (1) the building of concrete S-orders, (2)
the identification of best candidates for duplication in the case of non S-sortable
sets of classes, (3) the insertion of a minimal amount of marker elements such
that each class forms an interval that ends immediately before a marker. S-orders
which are interrupted by marker elements are called S-alphabets and defined as
follows:

Definition 2. Given a finite base set A and a set of subsets @ with | J® = A,
a Sivasttra-alphabet (short S-alphabet) of (A, ®) is a triple (A, X, <) with

— X is a finite set of markers with AN X =0,
— < is a linear order on AU XY

if and only if for each ¢ € P there exists a € ¢ and M € X such that ¢ = {b €
Ala<b< M} (aM is called the pratyahara or S-encoding of ¢).

Furthermore, (A, ®) is said to be S-encodable if and only if there exists an
S-alphabet (A, X, <) of (A, D).

It follows from definition 2 that whenever (A, X, <) is an S-alphabet of (A, )
then (A, < |4) is an S-order of (A, @). Furthermore, since every S-order can be
trivially enhanced into an S-order by inserting a marker behind each element, it
is true that each S-sortable set of classes is S-encodable and vice versa.

2 Main Theorem on S-sortability

The main theorem on S-sortability depends on two constructs taken from Formal
Concept Analysis (FCA), which is a mathematical theory for the analysis of
data (cf. |Ganter and Willd, [1999). For our purposes, we do not need to evolve
the whole apparatus of FCA, it is sufficient to define what we understand by the
formal context and the concept lattice of a set of classes (A, @): Given a base set
A and a set of subsets @, the formal context of (A, ®) (or the (A, P)-context)
is the triple (@, A,3) and the concept lattice of (A, ®) (or the (A, §)-lattice) is
the ordered set (AU {¢|¢ = ¥ with & C &}, D).

Given the base set A and the set of classes @ in example[T], the formal context
of (A, ®) and the Hasse-diagram of the concept lattice of (A, ®P) are depicted in
Fig. @l The formal context is given in form of a cross table as usual. Its concept
lattice is constructed as follows: All elements of @ and all possible intersections
of elements of @ are ordered by the set-inclusion relation such that subsets are
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- {h

f/ \g
6 O

{fii} {g,h}

b
C
b bed hi
{c,d,f,gﬂ,\é}/{}\/g {d, e} ‘ Cxifg Z

{e,dye, F,g,hyi} {bye,d, g, hi} _—{a,b} 106 frg ik X

{a, b} X X

{fﬂ’} X X

{Cad7eafvgah7i} XXX XXX X
{a,b,c,d,e,ﬁg,h,i} {g7h} % X

Fig. 4. Concept lattice (left) and formal context (right) of (A, ®) in example [l

abcecde f
{d, e} X X
e f a {a,b} X X

{b,¢c,d} X X X
{b,c,d, f} Xxxx X

Fig. 5. Concept lattice (left) and formal context (right) of (A, ®) in example

placed above their supersets. The Hasse-diagram of an ordered set is the directed
graph whose vertices are the elements of the set and whose edges correspond to
the upper neighbor relation determined by the order. An ordered set is said to
be Hasse-planar if its Hasse-diagram can be drawn without intersecting edges.
Hence, the concept lattice in Fig. [ is Hasse-planar.

The node labeling in Fig. dis twofold: The labels below the nodes indicate the
corresponding sets. For the labels above the nodes a more economic labeling is
chosen which assigns each element of the base set A to the node corresponding
to the smallest set which contains the element. The labels below the nodes are
superfluous as they can be reconstructed from the others by collecting all labels
attached to nodes which can be reached by moving along paths upwards in the
graph. From now on, solely the upper labels will be used in figures of concept
lattices, as seen in Fig. Bl which shows the concept lattice for example 21

The main theorem on S-sortability states three equivalent, sufficient condi-
tions which a set of classes must fulfill in order to be S-sortable. The individual
conditions will be explained in detail in the succeeding subsections.

Theorem 1. A set of classes (A, ®) is S-sortable if and only if one of the fol-
lowing equivalent statements is true:
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Fig. 6. Enlarged concept lattice for example [I]

Condition 1: Let & = ® U {{a}|a € A}. The concept lattice of the enlarged set
of classes (A, §l~5) is Hasse-planar.

Condition 2: The concept lattice of (A, ®) is Hasse-planar and for any a € A
there is a node labeled a in the S-graph of the concept lattice.

Condition 3: The Ferrers-graph of the enlarged (A, @)—contemt 1s bipartite.

Although all three conditions depend on properties of graphs, they are of different
nature. The first one demands that the Hasse-diagram of a concept lattice can be
drawn without intersecting edges; the second one relies on the positions of certain
labels in such a Hasse-diagram; and the third one depends on the bipartity of
so-called Ferrers-graphs. Instead of giving the proof of the theorem in isolation,
the following subsections treat the three conditions for S-sortability one by one.
For each condition, illustrational examples are given, a proof of its sufficiency
is sketched, and it is demonstrated how the condition can be applied in the
construction of S-alphabets with as few duplicated elements as possible and a
minimal number of markers.

2.1 First Condition for S-sortability: Main Planarity Criterion

Condition 1 relates S-sortability with Hasse-planarity of enlarged concept lat-
tices. Here, a set of classes gets enlarged by adding each element of the base set
as a singleton set to the set of classes, e.g., in the case of example [Tl the classes
{a}, {b}, {c}, ..., {i} have to be added. The condition states that a set of classes
is S-sortable if and only if the concept lattice of the so enlarged set of classes is
Hasse-planar, i.e., if it is possible to draw its Hasse-diagram without intersecting
edges. Figure[6] shows a plane drawing of the enlarged concept lattice for the set
of classes taken from example [Tl

Figure[d shows the Hasse-diagram of the enlarged concept lattice that belongs
to the set of classes in example 2l which is not S-sortable. In the case of this small
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Fig. 7. Enlarged concept lattice for example

lattice it can be easily verified that it is impossible to draw its Hasse-diagram
without intersecting edges.

Condition 1 is proven in detail in [Petersen (2008). The fact that the existence
of a plane drawing of the Hasse-diagram of an enlarged concept lattice implies
the existence of an S-order follows immediately from the definition of our concept
lattices: Since concept lattices order sets by set inclusion it is ensured that in
the case of an enlarged set of classes the labels belonging to the elements of one
class form an interval in the sequence defined by the left-to-right order of the
labels in a plane drawing of the Hasse-diagram of the concept lattice. It can
be easily seen that this guarantees that the left-to-right order of the labels in
a plane drawing of the Hasse-diagram of a concept lattice of an enlarged set of
classes (A, ®) defines an S-order of (A, ®). For instance, the S-order defined by
the plane Hasse-diagram in Fig.lise <d<c<i< f<h<g<b<a.

The second statement, i.e. that the existence of an S-order implies the ex-
istence of a plane drawing of the enlarged Hasse-diagram, was first proven in
Petersen (2004). The proof is based on the controlled construction of a drawing
of the enlarged concept lattice for each S-order which ensures that the drawing
is plane. The resulting drawing is such that the left-to-right order of the labels
equals the original S-order.

Since several plane drawings leading to different S-orders usually exist for a
concept lattice of a set of classes, our construction method does not determin-
istically result in one S-order. In fact, the proof of the theorem above implies
that for every S-order there exists a plane drawing of the concept lattice from
which it can be read off. For instance, for the Hasse-diagram in Fig. [l one finds
48 plane drawings leading to 48 distinct S-orders of the set of classes taken from
example [T

See [Petersen (submitted) for a discussion on why and how S-orders can be
fruitfully applied to the problem of ordering books in a library or products in
a warehouse. In short, the applicability of S-orders to these problems is based
on the fact that in S-orders elements belonging to one class are placed in close
distance to each other.

As demonstrated, condition 1 reduces the problem of S-sortability nicely to
the Hasse-planarity of certain concept lattices. However, in practice condition 1 is
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problematic for two reasons in particular: First, the condition is non-constructive
for the problem of inducing S-alphabets with minimal marker sets. If one finds
a plane drawing of the Hasse-diagram of an enlarged set of classes, it is always
possible to read off an S-order, but usually not an S-alphabet of the original set
of classes without superfluous markers. Each S-order can be trivially completed
into an S-alphabet by inserting a marker element behind each element in the S-
order, but such an S-alphabet will usually contain unnecessarily many markers.
The problem is that by enlarging a set of classes the information about which
elements do not need to be separated by a marker in an S-alphabet gets lost.
Condition 2, which operates on concept lattices that are not enlarged, offers a
way out of the dilemma.

Second and even worse, condition 1 does not offer an easily verifiable criterion
for the S-sortability of a set of classes. The problem of determining whether a
plane drawing of a general graph exists is hard. In section 23] which treats
condition 3, a sufficient criterion for the Hasse-planarity of concept lattices will
be presented which can be algorithmically checked.

2.2 Second Condition for S-sortability: Minimizing the Number of
Marker Elements

Condition 2 consists of two parts. It states that a set of classes (A, @) is S-sortable
if and only if the following two conditions are fulfilled:

1. The concept lattice of (A, P) is Hasse-planar.
2. For any a € A there is a node labeled a in the S-graph of the concept lattice
of (A, D).

The second part depends on the notion of S-graphs of concept lattices. S-graphs
only exist for Hasse-planar concept lattices since their definition is based on plane
drawings of Hasse-diagrams: Given a plane drawing of the Hasse-diagram of an
(A, @)-lattice, remove the top node and all adjoined edges if it corresponds to the
empty set (if the top node does not correspond to the empty set, do not change
the drawing). The resulting drawing defines a plane graph, and the boundary
graph of the infinite face of this graph is the S-graph of the (A, ®)-lattice. In
Petersen (2008) it has been proven that for each S-sortable set of classes there
exists exactly one S-graph up to isomorphism. Examples of S-graphs are given
in Fig. Bl

The proof of condition 2 is based on the following considerations: According
to condition 1 a set of classes (A, ®) is S-sortable if and only if the enlarged
(A, @)-lattice is Hasse-planar. Since an S-order of (A, ®) is necessarily an S-
order of (.,ZL ®) too, it follows that the S-sortability of a set of classes implies the
Hasse-planarity of its concept lattice. Hence, for any S-sortable set of classes a
plane drawing of the Hasse-diagram of its concept lattice exists which implies
the existence of the S-graph of its concept lattice. However, the Hasse-planarity
is only a necessary, but not a sufficient precondition for S-sortability as Fig.
demonstrates, which shows a plane drawing of the Hasse-diagram of a concept
lattice of a set of classes that is not S-sortable.
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Fig. 8. S-graphs of (A, ®)-lattices (left: (A, &) taken from example [II right: (A, ®)
taken from example [2])

A close investigation of what happens while reducing a plane drawing of an en-
larged concept lattice to a plane drawing of the non-enlarged concept lattice will
conclude the proof of condition 2: A plane drawing of the non-enlarged concept
lattice can be gained from a plane drawing of the enlarged one by contracting
all edges leading from lower nodes to nodes which correspond to singleton sets
which were added while enlarging the set of classes. For each such node there
will be exactly one edge which must be contracted. Hence, the contraction will
not destroy the planarity of the graph. Furthermore, a node labeled a (with
a € A) which trivially belongs to the S-graph of the enlarged concept lattice will
also belong to the S-graph of the non-enlarged concept lattice. This proves that
condition 2 is equivalent to condition 1 and thus that it is a sufficient condition
for the S-sortability of a set of classes.

In contrast to condition 1, condition 2 operates immediately on the concept
lattice of the original set of classes. Hence, on the concept lattice which in-
volves only those sets for which a pratyahara must exist in a corresponding
S-alphabet. Therefore, it is possible to develop a procedure for the construction
of S-alphabets with minimal marker sets on the basis of the S-graphs treated
in condition 2. For a detailed illustration of how the procedure works see Fig.
which stepwise illustrates the procedure for the S-sortable set of classes given in
example [Tl

Procedure for the construction of S-alphabets with minimal marker sets:

1. Start with the empty sequence and choose a walk through the S-graph that:
— starts and ends at the lowest node,
— reaches every node of the S-graph,
— passes each edge not more often than necessary,
— is oriented such that while moving downwards as few labeled nodes with
exactly one upper neighbor as possible are passed.
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2. While walking through the S-graph modify the sequence as follows:
— While moving upwards along an edge do not modify the sequence.
— While moving downwards along an edge add a new marker to the se-
quence unless its last element is already a marker.
— If a labeled node is reached, add the labels in arbitrary order to the
sequence, except for those labels which have already been added in an
earlier step.

The small example given in Fig. [I0 illustrates the importance of choosing a
walk through the S-graph that avoids passing labeled nodes while moving down-
wards. In [Petersen (2004) a similar procedure is applied in order to demonstrate
that the number of markers in Panini’s Sivasttras cannot be reduced. Note
that the procedure is not deterministic, as it usually does not return one single
S-alphabet. In [Petersen (2008) it has been proven that every S-alphabet with
minimal marker set can be derived by this procedure. In the case of Panini’s
problem the procedure leads to nearly 12000000 equally short S-alphabets in
which the sound & occurs twice.

2.3 Third Condition for S-sortability: Algorithmically Verifiable
Criterion

Since it is hard to decide whether a concept lattice is Hasse-planar by examining
the concept lattice itself, it is favorable to use a planarity criterion which does
not depend on properties of concept lattices (like condition 1 and 2), but on prop-
erties of their corresponding formal contexts which can be checked more easily.
Condition 3 follows immediately from condition 1 and the following proposition
which is proven in [Zschalig (2007):

Proposition 1. The concept lattice of a formal context is Hasse-planar if and
only if its Ferrers-graph is bipartite.

A graph is said to be bipartite if it is possible to assign its vertices to two disjoint
classes such that each edge connects vertices which belong to distinct classes.
Zschalig (2007) defines the Ferrers-graph of a formal context as follows:

Definition 3. The Ferrers-Graph of a formal context (G, M, I) is I'(I) with

set of vertices: V(L) =1 with I=GxM\I and
set of edges: E(I(I)) = {{(a1,b2), (a2,b1)} | (a1,b1), (az,be) € I} .

The definition is easier to understand if one describes the formal context by a
cross table as before (cf. Fig. @ and Fig. Bl). Then the empty cells of the table
become the vertices of the Ferrers-graph, and two vertices are connected by an
edge if and only if their cells violate the condition of a Ferrers-relation. Here,
violating the condition of a Ferrers-relation means that the two ‘partner’ cells —
which together with the two empty cells define the corners of a rectangle — both
contain a cross. Hence, in the small example
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X
X

the two empty cells are vertices of the corresponding Ferrers-graph, and they
are connected by an edge:

X @

o/ X

Figure [[1] demonstrates by the example of two edges how the Ferrers-graph
of a formal context is constructed. In the left part of the figure, the two vertices
(2,¢) and (3,a) of the Ferrers-graph have to be connected by an edge since
their partner cells (2,a) and (3,¢) bear crosses. The right part of the figure
demonstrates that the vertices (3,b) and (0, e) have to be connected by an edge
too. As an example for two non-connected vertices of the Ferrers-graph consider
the vertices (2, ¢) and (3,d). They are not connected by an edge in the Ferrers-
graph since their partner cell (2,d) does not bear a cross.

The whole Ferrers graph for this example context is given in Fig. Here, the
edges of the graph are labeled by the cells of the cross table of the formal context.
Note that the Ferrers-graph is bipartite which is in accordance with the Hasse-
planarity of the corresponding concept lattice shown in Fig. However, the
example set of classes is not S-sortable since the node labeled f does not lie on
the S-graph of the concept lattice. Hence, by the main theorem on S-sortability it
follows that the concept lattice of the enlarged set of classes is not Hasse-planar

eM1adM2ngcM4 deM1llM2€M3

Fig.10. Example with two distinct walks through the S-graph of which only
the right one leads to an S-alphabet with minimal marker set (here, & =

{{a.d}, {a,b,d},{b, c, d}, {e}})

a b c¢c de f a b cd e f
0O e ¢ @ X X @ Oe ?—-o—><—><o
1 ¢ X X X o0 1e X ><+0
2 X =%g0 © 0 @ 2% ¥ e o o

] )
3 ¢4>< o o X 36 X xeN X

Fig. 11. Illustration for the definition of edges in Ferrers-graphs
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abcdef
1 X X X

2 X X
3 X X X

0-b 0-a 0c Of 1 1-a 3-a

3e 2-d 2e 3d 1le 2c 2f

Fig. 12. Example of a bipartite Ferrers-graph (upper left: formal context; lower left:
Ferrers-graph; right: concept lattice)

and that its Ferrers-graph is not bipartite. Both, the enlarged concept lattice
and its corresponding Ferrers-graph are given in Fig. As demonstrated by
the edge between the vertices 2-f and 9-b, the Ferrers-graph is not bipartite.

The Ferrers-graph of a formal context is bipartite if it is possible to assign
its vertices to two disjoint classes such that each edge connects vertices which
belong to different classes. This property can easily be algorithmically verified
by assigning an arbitrary start vertex to the first class and assigning all vertices
which are connected with it to the second class. Every time a vertex is assigned
to one class, all neighbor vertices are assigned to the other class. This procedure
has to be repeated for every connected component of the Ferrers-graph. If at any
point a vertex has to be assigned to both classes, the Ferrers-graph is necessarily
not bipartite. But if it is possible to assign all vertices to the classes without
conflicts, the Ferrers-graph is bipartite. Hence, condition 3 offers a possibility to
check algorithmically whether a set of classes is S-sortable or not.

3 Identifying Good Candidates for Duplication

The aim of this section is to illustrate how the three conditions for S-sortability
can be applied in the construction of S-alphabets with duplications in the case of
non S-sortable sets of classes. It turns out that for different sets of classes different
strategies have to be chosen in order to tackle the problem of identifying those
elements which have to be duplicated in order to get an S-alphabet with as few
duplications as possible and a minimal number of markers.

First, it will be demonstrated by the examples in Fig. [[2 and Fig. [[3] how in
some cases condition 3 can be applied in order to identify minimal S-alphabets
in the case of non-sortable sets of classes. Let therefore

A={a,b,c,dye,f} and &= {{d,e},{b,c,d}, {a,b},{b,c,f}}.
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Fig. 13. Example of a non-bipartite Ferrers
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Fig. 14. Formal context and concept lattice of the set of classes in Fig.[[2lreduced by b

As the Ferrers-graph in Fig. [[3] of the enlarged set of classes is not bipartite, it
is not possible to give an S-alphabet of (A, ®) without duplicated elements. The
task is now to identify those elements whose duplication leads to an S-alphabet
with as few duplicated elements as possible and a minimized marker set.

The Ferrers-graph in Fig. [[3 indicates that the elements b and f cause the
graph to be non-bipartite. Duplicating f would be pointless since f is an element
of only one class, namely {b,c, f}. Therefore, it should be tried to duplicate b
such that the set of classes gets S-sortable and thus S-encodable.

First, by condition 2 Fig. [[4 indicates that the set of classes becomes S-
sortable if b is completely removed. Furthermore, if a minimal S-alphabet can
be gained by duplicating b, Fig. [[4] restricts the order of the elements a,c,d, e
and f. On the basis of the S-graph of the concept lattice in Fig. [[4] the following
four minimal S-alphabets of the set of classes reduced by b can be identified (the
marker positions are indicated by vertical lines):

alfeldle] — feldlelal —aledlc|f]  ed|c|fla] -

Adding a copy of b such that the resulting set of classes becomes S-sortable leads
to one of the two formal contexts and corresponding concept lattices in Fig.
From both concept lattices one can read off S-alphabets with a minimum of four
marker elements. As four markers are already needed in an S-alphabet of the
set of classes reduced by b, all S-alphabets with minimal marker sets which can
be read off the S-graphs of the two concept lattices in Fig. [[H] are minimal (e.g.,
ab|fc|t/dle|, ed|V/ c| fbla, ab| fb'c|de|, ed|V/c| flab], ...).

The analysis of Ferrers-graphs is not always as informative as in the case of
the discussed example, where one single edge can be identified that destroys
the bipartity of the graph. Therefore, another example that involves a different
method for the identification of good candidates for duplication will be pre-
sented: Let the set of classes consists of those sound classes used in Panini’s
Sanskrit grammar that are denoted by pratyaharas. The concept lattice of the
corresponding pratyahara-context is given in Fig. As mentioned before, it is
not Hasse-planar, but proving that a graph like the one in Fig. [[8 is not planar
may be hard. In [Petersen (2004) the proof is based on the criterion of Kura-
towski, which states that a graph is planar, i.e. drawable without intersecting



94 W. Petersen

abb cde f abbcdef
0 X X 0 X X
1 X X X 1 X X X

2 X X 2 X X

3 X X X 3 X X X

Fig. 15. Formal contexts and concept lattices for possible duplications of b (cf. Fig.
and Fig. [[3)

Fig. 16. Concept lattice of Panini’s pratyahara-context

edges, if and only if it contains neither the graph ey nor the graph D¥< as a

minor i In Petersen (2004) it is shown that the graph in Fig. has @ as a
minor by identifying a fitting section of the graph.

Instead of applying Kuratowski’s criterion directly it is easier to work with a
derived necessary condition for S-sortability: Figure [T shows a context of three
independent elements and its concept lattice. An ordered set like this concept
lattice is Hasse-planar if and only if the graph which is the result of adding
an extra edge connecting the bottom and the top node in its Hasse-diagram is
planar. It can be easily verified that in the case of a concept lattice of three

independent elements the resulting graph has @ as a minor. It follows that

3 A graph is the minor of an other graph if it can be constructed from the latter by
removing vertices and edges and contracting some of the remaining edges.
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hl o
{h,l} x x
{h,v} x X
{v,l} xx

Fig. 17. Formal context of three independent elements and its concept lattice

whenever a set of classes has three independent elements it is not S-sortable.
Three elements are said to be independent if for any pair of them there exists a
set in the concept lattice which contains both, but not the third. The set of all
independent triples of a formal context can be extracted algorithmically.

In the case of Panini’s pratyahara-context, one finds 249 independent triples.
Interestingly, all of them include the sound A and no other sound element is
included in all of them. Hence, h is the best candidate for duplication as h offers
the only possibility to destroy all independent triples by a single duplication and
thus to order the sounds in an S-alphabet with just one duplicated element. By
an analysis of the concept lattice of the pratyahara-context reduced by h, it has
been proven in [Petersen (2008) that in the Sivasiitras Panini has chosen a way
of duplicating h that leads to a minimal S-alphabet.

4 Conclusion

The analyses of the various examples in this paper demonstrate how the three
sufficient conditions for S-sortability offer different approaches for the construc-
tion of minimal S-alphabets which interlock and complement one another. As
the problem of constructing minimal S-alphabets inherently bears the danger
of combinatoric explosion, it is important to check which solution strategy is
the most efficient in each individual case. One can benefit from the fact that
the three conditions of S-sortability support different ways of tackling the prob-
lem. For instance, whether a graph is bipartite can be checked algorithmically
while the question whether all labels lie on the S-graph of a concept lattice can
be answered by simply looking at it. Hence, S-alphabets should be constructed
semi-automatically by considering the application of all presented strategies.
In fact, deciding whether Panini has actually chosen an optimal way of ar-
ranging the sounds in the Sivasiitras is more intricate than presented here. We
have simplified the problem to the problem of constructing a minimal S-alphabet
to the set of sound classes which are denoted by pratyaharas in Panini’s gram-
mar. But due to the following reasons this is not the exact problem which Panini
faced: First of all, not all sound classes in Panini’s grammar are denoted by pra-
tyaharas. For instance, Panini also makes use of the older wvarga-classification
of sounds, or sometimes he even simply lists the sounds involved in a rule. Sec-
ond, Panini permits overgeneralized rules by using a pratyahara in a rule that
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O
tree structure S-sortable structure general hierarchy

Fig. 18. Mid-position of S-sortable structures

denotes a larger class of sounds than the one to which the rule actually ap-
plies (cf. [Kiparsky, [1991). Third, the order of the sounds in the Sivasiitras does
not only depend on the classes which need to be encoded by pratyaharas. A
phonological rule, which claims that sounds of class A are replaced by sounds
of class B, also has to ensure that a replaced element of class A is replaced by
its counterpart of class B. In Panini’s grammar, a special meta-rule guarantees
that the sounds are replaced by their counterparts according to their position
in the sound lists denoted by the pratyaharas (cf. footnote [I]). Hence, a deeper
analysis of the use of the sound classes in Panini’s grammar is still necessary in
order to decide whether the Sivasitras are optimal.

We will conclude by some remarks on the promising prospect of revitalizing
Panini’s Sivasﬁtra—technique in order to approach some modern problems. A first
field of problems is tackled in [Petersen (submitted), namely the problem that
quite often one is forced to order things linearly although they could be more
naturally organized in a non-linear hierarchy (e.g., books on bookshelves, clothes
on racks, ...). S-orders may offer a way out as they order elements linearly, but
in a sense bundle elements of one class up by keeping the distances between
them small.

Another possible, but yet unexplored application area of the presented formal-
ization of Panini’s technique is data representation in Computer Science. Data
structures in Computer Science are encoded linearly as classical programming
languages are inherently linear. Since tree structures can be encoded as nested
lists, many formalisms only allow for tree structures and leave polyhierarchies
out. However, in knowledge engineering multiple inheritance relations are central
and thus polyhierarchies are badly needed. In this dilemma, S-sortable sets of
classes could take over the position of tree structures due to the fact that they
can be encoded linearly by lists with indexed brackets. Furthermore, they build
up a hierarchical structure which takes a mid-position between tree structures
and general hierarchical structures (cf. Fig. []): They can be represented in a
plane drawing like tree structures, but allow, at least in a limited way, for mul-
tiple inheritance like general polyhierarchies. A promising task is to explore to
what extent Panini’s Sivasttra-technique can be employed for the representation
of hierarchies in order to allow at least for limited multiple inheritance without
loosing the advantages of an efficient linear encoding and processing of hierar-
chical relations. The idea is to extend, for some tasks, the class of admissible
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hierarchies from tree-shaped hierarchies to S-sortable ones. More on this idea
can be found in [Petersen (2008).
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Abstract. The paper sets out a prima facie case for the claim that
the classification of Sanskrit compounds in Paninian tradition can be
retrieved from a very slight augmentation of the usual enriched context
free rules.
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1 Introduction

The aim of this paper is to make a prima facie case that the information per-
taining to the grammar of compounds in Classical Sanskrit captured in their
classification by the Paninian tradition can be retrieved from a very slight
augmentation of the usual enriched context free rules used by generative lin-
guists. To make the complete case would require much more space than is
available here.

I shall proceed as follows. First, I shall remind the reader of the general
properties of compounds in Classical Sanskrit. Second, I shall set out what I
mean by enriched context free rules. Third, I shall review the classification of
compounds by the Paninian tradition and show, for each category, how that
category can be retrieved from the structure assigned to a compound by the
enriched context free rules.

2 General Properties

The following are generally acknowledged regularities which the compounds of
Classical Sanskrit exhibit.

1. Compounds are subject to the inflectional and derivational morphological
forms of simple words (A 2.4.71; A 6.3.1; MBh to A 2.1.1, i.e., Kielhorn (ed)
[5] v. Lp. 362.5; Whitney [§] §1246; and Cardona [I] pp. 264-265). In particu-
lar, inflection occurs at the end of compounds, not within them; derivational
suffixes can be added as easily to compounds as they can be to words.

2. The accentuation of a compound is that of a simple word, not that of a
phrase (A 6.1.158; MBh to A 2.1.1, i.e., Kielhorn (ed) [5] v. I, pp. 362.8-9;
Whitney [8] §1246).

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 98 2009.
© Springer-Verlag Berlin Heidelberg 2009
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3. Constituents of a compound, unlike constituents of phrases, have a fixed
linear order (A 2.2.30; MBh to A 2.1.1, i.e., Kielhorn (ed) [5] v. I, p. 362.8;
Cardona [I] pp. 261-264). In general, whereas no two immediate constituents
of a compound can be transposed and the sense of the compound retained for
its members; any two immediate constituents of a phrase can be transposed
and the sense of the phrase retained.

4. Inflected words, which are external to a compound, are not construed with
uninflected constituents subordinate within it (MBh to A 2.1.1).

5. A compound is usually analyzable into two immediate constituents (A 2.1.4);
and if there is a head, it is the second immediate constituent (A 1.2.43;
A 2.2.30; ; Whitney [8] §1246; Cardona [1] pp. 261-263).

6. Compounds are of unbounded complexity (Whitney [§] §1248).

7. A compound has a typical, and for Panini, a canonical, phrasal paraphrase
(vigraha-vakya) such that, if a compound has the form [C D], then its phrasal
paraphrase has the form C; D; (where i and j denote one of the seven
Sanskrit cases). Moreover, the head of a canonical phrasal paraphrase is the
head of the compound being paraphrased.

The first four regularities make it plausible that lexical and phrasal syntax
are distinct. The fifth and sixth regularities show that compounds in Classical
Sanskrit are binary branching and recursive. Such are the kinds of structures
which one would expect the enriched context free rules of the sort given by
Selkirk (1982), among others, for English would generate.

To be sure, there are exceptions to these regularities, but happily they are
not productive. For example, some compounds, such as conjunctive compounds
(dvandva compounds) formed from the names of gods, do not have the accent
of simple words. Moreover, there are cases where an inflectional affix occurs on
a subordinate constituent within a compound (A 6.3.7-8), so-called aluk com-
pounds, or within lexical derivation (A 6.3.17). However, these cases are not
considered productive by any Sanskritist and they are best treated as items to
be listed in the lexicon. (For examples and discussion, see Whitney [8] §1250 and
Cardona [1], pp. 264-265.)

3 Enriched Context Free Rules

It is useful to distinguish between descriptive grammars and generative gram-
mars. Descriptive grammars are those which state regularities which do not aim
to generate all and only the well-formed expressions of the language. Traditional
grammars of European languages and teaching grammars of various languages
around the world are examples of such grammars. Generative grammars are those
grammars which aim, on the basis of a lexicon and a set of rules, to generate all
and only the acceptable expressions of a language. Panini’s Astadhyayi is such
a grammar, for it aims to do precisely that for Classical Sanskrit. Grammars of
the American structuralists, what they called constituency grammars, are also
examples of such grammars.
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These grammars, though generative, were informal grammars. The first at-
tempt to define and characterize formal grammars was undertaken by Chomsky
[3], who distinguished regular grammars, from context free grammars, from
context sensitive grammars, from unrestricted grammars. Chomsky [2] claimed
that the constituency grammars of the American structuralists are properly for-
malized as context free grammars. However, as most formally minded linguists
now recognize, this is not true. To be sure, American structuralist linguists did
use rules which are instantiations of context free rules, but the rules they used
had richer content, which included the use of features and of structured category
labels.

Context free grammars can be viewed from a variety of perspectives. Ini-
tially, they were regarded as rewrite rules. The correlated labelled trees, then,
represented equivalence classes of derivations. Eventually, linguists abandoned
the view of context free grammars as sets of rewrite rules and adopted the
view instead they characterized the order which the morphemes in a complex
expression bear to one another. This is the view I shall take in what follows,
though I suspect that nothing crucial depends on which of the two views one
opts for. The latter view is simply the one which most linguists find more
congenial.

It is now generally recognized that the labels for categories of expressions,
features and subcategorization frames are all required in a grammar of a lan-
guage. Enriched context free rules, then, are context free rules enriched with such
additional structure. Let me state, then, some of the enrichments required for
the treatment of expressions of Classical Sanskrit To begin with, one requires
feature specification for case, number and gender. We shall not introduce these
here, as they do not bear directly on the range of data to be addressed in this pa-
per. In addition, one requires structured category labels. Basically, one requires
labels for adjective, adverb, noun, preposition, verb and clause. However, these
must be enriched so as to distinguish between stems, words (inflected stems)
and phrases. The phrasal labels include A' (inflected adjective), A% (adjective
phrase), N! (inflected noun), N? (noun phrase), V! (inflected verb), V2 (verb
phrase), P! (preposition), P? (prepositional phrase), D! (adverb), D? (adverbial
phrase) and S (clause). The remaining labels, which are labels for stems, are A°
(adjective stem), N° (noun stem), P® (preposition stem) and VO (verb stem).
(Since phrasal syntax plays only an incidental role here, I shall drop the super-
scripts and, unless otherwise specified X is short of X°.) All compound stems
will then have a label X (X?). Subcategorization information is used to capture
what morphologists call bound morphemes. I shall indicate bound morphemes
with the linguist’s customary use of a hyphen, preceding the morpheme, when
the morpheme is suffixed to another constituent, and succeeding the morpheme,

! This publication was based on work done before 1957.

2 Tt is such enrichments which are at the heart of such grammars as Generalized Phrase
Structure Grammar (GPSG) and Head Driven Phrase Structure Grammar (HPSG).

3 There is probably no need to distinguish between preposition stem and prepositional
word.
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when it is prefixed. (How subcategorization is to be handled is a much more
complex matter, involving many facets of the grammar not discussed here.)

4 Traditional Classification

Panini’s treatment of compounds in his Astadhyayr is one familiar to con-
temporary linguists. Each compound is paired with a canonical phrasal para-
phrase (vigraha-vakya). Underlying the compound and its canonical phrasal
paraphrase is a string of symbols, which denote what the compound and its
paraphrase denote. At a suitable point in the derivation, elements correspond-
ing to the inflection of words in the paraphrase are optionally deleted. As a
result of this correspondence between compound and canonical paraphrase, it
is possible to classify the compounds using properties of the paraphrases. This,
then, is the basis for the classification of compounds used in the later Paninian
tradition. Here is the classification:

1. aluk
2. luk
(a) avyayibhava
(b) dvandva
(c) talpurusa
i. nan tatpurusa
ii. pradi tatpurusa
iii. upapada tatpurusa
iv. vibhakti tatpurusa
v. karmadharaya
visesana-purva-pada-karmadharaya
visesana-uttara-pada-karmadharaya
visesana-ubhaya-pada-karmadharaya
upamana-purva-pada-karmadharaya
avadharana-purva-pada-karmadharaya
upamana-uttara-pada-karmadharaya
(d) bahuvrihi compounds

mEYQR >

The question is: can one recover from the analysis of a compound by enriched
context free rules the classification of the compound within this schema. The
answer seems to be yes. However, the full case cannot be made here, both because
the data to be surveyed demands a paper much longer than what is permitted
and because the problem of compound analysis is intimately connected with
other aspects of the grammar whose precise treatment remains either obscure or
undecided. Nonetheless, I shall sketch out the basic ideas, filling in, as required,
ancillary assumptions.
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The simplest cases are the aluk compounds. These are the compounds in which
the left sister is inflected. Consider, for example, atmanepada. It is analyzed as
[N [n1 atmane | [N pada | ]H The fact that the analysis contains a bracket
labelled with N as a left sister to a bracket labelled with N is both necessary
and sufficient to identify the compound as an aluk compound.

All other compounds are luk compounds, meaning the left sister constituents
are all stems, either bound or unbound. Within the luk compounds, avyayibhava
compounds are easily identified by their analysis. They are compound stems
inflected as adverbs, as is, for example, [p1 [p upari | [y bhami | ].

Also easily identifiable from their parses are nan-tatpurusa compounds,
upapada-tatpurusa compounds and pradi-tatpurusa compounds. Nan-tatpurusa
compounds are compounds prefixed with the bound morpheme a- or an-. Thus,
for example, it is evident that [y [4 a-] [y brahmana]] and [y [a an-] [N asva]]
are such compounds. An upapada-tatpurusa compound is one whose right sister is
a bound, nominal morpheme derived from a verbal root. Examples of such bound
morphemes are: -bhid, -jna, -stha, -drs, -ghna, -cara, etc.

On the assumption that one can identify a bound, nominal morpheme derived
from the verbal root, one can easily identify a compound such as [y [y sarva ]
[v -jna ] ] as an upapada-tatpurusa compound. Finally, a pradi-tatpurusa com-
pound is one whose first constituent is either a preposition (e.g., pra), a prefixing
bound morpheme (e.g., ku-) or an indeclinable (e.g., puras). These morphemes
are listed in the grammar with the first member of the list being the prepo-
sition pra. (Hence, they are given the name pradi compounds.) Each of these
compounds, then, are readily identified from their analysis and the pradi list.
Examples of such compounds are: [y [p adhi | [y raja]], [v [a ku- ] [v purusa ] ]
and [y [4 puras ] [y -kara | ].

We now come to compounds which require further annotation for their identifi-
cation. They are those compounds comprising two adjectival stems, two nominal
stems or a nominal stem followed by an adjectival stem [ Let us begin with stems
of the form N N. Dvandva compounds, many vibhakti-tatpurusa compounds and
karmadharaya compounds are of this form. It is common to distinguish headed
constituents from non-headed constituents. Vibhakti-tatpurusa compounds and
most karmadharaya compounds are headed, indeed, right headed. Dvandva com-
pounds are non-headed compounds; and some karmadharaya compounds are also
non-headed.

The simplest extension of the notation is to introduce a special symbol for the
non-headed compounds, inserting between the elements a plus sign, say. Thus,
one would have the dvandva compound [ [v rama |+[n krsna | ]. Some so-
called wvisesana-ubhaya-pada-karmadharaya compounds are also non-headed: for
example, [4 [4 snata |+[a anulipta | |. Now it is easy from this notation to see

4 Since aluk compounds are not productive, they are listed in the dictionary and they
can be listed with their analysis. Some questions of implementation arise with respect
to whether or not one wishes to encode the case of the inflected subordinate word.

5 I am making the simplifying assumption that participial stems are labelled as adjec-
tival stems.
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which is which. The compounds which have the plus sign and both of whose
constituents are nouns are dvandva compounds; other compounds with the plus
sign are visesana-ubhaya-pada-karmadharaya compounds.

To distinguish among the remaining compounds, one could do the following:
one could introduce a labelled relational symbolﬁ This symbol could be indexed
by a numeral between one and seven. Each wvibhakti tatpurusa would have the
numeral corresponding to its case. Thus, one has [y [y sukha | <3 [4 apanna ]
I, v [v akhu | <3 [a dam$ita | ], [v [N go ] <4 [a hita ]], [v v vrka ]| <5 [a
bhita | ], [v [N raja | <e [v purusa]] and [y [§ #vara | <7 [4 adhina ] ].

Those with the numeral one are identifiable as karmadharaya compounds.
In this way, the visesana-purva-pada-karmadharaya compounds, as exemplified
by the compound [y [4 dirgha | <1 [y kantha | |, the visesana-ubhaya-pada-
karmadharaya compounds, as exemplied by [4 [4 tulya | <; [a Sveta ] ], the
upamana-puarva-pada-karmadharaya, as exemplified by [ [v anala | <1 [§ usna
| ], the avadharana-parva-pada-karmadharaya, as exemplified by [y [v raja | <1
[v rsi ] ], and the upamana-uttara-pada-karmadharaya, as exemplified by [y [~
purusa | <1 [n vyaghra | ] would all be identifiable as karmadharaya compounds.
I shall leave open the question as to how these subclasses might be distinguished
from one another using the enriched context free notation advocated here.

Finally, we come to bahuvrithi compounds. Such compounds are most easily
identified by the fact that their final constituent is a noun but they behave like
adjectives. When this is marked inflectionally, such compounds are easily identi-
fied. But this is not always so. For example, when a bahuvrihi compound is the
left sister of a compound or of a derivational suffix, it cannot be grammatically
identified. Indeed, such cases are ambiguous; and one must rely on the context
to figure out whether the compound is a tatpurusa or a bahuvrihi. Moreover, if
the last word of the bahuvrihi compound is of the same gender as the noun it
modifies, again it is ambiguous. The easiest way to annotate such compounds is
with a phonetically null suffix (see Gillon [4] for discussion), but how precisely
to implement that depends on how inflectional tagging is to be done, another
complexity not addressed here.

5 Bound Morphemes

We have already seen some instances of the utility of the notion of a bound mor-
pheme, to be formalized as subcategorization, in providing parses for Sanskrit
compounds. I end the paper with an indication of still further uses. To begin
with, consider the stems purva, apara, adhara, uttara, ardha and madhya. In
compounds, they are adjectives, in phrases they are nouns. This distinction is
nicely handled by treating the adjectives as bound morphemes and the nouns as
unbound morphemes.

In addition, many words, which, when uncompounded, belong to one
inflectional class, belong to another, typically the a stem inflectional class, when

5 In earlier work, I used the symbol <.
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compounded. In each case, subcategorization can be used to handle the treat-
ment of these stems.

1. The word rc, which has a consonantal stem, becomes the a-stem rca, when
preceded by a word in a compound. The same holds for the words pur (pura),
ap (apa), dhur (dhura) and pathin (patha).

2. The consonantal stem words saman and loman, when preceded by the prepo-
sitions prati, anu and ava become the a-stem words sama and loma, respec-
tively.

3. The i stem word bhumi becomes the a stem word bhuma, when preceded in
compound by either krsnpa, pandu or a numeral.

4. The 7 stem words nadi and godavari become the a stem words nada and
godavara, respectively, when preceded in compound by a numeral.

5. The r stem word catur becomes the a stem word catura, when preceded in
compound by either ¢ri or upa.

6. The s stem word warcas becomes a stem word varcasa, when preceded in
compound by either brahman, hastin, palya or rajan.

7. The s stem word tamas becomes a stem word tamasa, when preceded in
compound by ava, sam or andha.

8. The n stem word adhvan becomes a stem word adhva, when preceded in
compound by a preposition.

9. The ¢ stem word anguli becomes a stem word arngula, when preceded in
compound by either a numeral or an indeclinable.

10. The ¢ stem word ratri becomes a stem word ratra, when preceded in com-
pound by either a numeral or an indeclinable or ahan or sarva or a word
denoting part of the night.

11. The n stem word ahan becomes a stem word aha, when preceded in com-
pound by either a numeral or an indeclinable or sarva or a word denoting
part of the day.

6 Conclusion

Above, I have made a prima facie case that the information pertaining to the
grammar of compounds in Classical Sanskrit captured in their classification by
the Paninian tradition can be retrieved from a very slight augmentation of the
usual enriched context free rules used by generative linguists. I have reviewed
this classification and I have shown, for each category in the classification, how
that classification can be retrieved from a fairly standard set of enriched context
free rules, adapted for Classical Sanskrit.
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Abstract. In this paper, I describe a hybrid dependency tree parser
for Sanskrit sentences improving on a purely lexical parsing approach
through simple syntactic rules and grammatical information. The per-
formance of the parser is demonstrated on a group of sentences from epic
literature.
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1 Introduction

Designing a reliable algorithm for the automatic syntactic analysis of Sanskrit
phrases is an important, though still unsolved problem in computational lin-
guistics. Some previous approaches to this problem are based on built-in rules
that encode the syntax of regular Sanskrit phrases using, for instance, finite au-
tomata. How to find these syntactic rules is not often the central focus of interest,
however. Many researchers use karaka analysis (e.g., [6], claiming free word order
for Sanskrit) or the syntax rules formulated in modern learner’s manuals such
as Apte’s or Kale’s grammars. Whether these rules describe the correct word
order of classical Sanskrit texts remains open to discussion, however, because
they may reflect either a pre- (Panini’s karaka theory) or post-classical use of
Sanskrit. Modern Indological research is no great help in finding the syntactic
rules of the classical language. German Indologists such as Delbriick [], Speyer
[9], Canedo [2] and, more recently, Ickler [8] took great pains in analyzing large
corpora in detail, but they concentrated on Vedic and pre-classical prose. Results
of these stylistic studies of early Sanskrit are hardly applicable to classical texts,
which are, in addition, written in verse in most cases (cmp. the critical remarks
in [5] on the bias in selecting the texts). The same holds for Staal’s frequently
cited work [I0], which does not care very much about the word order in real
Sanskrit texts. In summary, the syntactic rules used in rule-based approaches
are derived from theories about modern or pre-classical Sanskrit and then ap-
plied to the classical language. This procedure implies that Sanskrit syntax has
remained unchanged over an interval of over 3000 years, a claim well suiting
the tendency to deny any development in this language, but not founded on
large-scale research.

At this point, we find ourselves in a chicken-and-egg dilemma. Before using a
rule-based approach to analyze the syntax of classical texts, we need the syntactic
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rules for the classical language. To find these rules in significant numbers, we
need a syntactic parser that is, as just described, rule-based in many cases. We
may, therefore, simplify the starting problem: The aim is to design not a complete
syntactic parser, but instead an algorithm giving the most probable dependency
tree of a lexically and morphologically analyzed sentence. Valid rules describing
the word order of classical Sanskrit may be derived from a large number of
manually corrected trees in a later step; however, this step is not discussed in
this paper.

Among the numerous approaches to derive dependency trees from sentences
in natural languages, a recently published thesis by Yuret is especially interest-
ing because it combines an appealing basic idea with an unsupervised learning
algorithm [I2]. In this paper, I describe how the performance of Yuret’s purely
lexical parser can be improved through the addition of some simple, yet efficient,
features such as information about grammar (22 and valences ([2:2)), smoothing
probabilities (Z2)) and a few fixed syntactic rules (22)). Because test data for
Sanskrit syntax are not available, the performance of the parser is demonstrated
during the improvement steps by analyzing a few sample sentences from the
RAMAYANA (23).

2 Building a Lexicalized Parser

2.1 Yuret’s Model

The starting point of the following experiments is the purely lexical dependency
parser described by Yuret [12]. According to Yuret, syntactic information is cap-
tured by the mutual information between the lexical components of a sentence
(cmp. [12), 26-31] and Footnote [ below). Because mutual information does not
depend on the order of two lexical items, the dependency structure constructed
using Yuret’s algorithm is undirected (but may, of course, be transformed into a
directed graph as soon as the root item is identified). Furthermore, the depen-
dency structure is acyclic and, therefore, a tree, which is equivalent to the claim
that each word in a sentence should have only one governing word. Finally, Yuret
claims that the dependency structure should be projective, i.e., its links should
not cross. The author admits that this restriction holds only for many (not alll)
sentences in natural languages; this warning is especially important for Sanskrit
verses. However, projectivity simplifies the construction of the tree to such a
degree that the occasional errors caused by this condition may be neglected. In
summary, the application of Yuret’s ideas to a sentence produces a dependency
tree that reflects the syntactic structure of the sentence as given by its lexical
components. The arrangement of such a tree is not necessarily identical to the
structure found using, for instance, constituent analysis. However, items close to
each other in the dependency tree should constitute syntactic units in regular
constituent analysis.

Yuret’s system consists of two parts. The processor builds dependency struc-
tures for a series of lexical units (= a sentence), while the learner represents
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the “knowlegde” or “brain” storing information gained from previously ana-
lyzed sentences. To parse a sentence, the processor searches for the most prob-
able structure given the information stored in the learner. Although there is
a Viterbi style algorithm calculating the exact solution, Yuret proposes the
following approximation that reduces computation time from O(n®) to O(n?)
[12, 35f1.]:

1. Each sentence is read from left to right. For each word w; to the left of the
p(wi,wj)

is calcu-
p(w;)

current word wj, the conditional probability p(w;|w;) =

lated [

2. If p(w;|w;) # 0, the words w; and w; may be connected with a link. However,
this link can only be created if (1) it does not intersect with an already
existing link and (2) it does not create a cycle in the dependency structure.
If condition (1) or (2) applies, the new link is only inserted if its value
p(wj|w;) is higher than the respective value of the existing link. In this case,
the existing link is removed from the dependency tree.

3. When the sentence has been analyzed, the learner is updated with the linking
information created in the second step. Therefore, only the cooccurrence
frequencies of words being connected by a link are increased in the learner.
During the first cycles of the algorithm, the “brain” of the learner is empty
and no dependency structure can be created. In these cases, the learner is
updated using pairs of adjacent words.

2.2 Improving Yuret’s Parser

After being trained on the current corpus of the SanskritTagger database (cmp.
[7]), Yuret’s parser is able to identify some syntactic substructures in unknown

! Yuret uses the mutual information of ordered pairs of words MI(w;,w;) =
log p(w;,w;)
p(wi,*) p(x,wj)
structure of a sentence S, W the set of all words w; contained in S, and wo the head
word of the structure, Yuret explains the use of mutual information as follows [12]

28/29]. The joint probability of the entire sentence is given by

instead of the conditional probability. If L denotes the dependency

p(S) =pL)ptwo) [[ plwilw) =pL)p(wo) ] p(wi, wj)

(wi,wj)eL (wi,wj)€EL p(wi)

Because a projective tree constructed from a sentence S has |S| —1 connections after
the head word has been identified, this expression can be rewritten as

K
wseW (wiwj)EL p(wi7*) 'p(*7wj)

demonstrating, according to Yuret, that the syntactic information of a sentence can
be expressed by the mutual information contained in the lexemes that constitute the
sentence. Following Yuret, I set p(.S) to a constant factor. — For reasons of numerical
accuracy, I use the logarithm of p(w;|w;) instead of the raw value (multiplication —
addition).
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sentences. Nevertheless, when we analyze the sample phrases (cmp. 23)), it be-
comes obvious that the parser never manages to identify the correct overall struc-
ture of any of the samples. This is probably caused by the comparatively small
number of data used for training the parser. While Yuret reports convincing
results only for databases of more than 10 million words, the SanskritTagger
database comprises about 2.5 million lexical units. This number is probably not
large enough to arrive at reliable estimations of lexical cooccurrence. The fol-
lowing sections describe how to improve the performance of the parser without
training it on more lexical data.

Grammatical information. Every word stored in the SanskritTagger
database is accompanied by grammatical information concerning, for instance,
number, case or tense. Although Yuret deliberately excluded this kind of infor-
mation from the parsing process, I have observed clearly superior analysis of the
sample phrases when grammatical information was taken into account. To in-
clude grammar, the conditional probability of pairs of lexical items is multiplied
by the conditional probability of the respective grammatical categories. These
categories are a simplified version of those described in [7), 44] since only person
and number are recorded for verbal forms.

Verbal valences. The second improvement on Yuret’s model concerns finite
verbal forms and their preferred valences. In many cases, verbs show a strong
preference for certain cases, which may be used to enforce links between verbs
and their valences. For this sake, we have built from the training data a verb-
valence dictionary that stores verbs and the cases that typically occur close to
them. Before starting the main learning process, the part of the corpus used for
training is scanned for verbal forms. If a finite verb is encountered we search for
the next and previous two declined nouns that are included in the same sentence
as the verb, and store the verb-case combination in a preliminary table. Next, we
calculate the global relative frequencies of all cases and then find extraordinary
strong verb-case combinations. A combination is considered strong if (1) it occurs
with a frequency of more than 15% and the verb is referenced at least 100 times,
or (2) the relative frequency of case ¢ for verb i is significantly larger than the
global relative frequency for this case. If a. is the global average frequency of
case ¢, f.; is the frequency of case ¢ given verb i, and n; is the sum of all
fei for verb i, we use a simple x? test, with significance assigned at the 10%
level (x? > 1.64, 1 df), to assess whether f.; is significantly above the expected
number of occurrences of case c:
o (fe—ac-m)* | ((ni — fei) — (1 —ac) -ng)?
X* = +
Qe * Ty (1—ac) n;

If one of these two conditions is fulfilled, the verb and case are stored in a
separate valence dictionary.

Whenever the combination of a verb and a declined noun is found during the
processing of a new sentence, we search for the verb in the valence dictionary just
described. If the case of the declined noun is among the favorite cases of the verb,
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the linking strength between the verb and noun is enforced by a positive value
(see page [ITT] for details). — Given the importance of valence information for
parsing (see, for instance, [11]), the valence dictionary could be corrected manu-
ally in a future version of the program and even enriched by lexical information
concerning preferred valences.

Smoothing cooccurrence frequencies. One of the main problems in pro-
cessing natural language using statistical methods is the sparseness of data,
especially of n-grams of higher order. Among the many proposed solutions to
this problem, we find simple strategies such as linear interpolation (see, e.g.,
1) or add-alpha smoothing. A more sophisticated strategy that makes use of
lexical information gained from the training corpus was proposed by Dagan et
al. [3], and it was successfully applied to the parsing of Sanskrit sentences. This
strategy consists of two steps: a preprocessing step, during which similar words
are retrieved from training data, and the actual smoothing step. During pre-
processing, we calculate the Kullback-Leibler divergence D between all pairs of
words w; and w; that are contained in the corpus C:

p(w|wi)

D;; = w |w; ) 1o .

wreC

Based on D;j;, the n nearest words w; are stored for each w;. If an unknown
bigram (w1, ws) is found during parsing, the conditional probability p(ws|w.) is
estimated using conditional probabilities of word pairs (w],ws), where w] is a
word similar to w; found in the preprocessing step. If .S, is the set consisting
of the n words w,, nearest to wi, the estimation p*(ws|w;) is calculated in the
following way:

Dlu

p*(wz‘wl): Z p(w2|wu)z Dy
Woy €Sy w

Wy €Sy

Using simple syntactic rules. The final and, in my opinion, most effective
way to improve Yuret’s model is the use of simple syntactic rules, which trans-
form the lexicalized base model into a hybrid parsing approach. I distinguish
between two types of syntactic rules: Fized rules encode the syntactic structures
of a phrase that are certain to occur (given that the phrase is complete). These
rules create fixed links or prevent lexical links from being constructed. In addi-
tion to describing the basic syntactic structures of a sentence, these rules strongly
reduce the number of possible links and thereby suppress improbable analyses.
On the other hand, enforcements increase or decrease the linking strength, but
they do not insert or remove links from the dependency tree.

Fixed rules can further be divided into positive and negative rules. Positive
rules describe the basic structure of a sentence containing exactly one verb,
which may be supplemented by a congruent subject and absolutives. To detect
this basic structure, the sentence is repeatedly scanned from left to right. In the
first scan, the finite verb is detected and linked to the beginning of the phrase
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(— head-verb). Next, absolutives are found and connected either to the head-
verb or to other absolutives. The head verb serves as a “center of gravity” indi-
cating the search direction from each absolutive contained in the sentence:

\ 4 r
Abs; .-+ finite verb --- Abss Abss

“center of gravity”

Finally, nominatives congruent with the head verb are connected to it. If several
nouns can be connected with the verb, the most probable one given the lexical
attraction between noun and verb is selected. Negative or restrictive rules prevent
possible links from being inserted into the dependency tree. Currently, three
negative rules are used:

1. Words contained in a composite must only be linked to the head of the
composite or other words contained in the composite. — This rule describes
the correct formation of composites, but it is sometimes neglected in real
texts. To give just one example: Someone “whose body is pierced by ar-
rows” should be a Saraviddhasarirah. However, expressions such as sarair
viddhasarirah can be frequently found, for instance, in epic texts.

2. An indeclinable must not be linked with a noun or adjective. — Exceptions
are indeclinables forming part of composites such as su- or nana-.

3. Incongruent nouns, except for the combination any case-genitive, must not
be linked. — The validity of this rule is not established for the nominal
style of scientific Sanskrit; see, e.g., prasiddhasadharmyat sadhyasadhanam
upamanam (NYASU, 1, 1, 6), where -sadharmyat is dependent on -sadhanam.

Enforcements change the strength of a new link, but they do not influence its
insertion directly. We have met the first type of enforcement in section If
a case is among the preferred valences of a finite verb or absolutive, the link
between the noun and the verb is enforced. In addition, the following three
syntactic enforcements are used:

1. The linking strength between grammatically congruent nouns is increased
(e.g., tena & balena, aksayasya < atmanah).

2. Links between nominatives not identified as subject (see above) and congru-
ent finite verbs are enforced.

3. In the early phases of learning, indeclinables have a strong influence on the
lexical information due to their high frequencies. Therefore, the strength of a
link connecting an indeclinable with any other word (except for finite verbal
forms) is weakened. This enforcement is only applied when negative rule 2
is not valid.

The parameter values for the four enforcements (including the combination
of verb and valence from section 2.2]) were estimated using a genetic algorithm.
Running this algorithm repeatedly for 100 generations resulted in the following
average parameter values: verb - valence: 3.2, congruent nouns or adjectives,
nominative - verb: 3, indeclinables: 0.7.
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2.3 Evaluation

In this paper, we cannot present a true evaluation because test data for San-
skrit syntax are not available. Therefore, we demonstrate the performance of the
parser using two sentences from chapter RAMAYANA, BALAKANDA 9, which was
excluded from the training set, and the popular benchmark sentence pramana-
bhuta acaryo darbhapavitrapanih pranmukhah Sucau avakase upavisya mahata
yatnena sutram pranayati sma. The two sentences from RAMAYANA are:

RAM, Ba, 9, 6: srutva tatheti raja ca pratyuvaca purohitam.

and

RAM, Ba, 9, 32: evam sa nyavasat tatra sarvakamaih supujitah.

Figure [ shows the results of parsing the two sample phrases from the
RAMAYANA using Yuret’s basic model. As mentioned on page [I08 the parser is
not able to identify even the basic structures of the sentences, possibly due to the
small number of training data. In addition, the strong influence of indeclinables
on the dependency structure is clearly discernible. In Figure[2 the same two sen-
tences are parsed with grammatical information ([22]), valences (2.2)), smoothing
[22) and syntactic enforcements ([2.2) activated. Although the parser is still far
from able to identify the correct structure of the sentences, it found some impor-
tant substructures such as pratyuvaca < purohitam, tatha < iti (iti terminating a
direct speech) and the complex made of two composites in the second sentence. As
becomes apparent from intermediary stages of learning not reproduced in this pa-
per, the detection of the last substructure was especially influenced by the valence
dictionary. In the last test, whose results are displayed in Figure [, all optimiza-
tions are activated. Now, each of the sentences contains only one error. The word
ca should probably not be connected to the head verb in the first sentence. In the
second sentence, tatra remains unconnected to the rest of the sentence (but could,
of course, easily be associated with nyavasat after finishing the parsing process).

Parsing the “benchmark sentence” pramanabhutah ... results in equally good
analysis (cmp. FigureH]). After fixing pranayati as the head verb, the algorithm
connects the absolutive upavisya to the verb and selects the composite ending
in -panih as the subject of the sentence. Here, a human user would certainly
select acaryah, and, in some runs of the learning process, this word is indeed
marked as the subject of the sentence. These differences can be explained by
the heuristic nature of the learning process and can perhaps be amended by
running the process repeatedly with different initalizations and then averaging
the results. Among the remaining substructures, attention should be paid to the
adverbial expressions modifying the absolutive and the head verb. Both adverbial
structures are connected to the right verb and are, in addition, sorted correctly
(yatnena modifies prapayati and is itself modified by mahata, etc.). How the
nominatives in the beginning of the sentence are connected remains open to
discussion even for a human user. However, it should be noted that the parser
correctly associates the directional adjective pranmukhah with the absolutive
upavisya and not with the preceeding and congruent nominative -panih. On the
whole, the few restrictions introduced by the fixed syntactic rules clearly improve
the analysis of the sentences.
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—8.04
—2.32
—2.22
—1.16

—2.65

—2.29
* 4ru  tatha iti rajan ca prativac purohita
—6.69
—5.41
—2.21 —9.08
—2.44 —5.18 —5.20

* evam tad nivas tatra sarva kama su pijay

113

Fig. 1. Sample phrases parsed using Yuret’s method — The numbers give the logarithm

of the conditional lexical probability of two words

—2.12e
—3.37

—1.26e —2.08e —6.96C —2.23Ce
* éru  tatha iti rajan ca prativac purohita

—7.42
—5.25e
—2.46 —7.34e

—5.12e —9.55e —5.21 —5.02

* evam tad nivas tatra sarva kama su puUjay

Fig. 2. Sample phrases parsed using all optimizations except for fixed syntactic rules

— e = syntactic enforcement, C = probability estimated by smoothing

fixed
—8.65
fixed

—2.61e —6.8 —2.77Ce
éru  tatha iti rajan ca ‘prativac purohita

—4.68e
—7.53 —6.67e

fixed —5.54 —4.98

evam tad ‘nivas tatra sarva kama Su pujay

Fig. 3. Sample phrases parsed using all optimizations — Symbols are explained in the

caption of Figure
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fixed
—2.67Ce fixed
—3.83 —2.29C —2.51C
—3.07 —9.99 —2.18C —2.16Ce —2.19C —4.90Ce —1.99C
pramana hhq acarya darbha pavitra pani pran- guci ava- upavi§ mahant yatna stitra 'prani sma
mukha kasa

Fig. 4. “Benchmark sentence” parsed with all optimizations activated

3  Summary

In spite of the appealingly simple idea on which it is based, Yuret’s parser is
not able to correctly identify the syntactic structures of Sanskrit sentences. This
behavior may be due to lack of training data. The performance of the parser can
be improved when additional, non-lexical information about grammar and va-
lences is included in the parsing process. The best performance is achieved when
lexical and grammatical information is combined with a small number of fixed
rules. These rules describe the basic components and structures of a complete
sentence, but they are by far less detailed than the finite automata used by some
researchers. Judging from the few samples that we have discussed in Section 23]
such a hybrid approach can certainly be used as a starting point for building a
database of the syntactic structures of classical Sanskrit. The strict projectiv-
ity of the dependency tree assumed in Yuret’s original version of the algorithm
remains an unsolved problem especially in the context of versified Sanskrit. In
a future version of the parser, one may allow crossing links in the dependency
structure if, for example, both links have a very high mutual information.
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Abstract. The paper describes Sanskrit Analysis System (SAS) — a
complete analysis system for Sanskrit. Some modules of this system have
already been developed. The system accepts full text inputs in Devanagari
Unicode (UTF-8). The sandhi module does the segmenting for complex
tokens and then hands over the text for detailed processing. Currently,
the SAS modules have independent interfaces for unit testing at
http://sanskrit.jnu.ac.in. The authors are working on the integration process
of these modules. The SAS has two major components - the shallow parser
and the karaka analyzer. The shallow parser has separate modules, some of
them are partially implemented, and some of them are in the process of
being implemented. The modules have been developed as java servlet in
unicode using RDMBS techniques. The applications of the SAS will be
many ranging from being a Sanskrit reading assistant to machine translation
system from Sanskrit to other languages.

Keywords: sandhi, subanta, tinanta, krdanta, samasa, taddhita, strT pratyaya,
karaka, vibhakti, pratipadika, dhatu, sup, tin, avyaya, siitra, varttika, akanksa,
yogyata, vivaksa, linga, upadha, gana, pada, lakara, vacana, vikara, upasarga,
vrddhi.

1 Introduction

Developing an NLP system which analyzes a natural language is a difficult task.
Sanskrit language has Panini’s grammar which is explicitly generative, while the task
in analysis systems is to apply rules for processing a generated string or utterance.
The authors in this process have tried to use Paninian rules in reverse with appropriate
lexical interfacing for analyzing Sanskrit. But in many cases, Paninian rules demand
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deep semantic analysis, especially in the case of karaka rules. The SAS has two major
components - one is the shallow parser and the other is the karaka analyzer. Shallow
parser contains sandhi' analyzer, samdsa analyzer, subanta® analyzer, gender
analyzer’, krdanta analyzer', taddhita analyzer, tinanta’ analyzer and the POS
taggerﬁ. Among them the sandhi analyzer is partially implemented and samdsa and
taddhita analyzers are yet to be implemented. After getting the input, the system first
analyzes the sandhi and samdsa by these modules wrapped into a separate system.
Then the system analyzes the nominal inflected words for separating base and
vibhakti and stores the PNG features of the tokens. Primary derived nouns are
analyzed by the krdanta analyzer and secondary derived nouns are supposed to be
analyzed by the taddhita analyzer. The tinanta analyzer analyzes verbs into affixes,
number and person. After morphological analysis of each word in the sentence, the
POS tagger assigns them appropriate POS category with the help of lexicon, corpus
and other Panini based formulations. The kdraka' analyzer takes over from here and
analyzes the syntactico-semantic relations at the sentence level. A brief modular
outline of the SAS is given below —

SAS

ShallQw parser Karaka analyzer*

»
—p

sandhi* samasa** subanta gender krdanta taddhita** tinanta tagging

Kumar Sachin,2007, ‘Sandhi Splitter and Analyzer for Sanskrit (with reference to ac
Sandhi)’, M.Phil dissertation, Special Center for Sanskrit Studies, JNU.

Chandra Subash, 2006, ‘Machine recognition and Morphological Analysis of Subanta-
padas’, M.Phil dissertation, SCSS, JNU.

Bhadra Manji, 2007, ‘Computational analysis of Gender in Sanskrit Noun Phrases for
Machine Translation’, M.Mhil dissertation, Special Center for Sanskrit Studies, JNU.

Singh Surjit Kumar, 2008,‘Krdanta Recognition and Processing for Sanskrit’, M.Mhil
dissertation, Special Center for Sanskrit Studies, JNU.

Agrawal Muktanada, 2007, ‘Computational Identification and Analysis of Sanskrit Verb
Forms of bhvadigana,” M.Phil dissertation, Special Center for Sanskrit Studies, JNU.

6 Chandrasekhar R, 2007, ¢ Part of Speech Tagging for Sanskrit’, Ph.D. thesis, Special Center
for Sanskrit Studies, JNU.

Jha Girish Nath, Misra Sudhir, ‘Semantic processing in Panini’s karaka system’ Presented
in second International Sanskrit Computational Linguistics Symposium at Brown University,
2008.
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For example —

INPUT : S<TAT=R * et foheg oot anforet gfier enqure uafd |
PREPROCESSING: =t ¢fiaedt foheq aowren anforar yffear enqure wafa |
*SANDHI : ¥I<iT 31=1¢

et foheg wroaen anforar gfdwr arque usft |
#5SAMASA: W 37={

ot foheq Troarer arferar gfer

TquITH Ureq

TBf |

SUBANTA: 99 31X

effdt q T Thaad

FR=glAV]

Toge g TUHT Tshaad

FIfCTahT § WAl Tha

gftear

U’dﬁ[\/erb]

GENDER: #I=iT 31=i¢

I [sf:hf] G TH Twhaad

F=gIAV]

T sf:hf] [T THAT Tha=

rferaRT[sf:hf] [21q] F TAT Tha=T

gfear

81q [sm:hm]$H LT dg a9 Uid[sm:hm] 3TH IESIE Thadd
tl'aﬁ[Verb]> feminine

KRDANTA: W 31=i¢

fiAelt [sf:hf] T TUH Thaad

f[AV]

T sf:hf] [T T Tha=

rferahT[sf:hf] [STq] § TAT Tehare

FfAeaT g, @]

1] [sm:hm]$H Lk dg a9 Uid[sm:hm] 3TH EGipl Tehadd
13I'c5'ﬁf[Verb]> feminine

#*T ADDHITA: W= 37=1¢

effet [t 7] [sf:hf] G THT Twd=

FR=I[AV] T=ael[sf:hf][ETT I T Tha=a

FrfeTaRT[sf:hf] [T] G TH Thaa
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FfAeaT oy, @]

a1 [sm:hm]$H LT dg a9 Uid[sm:hm] 3TH AEGI I Thadd

tl'a'ﬁ[Verb]> feminine

TINANTA: {59 31w

efft [t 7] [sf:hf] F THT Twd=

FR=gIAV]

T sf:hf] [T TerHT THaa

FrfeTaRT[sf:hf] [T] G TH Thaa

FiReaT g @]

&1 [sm:hm[$H ¥St dga< Uid[sm:hm] 3TH Egie Tehadad

waft { (darer ) Ue ([ wfmer 1 [ We 1 [ wHdw 1) ([ @2 1) g ([ Wt ]
[ J99-J&Y ] [ Thadd ] ) } > feminine

POS TAGGER: 9519 3=iR[N]

et Adj] [T WU [sf:hf] I T Tha=

FR=gIAV]

FoaeA[sf:hf][Adj] [ETYH _T2H Thaa

T[N [sE:hf (ST TrHT The=

et 9, @]

&I [N][sm:hm|SH 8t aga== TB[N][sm:hm] 3 fEdtar vwa==

Tt { (Fared ) U ([ s ] [ ¥ 1 [ FHeH 1) ([@2 1) fg ([ wa ]
[ TU9-g&N ] [ T&hadd ] ) } > feminine

KARAKA: HIS 3={](HH)[N]

efteet () [ Adj [T 7] [sf:hf] §F T Thaaa

f[AV]

TS (@a)[ Adj][sf:hf] [ETTI TerwT THaaa

rferaRT(@an) [N][sf:hf] [ZTq] | T Twaa

fAeaT oy, @]

T[N ][sm:hm|SH FEF qga= Ure(@H)[N][sm:hm] 3 Befar Twa=

TSt { (dare ) Us ([ wnmer 1 [ ¥ 1 [ g EE 1) ([ @2 1) fg ([ o ]
[ T99-J&Y ] [ Thadd ] ) } > feminine

2 Description of Each Module

2.1 Sandhi Module

The analysis procedure of the sandhi analysis system uses lexical lookup method as
well as rule base method. Before sandhi analysis process, pre-processing, lexical
search of sandhi strings in sandhi example base and subanta-analysis takes place
respectively. The pre- processing will mark the punctuation in the input. After that,
the program checks the sandhi example base. This example base contains words of
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sandhi-exceptions (varttika list) and commonly-occurring sandhi strings (example
list) with their split forms. These words are checked first to get their split forms
without parsing each word for processing. After lexical search, subanta analyzer gets
the case terminations (vibhakti) separated from the base word (pratipadika). Subanta
analyzer also has a function to look into lexicon for verb and avyaya words to exclude
them from subanta and sandhi processing.

2.1.1 Sandhi Rule Base
The rule base has been built up in the following format:

input Sanskrit text

l

pre-processing

l

subanta processing

!

rule base

!

result generator

!

lexical lookup

l

subanta processing

!

lexical lookup

l

output

Rules for vowel sandhi are in format of

US=T+37: ([T U UeTiTe a); 3i'5= 3+ 37: (e Uiy Ug uariei); As=U+s: (38
TR T STaTa:); 3T s =T+ s: (STATRH =, TaT SAaTa ), 35 =311+ (STRa =, Tarsaarar
T:);31qs=30+s: (ST A AT ); 745=78+8:(A0] W Tl UF); 7q5=78+s: (30
i gar quit);

In these rules, the Roman character ‘s’ stands for svara or vowel. This rule applies on
the string after phoneme splitting. When phonemes are split, there are only vowels,

consonants, avagraha, visarga and anusvara. For example the rule 3-/77\s=3+s means

when in the phonemic string a sequence of characters appears as ‘31" followed by ‘I’

[

then ‘s’ (or any ‘svara’), then replace it by the right hand side of the ‘=" sign of the
rule. In the RHS of the rule, ‘s’ means that svara (not any svara) which is in LHS of
the rule. The case of variable ‘s’ is the same as in the rules of ayadi sandhi. Some of
vowel sandhi rules make changes depending upon consonants. Operations depend
upon consonants in following ways - on voiced consonants, unvoiced consonants and
also as semivowels.
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3 Subanta Analyzer

Sanskrit is a heavily inflected language, and depends on nominal and verbal
inflections for communication for meaning. A fully inflected unit is called pada.
Inflected nouns are called subanta pada and inflected verbs are called tinanta pada.
According to Cardona®, a Sanskrit sentence has NPs (including avyayas (AVs)) and
VPs. It is defined as (N-En)p...(V-En)p. After sup and tin combine with pratipadika
(PDK)’ they are assigned karaka stipulations to return complete sentence.

3.1 Sanskrit Subanta (Inflected Nouns)"®

Sanskrit nouns are inflected with seven cases in three markers. Sanskrit nouns can be
further divided as primary derived forms (krdanta), secondary derived forms
(taddhita), compounds (samasa). There are 21 suffixes called sup (seven vibhaktis
combined with three numbers)11 which can be attached to the nominal bases (PDK)
according to the syntactic category, gender and end-character of the base. Apart from
these suffixes, there are upasarga (prefixes) which can attach to the PDK. But a PDK
with only upasarga cannot be used in sentence without vibhakti. In Sanskrit, there are
indeclinable (AVs) which are subanta but remain unchanged under all morphological
conditions. "

3.1.1 Recognition of Punctuation

The system recognizes punctuations and tags them with the label _PUNCT. If the
input has any extraneous character, then some normalization takes place. For example
- UE/&"% @#H:, &1, —=CTch: =» TH:, qeleh: .

The Devanagari Sanskrit input text is then sent to the analyzer.

3.1.2 Recognition of Avyaya

The system takes help of avyaya database for recognizing AVs. If an input word is
found in the AVs database, it is labeled AV, and excluded from the subanta analysis.
Around 524 avyayas are stored in the database.

3.1.3 Recognition of Verbs

System takes the help of verb database for verb recognition. If an input is found in the
verb database, it is labeled VERB and not sent for further processing. Since storing all
Sanskrit verb forms is not a good option for computational reasons (there are 2000
verb roots and forms generated from it would be in the millions. Besides, there are
innumerable namdhatus as well and a regular verb form can be conjugated as

George Cardona, 1988, Panini His Work and Tradition, vol...I DelhitMLBD 1988).
0 srefaeEqyEy: WUy 1.2.45, FAfSTauras 1.2.46.
10 Jha Girish Nath et al., ‘Inflectional Morphology Analyzer for Sanskrit, pages 47-66

Proceedings of First International Sanskrit Computational Linguistics Symposium October,
2007.

uﬁvﬂﬁw TR S R TES R R R e e ST .
? gt By %:%‘g warg = faufry/ auay = 99y 9= AfT 7T (Gopatha Brahmana).
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sannata, nijanata etc as well). The SAS has 450 commonly used verb roots and
their regular forms plus mechanisms to recognize unseen verbs (in the tinanta
module) as well.

3.1.4 Recognition of Subanta

Thus a process of exclusion identifies the nouns in a Sanskrit text. After the
punctuation, avyayas and verbs are identified, the remaining words in the text are
labeled as SUBANTA.

3.2 Analysis of Subanta

System does analysis of inflected nouns with the help of two relational databases —
examples and rules. Brief description of these databases follows-

3.2.1 Example Database
All complicated forms including those of some pronouns which cannot be easily

analyzed according to rules are stored in the database. For example: 3T@H=3TEH+Y
TYHT W;W=31@?{+§ TIHT UhddH; 3T|T:|TH:=31"€HE:+3ﬁ TJHT §aaa;
AT =31+ 3T T Baa,aa =3 AG+3T T2HT qgae; a8 = 3G+ T
dgdd;

3.2.2 Rule Database

The subanta patterns are stored in this database. This database analyzes those nouns
which match a particular pattern from the rule base. For example, IH: T, T,
Q&hH etc. First, the system recognizes vibhakti as the end character of nouns. For
example, ‘2’ is found in nominative singular like- TH: ITH: Td: 9 Tsh: . The
system isolates ‘:” and searches for analysis in the sup rule base. In the case of
nominative and accusative dual, PDK forms will be ending in ¥ . For example, T,
I, g, @ The system isolates T’ and searches for analysis by matching the rule
database. The sample data is as follows-

T=T+§ TUA UwHaa,; TR =+R qarar =gl Tsost fBaew; TRi=+wm qaar
Tt aHT fRa; =+ R, arar =gt Tee e w=+ W, qarar ageft
TaHT BaE; W=+ Il et agau W=+ R aqdl TsaHt agae;

4 Gender Analyzer

After subanta analyzer one can get information about Sanskrit nouns. But still gender
information is not fully analyzed by subanta analyzer. In Sanskrit, there is gender
agreement between adjectives and noun. Though there is no gender agreement between
verb and the agent like Hindi, but krdanta forms agree with agent in terms of gender in
a sentence. If machine has to understand Sanskrit language then it needs to understand
the gender also like any other grammatical category. In the absence of a correct gender
analysis of Sanskrit NPs, the target language translations may be wrong.
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4.1 Description of the Gender Analyzer

The gender analyzer gets each sentence as a token. Then it sends the token for pre
processing. After pre processing, it finds the verb and avyayas using database and
excludes them for further processing. If in the text there are multiple NPs with
conjunct or comma, then it gets separated NP chunks separated by conjunct or
comma. After that, the system takes help of subanta analyzer to obtain PDK. After
obtaining PDK, the system takes the help of lexical resources to get gender
information of nouns. If enough information about gender is not found then the
system looks for rules. At the end, it suggests the collocational gender of a sentence
with respect to a target Hindi sentence.

4.1.1 Rule Base for Gender Analyzer

The present subanta analyzer of Sanskrit analyses the Sanskrit words with
pratipadika with vibhakti markers. Some vibhakti markers help to identify the gender
of a word. For example, the word naran can be analyzed as masculine gender from
the vibhakti marker an, and the number of the word would be plural. If the word
appears in the input with this particular vibhakti, then the gender recognition of the
word would be easy. The problem with this method is that the particular word has to
arrive in the input with this particular vibhakti. As a consequence of this step, there
would be huge numbers of words whose gender would be unrecognized by the
system.

4.1.2 Rules of Linganusasana
Gender can be recognized from the last but one syllable of the word. The technical
name of this category is upadha (penultimate)."

upadha clause Gender Example Exception
k, t, n, th, n,|if the word Masculine stabaka, chibuka,
p, bh, ma, y,|endsina ghata,dipa, lalata,papa,
7, S, bhanu etc ratna etc
L if the word| Neuter phala tila, upala etc
ends in a

Among these words, if some words are used as proper names then it would follow
the gender of a person if the name is a mythical and famous one, for example
ambarisa.

After this step, the gender of a large number of words would remain unrecognized.
To handle this problem, another rule from Liriganusasana is implemented for gender
analyzer. The rule depends on the last varna of the word. For example, if the word
ends in r (pitr, bhratr), generally the gender of the word would be masculine. But there
are exceptions to this rule, like the words matr, nanandr etc in the feminine gender.

After the application of the Paninian rules, there are still a large number of Sanskrit
words whose gender recognition is very difficult. For these kinds of words, the gender

13 3yeft s e 3ueT.
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can be recognized from the last syllable of the word apart from the Paninian rule. For
example, if the ending syllable is a then the gender of the word would be masculine.
If the ending syllable is a then generally the gender of that word would be feminine.
But there are exceptions to this rule as visapa, dara, haha etc.

S Krdanta Analysis

All the verbal suffixes besides tiri are called krt. krt is a technical term of Paninian
grammar that covers a vast field, both structurally as well as semantically.'* The
primary nominal derivatives from the verb roots are krdanta. The krt suffixes are
added to roots or their modified forms, to form nouns, adjectives and indeclinables,
for example kr - kara, krtr, karana, kurvat, karisyat, cakrvas, krtva, kartum. These
are called krdantas or primary derived nominal bases. 15

5.1 Krdanta Identification and Analysis Mechanisms

The process of krdanta analysis mechanism is divided into two sections - recognition
and analysis.

5.1.1 Krdanta Identification Mechanism

The krdanta recognition starts by an exclusion process. The verb forms, avyayas and
punctuations are excluded by running POS tagger by checking the verb, avyaya and
pronoun databases and punctuation lists. The nominal bases are obtained by the
subanta analyzer which is a part of the POS tagger. These nominal bases are then
checked in fixed lists by the POS tagger. This may result in some of the subantas
being marked for krdanta. The remaining subantas are sent to the krdanta recognizer
and analyzer system for recognition and analysis using following steps —

e check the krdanta database, annotated corpus and krdanta-tagged Monier
Williams Sanskrit Digital Dictionary (MWSDD).

e the subantas still untagged for krdanta are sent to the rule base for krdanta
checking.

e the rule base applies Paninian rule base in reverse for marking krdantas.

e it is possible that even after these systematic identification procedures, there
may remain an untagged krdanta subanta. This will count as failure of the
system.

5.1.2 Krdanta Analysis Mechanism

The system is divided into two parts- lexical database and rule-base. Lexical database
of examples has been created for analyzing those forms which would be otherwise
very complex to analyze if passed through the rule base. Lexical database has three
major parts- a lexical krdanta database with complicated krdanta forms and their

' Sharma, Dipti, Structure and Meaning,1982 Nag Publishers New-Delhi.
15 Kale, M.R., A Higher Sanskrit Grammar.
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lexical information, Monier Williams Sanskrit Digital Dictionary and corpus of the
current Sanskrit prose with krdanta words tagged with krdanta information.

The rule-base is for analyzing more regular forms. It consists of mainly three
tables, namely, upasargavikara table, dhatuvikara table and pratyayavikara table. To
restrict dhatuvikara and pratyayavikara from inconsistent combinations, both are
bound with a unique id.

For example, UT&e:[ (U3 +Ugel/ T3+ {0+ U e JT2H -Tha= ]

6 Tinanta Analysis

Verbs have been of central importance to Sanskrit grammarians. Yaska insisted so
much on them that he propounded that all the nominal words are derived from verb
roots'®. Like noun padas, verb padas (tinanta) have to undergo certain inflectional
process in which various verbal affixes are added to verb roots or dhdatus. These
dhatus are encoded with the core meaning of the verb. These can be primitive'’ or
derived'®. Primitive verb-roots, which are around 2000 in number, have been listed in
a lexicon named dhatupatha. They are divided in 10 groups/classes called ganas. All
the verb-roots of a group undergo somewhat similar inflectional process. Derived
verb-roots may be derived from primitive verb-roots or from nominal forms. Prefixes
also play an important role as they can change the meaning of a verb root. These roots
then have to undergo various inflectional suffixes that represent different paradigms.
In this process, the base or root also gets changed.

6.1 Process of Formation of Sanskrit Verb Forms

A Sanskrit verb root may take various forms. There are ten lakaras that represent
Tense, Aspect and Mood. Inflectional terminations are 18 in number. These are
divided in two groups — parasmaipada and armanepada, each having 9 affixes which
is a combination of 3 persons x 3 numbers. A verb is conjugated in either pada,
though some of the roots are conjugated in both. For each different lakara, a root is
affixed with these 9 terminations. Again, there are three voices- Active, Passive and
Impersonal. Transitive verbs are used in the Active and Passive voices while
intransitive verbs are conjugated in the Active and Impersonal voices. Addition of one
or more of 22 prefixes (upasargas) to verb roots can result in more variety of forms.
Derivative verb roots, both derived from verb roots as well as nominal words, also
follow the same process to form verb forms. There can be some specific rules and
exceptions in some cases. The following chart gives a rough estimate of possible
verb-forms in Sanskrit' . This is to suggest that Sanskrit verb forms can not be stored
in the database because the derived verb forms can be potentially innumerable.

1S phavapradhanamakhyatam (Yaska, Nirukta).

7 bhuvadayo dhatavah (P 1/3/1).

18 sanadyanta dhatavah (P 3/1/32).

19 Mishra Sudhir K., Jha, Girish N., 2004, Identifying Verb Inflections in Sanskrit morphology,
in proc.of SIMPLE 04, IIT Kharagpur, pp. 79-81.
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2000 verb roots
+ derived bases
(causatives, desideratives, frequentatives, denominatives)

!
TAM [10 lakaras]
i
| |
parasmai atmane
1 !
10x9 forms 10x9 forms
! l
22 upasarga 22 upasarga

The verb roots of different ganas adapt certain terminations when tini affixes are
added to them. The fin affixation also influences the verb root and it undergoes
several morpho-phonemic changes, for example, having guna operation on the end
vowel. The verb root can adopt certain operations resulting in the final verb-forms.

bhi + ti(p)

bhi+(S)a(p) + ti (infixation of characteristic)

v

bho +a+ ti (penultimate vowel gunated)

bhav a ti (ayadi sandhi)

As shown in the example, when suffix tip is added to the verb root bhii, then bhavati
form is obtained as the final verb form. This can be cited as a common analysis of
most verb forms.

6.2 The Analysis of Sanskrit Verb Forms

The methodology for the analysis of Sanskrit verb form in the present work follows the
analysis of Panini in somewhat reverse direction. Paninian analysis identifies different
morphemes in any given pada and presents an analysis where he provides step-by-step
methodology to derive a verb form from a given verb root in certain paradigms. As
illustrated above, Sanskrit verb forms are a blend of multiple morphemes which
contain relevant information. Analytically it can be said that the first element is the
conjugational affix that remains at the end of every verb form. These affixes have
encoded information of pada (though it is determined by root), lakara, person and
number. Thus termination can serve as the most important thing to convey about
the paradigm information of any verb form. They can be a tool to identify a verb
form in a given text. The terminations, as they are basically replacements of 18 original
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tin affixes in different lakaras, differ among themselves according to lakaras. However
in each lakara, they are similar for all verb roots of various groups, leaving some
expectation. So #i can be used to identify any verb form of present tense of
parasmaipada. But some terminations can vary among themselves for a group of
ganas. Then again, the termination may be changed due to morphophonemic
environment, 7a affix of lut lakara, changing to ta@ with roots like yaj.

Further left, there are various morphemes of the various characteristics and
increments inserted between the verb root and terminations, in the process of their
formation explained above. Bhvadigana verb forms in conjugational lakaras, have ‘a’
as a result of sap characteristics; svadi roots have no, nu or nv all of them remaining
morphemes of snu. Some roots like that of adddi have no such characteristics sign
infixed in them.

At the right end of the verb form, there is modified stem of the verb root. The
modification can be guna, vrddhi or any other. Generally a root adopts a common
stem in all the forms for both padas in conjugational lakaras. So bhav is the stem
for all parasmaipadr forms in the conjugational lakaras. But there are exceptions
to it to that extent that four or five types can be found among nine forms of a single
lakara pada.

Here the first morpheme the tin termination is common among all verb forms of a
particular pada-lakara- purusa -samkhya combination. Second constituent, the
characteristics (existing in the form of its remaining morpheme) and increments
inserted in between may differ, yet being almost the same in a particular group. The
third constituent, the modified verb-root is particular in the strict sense. In the
analysis, the recognition of the tin will identify a word as a verb form and find out its
pada-lakara- purusa -samkhya. The second morpheme can, in many cases, be helpful
to recognize the gana of a particular root because the characteristics in a lakara are
determined by the gana that the roots belong to. Thus the core of the analytical
approach is that each tinanta verb form can be analyzed to form a unique combination
of verbal stem + tin termination, and both of these constituent parts are stored in
separate tables. When it is to be analyzed, its constituent morphemes are recognized
and identified with the help of pre-stored structured data.

7 POS Tagger

After getting the information about inflected nouns of Sanskrit, it is necessary to
understand the role of each word in a sentence. This process of marking up the words
in a text as corresponding to a particular part of speech, based on both its definition,
as well as its context—i.e., relationship with adjacent and related words in a phrase,
sentence, or paragraph® is called POS tagging. A typical POS tagger acts as a shallow
parser and is pre- requisite in several NLP related applications such as machine
translation system, information retrieval word sense disambiguation etc. Sanskrit is an
inflectional language and words in a sentence carry information about entities in
terms of stem, endings, gender, case, number and case relation, while verbs denote
activity, function reaction, mode, voice, tense, person, number etc. Extracting and

2 hitp://en.wikipedia.org/wiki/Part-of-speech_tagging
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organizing, i.e. annotating, these information is the first step towards understanding
the language. Words in a language may occur in POS or various grammatical
categories as they are also known. In Sanskrit for example

1) gacchati can be either a tinanta or krdanta

2) ramah can either be a namapada (abhidhana) or tinanta

3) ayatah can either be a krdanta or tinanta

4) ma can either be an avyaya or namapada or a sarvanaman etc

7.1 The Sanskrit Tagset

The designed tagset is classified according to the morphological structure of the
categories. There are two kinds of tags in this tagset. Word class main tags and feature
sub-tags. The tag as a whole is a combination of word class main tag with feature sub-
tags separated by an underscore. All the tags bear Sanskrit names® with letter-digit
acronymic in Roman script.

The process first involved evolving a stable tagset for Sanskrit text which has 65
word class tags, 43 feature sub-tags, and 25 punctuation tags and one tag UN to tag
unknown words — a total of 134 tags. A single full tag is a combination of word class
tag and feature sub-tags (indeclinable and punctuation tags do not have sub-tags).
The word class tags are 8§ Noun tags, 8 Pronoun tags, 3 Adjective tags, 9 Participle
tags, 2 Number tags, 14 Compound tags, 11 indeclinable tags and 10 verb tags.
Feature tags are three gender sub tags (p,s,n); 8x3 = 24 (Nominal)Case and Number
tags (1.1 through 8.3); 4 Verb base modifying tags (Nd, Yn, Sn, Ni); 1Verbal
Preposition (UPA); 2 Pada tags (P and A); 3x3 =9 (Verbal) Person and Number tags
(1.1 through 3.3).

7.2 Description POS Tagger

7.2.1 Pre-processing

After getting Unicode (UTF-8) sandhi free Devanagari Sanskrit input (or with
minimal sandhi) as word, sentence or text, the system sends those input for pre
processing. In this step, the system searches for punctuations in the input and tags
them. In addition to tagging the punctuations, this function also removes unwanted
foreign letters or punctuations from the inside of a Devanagari string.

7.2.2 Fixed-List Tagger

After initializing the input, the system goes to check in the fixed tagged lists. This
database stores lists of avyayas, list of verbs and POS list. The POS example base
consists of approximately 1 MB data. For example

sl P_laTV_1.1)/[KV1_p_7.1)/[KV1_n_7.1];3r==a:[P_laTV_1.2)/[KV1_p_2.
3J/[KV1_p_5.1)/[KV1_p_6.1/KV1_n_5.1]/[KV1_n_6.1];3r==a=P_laTV_1.3)/[K

2l Few names are coined in English for the purpose of clarity and to avoid confusion while
marking their notions. The tags having English names are all the compound tags containing
‘C’ for Compound and few punctuation tags.
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V1_n_1.3)/[KV1_n_2.3];3r=a[P_laTV_1.1)/[KV1_p_7.1)/[KV1_n_7.1];315<d:
[P_laTV_1.2)/[KV1_p_2.3)/[KV1_p_5.1}/[KV1_p_6.1/KV1_n_5.1}/[KV1_n_6.1];
eI P_laTV_1.3)/[KV1_n_1.3)/[KV1_n_2.3];am[N_n_1.1}/[(nAman)N_n_2.1
[;gEHRIN_n_1.1}/[(prathama)N_n_2.1)/[N_p_2.1J/[AVKV];a=H[N_n_1.1]/[(tantr
a)N_n_2.1];3&[SNS_n_6.1)/[(yad)SNS_p_6.1];#&[NVI_p_1.1)/[(maha)N_p_
2.3];@?@'@:[N_p_6.2]/[(siMhagovRuSha)N_p_7.2]/[N_s_6.2]/[(siMhagovRu
ShA)N_s_7.2];aIN_n_7.1)/[(vana)N_n_1 2)/[(vana)N_n_2.2];ad[SNN_n_1.1]/[
(tad)SNN_n_2.1 ];ﬂﬁ?ﬂ'ﬁm'!{[N_nj AV[(mahilAropya)N_n_2. 1] [N_n_1.1]/[
(nagara)N_n_2.1];

If the token is found, it gets tagged with corresponding tag from the lexicon.

7.2.3 Subanta Analyzer

However, a large number of input tokens are not found in these lists as they may be
marked for subanta. Therefore the next component of subanta analyzer checks
untagged input in the subanta examples. If not found, it starts analyzing the token
from the right end and checks in the lexicon after each appropriate cut. If it is found, it
tags the input. If after all these steps, the input remains untagged, it gets the ‘not
found’ tag. The resultant tagged token is sent back to the main tagger ‘Post’ which
linearizes the results with adding color schemes for ambiguous and untagged tokens.

8 Karaka Analysis

After understanding words in a Sanskrit sentence, it is necessary to understand how
the words are arranged in a sentence, what are the relation between other words and
verbs. In Sanskrit, this relation can be understood while analyzing karaka relation.
Etymologically karaka is the name given to the relation between a noun and a verb in
a sentence. It means ‘that which brings about’ or ‘doer’. *

8.1 Karaka and Vibhakti Mapping

Panini discusses the entire gamut of karaka-vibhakti relations in three sections of
Astadhyayt

o karaka sitra (P. 1.4.23 —P. 1.4.55) = 33 siitras
e vibhakti sitra (P. 2.3.1 - P. 2.3.73) = 73 siitras
e karma-pravacaniya (P. 1.4.82 — P. 1.4.97) 216 siitras

Now the problem of implementation of all karaka rules is that there are rules of
vivaksa dependent operations. In the example TedT Taft, TS should be

Location as it is the 3T (3TER s@Tm'TUI'H\'), but it is &OT by rule HEHTH HWH

22 A detailed description of karaka and its mapping with vibhakti is given in Jha Girish Nath,
Mishra Sudhir K., ‘Semantic processing in Panini’s karaka system’ Presented in second
International Sanskrit Computational Linguistics Symposium at Brown University, 2008.
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because the speaker thinks it is the most instrumental (GT&hdH (T IUHNRS)) and
therefore prefers Instrumental case. FHHur FufAgft T TEeEy prescribes Dative for
the receiver of gift, but vartika \‘31%@3’13%1'} 0T AT ?I'@@c& AT prohibits it
if the gift was intended for deriving some benefit (sexual favor in this case).
Vartikas extend, limit Paninian rules, for example - dr—aant @Aafe arEafd ar 9
&) allows karana if the verb is F or & . It thus limits Wﬁ'@'@CIWT:ITQf
ST AT HERTUTTHTOT Eniiksy Uﬁﬁ'ﬂﬁﬁw TN which allows karma. Sometimes
vartikas limit themselves ﬁ'ﬂr_vl_ch_rf'm'_@ TRIRYE: (if the karta is ‘sarathi’ or any of its
synonyms then dr—a=i= does not apply > qreafd dlet Hd: (karma by Panini’s
nﬁ’«j@ stitra). Another problem is how to implement semantic conditions such as,

W,ﬁ@?ﬁ%@lﬂ'ﬂ: arershad, AU (to be  3IfUYW - approach someone for gift),
AT (one who gets pleased - &g fgwmwr:) — T O ‘14%2,83’?4’ (fixed
point) 3TUTT (path of separation) WW,WI SN Tafd (is 3TYTT an TR
or gd ?) TERSEHTH (M T 2) etc.

A tentative model of karaka analyzer is given below.

1. VERB ID
2. VERB ANALYSIS

3. NON—VERB ID

4. SUBANTA ANALYSIS
#+5, AKANKSA CHECK

#%6, KARAKA RULES

##7, SPECIAL CONDITIONS
8. KARAKA ASSIGNMENT

In this model, the starred modules are under implementation. While analyzing the
verb, the system will take the help of tiranta analysis. For tokenizing the tirnanta , the
system checks every character of the word through reverse module and matches
through verb database for recognizing the tirianta pada which is used in the sentence.
If it is found, then all information which is relevant in ka@raka analysis are provided to
system for further implementation. Otherwise it returns to check again if dhatu is used
with upasarga and after recognizing upasarga, the system removes the upasaga from
the verb, and again checks it for dhatu identification number and the result is sent to
dhatu information database for getting the relevant information of the dhatu. After the
verb analysis, the system checks for non verb words and then it takes help of subanta
analyzer and karaka assignment is implemented. In between, there are some steps like
akarnksa checking, and special semantic conditions are not implemented yet.

9 Result Analysis and Limitations

Currently the modules of the SAS are not integrated. Individual modules can be tested
as http://sanskrit.jnu.ac.in. The limitation of lexical resource may affect some



Sanskrit Analysis System 131

modules. In sandhi analyzer, if the input is AT the output will be fRarer e
(ranfewfRy waTsamama:),Raret or: (qup |fr gar guity), Bwfer o1 (For WY 3@
Fuif), B srem: (et s waut <), W et (@eafRr st waut &)
Bw emera: (SrwfRr 3@ @aut &), Here, the system gives multiple answers with

appropriate rules of Panini as it finds all the parts in these results as valid words in
the 200k Sanskrit dictionary. Future enhancements in this module will select the most
common output based on a frequency marling in the dictionary. The subanta analyzer
can not recognize many forms and is being currently updated. In the gender analyzer,
lexical resources may hamper the result. The system cannot identify gender of those
words which are used in different gender in different meaning properly, like the word
mitra. Sometimes the system fails to check proper gender agreement as well. There
are limitations of the Krdanta, Tinanta, POS tagger and Karaka modules as well
which are being improved currently.

10 Conclusion

The authors in this paper have presented an ongoing work for developing a complete
SAS. Currently, the SAS has some modules partially developed and some under
development. Significant future additions will be the ambiguity resolution modules
like anaphora resolution. After the karaka checking module, a disambiguation module
is also going to be added in near future, to resolve problems like ‘bhavati ! bhiksam
dehi’. Here according to the SAS system, bhavati and dehi both get verb tags. But
here bhavati is used as noun and in vocative. If there is proper punctuation like an
exclamation mark after this word then one can say it is used in vocative. If there is no
punctuation mark then the problem can be resolved by counting verbs in the sentence
which in most cases can be only one. These kinds of problems are to be handled in the
disambiguation module. For the testing of the system, 140 files in unicode Devanagari
have been collected. Those texts are in simple Sanskrit and collected from different
sources mostly samples of current Sanskrit. Though there is no complete statistics of
the results, but one of the tests in subanta with simple Sanskrit gave a 90% accuracy.
The table is given below.

S.No. File Theme Source |Words Time(secs)
1 | Corpus-1 rdja sagarah sandesah 609 3
2 | Corpus-2 samrata asokah sandesSah 916 3.2
3 | Corpus-3 ekah nibandhah sandesah 882 3
4 |Corpus-4 cdaca neharuh sandesah 332 1
5 | Corpus-5 sarasvatt vandand |sandesah 241 1
and a story
6 |Corpus-6 adhunika prasasanah | sandesah 1045 3.5
7 | Corpus-7 ekah vanikah sandesah 849 2
8 |Corpus-8 |pasya me rapani sandesah 1328 4
9 |Corpus-9 |Sanskrit siksa sandesah 306 2
10 |Corpus-10 |sarghe saktih sandesah 4207 6
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Abstract. The development of a machine translation system needs that
we identify the patterns of divergence between two languages. Though
a number of MT developers have given attention to this problem, it
is difficult to derive general strategies which can be used for any lan-
guage pair. Therefore, further exploration is always needed to identify
different sources of translation divergence in different pairs of transla-
tion languages. In this paper, we discuss translation pattern between
English-Sanskrit and Hindi-Sanskrit of various constructions to identify
the divergence in English-Sanskrit-Hindi language pairs. This will enable
us to come up with strategies to handle these situations and coming up
with correct translation. The base has been the classification of transla-
tion divergence presented by Dorr [Dorr, 1994].

Keywords: Machine Translation, Translation Divergence.

1 Introduction

Translation divergence occurs when the underlying concept of a sentence gets
manifested differently in different languages. The topic has been studied from
different perspectives and a number of approaches have been proposed to handle
them [Habash and Dorr, 2002]. It is difficult to obtain correct machine transla-
tion for any MT system without identifying the nature of translation divergence.
In this paper, we examine English-Sanskrit and Hindi-Sanskrit language pairs
mostly from the perspective of identifying the language specific divergences. The
languages, English and Sanskrit, as well as Hindi and Sanskrit differ in many
respects, presenting a rich source for the study of translation divergence in MT.
In section 2, we look at the translation divergence classification proposed by
Dorr and in what way, it appears in the English-Sanskrit-Hindi language pairs.
In section 3, we look at some other divergence patterns which cannot be clas-
sified in the divergence patterns identified by Dorr. In section 4, we give the
concluding remarks.

2 Divergence Patterns Identified by Dorr
Dorr has identified seven classes of translation divergences. These classes are:

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 134-{IZ3] 2009.
© Springer-Verlag Berlin Heidelberg 2009
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Thematic Divergence
Promotional Divergence
Demotional Divergence
Structural Divergence
Conflational Divergence
Categorial Divergence
Lexical Divergence

NS otA e

These classes have been defined to account for different types of translation di-
vergences found in a pair of translation languages. Let us look, in what sense
these can be seen while we examine English-Sanskrit and Hindi-Sanskrit lan-
guage pairs.

2.1 Thematic Divergence

Thematic divergence refers to the divergences arising from differences in the
realization of the argument structure of a verb. In the language pairs, we have
considered, we can find many examples of this divergence. Let us consider some
of these:

— Subject NP in English in nominative case while subject NP in Sanskrit in
dative case:

1. T like sweets. = mahyam madhuram rocate.
(I DAT) (sweets) (like.PR!).
= Sweets are liked by me.

When we go from Hindi to Sanskrit, same divergence appears:

2. main mithai pasanda karata huM. =mahyam madhuram rocate.
I) (sweets) (like) (do) (be.PR) (I DAT) (sweets) (like.PR).
= mujhe mithai pasanda haim.
(I DAT) (sweets) (like.PR).

From the example 2, we see that there is divergence between Hindi and San-
skrit. Here the experiencial verb ‘ruc’ gets an active construction in Hindi
while it conditions a dative subject in Sanskrit. However, there is no diver-
gence when we go from Sanskrit to Hindi since the closest translation in
Hindi is mujhe mithas pasanda haim which has a dative subject as well.

If we examine other verbs such as ‘eat’ for the same pattern, we will not
find this divergence.

3. I eat sweets. =aham madhuram khadami.
(I) (sweets) (eat.PR)
= main mithai khata huM
(I) (sweets) (eat.PR)

1 Appendix 1.
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Thus, this divergence is present in a special category of verbs and not all the
verbs. Panini in his karaka adhikara lists special cases of verbs which require
special treatment. In a work on English verb classes by Levin |Levin, 1997],
semantic classes of verbs are analyzed which give rise to Divergence.

2.2 Structural Divergence

These are the examples where a noun phrase (NP) is realized in different ways in
two languages. This is most common between English and Sanskrit because in
Sanskrit, no noun is pronounced without a vibhakti. This vibhakti can be realized
in English either as a null or a preposition. Here are some of the examples that
exhibit Structural divergence:

4. He brought mangoes. < sah amrani anayat.
(He) (mangoes) (bring.PST)

5. He went to the market. < sah apanam agacchat.
(He) (market.ACC) (go.PST)

6. He enters the class. & sah kaksayam pravisati.
(He) ( class.LOC) (enter.PR)

In example 4 and 6, the vibhakti in Sanskrit is not realized by a preposition
in English but a null, while in example 5, the vibhakti is realized by a preposi-
tion in English.

While we go from Sanskrit to hindi, we will not get many examples of this
divergence since both languages are karaka and vibhakti based.

2.3 Conflational and Inflational Divergence

A conflational divergence results when two or more words in English are trans-
lated by one word in Sanskrit. There are many mechanisms in Sanskrit that
present this divergence. Same is true between Hindi and Sanskrit too. Let us
look at some of them:

— ‘sannata prayoga’:-
7. aham pipathisami = 1 want to read.
(I) (want to read)
= aham pathitum icchami
(I) (to read) (want)
aham pipathisami = main padhana cahata hul.
(I) (want to read) (I) (read) (want be.PR)
= aham pathitum icchami
(I) (to read) (want)

A sentence in Sanskrit such as ‘aham pipathisami’ is translated in English
as ‘I want to read’, thus ‘want to see’ is translated as ‘pipathisami’. Thus it
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presents conflational divergence. This divergence is exhibited even between
Hindi and Sanskrit.

‘namadhatu prakriya’:- In certain meanings, a Sanskrit nominal stem can
accept certain pratyayas. Consider the sentences:
8. sah panditayate = He behaves like a scholar.
(He) (behaves like a scholar)
= sah panditah twa acarati
(He) (Pandita) (like) (behave.PR)

sah panditayate = wvaha pandita ki taraha acarana karata hai.
(He) (behaves like a scholar) (He) (scholar) (like) (behave do be.PR)

= sah panditah twa acarati

(He) (Pandita) (like) (behave.PR)

He behaves like a scholar.<= sah panditayate. The affix kyarn is applied to
the noun pandita in the sense of ‘behaves like’.

9. sah Sisyam putriyati = He treats the disciple as his son.
(He) (disciple.ACC) (treats as son)
= sah Sisyam putram iwa acarati
(He) (disciple.ACC) (son) (like) (behave.PR)

sah Sisyam putriyati = He treats the disciple as his son.
The affix kyac is applied to the noun putra in the sense of ‘treats like’.

In example 9, ‘treats as son’ in English is realized by a single word ‘putriyati’
in Sanskrit and presents an example of conflational divergence.

‘yananta prayoga’:- This refers to frequentatives.

10. sah papacyate =-he cooks again and again
(He) (cooks again and again)
= sah punah punah pacati
(He) (again) (again) (cook.PR)
Same pattern is exhibited when we go from Sanskrit to Hindi language pair.
sah papacyate = wvaha bara bara pakata hai
(He) (cooks again and again) (He) (again) (again) (cook be.PR)
= sah punah punah pacati
(He) (again) (again) (cook.PR)

Hence the English words, ‘cooks again and again’ and the Hindi words, ‘bara
bara pakata hai’ will be translated in Sanskrit as ‘papacyate’. Here, the root
‘pac (to cook)’ is applied with the affix ‘yarn’ to form ‘papacyate’. This again,
exhibits the example of conflational divergence.
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2.4 Categorial Divergence

Categorial divergences are located in the mismatch between parts of speech of
the pair of translation languages. Consider the following example:

11. She is jealous of me. < sa mahyam irsyati
(She) (with me) (jealousy does).

We notice that in Sanskrit, ‘jealous’ is realized by a verbal mapping, thus present-
ing categorial divergence. When we go from Hindi to Sanskrit, we have another
translation possible in hindi, for example:

usako mughase irsya hai = sa mahyam irsyati

(She.DAT) (me-from) (jealousy be.PR) (She) (with me) (jealousy does).
= vaha mujhase irsya karati hai
(she) (me-with) (jealousy) (do)

2.5 Lexical Divergence

Lexical divergence arises out of the unavailability of an exact translation map
for a construction in one language into another language. In Sanskrit, by adding
‘upasarga’ to a verb, it gets a different meaning. For example, consider the fol-
lowing sentences:

12. sah mam vadati = He speaks to me.
(He) (me.ACC) (speaks)

13. sah ksetre vivadati = He quarrels in the field.
(He) (field.LOC) (quarrel.PR)
= sah ksetre kalaham karoti
(He) (field.LOC) (quarrel) (do)

In example 12, the Sanskrit verb ‘vad’ is realized by English verb ‘speak’, while
in example 13, the Sanskrit verb ‘vi+vad’ (upasarga ‘vi’ is added to verb vad)
is realized by a new verb in English ‘quarrel’.

3 Other Divergence Patterns

Let us look at some other divergence patterns that are found in these languages:

3.1 Implications of Word Order

Though Sanskrit is a free phrase order language, there are situations where the
word order changes the meaning of the sentence. An example is the occurrence
of kim, consider the sentences:



Translation Divergence in English-Sanskrit-Hindi Language Pairs 139

14. kim sah khadati? < ‘is he eating?’
(QP) (he) (eat.PR)

15. sah kim khadati? < ‘what is he eating?’
(He) (IP) (eat CONT)

16. sah khadati kim? < ‘is he eating?’

(He) (eats) (QP)

Thus, two different interrogative patterns in English are taken care of by different
word orders. Similar situation does not arise when we examine Hindi-Sanskrit
language pair and we donot find this divergence. Thus, we have:

14. kim sah khadati? < ‘kya vaha kha raha hai?’
(QP) (he) (eat.PR)  (QP) (he) (eat) (PROG) (be.PR)

15. sah kim khadati? < vaha kya kha raha hai?
(He) (IP) (eat CONT) (He) (IP) (eat)(PROG) (be.PR)

16. sah khadati kim? < vaha kha raha hai kya?
(He) (eats) (QP) (He) (IP) (eat)(PROG) (be.PR) (IP)

In Sanskrit, word order is used to decide for definiteness for a noun. For ex-
ample, consider the two sentences:

17. balakah grhe asti & ‘The boy is in the house’
(boy) (house.LOC) (be.PR)

18. grhe balakah asti = ‘A boy is in the house’.
(house.LOC) (boy) (be.PR)

Thus, balakah occurs at different positions in the sentence to show ‘a definite
boy’ (example 17) and ‘some boy’ (example 18). In other words, the bare noun
phrase ‘balaka’ in 17 and 18 is mapped by definite and indefinite noun phrases
in English. However, the only difference between these two Sanskrit sentences is
the respective positions of the subject NP and the adverbial phrase. When we
look at the reverse translation of 18, we find that the nature of divergence is
different. Thus, we have:

19. A boy is in the house. = grhe ekah balakah asti
(house.LOC) (a) (boy) (be.PR)

On the other hand, there is no divergence between Hindi-Sanskrit language pair
on this issue.
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3.2 Change of Voice

In Sanskrit language, we find the use of passive voice to be very frequent, which
is not so in English. We are presenting the examples below which show diver-
gence when we go from Sanskrit to English translation. The Sanskrit sentence
is in passive voice, while the corresponding sentence in English sentence is in

active voice.
20a. ramena hasitavyam = Ram should smile.

(Ram.INS)(laugh.KR)
=ramah haset.
(Ram) (smile. IMPR)

21a. kopah na karaniyah bhavata = You should not be angry.
(anger) (not) (do.KR) (you.INS)

= tvam ma krudhya

(you) (not) (anger.IMPR)

22a. tena khaditah = He ate.
(he.INS) (eat.PASS)
= sah akhadat.
(he) (eat.PST)

While examining Hindi-Sanskrit language pair, we do not find similar divergence
since the corresponding Hindi sentences are very close to the passive construct
in Sanskrit:

20b. ramena hasitavyam = rama ko hamsana chahie
(Ram.INS)(laugh.KR) (Ram.ACC) (laugh) (should)

21b. kopah na karaniyah bhavata = apako gussa nahim karana chahie
(anger) (not) (do.KR) (you.INS) (you.ACC) (anger) (not) (do) (should)

22b. tena khaditah = usane khaya
(he.INS) (eat.PASS) (He) (eat.PST)

3.3 Gerunds and Participle Clauses

Another significant source of divergence in Sanskrit and English/Hindi can be
located in the way various clauses and adjuncts are realized in different lan-
guages. First, let us consider English and Sanskrit language pair:

23. ‘He is happy to protect the country’
& desam raksitva sah prasannah bhavisyati.
(country.ACC) (protect.GER) (he) (happy) (be.FU)
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24. ‘He came here to protect the country’
& desam raksitum sah atra agacchat
(country.ACC) (protect.GER) (he) (here) (come.PST)

25a. He is not able to walk.
& sah calitum asamarthah.
(He) (walk.GER) (not able)

We notice that in example 23 and 24, in Sanskrit, different types of adjunct
verbal clauses and complement verbal clauses are realized by different struc-
tures. In English, they are realized by an infinitive clause. The examples 24 and
25a have similar sentence construction. We now examine some sentences between
Sanskrit and Hindi languages:

25b. vaha calane mem asamartha hai < sah calitum asamarthal.
(He) (walk) (in) (able) (not) (be.PR) (He) (walk.GER) (not able)

26. vaha citra dekhane (ke liye) aya < sah citram drastum agatah.
(He) (picture) (see) (for) (come.PST) He) (picture) (see.GER) (come.PST)

In the Hindi sentences in (25b-26), the adjunct verbal clauses and complement
verbal clauses are realized by different structures, which in Sanskrit are mapped
by a single structure. Though, for example 25b, we have a Sanskrit parallel as
‘sah calane akusalah’ which does not present divergence.

3.4 Morphological Gaps

We take the example of causatives:

27. ‘I study’ = aham pathamsi
(I) (study.PR)

28. ‘I make him study’ = aham tam pathayami
(I) (He.ACC) (teach.PR)

In the above two sentences, the form pathami and pathayami are morpholog-
ically derived from the root path, while the English counterpart has only one
lexical verb ‘study’ and other is derived using the verbs such as ‘get’, ‘make’
etc, with separate argument structure. In case of Hindi-Sanskrit, no divergence
is exhibited as such since in Hindi also, roots are morphologically derived:
padha = padhaya=padhavaya.

3.5 Honorific

In Sanskrit, honorific features are expressed by the use of plural pronoun (as
well as adjective and noun, this is crucial since the verb endings need to agree
with noun) and plural verb inflections. For example, consider the sentence:
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29.Respected teacher is teaching the students.

& pujyah gurucaranah Sisyan pathayanti.
(respected.pl) (teacher.pl) (students.ACC) (teach.PR)
& pujya guruji sisyom ko padhate haim

(respected) (teacher) (students) (to) (teach)

We see that in example 29, the adverb ‘pujya’, noun ‘gurucarana’ as well as
the verb ‘path’ take plural inflections in case of Sanskrit, while in hindi only the
verb ‘padhate haim’ takes the plural inflection. This divergence is caused by the
socio-cultural aspect of the respective languages.

3.6 Mapping of Time

In English, the concept of a.m. vs p.m cannot be exactly mapped in Sanskrit.
The example 30 shows that the time at 5 o’clock in the morning (pratahkale
paricavadane) is denoted by a.m. in English. In example 31, the time at 11 o’clock
in the morning/afternoon (pratahkale/madhyadine ekadasavadane) is also de-
noted by a.m. in English. Therefore, the term a.m. (and similarly p.m.) cannot
be translated as such. One needs to examine the numbers written before and
should have a built in intelligence in the translation system to handle different
numbers by appropriate Sanskrit words.

When we go from Sanskrit to English translation, this divergence pattern is not
exhibited since English also has more terms for periods of day than a.m. and p.m.

30. He arrived at 5 a.m. = sah pratahkale panicavadane agatah
(He) (morning.LOC) (at 5 o’clock) (arrive.PST).
= He came at 5 o’clock in the morning.

31. He arrived at 11 a.m. < sah pratahkale/madhyadine ekadasavadane agatah.
(He) (morning/afternoon.LOC) (at 11 o’clock)
(arrive.PST).

A similar situation is seen with respect to the mapping of p.m. in the exam-
ples 32-34.

32.He arrived at 3 p.m. < sah aparahne trivadane agatah.
(He) (afternoon.LOC) (at 3 o’clock) (arrive.PST).

33. He arrived at 5 p.m. = sah sayamkale pancavadane agatah
(He) (evening.LOC) (at 5 o’clock) (arrive.PST).
= He came at 5 o’clock in the evening.

34. He arrived at 11 p.m. = sah ratrau ekadasavadane agatah
(He) (night.LOC) (at 11 o’clock) (arrive.PST).
= He came at 11 o’clock in the night.

However, there is no divergence in case of this mapping, when we examine Hindi-
Sanskrit language pair.
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4 Conclusions and Discussions

Above mentioned are some of the divergence patterns that we were able
to classify. We have kept in view the classification of translation diver-
gence proposed by Dorr and some of the works on Hindi-English divergence
[Sinha and Thakur, 2005] [Dave et. al., 2002]. We are in the process of iden-
tifying other such patterns. These divergence patterns will be useful in our
implementation of machine translation system from English to Sanskrit lan-
guage. Some of the divergence study has been useful in the current implementa-
tion of our machine translation system [Goyal and Sinha, 2008 from English to
Sanskrit.
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Appendix 1

ACC: Accusative Case, INS: Instrumental Case, LOC: Locative Case,AFF:
Affirmative Case, CAUS: Causative Case, CONT": Continuative Aspect, CPP:
Conjunctive Participal Particle, ET: Determiner, DUR: Durative Aspect; EW:
Echo Word, FU: Future Tense,DAT: Dative Case, DIT: ditransitive Case,
ERG: Ergative Case, GER: Gerund, HAB: Habitual Aspect, IMP: Imper-
fective Aspect, IMPR.:.Imperative Mood, PASS: Passive Particle, PR.: Present
Case, INT: Interrogative, OPT: Optative Mood, QP: Question Particle, RP:
Relative Pronoun, SUBJ: Subjunctive Mood, TRS: Transitive, VPRT:Verbal
Participle, KR: krtya pratyayanta in Sanskrit
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Abstract. This article presents features of the web concordance in the
form of KWIC (key word in context) index of the Prakirpa-Prakasa
of Helaraja (980 A.D.) on the Jatisamuddesd of Vakyapadiya (450
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1 Introduction

This paper aims to present the features of the online KWIC index of the
Prakirpa-Prakasa (PP) of Heléréja@ of the Jati-Samuddesa (JS) of deyapadiy
(VP) as available in Iyer’s edition [5] and it’s Web concordance that we have
prepared during last two years. KWIC is a word index in a Key Word In
Context format. The purpose of preparing the KWIC index of JS is to provide
a supplementary aid to the study of VP kanda 3. Growing interest in the study
of VP demands that the vast text of the third kanda should be available and
accessible in the KWIC format.

Very few web concordances of Sanskrit texts are available to date. Some
notable web concordances are (a) Database query to Vedic Concordance

! Helaraja (980 A.D.) wrote a commentary on entire VP of Bhartrhari. The
commentary on first and second kandas is lost. The only work of Helaraja that
is available today is his commentary on the third kanda of Vakyapadiya.

2 Vakyapadiya or Trikandi (according to Aklujkar) is a wellknown treatise composed
by a philosopher and grammarian called Bhartrhari (450 AD) [2]. Rau [3] and Bhate
and Kar [4] published word-index to the karika text of Vakyapadiya. There are three
kandas in Vakyapadiya: (1) Brahma-kanda or Agama-kanda, (2) Vakya-kanda, and
(3) Pada-kanda or Prakirna(ka)-kanda.

A. Kulkarni and G. Huet (Eds.): Sanskrit Computational Linguistics, LNCS 5406, pp. 144 2009.
© Springer-Verlag Berlin Heidelberg 2009
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[Bloomﬁeld]ﬁ (b) Database query to Rgvedic word concordance [Lubotskyﬂ
(¢) Pandanus Sanskrit E-textdd and (d) Ramopakhyana indexd is a complete
concordance of a small segment of the Mahabharata. First one is the database
that represents an electronic version of M. Bloomfield’s Vedic Concordance
prepared by Marco Franceschini, under the supervision of Prof. Alessandro
Passi, at the University of Bologna. Second one is the conversion of the first
one into the STARLING-format by A. Lubotsky, October 2000, May 2005.
Third one is a searchable collection of Sanskrit electronic texts is a part of
the Pandanus project. At present it contains 27 Kavya and Subhasita works
(more than 4MB of data), all transcribed and proofread by students of the
Seminar of Indian Studies (Institute of South and Central Asia, Faculty of
Arts, Charles University, Prague), the work is still in progress. All these
concordances are searchable databases and do not provide exact word-lists of
the texts.

Plenty of e-texts on Sanskrit Grammar are available but no index is available
online so far. We hope that our attempt of building the web concordance of
the entire VP and PP on JS of VP (see figure [l) will be considered as a
useful tool to study the terminology of Sanskrit Grammarians. The lexicon
database generated by this concordance can be useful in the NLP related
activities.

The reason behind choosing the text of PP on JS of VP is: Unebe prepared the
index of the Vrtti, a commentary on Vakyapadiya kanda 1 which appeared in the
vol. 22 of Sambhasa in 2002 [6]. Unebe quoted Cardona’s (1999) remarks about
Professor Ashok Aklujkar’s forthcoming new edition of VP which will contain
index of the Vrtti on the first two kandas [7, p. 249-250]. We are presenting the
first Samuddesa of the third kanda of VP. Readers must note that this is an aid
to the Iyer’s edition of VP [5] and not an edition of VP 3.1.

The subject-matter of the third kanda is divided into various Samuddesas.
And most of the recent research works on the third kanda focus on a particular
Samuddesa, rather than studying the third kanda as a whole. Secondly, as
Houben (1995) pointed out that the third kanda should be divided into two:
(a) Samuddesas discussing the Jati-paksa and (b) Samuddesas discussing the
Dravya-pakasa [8]. According to him, in Jati-Samuddesa we find the Jati-
padartha-vada, whereas, in the Samuddesas after Dravya-Samuddesa emphasis
is given on the Dravya-padartha-vada. The index of the individual Samuddesa,
will provide immense help to the researchers who study the Samuddesas sep-
arately as well as for those who want to study the 3'¢ kanda in its entirety.
Thinking thus we have prepared the KWIC index of the Jati-Samuddesa of the
Vakyapadiya.

3 http://www.indo-european.nl/cgi-bin/startq.cgi?flags=endnnnl&root=
leiden&basename=/data/ie/bloomf
4Thttp://www.indo-european.nl/cgi-bin/startq.cgi?flags=endnnnl&root=
leiden&basename=/data/ie/concord
®http://iu.ff.cuni.cz/pandanus/electronictexts/
Shttp://sanskritlibrary.org
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Fig. 1. Frame-based interface of Web concordance of PP on JS of VP

2 Interface of the Web Concordance

The web concordance of the Prakirnpa-Prakasa (an interface shown in figure [I])
is intended for the online users. Prakirna-Prakasa is available as hyperlinked
text. Every entry in a concordance comes with a reference which is a pointer
to a particular location in the source text (text as per the Iyer’s edition [5]).
Researchers working on Bhartrhari are presented with a ready-to-use concordance
instead of having to construct their own, and with a browser interface which is
already familiar.

Web concordance of the Prakirna-prakasa is prepared using the Concordance
software developed by R.J.C Watt. The text is presented in the Harvard-
Kyoto encoding. The only modification is “E” and “O” are used for “ai” and
“au” respectively. Key Words in this concordance are sorted in the English
alphabetical order.

Left panel of this web concordance contains the list of a vocabulary list and
a full version of the original literary text, all hypertextually linked for ease of
reference. The words are listed in the English alphabetical order. The uppermost
panel contains the link to the list of keyword sorted alphabetically. In the
Concordance panel, one can find a key word followed by number of occurrences.
Under that the short context in which the word is used in the text can be seen.
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Concordance

Source file Gy DocumentzHWMC-ProjectJSPR-FWIC-PrintRe:

lLines 4311

Wiords (types) Maowy: B593  When loaded: 6593

Wiords (tokens) Mawy: 24756 When loaded; 24756

Type-token ratio Mowe: 3.7549  When loaded: 3.7548

Characters 147141

Sentences 14

Wiordsizentence 17E65.2857

Current word AZrava
OCCUrrences 28
Context style From 4 wwords before headword to 4 words after be

Fig. 2. Properties of the Concordance

The hyperlinked number at the right end of each occurrence is a combination
of page number and line number of the hyperlinked text of the Iyer’s edition [5]
of Prakirna-prakasa. Lower panel shows the text of the Prakirna-Prakasa on
Jatisamudde$a.

2.1 Properties

Figure [2 shows information about the concordance, including the number of
lines, words, characters, and sentences in the source text, the type-token ratio of
the text, and the average number of words per sentence. Types are word-forms
and tokens are occurrences of word-forms. The number of lines in the text of
Prakirna-Prakasa are 4311 and there are 6593 types of words in the text. Among
these 2476 are the token words. The type-token ratio is 3.6%. This ratio of types
to tokens is a measure often used in quantitative stylistic analysis. The sandhi
and samasa words are split manually and hence the word-length is delimited.
Following graph explains the statistical information regarding the word-lengths
in the text.

The Chart’s X-axis shows word length in letters. The Y-axis shows the
numbers of such words. The labels at the top of each bar on the chart show the
numbers of words (as on the Y-axis) but can be switched to show the percentage
of the whole text which such words represent.
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Word Lengths
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Fig. 3. Word Length Chart

3 Features of the KWIC Index

All entries in this index are arranged in alphabetical order. Each entry in this
index is arranged in two columns. Each entry begins with the keywords appearing
in the bold format and a number preceding to it which indicates the number
of occurrences of that particular word in the text. Below this, follows a list
of occurrences with the short context in two columns. First column has three
sub-columns containing the number of Verse, Page no. according to Iyer’s edition
(1994) and line numbers at the end. In second column, occurrence of the keyword
with the short context in which it appears in the JS and PP are mentioned. For
example:

4 améa

003 0002 0001 kriya-sva-bhavah | //tatra ca”amsa "amsi-kalpanaya " apoddhare
078 0002 0074 ah |//tatra pratipatty-artham amsa “amsikataya appoddhara-pad
008 0003 0001 a iti siddha-sadhya-//laksana”amsa-dvaya-visayah, pada “apodd

002 0015 0001 riyamanasya padasya vakyartha “amsa-parikalpanaya “arthavata e

Here, the number preceding the keyword amsa indicates the number of
occurrences found in PP and JS. First entry should be read as verse 1 page
2 line 15 of Iyer’s edition. // in the text indicates the beginning of the line. The
compound words in the text are split into their constituent elements and these
elements are shown connected by the hyphen (-). While doing so, the vowel
sandhis are dissolved and shown as connected by ~ . Consonant sandhis are
shown as connected by hyphen. For example,
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camsamsikalpanaya <is shown as > ca "amsa “amsi-kalpanaya

Verbal compounds remain undissolved and mentioned as abhivyanakti. But
the cvr forms are dissolved.

087 0002 88 | na ity aha://qune ’pi na"angi-kriyate pradhanaantara-siddhaye
090 0012 89 gune ’pi samkhya//na” angi-kriyate ’tra’iti dvi-bahudv

Negative compounds like acoditasya are not dissolved as a-coditasya to
avoid its confusion with the words like a-kara. Similarly, compounds like sartham
etc. are not dissolved.

053 0021 46 avyavacchinnam $rutim ahur akartrkam|//sidtair nibadhyamana
052 0011 46 svartha-pratipatti-darsanad akincit-karasya “anarthakasya paratra
008 0007 2 rapam//padarthav iti sphuti-krtam| anyatha va arthe

075 0017 71 ahuh: saguna ity etad eva sphuti-krtam sada ekatvena “iti

Readers must note that anusvara is encoded following the para-savarna
principle and while sorting it comes in the place of para-savarna. For example,
ariga comes after ga and gh whereas amsa comes in the beginning. Similarly,
due to the yan-sandhis words like #ti and api should be searched twice as iti
and ity (in sandhi) and api and apy. Same is applicable to the occurrences
of the 7' case singular ending of the nominal words ending is i for example,
stddhau and saddhav, jatau and Jatav etc.

Additional Features of the KWIC Index

Variant Readings (Jati-Samudde$a) The text presented here is based on the
Iyer’s edition of VP 3.1 with PP on it [5]. We are thankful to Yves Ramseier for
making available the digitized text of PP which saved our efforts of digitizing
the full text again. After the initial proofreading we realized that the text given
by Yves Ramseier needs some corrections and modifications. Apart from those
modifications, we included various readings of the text of PP from the other
editions, i.e., Ambakartri by Sarma (1991) (AK), and Ramakrsnasastri and
Sastri (1905) (A). Variant readings from the editions of karika text are also
included here in the appendix. For example,

1. Verse 6 (a):- R: svajatih; BK, AK, AL: sva jatih. Rau mentions sa jatih from
the ms. A p. 16.

2. Verse 10 (a):- R: ya Sabdajatisabdesu; I, AK, & SK: ya Sabdajatih sabdesu

p- 9.

Verse 19 (a):- AL: pravrttirupayam; 1 & AK: R, & SB: pravrttirapa p. 22.

Verse 27 (b):- BSS, I, & AK: nispattau ; Rau: nispattyai p. 36.

5. Verse 54 (a): AK and I: karmanyarigatvam for Rau: karmasv angatvam

p. 62.

Verse 57 (a): mss. prathamah.; prathama for I, AK, R: prathamam

Verse 60 (c):- AK & I: ksayam for Rau: ksaya p. 67.

8. Verse 62 (d): AK: evam for Rau & I: eva p. 68.

Ll

o
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9. Verse 63 (a):- I: ekena cet pra for Rau & AK: ekena ca pra p. 69.

10. Verse 68 (b):- Rau mentions eight different readings from various mss. as
paradharmohataste , paradharmmotvaste, paradharmoyataste , paravataste,
paraevaste , paradharmmataste , paradharmmotaste , and paravataste. Rau
considers samkhyavyaparadharmo as one compound word whereas Iyer and
AK splits it as samkhya vyaparadharmo. p. 72.

11. Verse 79 (a):- Rau mentions 5 different readings: vyaktisaktes samapanna,
vyaktiSaktes samasanno, vyaktisakis samasanno, dravyasakter yathasanna
and dravysakter yathasatta. p. 81.

In the context of the Index Raus’ readings [9] are indicated by using an *

followed by the abbreviation R in <...>. For example,
108 0003 *108 ||105<R 109>||//ghata-jnanam iti jianam ghata ady akaram j

Here, 105<*R 109> indicates that verse 105 of Iyer’s edition [5] is recorded as
verse 109 in Rau’s edition [9] edition of Vakyapadiya. It means that the verse
no.109 in Rau’s edition is recorded as verse no.105 in Iyer’s edition.

Variant Readings (Prakirna-Prakasa): KWIC index also lists the variant
readings found in the text of Prakirna-Prakasa rendered by K. A. Subramania
Iyer and Raghunath Sharma.

AK: rucirah for I: ruciram p.1:3.

AK: niwartana for I: nirvartana p.2:14.

mss. M “upakalpita ° for I and AK: °wutkalita ° p.3:1.

AK: dandaka after iti in 24b p.15:1.

AK: na Srautarthatyageh pratinidhau | for I: na Srautarthatyagah | [25Db]

pratinidhau naitapnyayyam| p.15:10.

AK: $abdo vastucintamanusarati for I: sabdo vastucintamanusarati p.15:11.

AK: pratipadyate for I: pratipadyate p. 17:11.

AK: | p. 18:1.

AK: “ksanah for I. “laksanah p. 18:3.

10. AK: °abhivyarijane iti for I: °abhivyanjana iti p. 18:4.

11. AK: °prasanga ityasankyaha for 1: °prasangaityasankyaha p. 22:13.

12. AK: in the main text °awabhaitvabhat but °avabhaitvabhavat in the
Ambakartry for I ° avabhaitvabhavat. p. 24:3.

13. AK: jati-vyatiriktaya , 1: jati vyatiriktaya; and BBS: jatir vyatiriktaya p.
25:11.

14. AK: vastu san-nabhidhiyate; I: vastu-san-nabhidhiyate p. 25:14.

15. AK & I: yatha; Ramseier: tatha p. 26:12.

16. AK & I: sattva-gunah | tatha; Ramseier: sattvagunas tatha p. 27:3.

17. AK: gotvakarah prasuyate; I: gotvakarah pratyayah prasuyate p. 27:16.

The text of Iyer’s edition [5] of PP on 106 verses of JS has 105 pages, 4596 lines
and 7175 words. Among these 24409 words, only 7175 words are unique words.

We hope and believe that this work will prove useful for Indologists all over
the world working in the area of Language studies. We hereby attach a few
sample pages of the said KWIC index (after converting HK encoding into the
roman transliteration). The web concordance of the PP on JS of VP will be
made available on the IIT website at appropriate time.
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A Sample of the KWIC Index

4 amsa
003 0002 0001 kriya-sva-bhavah | //tatra ca”amsa "amsi-kalpanaya " apoddhare
078 0002 0074 ah |//tatra pratipatty-artham amsa “amsikataya appoddhara-pad
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003 0003 0001 a iti siddha-sadhya-//laksana”amsa-dvaya-visayah, pada apodd
002 0015 0001 riyamanasya padasya vakyartha amsa-parikalpanayaarthavata e
1 amsah

003 0004 0001 hedat karaka atma siddha-rapo ~amsah | yady api ca nama-pada
1 amsasya

068 0021 0062 jatih padartho badhyeta, jaty “amsasya “ajatitvad//iti prakrty

1 amsa

047 0005 0040 atrah kalah parikalpita bhaga amsa gotva adi-samanya-visesah

1 amsi

003 0002 0001 -sva-bhavah | //tatra ca amsa”améi-kalpanaya “apoddhare karak
1 amsikataya

078 0002 0074 /tatra pratipatty-artham amsa améikataya appoddhara-padartha
1 amso

003 0002 0001 are karaka atma kriya atma ca”amso vibhaga “arha iti siddha-

1 akartr

090 0006 0089 yasya “asti kartr-samjynakasya”akartr-samjnakasya ca tasya ub

1 akartrkam

053 0021 0046 im-avyavacchinnam srutim ahur akartrkam|//$istair nibadhyaman
1 akarmakebhyah

090 0008 0089 vam //lah karmani ca bhave ca”akarmakebhyah (P. 3.4.69)//it
1 akara

073 0004 0068 mah, tena lirngena gamyata ity akara-praslesam ke cid vyacaks

1 akaranani

038 0001 0028 virodhah| tatha ca”ahuh:///na”akaranani vidhim badhante prat
1 akari

033 0009 0019 atirikta-samanya-kalpana“evam akart ity atra tatparya “arthah

2 akincit

052 0011 0046 m svartha-pratipatti-darsanad akincit-karasya anarthakasya p
088 0023 0089 antryam sarvesam eva vidyate, akincit-karasya kriya arga-bha

1 akramata

020 0019 07-8 stavah kramah | pratyayane tv akramata “eva| Sabda”acchuritat

1 aksarena

018 0012 0006 avat sphota-tattvam| prathama “aksarena hi jater abhasa-matra
4 akhanda

002 0003 0001 ada-vyutpattir-vakya-vadinam, akhanda-pada-//vyutpattav iva
079 0002 0075 kataya//pratipaditah | vakyad akhanda-pratibha “utpattav apod
078 0015 0074 stutah | tatha ca Sruty-adiny "akhanda-vakya-pakse na upapady
002 0003 0001 dhya//prthak padam niskrsya | akhanda-vakya-vyutpattav upaya
1 akhande

015 0002 0005 “adhyavapah/$abda-vyaparah |//akhande “api hi vakyartha-naye”
1 agata

074 0021 0070 vadat sammarge pradhana-velav “agata-samkhyakanam eva “avadhar
1 agatya

097 0007 0096 m sva-samvignana-pada “abhavad agatya bheda “abheda-sabdabhyam

1 agrhyamana
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039 0018 30-31 $rotra indriya-//karyam| evam agrhyamana-sva-bhava vyaktayah
2 agrhyamanasya

040 0001 30-31 yam///$abda "artha ity arthah| agrhyamanasya "api tadanim vyak
040 0002 30-31 ya avasaya "avirodhat sampraty “agrhyamanasya “api drstam pratr
1 agni

064 0009 0056 atat| tatha hi “agneyam ajam-agni-stoma alabheta” ity uktva

2 agnau

054 0018 0046 atha aditye tejah, dahakatvam agnau, Saityam apsu| tatha jnana
088 0012 0089 tarhi yajeh prayogo drsyate, “agnau susthu yajata” iti| atra
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