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Foreword

Sanskrit is the primary culture-bearing language of India, with a continuous
production of literature in all fields of human endeavor over the course of four
millennia. Preceded by a strong oral tradition of knowledge transmission, records
of written Sanskrit remain in the form of inscriptions dating back to the first
century B.C.E. Extant manuscripts in Sanskrit number over 30 million, one hun-
dred times those in Greek and Latin combined, constituting the largest cultural
heritage that any civilization has produced prior to the invention of the printing
press. Sanskrit works include extensive epics; subtle and intricate philosophical,
mathematical, medical, legal, and scientific treatises; and imaginative and rich
literary, poetic, and dramatic texts. While the Sanskrit language is of preeminent
importance to the intellectual and cultural heritage of India, the importance of
the intellectual and cultural heritage of India to the rest of the world during the
past few millennia and in the present era can hardly be overestimated. The intel-
lectual and cultural heritage of India has been a major factor in the development
of the world’s religions, languages, literature, arts, sciences, and history.

Sanskrit documents are moving into the digital medium. Recent decades have
witnessed the growth of machine-readable Sanskrit texts in archives such as
the Thesaurus Indogermanischer Text- und Sprachmaterialien (TITUS),1 Ky-
oto University,2 Indology,3 the Göttingen Register of Electronic Texts in In-
dian Languages.4 The last few years have witnessed a burgeoning of digital
images of Sanskrit manuscripts and books hosted on-line. For example, the Uni-
versity of Pennsylvania Library, which houses the largest collection of Sanskrit
manuscripts in the Western Hemisphere, has made digital images of 33 of them
available electronically,5 The Universal Digital Library6 and Google Books7 have
made digital images of large numbers of Sanskrit texts accessible as part of
their enormous library digitization projects. Digitized Sanskrit documents in-
clude machine-readable text and images of lexical resources such as those of
the Cologne Digital Sanskrit Lexicon project8 and the University of Chicago’s
Digital Dictionaries of South Asia project.9

In the first half of the first millenium B.C.E., there developed a tradition of
linguistic analysis in India that included metrics (chandas), etymology (nirukta),

1 http://titus.uni-frankfurt.de/
2 ftp://ccftp.kyoto-su.ac.jp/pub/doc/sanskrit/
3 http://indology.info/
4 http://www.sub.uni-goettingen.de/ebene 1/fiindolo/gretil.htm
5 http://oldsite.library.upenn.edu/etext/sasia/skt-mss/
6 http://www.ulib.org/
7 http://books.google.com/
8 http://www.sanskrit-lexicon.uni-koeln.de/
9 http://dsal.uchicago.edu/dictionaries/list.html#sanskrit
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phonetics (śiks.ā), and grammar (vyākaran. a). By the early fourth century B.C.E.,
Pān. ini, who was born in Śālātura, near modern Lahore, had completed the
As.t. ādhāȳı (literally, the book in eight chapters), which remains to this day the
most authoritative treatise on Sanskrit grammar. It consists of nearly 4,000 rules
that give a precise and fairly complete description of late Vedic Sanskrit.

Pān. ini’s grammar was complemented by Patañjali’s commentary Mahābhās.ya
(2nd century B.C.E.), incorporating an earlier commentary of Kātyāyana (3rd
century B.C.E.). The work of these three authors (referred to collectively as the
trimuni ‘wise triad’) became de facto a prescriptive grammar for what became
Classical Sanskrit, and thus the gold standard for Sanskrit grammaticality. It is
therefore natural that scientists interested in the formal modelling of Sanskrit refer
to Pān. inian authority, and discuss ways of formally capturing Pān. inian methods.

As oral, manuscript, and print media that have conveyed the knowledge em-
bodied in the ancient Sanskrit language make their transition into digital media,
the modern discipline of computational linguistics opens a new domain of inves-
tigation: Sanskrit computational linguistics. Scholars in a variety of disciplines
are finding interest in this field for various reasons. Linguists, for example, are
finding new challenges in formalizing the syntax of a free-word-order language,
computer scientists are drawn to model techniques of generative grammar used
by the ancient India grammarian Pān. ini, philologists are using digital methods
to assist in critical editing, and collaboration among scholars in these various
disciplines is fostering new ideas and building corpora, databases, and tools for
the use of academic researchers and commercial enterprises. These developments
have encouraged the editors of the present volume themselves to develop an in-
tegrated digital Sanskrit Library10 and software for processing Sanskrit.11

The discovery by the editors of each other’s work led to their mutual col-
laboration and to a decision to encourage all scholars interested in digital work
with Sanskrit text–whether they be linguists, philologists, computer scientists,
or indologists–to share their work at regular Sanskrit Computational Linguis-
tics symposia. The present volume is a collection of papers delivered at the first
two such symposia: the First International Sanskrit Computational Linguistics
Symposium hosted by Gérard Huet and Amba Kulkarni October 29–31, 2007
at the Paris-Rocquencourt Center of INRIA (Institut National de Recherche en
Informatique et en Automatique, France), and the Second International Sanskrit
Computational Linguistics Symposium hosted by Peter Scharf May 15–17, 2008
at Brown University, Providence, RI, USA.12

10 http://sanskritlibrary.org
11 http://sanskrit.inria.fr/, http://sanskrit.uohyd.ernet.in/
12 The Second International Sanskrit Computational Linguistics Symposium was ar-

ranged as part of the International Digital Sanskrit Library Integration project at
Brown funded by the U.S. National Science Foundation, Division of Information
and Intelligent Systems, under grant number 0535207. Any opinions, findings, and
conclusions or recommendations expressed are those of the authors and do not nec-
essarily reflect the views of the National Science Foundation.
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Papers in the volume touch on several topics: Pān. inian studies, computational
linguistics, lexicography, philology, and OCR. The first three papers investigate
the overall structure of the Pān. inian grammatical system. George Cardona from
the University of Pennsylvania, the keynote speaker at the second symposium,
in his paper “On the Structure of Pān. ini’s System,”‡ demonstrates that Pān. ini
derives utterances, rather than individual words, in a continuum that integrates
syntax inextricably with inflectional and derivational morphology. The second
paper, “On the Architecture of Pān. ini’s System,”† is authored by Paul Kiparsky
from Stanford University. He defends, in contrast, a description of Pān. inian
devices layered in four levels of organization beginning with semantics and end-
ing with phonology, interconnected by three interfaces. He argues that Pān. ini
was able to capture essential generalizations about the language from his re-
quirement that the description be as simple as possible. In “Modeling Pān. inian
Grammar,”† Peter Scharf from Brown University examines how to model var-
ious features of Pān. inian grammar. He argues that semantics comprise a rich
portion of the grammar, and that Pān. ini essentially conceives of no more than
two levels: meaning and sound.

The next two papers aim at presenting in detail computational processes
designed to simulate the derivation of forms from Pān. ini’s sūtras. First, Anand
Mishra from Heidelberg University, in his paper “Simulating the Pān. inian Sys-
tem of Sanskrit Grammar”†, emulates the operation of rules in the As.t. ādhāȳı in
the model of a lexical database. Second, Pawan Goyal from IIT Kanpur, Amba
Kulkarni from the University of Hyderabad, and Laxmidhar Behera from IIT Kan-
pur and the University of Ulster present a method to implement rule selection
procedures in their paper “Computer Simulation of As.t.ādhāȳı: Some Insights”‡.
They propose to use modern programming features, such as event-driven pro-
gramming, and to organize memory in data spaces, to simulate conditions of
rule application and resolve conflicts.

A number of papers report on computer implementation of Sanskrit anal-
ysis systems. Gérard Huet from the Paris-Rocquencourt INRIA Center, in his
paper “Formal Structure of Sanskrit Text: Requirements Analysis for a Me-
chanical Sanskrit Processor,”‡ provides a general overview of work in formal
linguistics and computer science relevant to design issues in Sanskrit computa-
tional linguistics and proposes a roadmap for the development of inter-operable
modules. Pawan Goyal, Vipul Arora, and Laxmidhar Behera from IIT Kanpur,
in their paper “Analysis of Sanskrit Text: Parsing and Semantic Relations,”†

describe their implementation of a dependency parser for Sanskrit that relies
on finite-state techniques for morpho-phonetic analysis. The paper “Inflexional
Morphology Analyser for Sanskrit,”† by Girish Nath Jha from Jawaharlal Nehru
University in Delhi, together with his students Muktanand Agrawal, Subash,
Sudhir K. Mishra, Diwakar Mani, Diwakar Mishra, Manji Bhadra, and Surjit
K. Singh, describes the morphology analyzer module from an ongoing effort at
JNU to develop a comprehensive Sanskrit processing platform. The next paper,
“Semantic Processing in Pān. ini’s Kāraka System”‡ by Girish Nath Jha from
JNU and Sudhir K. Mishra from CDAC Pune, describes the component of this
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platform that deals with the interface between syntax and semantics, in partic-
ular with Pān. ini’s kāraka rules. Then Malcolm Hyman, from the Max Planck
Institute for the History of Science in Berlin, in his paper “From Pān. inian Sandhi
to Finite State Calculus,”† describes the use of finite state cascading transducers
to produce an efficient implemention of external sandhi consistent with Pān. ini’s
description. Finally, in his paper “SanskritTagger: A Stochastic Lexical and POS
Tagger for Sanskrit,”† Oliver Hellwig, from the Freie Universität in Berlin, de-
scribes the use of statistical techniques to implement a Sanskrit part of speech
tagger whose parameters have been trained over a large manually annotated
corpus. These six papers span a large spectrum of computer science concepts
and techniques to achieve actual processing of realistic Sanskrit sentences. They
indeed represent well the state of the art of effective Sanskrit computational
linguistic processors.

The next group of papers deal with specific issues in the formal description of
Sanskrit grammar. Prasad Joshi from Fergusson College in Pune, in his paper “A
Glimpse into the Apadam-Constraint in the Tradition of Sanskrit Grammar,”‡

argues that the Pān. inian principle that words end in inflectional terminations
serves as a sentential grammaticality constraint. Pawan Goyal and R. Mahesh
K. Sinha from IIT Kanpur present their adaptation of the AnglaBharati ma-
chine translation system to Sanskrit in their paper, “A Study Towards Design
of an English to Sanskrit Machine Translation System.”‡ One of the problems of
implementing Pān. ini’s sūtras as a generative device is the generation of undesir-
able forms by the unrestricted application of rules. Malhar Kulkarni, from IIT
Mumbai, examines the particular case of sandhi rules that produce nasalization
and phonetic doubling in his paper “Phonological Overgeneration in Pān. inian
System.”† Boris Oguibénine from Université de Strasbourg presents in his paper
“Issues in Combinatorial Analysis of Vedic Verbal and Nominal Forms”‡ the
problem of lemmatizing Vedic inflected forms, and argues that analyzing word-
final phonetic strings right to left reveals distinctions more efficiently, from a
computational perspective, than typical morphemic analysis.

We then offer two contributions to the construction of lexical resources for
Sanskrit. First Malhar Kulkarni and Pushpak Bhattacharya from IIT Mumbai,
in their paper “Verbal Roots in the Sanskrit Wordnet,”‡ describe their progress
in developing a Wordnet-like Sanskrit lexical database based on verbal roots
and their classification in dhātupāt.has. Then S. Varakhedi from the Sanskrit
Academy in Hyderabad, V. Jaddipal from the Rās.t.riya Sanskrit Vidyāp̄ıt.ha in
Tirupati, and V. Sheeba from the University of Hyderabad, in their paper “An
Effort to Develop a Tagged Lexical Resource for Sanskrit,”† describe the prob-
lems encountered in their digitalization of the monumental Sanskrit encyclopedia
Vācaspatyam by Pandit Tārānātha Tarkavācaspati.

Five papers deal with issues crucial to the integration of digital images
with machine-readable texts. Three of these concern the use of computational
procedures in critical editing, and two deal with optical character recognition
(OCR) for Indic scripts. Peter Robinson from the University of Birmingham, in
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his paper, “Towards a Scholarly Collation System for the Next Decades,”‡

explains desiderata for computer-based manuscript collation and argues that
the digital revolution is transforming scholarly editing into a collaborative en-
terprise. He reviews the history of his Collate software, and his participation in
the development of more comprehensive philology tools. Then Marc Csernel and
François Patte from Université Paris Descartes tell of their experience in design-
ing a distance between versions of a Sanskrit text in their paper “Critical Edition
of Sanskrit Texts.”† Finally, Wendy Phillips-Rodriguez from the National Au-
tonomous University of Mexico and Christopher Howe and Heather Windram
from the University of Cambridge investigate statistical techniques and phylo-
genetic algorithms for use in Sanskrit philology in their paper “Chi-squares and
the Phenomenon of ‘Change of Exemplar’ in the Dyūtaparvan.”‡

Two papers in this collection are concerned with the production of machine-
readable text from digital images of Sanskrit using OCR technology. First,
Thomas Breuel from the Deutsches Forschungszentrum für Künstliche Intel-
ligenz (DFKI) and the University of Kaiserslautern, in his paper “Applying
the OCRopus OCR System to Scholarly Sanskrit Literature,”‡ describes the
use of weighted finite state transducers to produce statistical optimization in
the OCRopus open-source multi-lingual modular OCR system. Second, Anurag
Bhardwaj, Srirangaraj Setlur, and Venu Govindaraju from the University of
Buffalo describe their use of keyword spotting, as an alternative to OCR, to
retrieve information in documents that mix languages and scripts in their paper
“Keyword Spotting Techniques for Sanskrit Documents.”‡

This collection ends with a contribution by R. K. Joshi from the Centre for
Development of Advanced Computing (C-DAC) in Mumbai, T. N. Dharmadhi-
kari from the Vaidika Sanshodan Mandal in Pune, and Vijay Vasudev Bedekar
from the Institute of Oriental Study in Thane, entitled “The Phonemic Approach
for Sanskrit Text.”† Professor Joshi presented his proposal for a phonemic en-
coding of Sanskrit as his contribution to the workshop at the First International
Sanskrit Computational Linguistics Symposium in October 2007 in Rocquen-
court. This presentation was one of his last professional appearances; sadly he
passed away a few months later, en route to a Unicode Technical Committee
meeting in California. As a calligrapher, a designer, a poet, a researcher, and a
teacher, Professor Joshi (1936–2008) was a highly respected and greatly admired
scholar.

The editors would like to thank all those who have contributed to the present
volume including the authors of the papers, members of the Program Commit-
tees who commented on initial drafts of papers presented at the two symposia in
which the papers were first presented, and participants in the symposia whose
discussion contributed to paper revisions. The papers presented at the First In-
ternational Sanskrit Computational Linguistics Symposium convened by Gérard
Huet and Amba Kulkarni in Rocquencourt October 29–31, 2007 are marked with
a dagger: †. The papers presented at the Second International Sanskrit Compu-
tational Linguistics Symposium convened by Peter Scharf in Providence May
15–17, 2008 are marked with a double dagger: ‡. Responsibility for editing the
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papers presented at each symposium fell primarily to the convenors of the re-
spective symposia.

December 2008 Gérard Huet
Amba Kulkarni

Peter Scharf
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On the tructure of Påˆini’s ystem 

George Cardona 

Department of Linguistics, University of Pennsylvania 
619 Williams Hall, Philadelphia, PA 19104-6305 

Abstract.  Påˆini accounts for utterances through a derivational procedure that 
starts from meaning conditions involving actions, participants in actions, and 
other things that are related to each other.  His derivational system thereby 
serves to form utterances of which words are a part, not isolated words that are 
then strung together to form utterances.  Påˆini’s system is a continuum that 
starts from meaning and cooccurrence conditions that determine the introduc-
tion of affixes to bases in order to form initial strings and subsequently applies 
additional affixation and replacement rules to produce final strings.  The system 
does not isolate morphology as a distinct component absolutely independent of 
syntax.  Declensional and conjugational morphology are part of syntactic deri-
vation, and derivational morphology is generally incorporated in the syntactic 
machinery.  Primary derivational affixes are introduced in the course of syntac-
tic derivation.  In addition, secondary derivation affixes are regularly introduced 
after padas—terms that contain endings introduced in syntactic derivation—and 
not after mere bases in a separate morphological component.  Further, composi-
tion takes place within the context of syntactic derivation; compounds are 
formed from related padas of initial strings, which involve number distinctions.  
Even the formation of certain items with feminine suffixes takes place within 
the syntactic machinery and not in a totally separate lexicon.  Thus Påˆini’s 
derivational system is an integrated system accounting for utterances of San-
skrit; it lacks a sharp dichotomy between what western grammarians call syntax 
and morphology. 
Keywords.  Grammatical theory, syntax, morphology, organization of gram-
mar, Indian grammatical theory, Påˆini, Kåtyåyana, Patañjali, Bhart®hari  
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1  Padasa≤skåra and våkyasa≤skåra* 

1.1  Introduction 

Påˆin^yas have considered Påˆini’s system of rules from two points of view, accord-
ing to whether it serves as an explanation (anvåkhyåna) with (A) syntactic words 
(pada)1 or (B) utterances as its limit (avadhi: padåvadhika, våkyåvadhika). 

The contrast between these two positions is brought out clearly in the V®tti on VP 
1.24-26,2 which concerns examples such as the following:3 

(1) ßukla≤ vastram ‘a white garment’ 
(2) ßuklå gau˙ ‘a white cow’ 
(3) ßukla˙ kambala˙ ‘a white blanket’ 
(4) ßuklau kambalau ‘two white blankets’ 

                                                             
* I am grateful to participants in the second Sanskrit Computational Linguistics Symposium for 

their discussion after my presentation of this paper on May 15, 2008 as well as to Peter 
Scharf for discussions at other times.  I welcome this opportunity to present an overview of 
Påˆini’s derivational system with particular emphasis on its unity and lack of modularity.  
This is especially pertinent currently in view of work being done in the framework of what is 
called distributed morphology, which brings modern theoreticians closer to what Påˆini en-
visioned; see David Embick and Rolf Noyer, ‘Distributed morphology and the syn-
tax/morphology interface’, in The Oxford Handbook of Linguistic Interfaces (ed. G. Ram-
chand and C. Reiss, Oxford/New York, 2007), pp. 289-323.  For Påˆini’s derivational 
system, see PWT 136-400; ‘Old Indic Grammar’, in Morphologie/Morphology: Ein interna-
tionales Handbuch zur Flexion und Wortbildung/An International Handbook on Inflection 
and Word-formation (ed. Geert Booij, Christian Lehmann, Joachim Mugdan), Berlin-New 
York: Walter de Gruyter, 1. Halband/Volume 1, article 5, pp. 41-51 (in particular, pp. 45-49); 
‘Påˆini’, in History of the Language Sciences/Geschichte der Sprachwissenschaften/ His-
toire des sciences du langage (ed. Sylvain Auroux, E. F. K. Koerner, Hans-Josef Niederehe), 
Berlin-New York: Walter de Gruyter, Volume 1/1. Teilband/Tome 1, V, article 17, pp. 113-
124 (especially pp. 115-20).  Some of the points I bring out here were presented earlier in a 
lecture at Brown University on October 11, 2007 and at a conference in Delhi, November, 
2004, where I concentrated on materials dealt with in §§2.2.2.2-2.2.2.3 of the present paper 
and on how ancillary rules apply.  An abstract of the latter (‘Some questions on Påˆini’s 
derivational system’) has appeared in Proceedings of International Symposium on Machine 
Translation, NLP and TSS (iSTRANS-2004), November 17- 19, 2004 (ed. R. M. K. Sinha and 
V. N. Shukla), New Delhi: Tata McGraw-Hill, volume I, p 3. 

1 In this context, a pada is a term with a nominal or verbal ending, in accordance with A 1.4.14: 
supti∫antam padam (PWT 23 [49]). 

2 VPV®. 68.5-6: ke∑å≤cit padåvadhikam anvåkhyånam våkyåvadhikam eke∑åm | Bhart®hari 
goes on to consider consequences of the first position; see below with note 8.  I have used 
padasa≤skåra and våkyasa≤skåra, which have currency among Påˆin^yas; for example, 
see notes 30, 31.  Bhart®hari himself uses padasa≤skåra (padasa≤skårahetu˙: VPV®. 
2.42 [211.1-2]). 

3 (1), (3)-(5) are cited in the Mahåbhå∑ya on A 5.2.94: tad asyåsty asminniti matup (see 
PWT 241-42 [346]), in the course of a discussion concerning the difference between the use 
of terms called guˆavacana (‘quality expression’) with reference to things in which quali-
ties reside and to qualities themselves, as in example (5); see notes 4, 6.  I have substituted 
gau˙ in (2) for Patañjali’s ßå†^ ‘piece of cloth, woman’s garment’ in order to simplify the 
discussion of derivates. 
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(5) ßuklå˙ kambalå˙ ‘several white blankets’ 
(6) pa†asya ßukla˙ ‘the white of the cloth’4 

As can be seen from these examples and as Patañjali points out (see note 4), ßukla- is 
used to designate both something which has as a property the color white and the 
color itself, distinct from the thing in which it inheres.  In (1)-(5), different nominative 
forms of ßukla- ‘white’5 are used with reference to the things signified by the nomina-
tives vastram, gau˙, kambala˙, kambalau, and kambalå˙.  In (6), on the other hand, 
ßukla- (nom. sg. m. ßukla˙) refers to the quality (guˆa) that is related to a piece of 
cloth, referred to by the genitive singular pa†asya, in which this quality resides 
(åßrita)6 through the relation of inherence (samavåya).7  Considered by itself, a term 

                                                             
4 Kåtyåyana  and Patañjali consider the formal differences in (1)-(5)—with ßå†^ in (2)—during 

discussions of several s¨tras.  For example, Bh. II.394.11, 13-15/IV.161-62 (on A 5.2.94): 
d®ßyate vyatireka˙ | tadyathå pa†asya ßukla iti | ... eva≤ ca k®två li∫gavacanåni 
siddhåni bhavanti: ßukla≤ vastram ßuklå ßå†^ ßukla˙ kambala˙ ßuklau kambalau 
ßuklå˙ kambalå iti | yad asau dravya≤ ßrito bhavati guˆas tasya yal li∫ga≤ vacana≤ 
ca tad guˆasyåpi bhavati | The discussion concerns whether or not a quality such as white 
can be said to exist separately from a thing.  Kåtyåyana and Patañjali conclude that they are 
distinct entities, and they note that a quality has the number and gender of the thing in which 
it rests.  Elsewhere (e.g., Bh. I.228.20-21/II.104 [on A 1.2.52]), this is formulated as follows: 
guˆavacanånå≤ ßabdånåm åßrayato li∫gavacanåni bhavanti ‘Quality words have gen-
ders and numbers according to the substrate (of the qualities).’  See §1.2.3 and Peter M. 
Scharf, The Denotation of Generic Terms in Ancient Indian Philosophy: Grammar, 
Nyåya and M^måµså (Transactions of the American Philolosophical Society 86.3, Philadel-
phia: American Philosophical Society, 1996), pp. 73-74. The principle is considered more 
widely applicable.  Thus, to account for duals and plurals such as kumåryau, kumårya˙ in 
addition to a singular kumår^ ‘young girl’ under the view that according to A 4.1.3: striyåm 
(PWT 66 [107]) lets feminine affixes be introduced on condition that femininity is to be sig-
nified, so that this property is the meaning of an affix,  Kåtyåyana (4.1.3.vt. 6: 
guˆavacanasya cåßrayato li∫gavacanabhåvåt) invokes this: the property denoted by the 
feminine affix ∫^p takes on the gender and number of what the base kumåra- signifies. 

5 Respectively neuter singular, feminine singular, and masculine singular, dual and plural; on 
the affix in ßuklå, see note 32. 

6 One way of accounting for the use of a quality word like ßukla- to signify such a thing is sug-
gested by Kåtyåyana (5.2.94 vt. 3: guˆavacanebhyo matupo luk): in usages such as (1)-(5), 
ßukla- is treated as a shortening for ßuklamat- (¿ ßuklavat-: A 8.2.9: måd upadhåyåß ca 
mator vo’yavådibhya˙, PWT 347-48 [540]), with the taddhita suffix matup according to A 
5.2.94 (see note 3).  This suffix is considered to occur potentially and disallowed—
technically, replaced by zero—so that ßukla-, now equivalent to ßuklavat-, signifies some-
thing in which the color white occurs.  As Patañjali acknowledges in his discussion of A 
2.1.30: t®t^yå tatk®tårthena guˆavacanena (PWT 213 [308]), this is a mechanism account-
ing for the fact that terms such as ßukla- and k®∑ˆa- are used to denote things which have the 
colors white and black in them, that ßukla˙ and k®∑ˆa˙ are equivalent to ßuklaguˆa˙ ‘... 
which has the quality white in it’, k®∑ˆaguˆa˙ ‘... which has the quality black in it’.  Bh. 
I.385.7-10/II.590-91: iha t®t^yå tatk®tårthena guˆenet^yatå siddham | so’yam eva≤ sid-
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dhe sati yad vacanagrahaˆa≤ karoti tasyaitat prayojanam: eva≤ yathå vijñåyeta 
guˆam uktavatå guˆavacaneneti | katham punar aya≤ guˆavacana˙ san dravyava-
cana˙ sampadyate | årabhyate tatra matublopo guˆavacanebhyo matupo lug iti | tad 
yathå ßuklaguˆa˙ ßukla˙ k®∑ˆaguˆa˙ k®∑ˆa˙ ....  Patañjali argues that instead of using 
guˆavacanena in A 2.1.30, Påˆini could accomplish the same results with the shorter 



like ßukla- signifies a quality (guˆa), specifically the color white, which can be 
found in any white thing, as well as white things themselves.  To refer to any such 
thing, moreover, one can appropriately use 

(7) ßuklam ‘something white’ 

a neuter singular.  This usage is brought into play for considering positions (A) 
and (B). 

                                                                                                                                                  

mulation using guˆena alone, and that this shows that by guˆavacanena he refers to a term 
which signifies first a quality, then a thing in which a quality resides.  It is not possible to en-
ter into more details here.  Suffice it to say that I agree to the extent that guˆavacana is in-
deed used with reference to terms that signify a thing in which a given quality occurs.  The 
alternative to Kåtyåyana’s way of accounting for this is simply to accept that by Påˆini’s 
time grammarians had come to consider either that bases like ßukla- had two meaings or that 
one had to operate with homophonous bases, one with a fixed gender and number designat-
ing a quality, the other with variable gender and number referring to things. 

7 In turn, the color is itself the locus of a property, that of being white (ßuklatva), which resides 
in the color by inherence.  This abstract property also inheres in the cloth that is the locus of 
the color, but indirectly, through inhering in the color that inheres in the cloth (samaveta-
samavåya). 

4 G. Cardona 

8 VPV®. 68.6-69.2 tatra padåvadhike’nvåkhyåne ßrutyabhedåd ekapadar¨popagrahe 
såmånyamåtre labdhasa≤skåråˆi padåni padåntarasambandhapråptasannidhåne∑v 
apy arthe∑u sannipatite∑v api viße∑e∑u såmånye pratilabdham antara∫ga≤ sa≤skåram 
upådåyaiva pravarteran | tatraikavacanånto napu≤sakali∫gaß ca ßuklaßabdo bhin-
nali∫gasa∫khyair åßrayaih sambaddha˙ ßr¨yeta | tadartha≤ viße∑anånå≤ cåjåte˙ (A 
1.1.52) ity anena yogena bhåviny åßraye bahira∫ge prakrånte guˆavacanånå≤ ßab-
dånåm åßrayato li∫gavacanåny anugamyante | våkyåvadhike tv anvåkhyåne nit-
yasa≤s®∑†asya guˆasyåßrayaviße∑eˆåtyantam avivekåt sarvato vyavacchede 
såmånyårthatvam eva na vidyate |

1.2  Padasaµskåra 

1.2.1   
Under

 
(A),

 
having

 
abstracted

 
a

 
base

 
sukla-

 
from

 
expressions

 
such

 
as

 
(1)-(5)

 

(§1.1), a grammarian makes it his task simply to describe the formation of individual

 

padas such as ßuklam, ßuklå, ßukla˙.  As Bhart®hari brings out, however, this is not a

 

simple task once position (A) is taken strictly.8  Under this view, a term like ßukla- is

 

first considered as a separate independent word signifying any white thing in general,

 

unrelated to a particular thing signified by another word with which it might be used.

  

Since in all instances the same phonic elements such as ßukla occur (ßrutyabhedåt

 

‘because of the identity of the audible terms’), such terms enter into derivation to

dhe sati yad vacanagrahaˆa≤ karoti tasyaitat prayojanam: eva≤ yathå vijñåyeta 
guˆam uktavatå guˆavacaneneti | katham punar aya≤ guˆavacana˙ san dravyava-
cana˙ sampadyate | årabhyate tatra matublopo guˆavacanebhyo matupo lug iti | tad 
yathå ßuklaguˆa˙ ßukla˙ k®∑ˆaguˆa˙ k®∑ˆa˙ ....  Patañjali argues that instead of using 
guˆavacanena in A 2.1.30, Påˆini could accomplish the same results with the shorter for-

for



              
form words9 used with reference solely to what is general (såmånyamåtre),10 that is, 
any substance in which the qualities in question reside, so that they can take 
designations ßukla and so on.11  Accordingly, the meaning signified by ßukla or a 
comparable term like k®∑ˆa ‘black’ is not now characterized by any particular gender 
or number.12  Yet in examples such as (1)-(5), the meaning of ßukla- is indeed 
associated with different genders and numbers, and this has to be accounted  for. 

                                                                  
9 The V®tti (68.6-7, see note 8) uses the phrase labdhasa≤skåråˆi padåni ‘words that have 

received their sa≤skåra’.  That is, the terms in question are padas according to A 1.4.14 (see 
note 1), so that they have received a grammatical explanation in terms of a derivation which 
involves introducing a nominal ending after a base.  In (1)-(6), ßukla- is followed by endings 
of the first triplet (prathamå) of nominal endings, introduced on condition that the meaning 
of the base as well as gender and number are to be signified, according to A 2.3.46 (PWT 
156 [240]): pråtipadikårthali∫gaparimåˆavacanamåtre prathamå. 

10 ekapadar¨popagrahe såmånyamåtre of the phrase  ßrutyabhedåd ekapadar¨popagrahe 
såmånyamåtre labdhasa≤skåråˆi padåni is subject to different interpretations, depending 
on how one understands the compound ekapadar¨popagraha of ekapadar¨popagrahe.  
This can be understood as a ∑a∑†h^tatpuru∑a (eka≤ padar¨pam ekapadar¨pam, eka-
padar¨pasyopagraha˙) containing an action noun upagraha and meaning ‘the grasping 
of a single word form’.  Under this interpretation, ekapadar¨popagrahe of ßrutyabhedåd  
is most simply understood as a locative absolute (sati saptam^): ‘there being a grasping of a 
single word form due to the non-difference in phonic form’.  This interpretation is explicitly 
adopted by Raghunåtha Íarmå (VPA 1.14-26 [62.24-26]: ßuklatvar¨pasya såmånyasya 
guˆe guˆini ca yathåkrama≤ samavåyena svåßrayasamavåyena ca sattvåd iti tadån^≤ 
dvayor api  ßuklaßabdayor varˆånup¨rv^ßrutyabhedåd ekapadar¨patvopagrahe sati 
ßuklatvar¨pa≤ såmånyam åßritya labdhasa≤skåra≤ dvividham api ßuklapadam |), who 
considers the common property (såmånya) in question to be the generic property of being 
white (ßuklatva, see note 7) and the identity of phonic form to hold between the two terms 
ßukla, one denoting this generic property, the other referring to a white thing.  In an alterna-
tive interpretation, ekapadar¨popagrahe is a bahuvr^hi qualifying såmånyamåtre.  The 
constituent upagraha is now an instrument noun denoting a means of grasping and this 
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If one stays strictly within the confines of position (A), terms like ßukla- will first 
form padas by taking only an ending that is appropriate to the indeterminate meaning, 
as in (7).  Further, since the position is taken that padas are derived as separate units, a 
pada thus formed has primary status.  Schematically, then, ßuklam in (7) can be con-
sidered to be surrounded by brackets showing that it is an independent unit: (ßuklam).  

yamåtram).  ekapadar¨popagrahe såmånyamåtre now refers to something purely general 
(såmånyamåtra) for the grasping of which the single word form serves as a means.  
Ír^v®∑abha appears to have understood this, since he notes that, due to the phonic identity, it 
is possible to grasp a general referent by means of a single word form: yad åha: ßrutyabhe-
dåd iti | ataß caikenaiva padar¨peˆopagrah^tu≤ ßakyate | såmånyamåtre iti ... (VPP 
1.24-26 [69.10-11]).  In addition, he takes såmånya to refer to white things in general; see 
note 11.  Whether såmånya is considered here to refer to a general group of things sharing a 

noun is coreferential with ekapadar¨pa (ekapadar¨pam upagraho yasya tat såmån-

common property or to a generic property does not affect the ultimate import.  In this con-
text, it is worth bringing in A 2.1.55: upamånåni såmånyavacanai˙.  According to this 

S S



 

                                                                                                                                                  
s¨tra, padas which signify things to which something else is compared (upamåna) form tat-
puru∑a compounds with related padas signifying what is common (såmånyavacana); a 
standard example is ßastr^-ßyåma-, as in ßastr^syåmå devadattå ‘Devadattå is black as a 
knife’, equivalent to ßastr^va ßyåmå devadattå.  The constituent ßyåma- of the compound 
refers to some black thing, not to the generic property of being black (ßyåmatva), although it 
is this property that is common to both the knife and to the woman being compared to it.  
Accordingly, the Kåßikå remarks upamånopameyayo˙ sådhåraˆo dharma˙ såmånyam | 
tadvißi∑†opameyavacanair aya≤ samåsa˙ ‘What is common is the property common to 
the standard of comparison and what is compared to it; this compound (is formed) with padas 
signifying things that are qualified by this property and are being compared’ (Kåß. 2.1.55).  
Jinendrabuddhi appropriately invokes the parallel between the terms såmånyavacana- and 
guˆavacana- (see note 6), remarking (N 2.1.55 [II.72.26-27: såmånyam uktavanta˙ 
såmånyavacanå˙ yathå guˆam uktavanto guˆavacanå iti | kadå ca te såmånyavacanå 
bhavanti | yadå såmånyam abhidhåya såmånyavißi∑†e tadvati dravye vartante | simi-
larly PM II.72.8-10) that, as guˆavacana- is used of terms which first signify a property and 
then a thing with that property, so såmånyavacana is used of terms which first signify a 
general common property and then are used with reference to some thing which is qualified 
by such a property. 

11 Ír^v®∑abha uses åßrayasåmånya ‘common substrate’, explaining as follows.  When such a 
word signifies a substance primarily and a quality only subordinately with respect to a sub-
stance that is the principal significand, then it has the status of being a qualifier; if, on the 
other hand, such a term signifies a quality by itself, it does not have this status.  Further, 
when guˆavacana terms like ßukla are used to signify things, even though there may be a 
particular thing, the terms themselves—considered as equivalent to derivates with matup—
refer merely to some indeterminate things which have qualities such as the color white.  
Moreover, since under the position adopted, there is no relation with the meaning signified 
by any other word—such as vastram in (1)—ßukla and so on have an undifferentiated status 
(abhinnar¨patå) because they designate any common substrate (åßrayasåmånyåbhid-
hånåt) of the color. VPP 1.24-26 (69.5-9): ßuklådaya˙ ßabdå guˆav®ttitve’pi yadå 
guˆopasarjanadravya≤ matublopåt pratipådayanti tadåyam upanyåsa˙ | tadå hy 
e∑åµ guˆopasarjanadravyåbhidhånåd viße∑aˆatvam iti | guˆasya svåtantryeˆåbhi-
dhåne na viße∑aˆatvam | tadå ca yady api viße∑o vartate tathåpy eva≤ padagatam ar-
tham åßritya ßuklo guˆo’syåst^ti v®ttißabdapadåntarapratipådyaviße∑åsa≤sparßåd 
abhinnar¨patå te∑u vartate åßrayasåmånyåbhidhånåt | 

12 To be sure, ßukla- in (6) pa†asya ßukla˙ has a fixed gender, masculine, but this refers to the 
color white distinct from the cloth which has this color; see note 4. 
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This is now not related to any other word like vastram so that the grammatical process 
of introducing an ending after ßukla- and other operations that apply to form ßuklam13 
can be qualified as internally conditioned (antara∫ga).  Further, even when the color 
spoken of is related to other entities, so that it thereby comes to be juxtaposed with 
them (padåntarasambandhapråptasannidhåne∑v api) and the particular white things 
are spoken of together with this color (sannipåtite∑v api viße∑e∑u), as in (1)-(5), the 
padas of these sentences are considered to have received their grammatical formation 
(labdhasa≤skåråˆi) solely with respect to the common quality (såmånyamåtre)—a 
white color.  Moreover, this formation is now considered to be internally conditioned.  

13 The ending su of the first triplet (see note 9) is introduced after ßukla-, because the meaning 
in question is characterized by singularity (A 1.4.22: dvyekayor dvivacanaikavacane, PWT 



                                                             

152, 157 [234, 241]).  Since the meaning is also characterized as neuter, su is then replaced 
by am (A 7.1.24: ato’m, PWT 323 [495]): ßukla-s ¿ ßukla-am ¿ ßuklam (A 6.1.107: ami 
p¨rva˙, PWT 344 [533]).  The basis for the neuter gender and for selecting the singular end-
ing in such examples cannot be discussed here.  The point of view Bhart®hari brings up may 
well have been adopted by some grammarians much earlier.  For, in the Mahåbhå∑ya on A 
1.1 1 (Bh. I.39.17-19/I.129), Patañjali remarks that padas are formed and then connected as 
one wishes (see PWT 142-43 [225]); however, in the context, he is speaking in particular of 
word order, so that he need not be referring to the point of view which Bhart®hari is consid-
ering. 

14 såmånye pratilabdham antara∫ga≤ sa≤skåram upådåyaiva pravarteran ‘would enter 
into play only after receiving the internally conditioned formation they have gotten with ref-
erence to what is common.’  Ír^v®∑abha (VPP 69.17: upådåyaiva iti | aparityajya) glosses 
upådåyaiva with aparityajya ‘without giving up’. 
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Therefore, the padas in question would enter into play without giving up this internal 
formation.14  Consequently, one would now allow a neuter singular form ßuklam in 
(1)-(5) instead of different forms in accordance with the particular referents. 

1.2.2   
Obviously,  this  consequence  cannot  be  accepted.   Bhart®hari  goes  on15  to  say  
that it is for this reason—that is, to avoid the undesired consequences—that the s¨tra 
A 1.2.52: viße∑aˆånå≤ cåjåte˙16 is formulated.  Under the view adopted, this s¨tra has 
the following effect: gender and number (li∫gavacanåni) for terms that signify 

                                                             
15 VPV®. 1.24-26 (68.9-69.1): tadartha≤ viße∑aˆånå≤ cåjåterity anena yogena bhåviny 

åßraye bahira∫ge prakrånte guˆavacanånå≤ ßabdånåm åßrayato li∫gavacanåny anu-
gamyante |  In a different context, Bhart®hari (VP 3.14.135: abhede li∫gasa∫khyåbhyå≤ 
yogåc chukla≤ pa†å iti | prasakte ßåstram årabdha≤ siddhaye li∫gasa∫khyayo˙ ||) 
brings this issue up again.  He notes that if there is no distinction by gender and number to 
begin with, this would allow utterances like ßukla≤ pa†å˙, with a neuter singular in con-
struction with a masculine plural, and that A 1.2.52 is formulated in order to establish the 
correct gender and number in such instances.  He also later (VP 3.14.140: bhåvino ba-
hira∫gasya vacanåd åßrayasya ye | li∫gasa∫khye guˆånå≤ te s¨treˆa pratipådite ||) 
says that this s¨tra provides for the gender and number of an external substrate of qualities 
related to these qualities.  In the present paper, it is not necessary to discuss this further. 

16 A 1.2.52 forms a pair with A 1.2.51: lupi yuktavadvyaktivacane (PWT 593-94 [867]).  This 
rule provides for the number and gender (vyaktivacane) of derivates in which a taddhita af-
fix has been replaced by the particular zero designated lup. The meaning of the derivate has

qualities and things in which these qualities reside (guˆavacanånåm) are understood17 
to be in accordance with the particular locus (åßrayata˙) of the quality in question; 
that is, terms signifying qualities of things do so with the gender and number ascribed 
to the substances in which the  qualities reside.  Bhart®hari also notes that this applies 
once a future locus has come to the fore, which is external: bhåviny åßraye bahira∫ge 
prakrånte.  That is, although ßukla is first considered independently, without regard to 

S S



1.2.3   
Interpreted in this manner, A 1.2.52 serves the same purpose as 
(8) guˆavacanånå≤ ßabdånåm åßrayato li∫gavacanåni bhavanti (see note 4) 

and Patañjali ends the first part of his discussion on A 1.2.52 by concluding that this 
s¨tra accomplishes the purpose served by (8), which thereby does not have to be for-
mulated.18  The short discussion which leads to this conclusion concerns the purpose 

                 
the gender and number of the meaning of the base whose affix has been replaced by lup.  For 
example, pañcålå˙ refers to a district (janapada) inhabited (at least originally) by the 
Pañcålas, and the derivate pañcåla- denoting this district has the gender and number—
masculine and plural—which hold for the meaning of the base pañcåla- that denotes the 
Pañcåla people.  lupi is usually interpreted as a locative absolute (lupi sati) and yuktavat as 
a form with the suffix vati (A 5.1.116: tatra tasyeva, PWT 242 [347], see §2.2.2.2) equiva-
lent to prak®tivat ‘as of the base’ (thus, e.g., RA I.239, PK I.763, SK II.377).  I accept these 
as the most justified interpretations, although the Kåßikå invokes others, which need not be 
considered here. 

17 anugamyante; Raghunåtha Íarmå (VPA 1.24-26 [63.12]) suggests that this means ‘are 
taught’ (anußi∑yante); this detail is of no consequence to the general discussion. 

18 Bh. 1.2.52 (I.228.19-21/II.104): na tarh^dån^m aya≤ yogo vaktavya˙ | vaktavyaß ca | ki≤ 
prayojanam | ida≤ tatra tatrocyate: guˆavacanånå≤ ßabdånånåm åßrayato 
li∫gavacanåni bhavant^ti | tad anena kriyate | 
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any possible qualificand, one provides by rule that such a quality word takes the 
affixes appropriate to the gender and number of qualificands denoted by terms with 
which it will be used. 

for which A 1.2.52 is stated.19  At issue is the use of terms that signify things qualified 
by generic properties (jåti) found in all members of a class of things and terms signi-
fying qualities (guˆa), respectively called jåtißabda (‘generic word’) and guˆaßabda 
(‘quality word’).  The main point of contention concerns what purpose A 1.2.52 
serves.  This rule can serve two purposes, one positive, the other negative.  As a com-
plement to A 1.2.51, it can add that the gender and number of a base is extended not 
only to the meaning of a derivate in which a taddhita suffix has been replaced by the 
zero called lup (see note 16) but also to its qualifiers.  In addition, as a restriction to 
this provision, the rule can exclude this extension for a generic term like janapada 
‘district’. 

In his first vårttika, Kåtyåyana appropriately links this rule to the preceding s¨tra, A 
1.2.51.  According to him, A 1.2.52 is stated in order to keep a generic term serving as 
a qualifier from having the gender and number assignment that would obtain by A 
1.2.51.20  For example, janapada˙ in 
(9) pañcålå janapada˙ ‘the Pañcåla district’ 

is singular, but ramaˆ^yå˙ of 



(10) pañcålå ramaˆ^yå˙ ‘The Pañcåla is pleasant’21 

is plural.  Similarly, v®k∑a˙ ‘tree’ in 

(11) badar^ v®k∑a˙ ‘badar^ tree’ 

is masculine.  Were A 1.2.51 allowed to hold in all cases, one would allow a plural 
janapadå˙ also in (9) and a feminine *v®k∑å in (11). 

Kåtyåyana’s first vårttika presupposes that the number and gender associated with 
the qualifier denoted by ramaˆ^ya- of ramaˆ^yå˙ in (10) is not provided for by A 
1.2.52, which therefore applies only with respect to generic terms.  Accordingly, the 
Bhå∑ya then questions why Kåtyåyana’s first vårttika says what it does and why 
Kåtyåyana does not also say that the s¨tra is stated so that qualifiers get the gender and 
number of bases.22  The reasoning behind Kåtyåyana’s first statement is then brought 
out in his second vårttika:23 there is no need for this positive provision because, by 
virtue of qualifier terms being coreferential (samånådhikaraˆatvåt) with terms denot-
ing qualificands, the required result is established (siddham), so that ramaˆiya- in (10) 
and other terms signifying qualifiers will be treated as having the gender and number 
of pañcåla- and so on by A 1.2.51, without the need for another rule.   Patañjali im-
mediately objects that if this is so, then A 1.2.52 serves no purpose.  For, he points 
out,24 in usages other than where an affix is replaced by lup (see note 16), a generic 

                                                             
19 Bh. 1.2.52 (I.228.11/II.103): kimartha≤ punar idam ucyate | 
20 1.2.52 vt. 1: viße∑aˆå≤ vacana≤ jåtiniv®ttyartham | 
21 ‘The Pañcåla’ is to be understood in the same way as a phrase like ‘the Panjab’. 
22 Bh. 1.2.52 (I.228.13-14/II.103): jåtiniv®ttyartho’yam årambha  ̇ | kim ucyate 

jåtiniv®ttyartha iti na punar viße∑aˆånåm api yuktavadbhåvo yathå syåd iti | 
23 1.2.52 vt. 2: samånådhikaraˆatvåt siddham | Bh. I.228.16/II.103: samånådhikaraˆatvåd 

viße∑aˆånå≤ yuktavadbhåvo bhavi∑yati | 
24 Bh. 1.2.52 (I.228.16-18/II.103): yady eva≤ nårtho’nena | lupo’nyatråpi jåter yuk-

tavadbhåvo na bhavati | kvånyatra | badar^ s¨k∑makaˆ†akå madhurå v®k∑a iti | 
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does not take on the gender and number of the particular thing it qualifies.25  For ex-
ample, in 

(12) badar^ s¨k∑makaˆ†akå madhurå v®k∑a˙ ‘The badar^ is a soft-thorned, sweet tree’ 
s¨k∑makaˆ†akå (‘with soft thorns’) and madhurå (‘sweet’) are feminine, in agreement 
with badar^, but the generic term v®k∑a˙ is masculine.26  This being the case, it is use-
less to single out one type of usage involving generic terms and having A 1.2.52 apply 
with respect to them alone. 

This does not mean, however, that in Patañjali’s estimation A 1.2.52 serves no 
purpose whatever.  As shown, he considers that this s¨tra serves the same purpose as 
the agreement rule (8). 

                                                             
25 I have paraphrased jåter yuktavadbhåvo na reflecting Någeßa’s (Ud. II.103/II.64a: ... jåter

yuktavadbhåvo neti | viße∑yali∫gådigråhitå nety artha˙) apt paraphrase. 
26 Patañjali (Bh. I.228.18-19/II.103-4: ki≤ puna˙ kåraˆam anyatråpi jåter yuktavadbhåvo

na bhavati | åvi∑†ali∫gå jåtir yal li∫gam upådåya pravartate utpattiprabh®ty å

SS



1.2.4   
The

 
question

 
remains,

 
nevertheless,

 
whether

 
A

 
1. 2. 52

 
indeed

 
can

 
serve

 
no

 

purpose other than denying for generic entities the properties provided for in the 
preceding s¨tra.  Let us consider more carefully on what grounds one can maintain the 
assumption made in Kåtyåyana’s second vårttika on A 1.2.52 (§1.2.3 with note 23).  
The derived base pañcåla- of pañcålå˙ in (9), (10) (§1.2.2) is formed with the tad-
dhita affix aˆ introduced after pañcåla-åm: pañcåla-åm-a- ¿ pañcåla-a- ¿ pañcål-a-.27  
In addition, the taddhita affix in question here has the meaning ‘abode, dwelling place 
(nivåsa)’, and pañcålå˙ is equivalent to the string 

(13) pañcålånå≤ nivåsa˙ ‘dwelling place of the Pañcålas’. 

In terms of its semantics, then, pañcåla- in (9) and (10) should be singular, since the 
derivate in question denotes an abode, a district where the Pañcålas dwell.  In order to 
account for the plurality of the derivate, then, A 1.2.51 transfers to the meaning of the 
taddhita suffix which is deleted the number property of the base with which this affix 
first occurs, that is, the plurality proper to the Pañcålas who inhabit a group of vil-
lages.  Now, a qualifying term such as ramaˆ^ya can be used coreferentially with 
pañcåla that results from the derivation noted.  These are coreferential in that 
ramaˆ^ya refers to something pleasing, a district, and pañcåla also refers to a district, 
which is the meaning of the suffix aˆ that has been deleted.  This does not mean, 
however, that ramaˆ^ya now also refers to this affix meaning characterized by the plu-
rality transferred to it by A 1.2.51.  If this were the case, then, A 1.2.52 would indeed 
not serve the purpose of providing that a qualifier also has the number proper to a 
base meaning.28  On the other hand, if A 1.2.51 serves to transfer gender and number 

 

 

           
vinåßån na tal li∫ga≤ jahåti |) goes on to explain why a generic behaves this way: from 
the time a generic property first enters into play as something denoted by particular terms, it 
keeps and does not give up this gender up to whatever time one ceases to speak of it.  That is, 
although generic terms such as janapada and v®k∑a can denote qualifiers of other entities, 
they are always associated with a fixed gender.  See Scharf, op. cit. (note 4), pp. 74-75. 

27 See PWT 591 ([862]). 
28 Jinendrabuddhi makes this point explicit: yady api bhinna≤ viße∑aˆånå≤ 

prav®ttinimitta≤ tathåpi tena bhinnenåpi tatra pravartamånånå≤ sa eva lubartho 
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of bases only to the meaning of a suffix in a derivate which itself results from deleting 
this suffix, then, it does not of itself automatically allow a coreferential term to have 
these properties merely by virtue of its also referring to that affix meaning.  Under 
this condition, A 1.2.52 does serve a purpose in transferring to such qualifiers the 
gender and number of a base meaning. An exception is then made for generic terms.29 

’tidi∑†avyaktivacanas te∑åm abhidheya˙ | tasmåt tadgatenaiva li∫gasa∫khyåbhidhåne 
siddhe jåtiprati∑edhårtham ida≤ vacanam | (N 1.2.52 [I.356.27-30]). 

29 This conclusion assumes that Påˆini formulated A 1.2.52 with a purpose and that this rule is 
immediately connected with the preceding s¨tra.  I have also stressed the fact that A 1.2.51 



      

Consequently, A 1.2.52 need not serve merely as an equivalent to (8) (§1.2.3).  It 
can have a purpose of its own, associated with the extension of gender and number 
provided for specifically in the rule with which it is paired.  Thus, A 1.2.52 is not 
simply a rule providing for gender and number agreement between terms signifying 
qualifying properties and qualificands.  In order to avoid the undesired consequence 
of allowing a neuter singular such as ßuklam to occur in construction with ßå†^ and so 
on in examples like (2)-(5) (see §§1.1, 1.2.1), then, under position (A), one must now 
explicitly state the agreement rule (8).30 

1.3  Våkyasa≤skåra 

After outlining position (A) and its difficulty, Bhart®hari goes on (see note 9) to con-
trast what holds under (B) (våkyåvadhike tv anvåkhyåne).  Now a quality such as white 
is always fused (nityasa≤s®∑†asya guˆasya) with a particular substrate 

                                                                                                                                                  
extends gender and number properties to the meaning of the deleted affix, so that this exten-
sion applies narrowly: when the meaning in question is denoted by the presuffixal base.  The 
view that part of A 1.2.52 serves no immediate purpose assumes that A 1.2.51 extends the 
gender and number of a base to the meaning of the affix which is replaced by lup and does 
so in general, so that the extension applies with respect to that meaning even if it is not de-
noted directly by the presuffixal base. 

30 Kaiya†a points this out: under the padasa≤skåra view, (8) is to be stated explicitly (våcani-
kam).  For, if a pada is formed without regard for any other pada, then the general neuter 
(napu≤saka≤ li∫gasarvanåma ‘the neuter that is the pronoun among genders’) and a sin-
gular that does not depend on any other thing obtain, so that an utterance like ßukla≤ pa†å˙ 
would be allowed.  This being possible, (8) conveys that the gender and number apply which 
are connected with some external substrate that will occur. Pr. II.104/II.64b: 
guˆavacanånåm iti | padasa≤skårapak∑e våcanikam etat | pade hi padåntara-
nirapek∑e sa≤skriyamåˆe napu≤saka≤ li∫gasarvanåma pråptam ekatva≤ ca vastvan-
taranirapek∑atvåt sannihitam iti ßukla≤ pa†å iti pråpte bhåvino ba-
hira∫gasyåßrayasya sambandhinyau li∫gasa∫khye anena pratipådyete |   In connection 
with the possible singular, Ír^v®∑abha (VPP 1.24-26 [69.12-13) invokes the singularity asso-
ciated with non-differentiation (abhedaikatvasa∫khyå), which is justified because no spe-
cific referent is in play: åßrayasåmånyar¨pasya ca li∫gasarvanåmnå napu≤sakena yogo 
vyaktiviße∑avi∑ayatvåt sa≤styånåd^nåm abhinnatvåc cåbhedaikatvasa∫khyeti 
talli∫gasa∫khye kuta˙ |  This undifferentiated singular is usually associated with constitu-
ents of compounds (see §2.2.3.1), but is not necessarily limited to these, as is clear from what 
Ír^v®∑abha says.  There is a recent study, limited to compounds,  of this concept by Pascale 
Haag: ‘Du nombre grammatical dans les composés Sanskrits: le concept d’abhedakat-
vasaµkhyå’, Histoire Épistémologie Langage 27/1: 127-52 (2005). 
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(åßrayaviße∑eˆa) such as a piece of cloth.  It is thus never the case that a quality oc-
curs apart from such a substrate (atyantam avivekåt).  Hence, each instance of a qual-
ity, necessarily fused with a substrate, is set apart from every other instance of such a 
quality (sarvato vyavacchede), which also always is fused with a particular thing.  This 

S S



being so, a quality simply does not have the property of being a general meaning 
(såmånyårthatvam eva na vidyate).  Under position (B), padas of utterances like (1)-
(5) (§1.1) are thus considered to be formed with affixes following bases whose mean-
ings are related from the outset. 

If this position is adopted, (8) does not serve to provide for gender and number 
agreement.  This statement now merely reiterates what holds by the very nature of the 
relationships.31  Thus, the nominal base ßukla- of forms in (1)-(5) denotes white color 
as it is located in the particular substances denoted by the bases vastra-, go-, kam-
bala-.  These nominals and ßukla- are now coreferential (samånådhikaraˆa) in that, 
for example, ßukla- of (1) refers not to just anything that is a locus of the color white 
but a garment that is white, and vastra- here refers not to just any member of the set 
of possible garments—all characterized by the property of being a garment (vas-
tratva)—but to a white one in particular.  Similarly, go- and ßukla- are corefential.  
Accordingly, the latter refers to a thing which has the property of being feminine 
(str^), so that it takes the feminine suffix †åp.32  In all the examples, the base meanings 
along with genders are signified, so that endings of the first triplet are introduced (see 
note 9), and in accordance with the numbers of the things in question, the endings 
called ekavacana, dvivacana, and bahuvacana—singular, dual, and plural endings—
are allowed to occur:33 ßukla-s ¿ ßukla-am ¿ ßuklam (see note 13), vastra-s ¿ vastra-am 
¿ vastram,34 ßuklå-s ¿ ßuklå,35 go-s ¿ gau-s,36 ßukla-au ¿ ßuklau, kambala-au ¿ kam-
balau,37 ßukla-as ¿ ßuklås, kambala-as ¿ kambalås.38 

1.4  Summary 

Although there were doubtless grammarians who, as Bhart®hari notes (see §1.1), 
maintained that padas could be derived and then allowed to occur in larger utterances, 
there can equally be no doubt whatever that Påˆini’s system does not operate in this 
manner.  On the contrary, Påˆini’s grammar sets forth a derivational system in which 

                                                             
31 Kaiya†a points this out also: yadå tu våkyasa≤skåras tadåyam anuvåda eva | (Pr. 

II.104/II.64b). 
32 A 4.1.4: ajådya†a∑ †åp (PWT 180 [271]): ßukla-å ¿ ßuklå (A 6.1.101: aka˙ savarˆe 

d^rgha˙, PWT 343 [532]). 
33 A 1.4.21-22: bahu∑u bahuvacanam | dvyekayor dvivacanaikavacane (PWT 152, 157 

[234, 241], see note 13). 
34 ßuklam vastram ¿ ßukla≤ vastram (A 8.3.23: mo’ nusvåra˙, PWT 358 [559]). 
35 A 6.1.68: hal∫yåbbhyo d^rghåt sutisy ap®kta≤ hal (PWT 278, 309 [404, 467]). 
36 A 7.1.90: goto ˆit, 7.2.115: aco ñˆiti (PWT 332, 284 [511, 417]); gaus ¿ gau-R ¿ gau˙ (A 

8.2.66: sasaju∑o ru˙, 8.3.15: kharavasånayor visarjan^ya˙, PWT 353, 357 [551, 557]). 
37 A 6.1.104: nåd ici, 6.1.88: v®ddhir eci (PWT 344, 342 [532, 529]). 
38 A 6.1.102: prathamayo˙ p¨rvasavarˆa˙ (PWT 343 [532]); -ås ¿ -åR ¿ -å˙ (see note 36). 
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padas are formed through introducing affixes after verbal and nominal bases—as well 
as feminine derivates with suffixes designated by the abbreviatory terms ∫^ and åp-



whose meanings are related to each other in specified ways.  This is obvious from the 
fact that, for example, a nominal ending of the second triplet, such as am, is intro-
duced after a nominal on condition that an immediate object of an action is to be sig-
nified (karmaˆi),39 provided also that this is not already signified otherwise.40  Thus, 

(14) devadatta˙ ßuklå≤ gåm å nayati ‘Devadatta is leading hither (å nayati) a white (ßuk-
låm) cow (gåm)’ 

(15) devadattena ßuklå gaur å n^yate ‘A white cow is being led hither by Devadatta’ 

are accounted for as alternative expressions.  (15) has the instrumental singular 
devadattena, derived from devadatta-å, with the third-triplet ending †å, introduced to 
signify an agent,41 and the third singular passive n^yate, which derives from n^-ta, with 
the ending ta (¿ te) signifying an object (karman) of leading.42  Here, an agent has not 
otherwise been signified, so that an agent-signifying ending follows devadatta-, which 
refers to the particular agent involved in the action.  (14), on the other hand, has the 
ending tip (¡ la†, see note 42), which signifies an agent.  Accordingly, devadatta- is 
now not followed by an agentive ending; instead, the ending su of the first triplet is 
introduced (see note 9).  Moreover, since the immediate object of the action is now 
not signified by the verb ending in (14), the second-triplet ending -am is introduced 
after go-: go-am.43  In both (14) and (15), the cow is qualified as white; ßuklå- here is 
coreferential (samånådhikaraˆa) with go-, so that it too refers to an immediate object 
of the act of leading, hence also is followed by the appropriate endings: am in (14)44 
and su in (15). 

The application of affixing rules to introduce endings after the qualifier ßuklå- in 
(14)-(15) thus depends on semantics: the qualifier word is coreferential with the term 
that refers to the qualificand.  Påˆini makes coreference a condition also for determin-
ing which triplet of verbal endings in the set of eighteen basic endings is to be se-
lected to replace an L-affix (see note 42): if the L-affix is coreferential (samånådhi-
karaˆe) with a potentially (sthåniny api) cooccurring pronominal yu∑mad (2nd p. pr.) 
or asmad (1sg p. pr.), respectively, endings of the triplets called madhyama (sip thas 
tha, thås åthåm dhvam) and uttama (mip vas mas, i†  vahi mahi∫) are selected, other-
wise endings of the triplet called prathama (tip tas jhi, ta åtåm jha) are allowed to oc-
cur.45 

                                                             
39 A 2.3.2: karmaˆi dvit^yå (PWT 155-56 [240]). 
40 A 2.3.1: anabhihite (PWT 155 [240]). 
41 A 2.3.18: kart®karaˆayos t®t^yå (PWT 155-56 [240]). 
42 The ending  itself derives from an abstract L-affix la†; such affixes are introduced on condi-

tion that an agent or an object is to be signified and, if the act in question does not have an 
immediate object, when an agent or the action itself is to be signified: A 3.4.69, 77-78: la˙ 
(kartari) karmaˆi ca bhåve cåkarmakebhya˙ | lasya | tiptasjhi ... (PWT 148 [232]). 

43 go-am  ¿ gåm (A 6.1.93: auto’mßaso˙, PW 342 [530]). 
44 ßuklå-am ¿ ßuklåm (A 6.1.107: ami p¨rva˙, PWT 344 [533]). 
45 A1.4.105, 107-8:  yu∑mady upapade samånådhikaraˆe sthåniny api madhyama˙ | as-

mady uttama˙ | ße∑e prathama˙ | (PWT 151 [234]). 
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2. Påˆini’s erivational ystem as a ontinuum

2.1  Introduction 

Western grammarians and linguists are commonly accustomed to thinking of linguis-
tic systems—including phonology and grammar—as compartmentalized.  One thus 
speaks of morphology on the one hand and syntax on the other and of inflectional 
morphology as opposed to derivational morphology.  Påˆini’s system, however, is not 
so sharply compartmentalized.  The basic structure of his derivational system is in-
stead a continuum, starting from meanings that a speaker is to convey through utter-
ances. 

Meanings serve as conditions (nimitta) for the occurrence of affixes after bases.  
Consider, for example, the s¨tras that serve to introduce two L-affixes after verbal 
bases in deriving conditionals like 

(16) k®∑ˆa≤ namet cet sukha≤ yåyåt ‘If (cet) one does obeissance (namet ‘should bow’) to 
K®∑ˆa, one attains (yåyåt ‘may go to’) happiness (sukham)’ 

(17) edhå≤ß ced alapsyata odanam apak∑yat ‘If he had gotten (alapsyata) firewood (ed-
hån), he would have cooked (apak∑yat) some rice (odanam).’ 

Both of these utterances involve a relation between two actions: one is the cause of 
the other, so that they are related as cause (hetu) and effect (hetumat ‘which has a 
cause’).  A rule46 introduces the L-affix li∫ after verbal bases whose meanings are re-
lated as cause and effect (hetuhetumato˙).  Thus, namet and yåyåt of (16) derive from 
nam-l and yå-l, with li∫ after the bases nam ‘bend, bow’ and yå ‘go to, reach’.47  (17) 
also involves two actions related in this way, with one additional feature: this is a con-
trafactual conditional, such that the related actions do not take place.  To account for 
such utterances, other rules48 introduce l®∫ after verbs: labh-l ... ¿ alapsyata, pac-l ¿ 
apak∑yat.  According to these s¨tras, this L-affix follows verbs if there is the condition 
related to li∫ (li∫nimitte)—that is, if the actions in question are related as cause and 
effect—provided also that the actions do not actually take place (kriyåtipattau).  
Clearly, the tatpuru∑a compound li∫nimitta (loc. sg. li∫nimitte) refers to the condition 
which determines the occurrence of li∫.49 

                                                             
46 A 3.3.156: hetuhetumator li∫ (PWT 168 [257]). 
47 Details of derivational stages are not important to the present discussion; see PWT 168. 
48 A 3.3.139-40: li∫nimitte l®∫ kriyåtipattau | bh¨te ca (PWT 169 [258]). 
49 This accords with Påˆini’s derivational system being formulated from a speaker’s point of 

view.  In accordance with this also, Patañjali remarks that a meaning should not depend on a 
speech form (ßabdak®tena ‘produced by a speech unit’); on the contrary, a speech form 
should depend on a meaning (arthak®tena): na hi ßabdak®tena  nåmårthena bhavitavyam 
| arthak®tena nåma ßabdena bhavitavyam (Bh. I.362.17-18/II.510, on A 2.1.1; similarly, 
Bh. I.464.15-16/II.822-23, on A 2.3.50, III.253.13-14/V.37, on A 7.1.33).  That is, from the 
speaker’s viewpoint, a speech unit is used to express an intended meaning, which thus de-
termines what a speaker says. 
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2.2  Morphology and syntax50 

2.2.1  Declensional and onjugational Morphology   
Just as clearly as verbal affixes occur under conditions that involve related actions in 
the Påˆinian  system, the verbal and nominal endings  introduced  in  deriving  utterances  
such as (14)-(15) (§1.4) and (16)-(17) (§2.1) are considered to occur under conditions
 that involve relations among the meanings of verbal bases and nominal items.

  
Of 

course, not all affixation  involves relations between actions and participants in them.
  There are also relations that hold between the denotata of nominals,  for  example the

 relation between a father and
 

his
 

son, as
 

when
 

one
 

says
 

(18) råmasya pitå ‘Råma’s father’. 

Nevertheless, here also there is a relation involving two entities, and a sixth-triplet 
ending occurs to signify such a relation.51  In addition, affixes are introduced under 
cooccurrence conditions.  For example, endings of the third triplet follow a nominal 
that is syntactically connected or connectable with saha,52 as in 

(19) putreˆa saha ‘with his son’. 

In sum, what are commonly called inflectional morphology and verbal conjugation 
are part and parcel of syntactic derivation.  There is no question of dealing with padas 
except as they are related to others.53 

2.2.2  Derivational orphology  

2.2.2.1  K®t ffixes.  Affixes called k®t in Påˆini’s system, which form what modern 
grammars call primary derivates, also are introduced in syntactic derivations.  Con-
sider 

(20) devadatta˙ ka†am akår∑^t ‘Devadatta (has) made a mat’ 
(21) devadatta˙ ka†a≤ k®tavån ‘Devadatta (has) made a mat’ 
(22) devadattena ka†o’kåri ‘A mat was made (has been made) by Devadatta’ 
(23) devadattena ka†a˙ k®ta˙ ‘A mat was made (has been made) by Devadatta’. 
                                                             
50 I use terms like ‘inflectional morphology’ and ‘derivational morphology’ merely as a con-

venient way to discuss data that western grammarians treat within these categories. 
51 A 2.3.50: ∑a∑†h^ ße∑e (PWT 166 [251]).  How residual relations signified by sixth-triplet 

endings are connected with action-participant relations becomes the object of considerable 
discussion among Påˆin^yas; see Påˆini and Påˆin^yas on ße∑a  relations (First Kun-
junni Raja Memorial Lecture), Aluva-Kerala: Kunjunni Raja Academy of Indological Re-
search, 2008. 

52 A 2.3.19: sahayukte’pradhåne (PWT 164 [249]). 
53 One should not be misled by the way in which later Påˆin^ya works such as the Siddhånta-

kaumud^ do indeed deal with nominal and verbal forms as though they were independent en-
tities.  Such treatments are intended to allow later students to learn Påˆini’s system and, de-
spite their organization, they cannot help letting true Påˆinian procedure show.  For 
example, although the Siddhåntakaumud^ describes first the formation of padas with nomi-
nal endings and only later considers rules such as A 2.3.2 (see note 39), it nevertheless has to 
bring in A 2.3.1 (see note 40) and to specify the affixes which are considered first to signify 
participants in actions (kåraka) and take precedence over nominal endings.  It is not neces-
sary to consider any details here. 

M
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(20) and (22) contain forms which derive from complexes with the L-affix lu∫, intro-
duced on condition that an agent is to be signified and the act in question is referred to 
the past:54 k®-l ¿ k®-ti ¿ k®-t ¿ k®-s-t ¿ kår-s-t ¿ akår-s-t ¿ akår-s-^t ¿ akår∑^t, k®-l ¿ k®-ta ¿ 
k®-i-ta ¿ ak®-i-ta ¿ ak®-i-ø ¿ akåri.55  (21) and (23) contain k®tavat- (nom. sg. m. 
k®tavån) and k®ta- (k®ta˙), derivates with the k®t affixes ktavatu and kta, respectively.  
In general, k®t affixes signify agents, but kta is introduced to signify an immediate ob-
ject of an action.56  In addition, both these suffixes are introduced if an action is re-
ferred to the past.57 

From such examples, it is clear that post-verbal affixes that are parts not only of fi-
nite verb forms but also of derived nominal bases are introduced as alternative expres-
sions within syntactic derivations. 

2.2.2.2  Taddhita Affixes.  Affixes called taddhita, which modern grammars speak of 
as secondary derivate affixes, also form derived nominals that are based on the syn-
tax.  Most of these affixes are introduced optionally; and where a particular relation to 
another pada is involved, such an affix follows the first of the related padas referred to 
in the s¨tra which introduces it.58  For example, mathuråvat- and devadattavat- are de-
rivates with the suffix vati following padas with seventh- and sixth-triplet endings.  
Such padas occur in strings like 

(24) mathurå-i iva-s srughna-i pråkåra-s 
(25) devadatta-as iva-s yajñadatta-as go-as 

which are posited as  initial strings to account for the utterances 

(26) mathuråyåm iva srughne pråkåra˙ ‘The city wall in Srughna is like the one in 
Mathurå’ 

(27) devadattasyeva yajñadattasya gåva˙ ‘Yajñadatta’s cows are like Devadatta’s’ 

where iva ‘like, similar’ is used to bring out that mathurå-i and devadatta-as refer to 
entities spoken of in comparisons.  What is expressed by (26)-(27) can alternatively 
be expressed by 

(28) mathuråvat srughne pråkåra˙ 
(29) devadattavad yajñadattasya gåva˙ 

using mathuråvat and devadattavat instead of mathuråyåm iva and devadattasyeva.  
Påˆini accounts for this by allowing vati optionally to follow mathurå-i and 
devadatta-as.  A rule provides that vati follows a pada that has a seventh- or sixth-

                                                             
54 A 3.2.110: lu∫ (PWT 149 [233]). 
55 See PWT 157-58 (243), where the derivation of the comparable forms  apåk∑^t  ‘(has) 

cooked’ and apåci ‘was cooked, has been cooked’ are given. 
56 A 3.4.67, 70: kartari k®t | tayor eva k®tyaktakhalarthå˙ (PWT 161 [248]). 
57 A 3.2.102: ni∑†hå (PWT 198 [294]). 
58 A 4.1.82: samarthånåm prathamåd vå (PWT 69 [111]). 
59 A 5.1.116: tatra tasyeva (PWT 242 [347]).  This and the preceding rule are objects of exten-

sive discussion in the Våkyapad^ya and elsewhere, but I cannot deal with the issues here. 
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Derivates with taddhita affixes are themselves derived nominal bases, and a rule 
provides for deleting a nominal ending included in such a base:60 mathurå-i-vat ¿ 
mathuråvat, devadatta-as-vat ¿ devadattavat61  Thus, starting with the initial strings 
(24) and (25), alternative paths are allowed: one can proceed with the operations that 
apply for the related padas, to derive (26) and (27), or one can let mathurå-i, 
devadatta-as take vati expressing the meaning of iva-s, and thereby derive mathuråvat 
and devadattavat, which then enter into construction with srughna-i pråkåra-s and ya-
jñadatta-as go-as to derive (28) and (29), equivalent to (26) and (27). 

2.2.2.3  Compounds.  Just as (26) and (28) (§2.2.2.2) are  equivalent  expressions, 
so are 

(30) råjña˙ puru∑a˙ pråsåde ni vasati 
(31) råjapuru∑a˙ pråsåde ni vasati ‘The king’s servant stays in the palace.’ 

Moreover, Påˆini no more considers analytic complexes like råjña˙ puru∑a˙ and 
items like råjapuru∑a˙ independent entities unrelated to each other than he considers 
complexes such as mathuråyåm iva and items like mathuråvat to be independent and 
not related with each other.62  On the contrary, the related entities are accounted for by 
providing that a pada with a sixth-triplet ending, such as råjan-as in 

(32) råjan-as puru∑a-s pråsåda-i ni-s vas-l 

                                                             
60 A 2.4.71: supo dhåtupråtipadikayo˙ (PWT 186, 229 [278, 330]).  The seventh-triplet end-

ing ∫i of mathurå-i- is introduced to denote a locus, by A 2.3.36: saptamy adhikaraˆe ca 
(PWT 155-56 [240]).  Under another interpretation, advanced notably by Någeßa, the ending 
has the value of a sixth-triplet ending.  It is neither possible nor necessary to discuss this is-
sue here. 

61 The derived nominal then itself takes a first-triplet ending su, which is also deleted.  The set 
of items beginning with svar and assigned to the avyaya class (A 1.1.37: svarådinipåtam 
avyayam, PWT 27 [54]) includes derivates in -vat; nominal endings and feminine suffixes 
referred to by åp are deleted after avyayas (A 2.4.82: avyayåd åpsupa˙, PWT 212 [307]).  
iva is included in the set of items, beginning with ca, assigned to the class called nipåta (A 
1.4.57: cådayo’sattve, PWT 28 [55]).  By A 1.1.37, this too belongs to the avyaya group, so 
that an ending introduced after it is deleted. 

62 The possibility of treating taddhita derivates like pañcåla- ‘Pañcåla district’ (see (9), §1.2.3) 
as totally independent lexical items instead of terms derived from pañcåla- ‘Pañcåla’ and 
similarly considering compounds like råjapuru∑a- and complexes such as råjña˙ puru∑a˙ 
as though they were completely independent of each other was seriously entertained.  Thus, 
Kåtyåyana brings up the possibility of doing away with the options provided in the 
A∑†ådhyåy^ for deriving nominals with taddhita suffixes and compounds from members of 
syntactic strings, and at least one grammar, the Kåtantra, in fact did without rules of tad-
dhita affixation and composition.  For a discussion of these issues, see ‘Theoretical prece-
dents of the Kåtantra’, in Grammatical traditions of Kashmir: Essays in honour of 
Pandit Dinanath Yaksha (ed. Mrinal Kaul  and Ashok N. Aklujkar), Delhi: D. K. Print-
world, pp. 300-67.  See also note 65. 
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optionally forms a compound with a related pada, such as puru∑a-s of the same 
string.63  (30) and (31) are thus treated as alternative expressions starting with the ini-
tial string (32).  If composition does not apply, (30) is derived by applying operations 
whereby the L-affix la† is replaced by the ending tip, the suffix ßap follows vas- of 
vas-ti, the ending of ni-s is dropped, the penultimate -a- of råjan- in råjan-as also is 
deleted, and phonological rules apply to form råjña˙ and puru∑a˙ from råjn-as and 
puru∑a-s.  If, alternatively, composition applies, råjan-as and puru∑a-s are combined 
to form the derived nominal base {råjan-as-puru∑a-s}.  The endings included in this 
base are deleted (A 2.4.71, see note 60): råjan-as-puru∑a-s ¿ råjapuru∑a-. 

Now, puru∑a- in (32) is coreferential with the L-suffix of vas-l in this string: the 
latter signifies an agent, and the former refers to a particular person who plays this 
role in the act of staying.  Since an agent has thus been signified by the verbal suffix, 
the nominal base takes a first-triplet ending (A 2.3.46, see note 9), and because there 
is a single agent, the singular endings tip and sup are selected (A1.4.22, see note 13).  
The compound råjapuru∑a- also refers to a man who bears a relation to a king and 
who plays the role of agent in the act of staying in the palace.  Thus, råjapuru∑a- also 
is coreferential with the L-suffix of vas-l. 

2.2.3  Number in derivates 

2.2.3.1  Undifferentiated umber.  One of the features that distinguishes compounds 
from corresponding analytic structures is the lack of number distinction in a constitu-
ent of a compound.64  For example, (31) can be equivalent not only to (30) but also to 

(33) råjño˙ puru∑a˙ pråsåde ni vasati 
(34) råjñåm puru∑a˙ pråsåde ni vasati. 

That is, råjapuru∑a˙ does not specify whether the servant in question is related to one 
king (gen. sg. råjña˙), two kings (gen. du. råjño˙) or several kings (gen. pl. råjñåm). 

The question arises: just how should one consider and account for these facts?  In 
this context, let us consider two major points of view Bhart®hari deals with, the second 
of which has two subtypes.  First, (C), any number distinction (sa∫khyåbheda˙) sim-
ply ceases to be (nivartate) in a constituent (avayave) of a derivate (v®ttau) such as a 
compound or taddhita formation.  In a compound like råjapuru∑a-, then, the first con-
stitutent (råja- ¡ råjan-) merely resembles (tadr¨pe ‘of that form’) the item that oc-
curs in a constituent pada of an utterance like (30), (33), (34), from which it differs by 
not having any number distinction at all.65  Alternatively, (D), there comes into play 
                                                             
63 A 2.2.8: ∑a∑†h^ (PWT 206 [301]).  The pada combines with another pada only if the two are 

syntactically and semantically related (samartha), as provided for by A 2.1.1: samartha˙ 
padavidhi˙ (PWT 66, 206-7 [109, 301]). 

64 This is one of a series of differences that set compounds apart from analytic strings, as given 
in a ßlokavårttika cited and illustrated in the Mahåbhå∑ya on A 2.1.1 (I.362.13-
363.6/II.509-12).  Patañjali characterizes these differences as results of the meaning unifica-
tion (ekårth^bhåvak®tå˙) involved in the formation of compounds.  For example, in råjña˙ 
puru∑a˙, the independently accented padas (råjñça˙ purù∑a˙) refer separately to a man and 
the king to whom he bears a relation, but råjapuru∑á- is a distinct base with a single princi-
pal meaning, a man qualified by his relation to a king. 

65 This stand comes very close to the position under which compounds and analytic strings are 
treated as totally independent entities, so that a rule providing that compounding is optional 
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(upajåyate ‘arises’) for the subordinate meaning of a constituent in a derivate a num-
ber that is absolutely different (anyaiva) from the singularity, duality, and plurality 
that inheres in the significands of terms in strings like (30), (33), (34).  This number 
(sa∫khyå) has the form of undifferentiated singularity (abhedaikatva- ‘singularity 
characterized by nondifference’).  That is, the first constituent of a compound such as 
råja-puru∑a- or a taddhita derivate such as pañcåla- (§§1.2.3, 1.2.4) or mathuråvat- 
(§2.2.2.2) is considered to have a singular number that is distinct from the singularity 
which contrasts with duality or plurality.  (D) has two versions. 

First, (D1), the numerosity in question and called abhedaikatvasa∫khyå takes the 
form of an undivided (avibhaktam) combination of numbers (sa≤sargar¨pa≤ 
sa∫khyånåm).66  As Helåråja explains, a subordinate significand (upasarjana-
padårthånåm ‘of subordinate word meanings’) of a term like råja- in a derivate has a 
necessary connection with the quality of number since it is a thing (sattvabh¨tatvåt 
‘because it has the status of a being’).  However, in a derivate like råjapuru∑a-, a par-
ticular number is not determined.  Hence, one infers that there is a general number 
which combines all particular numbers, which takes all these into its bosom, so to 
speak.67  Bhart®hari himself likens this to the combination of juices of medicinal plants 

                                                                                                                                                  
becomes unnecessary (see note 62).  Position (C) is the first one which Bhart®hari brings up 
in connection with his discussion of number and derivates, in VP 3.14.99: våcikå dyotikå 
våpi sa∫khyånå≤ yå vibhaktaya˙ | tadr¨pe’vayave v®ttau sa∫khyåbhedo nivartate ||  At 
the end of his comments on this kårikå, Helåråja brings out the essential point as follows. 
The subordinated meaning of a constituent like råja- in råjapuru∑a- is absorbed in the 
principal meaning of the whole compound, so that there is no distinction of independent 
meanings of constituents and any particular number associated with such a meaning ceases to 
be.  Since this is absent, then, the nonoccurrence of particular endings is natural.  Of course, 
the fact remains that Påˆini provides for deleting nominal endings in compounds (A 2.4.71, 
note 60), which implies that they are introduced in the first place.  Hence, it is proposed that 
the deletion of such endings is taught in order to allow operations which would be condi-
tioned by affixes if they occurred (A 1.1.62: pratyayalope pratyayalak∑aˆam, PWT 63 
[103]).  Thus, råjan- in the compound is a pada, so that its -n is dropped (A 8.2.7: nalopa˙ 
pråtipadikåntasya, PWT 347 [539]).  Helåråja ends by noting the import of this view: a 
string like råjña˙ puru∑a˙ and a derivate like råjapuru∑a- of råjapuru∑a˙ bear a mere 
similarity; there is no essential unity of the two—which, if conceived of, is an error due to 
the similarity—since in the string there is a number difference and this fails to occur in the 
derivate.  VPH 3.14.99/98 (201.2-5): prådhånårthasambhedåd upsarjanårthasya 
bhedåbhåvån nivartate sa∫khyåviße∑a iti tadabhåvåt svåbhåviky evånutpattir vibha-
kt^nåm | pratyayalak∑aˆårtha≤ lug anvåkhyåyate | ittha≤ såd®ßyamåtra≤ bhrånta≤ 
v®ttivåkyayor na tattvata aikya≤ våkye sa∫khyåbhedasadbhåvåd v®ttau tadabhåvåd iti 
tåtparyårtha˙ |  Thus, (C) fits in a scheme that is essentially non-Påˆinian (cf. note 62).  
Accordingly, in his introduction to VP 3.14.100/99, Helåråja characterizes this as ‘the view 
of some’: eva≤ tåvad upasarjanårtho niv®ttasa∫khyåbheda ity ek^ya≤ matam | (VPH 
201.6).  Moreover, providing for deleting the -n of råjan in a compound presupposes that 
this is a pada, which goes against considering råjapuru∑a a totally independent lexical item. 

66 VP 3.14.100:  abhedaikatvasa∫khyå  vå  tatrånyaivopajåyate  | sa≤sargar¨pa≤ 
sa∫khyånåm avibhakta≤ tad ucyate || 

67 VPH  3.14.100/99  (201.9-11):  v®ttåv  upasarjanapadårthånå≤  sattvabh¨tatvåd 
åvaßyaka˙ sa∫khyåyoga˙ | na hy avyayavan ni˙sa∫khya upasarjanårtho yukta˙ 
sattvamåtrasya sampratyayåt | na ca viße∑o’vadhåryate | ata˙ såmånyasa≤khyår¨pa≤ 
sarvasa∫khyåviße∑åˆå≤ sa≤sargar¨pa≤ kro∂^kåraka≤ vidyata ity anum^yate | 
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blended in honey: they impart to honey their capacities, which they thereby give up as 
individuals; they all occur without division among them.  The number in question is 
acknowledged to be of this sort.68  Under D1, then, the three possible numbers that 
could inhere in the significands of terms such as råjña˙, råjño˙, råjñåm, pañcålånåm 
used in strings like (13) (§1.2.4), (30), (33), (34) come to occur undivided (avib-
hågena) in derivates such as råjapuru∑a-, pañcåla-.69 

While according to D1 singular, dual, and plural numbers are allowed to persist, 
though now combined in a single whole that is distinct qua a number of undifferenti-
ated singularity (abhedaikatvasa∫khyå), under D2 one abstracts  from the individual 
numbers to a generic property (jåti) of being a number (sa∫khyåtva) that inheres in 
any number.  As a consequence of giving up the individual distinctions (bhedånåm ... 
parityågåt), due to the effect of the generic property having priority (vyåpåråj jåtib-
hågasya ‘because of the generic part’s action’), the undifferentiated entity referred to 
as abhedaikatvasa∫khyå now occurs characterized by the removal of individuals 
(bhedåpohena vartate).70  Helåråja notes how the singularity of nondifferentiation (ab-
hedaikatvam) as now conceived can be considered a number (sa∫khyåtvam ‘being a 
number’): as singularity excludes duality, and the latter excludes threeness and so on, 
similarly this excludes all individual singularity and so on, so that it has the property 
of being a number.71 

In sum, under D, the meaning of terms such as the first constituents in the com-
pound råja-puru∑a- and so on are considered not to be characterized by any specific 
contrastive number.  They are treated as being loci of singular, dual or plural number 
now lumped together as an undifferentiated whole (D1) or of any indeterminate num-
ber, characterized by the property of being a number (D2). 

2.2.3.2  Number istinctions and erivation.  An utterance such as (20) devadatta˙ 
ka†am akår∑^t (§2.2.2.1) is accounted for in Påˆini’s system as derived from an initial 
string 

(35) devadatta-s ka†a-am k®-l. 

The pada ka†a-am in this string has a specific nominal ending: am, the ekavacana 
member of the first triplet of endings.  Now, A 2.3.2 (see note 39) does not apply in 

                                                             
68 VP 3.14.101: yathau∑adhiraså˙ sarve madhuny åhitaßaktaya˙ | avibhågena vartante 

tå≤ sa∫khyå≤ tåd®ß^≤ vidu˙ || 
69 In his Vaiyåkaraˆabh¨∑aˆa and its abridgement, Kauˆ∂abha††a says that what is called 

abhedaikatvasa∫khyå is particular numbers (sa∫khyåviße∑åˆåm) residing (avasthånam) 
without division (avibhågena), their being (sattvam) without division: VBh. 56 (272): 
sa∫khyåviße∑åˆåm avibhågenåvasthånam abhedaikatvasa∫khyå, VBhs. 56 (417): 
sa∫khyåviße∑åˆåm avibhågena sattvam abhedaikatvasa∫khyå.  In both places, he goes 
on to cite VP 3.14.101.  In his comments on Bh. 2.1.1, Kaiya†a (Pr. II.509/II.323b) gives the 
first definition, then goes on to cite VP 3.14.101-103. 

70 VP 3.14.102: bhedånå≤ vå parityågåt sa∫khyåtmå sa tathåvidha˙ | vyåpåråj jåtibhå-
gasya bhedåpohena vartate ||  I abstain from dealing with small, though important, differ-
ences of interpretation that arise from different ways of considering the terms sa∫khyåtmå 
and tathåvidha˙. 

71 VPH 3.14.102/101 (202.10-11): yathå hy ekatva≤ dvitvådy apåvartayati dvitva≤ ca trit-
vådy evam idam abhedaikatva≤ sarvam ekatvådy apåvartayat^ty asti sa∫khyåtvam | 
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isolation to introduce an undifferentiated triplet of endings {am au† ßas} after a nomi-
nal.  It applies in conjunction with A 1.4.21-22 (see note 33), so that a specific ending 
is selected immediately on the basis of the number in question, which is a semantic 
property that serves as one of the conditions for affixation. 

Thus, although position (D1) can be countenanced if one considers the possible 
ambiguity of a derivate like råjapuru∑a-, once Påˆini’s derivational system is brought 
into play, a difficulty arises: where in the derivational history is there an undifferenti-
ated sixth triplet of endings {∫as os åm} that can be associated with the undifferenti-
ated number?  Further, one may infer a generic property such as the property of being 
a cow or ox (gotva) from experience.  Such an abstract property accounts for the fact 
that each time someone sees a cow or ox, that person experiences the cognition of its 
sameness (abhinnapratyaya ‘undifferentiated cognition’): a cow or ox is seen every 
time.  A common generic property (såmånyam) is thus justified by identical cogni-
tions (abhinnapratyayåvedyam ‘made known by ...’).  There is no comparable effect 
which one can attribute to the undifferentiated singularity at issue, since only individ-
ual contrastive numbers are associated with operations provided for in rules of the 
grammar.  Hence one can justifiably ask what inferential mark (li∫gam) there is which 
points to its existence (tatsadbhåve). 

Helåråja poses this problem72 by way of introducing two kårikås73 where Bhart®hari 
confronts the issue, as follows.  Because it is a substance, a given object seen indis-
tinctly from afar is perceived as endowed with some color, but it is not grasped as 
having a particular color such as white.  The situation is comparable if the inherence 
of a specific number is not intended,74 as in the first constituent of råja-puru∑a-.  Fur-
ther, one’s understanding that the referent of such a constituent has some number 
(sa∫khyåvattvasampratyaya˙) itself now is the effect accounted for by the assumed 
undifferentiated singularity (abhedaikatvasa∫khyåkåryam).75 

In terms of a derivational system, (D) could be accommodated by assuming that 
the derived nominal base råja-puru∑a- is formed from a posited complex like 

(36) råjan-as puru∑a-s 

in which the the ekavacana ending ∫as in råjan-as does not designate a relation with 
respect to a single king as opposed to two or more kings; instead, there is reference to 
any of these or to a numerosity in general.  Under (D)—especially under (D2)—this 
amounts to treating a singular ending attached to a base that enters into composition 
as a generic singular, introduced when one speaks of a group in general, characterized 

                                                             
72 VPH  3.14.103-104/102-103  introduction  (202.13-14):  nanu  cåbhinnapratyayåvedya≤ 

såmånya≤ gotvådi | atra cåbhedaikatvasya na kiñcit kåryam | bhedå eva hi 
ßåstrakåryayogina iti ki≤ tatsadbhåve li∫gam ity åßa∫kyåha | 

73 VP 3.14.103-104: ag®h^taviße∑eˆa yathå r¨peˆa r¨pavån | prakhyåyate na ßuklådibhe-
dar¨pas tu g®hyate || bhedar¨pasamåveße tathå saty avivak∑ite | bhåga˙ prakåßita˙ 
kaßcic chåstre’∫gatvena g®hyate || 

74 bhedar¨pasamåveße  tathå  saty  avivak∑ite.   Helåråja  (202.20)  glosses  this  with 
sa∫khyåviße∑asamavåye pratipådyatvenåni∑†e ‘when the inherence of a particular number 
is not intended as what is to be conveyed’. 

75 VPH 3.14.104/103 (202.22-23):  tathå ca  sa∫khyåvattvasampratyaya  evåtropasar-
janårthasyåbhedaikatvasa∫khyåkåryam | 
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by a generic property.  Such a singular alternates with a plural.76  This brings us back 
full circle to position (C) in that it is now possible to consider that the constituent of a 
derivate such as råjapuru∑a- is any king as characterized by the property of being a 
king.77 

Bhart®hari himself confronts the issue of plural forms being used in compounds 
such as go∑ucara- ‘one that goes around cattle’.78  In the second half of VP 3.14.107 

                                                             
76 For example, one can say sampannå vr^haya˙ or sampanno vr^hi˙ (‘The rice is rich, full 

grown’), bråhmaˆå˙ p¨jyå˙ or bråhmaˆa˙ p¨jya˙ (‘A bråhmaˆa is to be honored’ = 
‘Bråhmaˆas are to be honored’). Such usage is accounted for by A 1.2.58: jåtyåkhyåyåm 
ekasmin bahuvacanam anyatarasyåm, according to which a bahuvacana ending optionally 
occurs with reference to a single entity, when one conveys a generic meaning (jåtyåkhyå-
yåm). 

77 Någeßa brings this out in his Uddyota on Pr. 2.1.1 (Ud. II.511/II.325a), when he states a 
view others (pare tu) hold—that is, which he prefers—namely that in a derivate one or more 
individuals appear as referents, in accordance with a speaker’s intent, solely as qualified by a 
property such as being a king, not by properties of numerosity, being three, four and so on: ... 
tathå v®ttau råjatvådinaivaikånekavyaktibhåna≤ tåtparyavaßån na tu kadåcid api 
tritvacatu∑†vådinå |  He ends his statements on this particular issue by noting pertinently 
that nowhere in the Bhå∑ya is the statement found that the singular number of non-
differentiation appears (abhedaikatvasa∫khyå bhåsata iti tu bhå∑ye kvåpi na d®ßyate).  
Note, however, that Bhart®hari himself appears to consider that position (D) was implicitly 
accepted by Kåtyåyana.  For he says (VP 3.14.107: alukaß caikavadbhåvas tasmin sati na 
ßi∑yate | sa ca go∑ucaråd^nå≤ dharmo’sti vacanåntare ||) that, under the assumption that 
undifferentiated singularity applies (tasmin sati) in compounds, treating the meaning of a 
subordinate constituent as singular when an ending is not deleted (aluka˙ ... ekavadbhåva˙) 
is not explicitly taught (na ßi∑yate).  Helåråja introduces this kårikå noting that Bhart®hari 
here speaks of something which shows that Kåtyåyana agrees (VPH 3.14.106/107 [203.14]: 
atra vårttikakår^ya≤ sa≤vådakam åha).  In his commentary on the kårikå, Helåråja then 
alludes (203.17-204.3) to what Kåtyåyana and Patañjali say, in the discussion of A 6.3.1: 
alug uttarapade (PWT 224 [323]), concerning A 6.3.2: pañcamyå˙ stokådibhya˙.  This 
s¨tra provides for not deleting a fifth-triplet ending after a set of terms, starting with stoka- 
‘little’, as in stokånmukta- ‘freed with little effort’.  Patañjali (Bh. III.141.13-14/IV.582: 
ekavac cålug bhavat^ti vaktavyam | ki≤ prayojanam | stokåbhyå≤ mukta˙ stokebhyo 
mukta iti vig®hya stokån mukta ity eva yathå syåt |)  introduces the discussion by propos-
ing that one should say explicitly that where an ending is not deleted the meaning is treated 
as singular.  The reason given for this is so that the compound stokånmukta- alone be al-
lowed, even if a compound stokånmukta- is considered to correspond to analytic sequences 
stokåbhyå≤ mukta˙, stokebhyo mukta˙, with dual and plural forms.  In his second and 
third vårttikas (6.3.1 vt. 2-3: ekavadvacanam anarthakam | dvibahu∑v asamåsa˙ |), 
Kåtyåyana retorts: stating that nondeletion is treated as singular serves no purpose, since a 
compound is not formed in the first place from padas with dual and plural endings.  Moreo-
ver, he goes on to say (6.3.1 vt. 4: ukta≤ vå |), the reason for this has been stated elsewhere 
(3.2.1 vt. 5: anabhidhånåt |): a compound is not formed because it is not used to express the 
meanings of analytic sequences with dual and plural forms.  Now, Helåråja cites vårttikas 2-
3 but not vt. 4, so that he can indeed claim Kåtyåyana’s agreement with the thesis under dis-
cussion, and he does so because Bhart®hari himself assumes this.  Although it is impossible 
to take up the issue here in detail, I think, nevertheless, that Kåtyåyana does not in fact give 
evidence of operating with position (D). 

78 A 3.2.16: care∑ †a˙ (adhikaraˆe 15) introduces †a after car ‘move, go about’ construed 
with a cooccurring nominal that denotes a locus.  A derivate with this k®t suffix obligatorily 
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(see note 77), he remarks that this property—that is, singularity characterized by 
nondifferentiation—pertains to the referents of first constituents in compounds like 
go∑ucara-, where an affix associated with a number other than singular is involved.  
Commenting on this, Helåråja79 remarks that this half verse answers to the possible 
question: if a number associated with the meaning of a compound constituent is that 
of undifferentiated singularity, how is it that some compounds include constituents 
with plural endings, as in examples like go∑ucara-, var∑åsuja- (‘born in the rainy sea-
son’), apsuyoni- (‘whose source is in water’)?  The property of singularity character-
ized by nondifferentiation is to be found also in such instances, where there is an end-
ing other than a singular ending.  For in these examples the plural ending does not 
refer to plurality of individuals (vyaktibahutve).  The plural is accounted for as an al-
ternative to a generic singular, by A 1.2.58 (see above with note 77).  Accordingly, 
one understands here also only singularity associated with lack of differentiation.  
Thus, a creature that goes about a single cow also is referred to as go∑ucara;80 even an 
atom of water is referred to by apsu-, with the plural ending; even a single night of the 
rainy season is referred to by the term var∑å with a plural ending.  All this is due to 
the very nature of how words signify (ßabdaßaktisvåbhåvyåt ‘due to the nature of the 
capacities of words’), so that assuming a singular of nondifferentiation as a number 
characteristic of items in derivates does not preclude differences in endings in such 
constituents. 

There are other instances, however, where Bhart®hari admits that even a compound 
constituent has indeed to be associated with a specific contrastive number.  He con-
siders in particular the derivates ßaurpika- ‘bought with a ß¨rpa (of grain)’, måsajata- 
(‘born a month earlier’).  The first is derived by introducing the taddhita suffix †hañ 

                                                                                                                                                  
forms a compound with a pada denoting the locus in question (A 2.2.19: upapadam ati∫, 
PWT 219 [315]).  In addition, as provided for in A 6.3.14: tatpuru∑e k®ti bahulam (alug 
uttarapade 1), the ending of a first-constituent pada is variously exempted from deletion be-
fore a second constituent with a k®t affix.  go∑ucara- means ‘rooster’ (kukku†a) according to 
Kaiya†a (Pr. II.510/II.324b), who notes that a rooster is spoken of without distinction of 
whether it lingers around one, two or many heads of cattle: go∑ucara˙ kukku†a ucyate | 
ekasyå≤ gavi dvayor bahu∑u vå yaß carati sa sarvo’såv aviße∑eˆocyate |  go∑ucara- is 
one of three compounds Patañjali cites in the Bhå∑ya on A 2.1.1 while arguing that a speech 
form should depend on a meaning and not vice versa (see note 49): if one maintained that a 
meaning depends on a speech form, then one would have to accept that a number difference 
is understood in apsucara- (‘one who goes about in the water’), go∑ucara- and 
var∑åsucara- (‘one that goes about during the rainy season’).  Kaiya†a also glosses 
var∑åsucara- as indragopa-, which refers to a particular insect (cf. HemAbh. 4.275cd: in-
dragopas tv agnirajo vairå†as tittibho ‘gnika˙ ||). 

79 VPH 3.14.107/106 (204.3-10): katha≤ tarhi go∑ucaro var∑åsujo’psuyonir iti bahuva-
canånå≤ samåsa iti ced åha: sa ceti | so’bhedaikatvåkhyo dharmo vacanåntare ekava-
canåd anyasmin bahuvacane’py  atråsti | atra hi neda≤ vyaktibahutve bahuvacanam 
api tu jåtyåkhyåyåm ekasmin bahuvacanam iti | tathå caikasyåm api yo gavi carat i 
pråˆ^ so’pi go∑ucara indragopo’bhidh^yate | eko’py cåpparamåˆur apchabdena ba-
huvacanåntenåbhidh^yate | var∑åråtro’pi cåbhinno var∑åßabdena bahuvacanåntena 
ßabdaßaktisvåbhåvyåd ity atråbhedaikatvasa∫khyå vacanabhedapratibandha≤ na 
karoti | tatråpy abhedaikatvasyaiva prat^ter ity artha˙ | 

80 Helåråja identifies the animal as the bug called indugopa.  Others consider that go∑ucara 
refers to a rooster (see note 78). 
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after a pada with a third-triplet ending to form a nominal base meaning ‘bought with 
...’:81 

(37) ß¨rpa-å-†ha 

in which the taddhita suffix †hañ has the meaning ‘bought’ (see note 81).  måsajåta- 
is a tatpuru∑a compound derived by combining a pada consisting of a time word (kåla) 
followed by a first-triplet ending with a pada in which a sixth-triplet ending follows a 
base denoting someone whose age is measured (parimåˆinå ‘who has a measure’) by 
the time in question:82 

(38) måsa-s jåta-as. 

Now, although (38) is comparable structurally to (36), it is not appropriate to operate 
here with an indeterminate number for the referent of måsa-, and the same holds for 
the referent of ß¨rpa- in (37).  For, the referent of each of these is a contrastive meas-
ure (parimåˆam): a ß¨rpa as a measure of the amount of grain with which something 
is bought and a month as the length of time that has elapsed after someone’s birth.  As 
can be seen, each measure serves as a delimitor (pariccheda˙): something is bought 
with one ß¨rpa as opposed to two or more ß¨rpas; a single month has elapsed since 
someone was born.  This limitation with respect to someone of a certain age (vayas-
vini) or something that has been bought (kr^te), as signified by måsajåta- and ßaur-
pika-, is desired and accepted (i∑†a˙), but cannot be understood (na gamyate ‘is not 
understood’) unless a number difference is accepted (bhedåd ®te ‘without a differ-
ence’); without this, a defining measure (parimåˆam) is purposeless (anarthakam).  
Hence, Bhart®hari accepts that in such instances a measure applies distinctively (bhe-
dena vartate)—that is, in opposition to measures delimiting other entities—and does 
so of its very nature (svabhåvata˙), on the basis of a number (åßritya sa∫khyåm) 
which serves as a qualifier (upådhibh¨tåm) of the referents of ß¨rpa- and måsa-.83 

Accordingly, after presenting position (D2) and supporting it with a parallel,84 
Bhart®hari goes on (VP 3.14.104cd) to remark that in particular instances a part mani-
fested in some way (bhåga˙ prakåßita˙) is accepted (g®hyate ‘is taken, understood’) 
as a condition (a∫gatvena) in a rule (ßåstre).  That is, a distinctive number is at times 
understood as a condition for a derivational rule applying, even though an ending as-
sociated with a specific number does not appear in a derivate. 

Another example of a rule that takes a specific number into consideration in ac-
counting for derivates involves tåvaka- ‘pertaining to you, your’, måmaka- ‘pertaining 
to me, my’, equivalent to tava ‘your’ and mama ‘my’.  These alternate with other 
equivalents of genitive pronominal forms: tåvak^na-, måmak^na- and tvad^ya-, mad^ya-.  
                                                             
81 A 5.1.37: tena kr^tam (PWT 238 [342]).  A 5.1.26: ß¨rpåd añ anyatarasyåm provides that 

añ optionally follows a pada whose base is ß¨rpa-; by A 5.1.18: pråg vate∑ †hañ (PWT 235 
[338]) the suffix †hañ also applies, so that ßaurpika- (¡ s¨rpa-å-†ha) and ßaurpa- (¡ 
ß¨rpa-å-a) are derived as alternates.  In both derivates, ß¨rpa- denotes a measure 
(parimåˆa) of grain or such. 

82 A 2.2.5: kålå˙ parimåˆinå.  For a discussion of this rule, see JAOS 111 (1991): 447-48. 
83 VP 3.14.126-127: ßaurpike måsajåte ca parimåˆa≤ svabhåvata˙ | upådhibh¨tåm åßri-

tya sa∫khyå≤ bhedena vartate || vayasvini pariccheda˙ kr^te cåpi na gamyate | i∑†o 
bhedåd ®te tatra parimåˆam anarthakam || 

84 VP 3.14.103-104; see above with notes 73-74. 
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They also contrast with derivates equivalent to genitive dual and plural forms: 
yau∑måka-, yau∑måk^na-, yu∑mad^ya- (equivalent to yuvayo˙ [du.], yu∑måkam [pl.]), 
åsmåka-, åsmåk^na-, asmad^ya- (equivalent to åvayo˙, asmåkam).  Påˆini accounts for 
these by providing that padas consisting of the pronominal bases yu∑mad and asmad 
and sixth-triplet endings are followed by khañ as well as cha and, optionally, aˆ.85  In 
addition, before the affix khañ (tasmin ‘before it’) as well as aˆ, these pronominal 
bases are respectively replaced by yu∑måka- and asmåka-; but, if they are singular 
(ekavacane ‘signifying one’) they are replaced by tava- and mama-.86  In accordance 
with such usage, Bhart®hari accepts87 that a particular number which inheres in the 
meaning of a base88 is manifested (vyajyate), even without an ending (vibhaktyå vinå), 
through replacements (ådeßai˙).89 

There are thus facts requiring an adherent of position (D) to accept that distinctions 
of contrastive number are not always eliminated in derivates.90  Accordingly, as 
Helåråja notes,91 it is not possible to state that a compound is not formed from padas 
with dual and plural endings, since composition does apply in such cases where a par-
ticular meaning is understood for a constituent of a compound.  In examples like 
råjapuru∑a-, on the other hand, Helåråja goes on to say, there is no cause for under-
standing such a particular meaning (viße∑åvagamananibandhanåbhåvåt).  Further, in 
the derivational procedure (prakriyåyåm) intended to explain a derivate, a string (våk-
yasya) with items that are similar to those in a derivate is posited (kalpanåt ‘due to a 

                                                             
85 A 4.3.1: yu∑madasmador anyatarasyå≤ khañ ca.  The taddhita suffix applies by the major 

heading A 4.1.83: pråg d^vyato’ˆ (PWT 232 [335]).  By A 1.1.74: tyadåd^ni ca (PWT 34 
[61]) yu∑mad and asmad are assigned to the v®ddha class, so that cha follows a pada with 
one of these bases (A 4.2.114: v®ddhåc cha˙, PWT 239 [343]).  Affix-initial kh, ch are re-
placed by ^n, ^y (see PWT 331 [509]). 

86 A 4.3.2-3: tasminnaˆi ca yu∑måkåsmåkau, tavakamamakåv ekavacane. 
87 VP 3.14.125: upådhibh¨tå yå sa∫khyå prak®tau samavasthitå | ådeßai˙ sañjñayå våpi 

vibhaktyå vyajyate vinå || 
88 yå sa∫khyå prak®tau samavasthitå.  Although literally this speaks of a number which is 

located (samavasthitå) in a base (prak®tau), it is appropriately interpreted to refer to the 
contrastive number (bhedasa∫khyå) that inheres (samavetå) as delimiting a base’s meaning 
(tadarthasyåvacchedakatvena).  Thus Helåråja (VPH 3.14 125/124 [211.22-23]): ... yå 
prak®ti˙ pråtipadika≤ tadvi∑aye tadarthasyåvacchedakatvena yå bhedasa∫khyå 
samavetå .... 

89 In VP 3.14.125 (note 87), Bhart®hari says that a contrastive number is manifested not only 
by replacements but also by a class name (sañjñayå).  This concerns terms like kumår^- in 
compounds, which under a particular interpretation of a Påˆinian s¨tra can be considered to 
have the class name prag®hya.  I do not take this up because a discussion would have to be 
fairly long and also because the interpretation under which the argument is advanced by 
Kåtyåyana is part of a p¨rvapak∑a; see note 92 for a brief presentation of the issue. 

90 In various places (VPH 3.14.100/99 [201.14], 102/101 [202.11], 103-104/102-103 [202.21], 
125/124 [212.8-9]), Helåråja refers to these as conditions (nimitta, nibandhana) due to 
which contrastive numbers are understood in derivates. 

91 VPH 3.14.125/124 (212.7-12): ittha≤ ca k®två dvivacanabahuvacanåntånåm asamåsa iti 
neda≤ vacana≤ sambhavati viße∑åvagame samåsaprav®tte˙ | råjapuru∑ådau tu 
viße∑åvagamanibandhanåbhåvåd v®ttipadam anvåkhyåtu≤ prakriyåyå≤ sad®ßasya 
våkyasya kalpanåd ekavacanåntånåm eva tad yuktam iti nyåyasiddhårthånuvådo’yam 
atra | yatra tu dvitvådyabhivyaktisambhavas tatra samåsaprak®tau prakriyåvåkye 
kumåryor agåram ity ådåv upåd^yata eva dvivacanåd^ti na kaßcid virodha˙ | 
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construct’), so that it is appropriate that the posited string have only padas with singu-
lar endings, as in (36), since the derivate shows no number contrast in the first con-
stituent.  This is nothing more than a reiteration of what obtains by the nature of 
things.  Where, however, there is a possibility of duality and plurality being mani-
fested in a derivate, a dual or plural ending is indeed accepted in the string that serves 
as a source of a derivate.   For example, the string 

(39) kumår^-os agåra-s 

posited as the source of the compound kumåryagåra- (¡ kumår^-agåra-) ‘house of two 
girls’ has a dual ending in kumår^-os.92 

2.2.3.3  Conclusions.  As the compound måsajåta- is derived from (38) måsa-s jåta-as 
(§2.2.3.2) in accordance with the semantics of the derivate, so also must mathuråvat- 
be derived from mathurå-i, with a singular ending (see (24), §2.2.2.2), since there is a 
single city of Mathurå.  It is important to keep in mind, however, that (26) and (28) 
are to be accounted for as equivalent expressions.  Påˆini accounts for this by deriv-
ing both utterances as alternative results starting from a single abstract string (24). 

By the same token, not only is råjapuru∑a˙ to be considered an equivalent of 
råjña˙ puru∑a˙, as in (31) and (30) (§2.2.2.3), in Påˆini’s system the compound is ac-
cordingly derived by a rule (A 2.2.8, note 63) which provides that a pada with a sixth-
triplet ending optionally forms a compound with a related pada.  Thus, if a compound 
råjapuru∑a- is to be derived, the padas in question must be syntactically and semanti-
cally related (samartha, see note 63), which means that the sixth-triplet ending intro-
duced after råjan- must signify a relation that holds between a king and his servant(s) 
who reside(s) in the palace.  Moreover, as I pointed out earlier (§2.2.3.2), a rule intro-
ducing a nominal ending does not serve to allow indiscriminately any member of a 
triplet of endings; instead, it applies in conjunction with rules specifying the choice of 
a particular ending associated with a particular number.  The sole justifiable conclu-
sion to be drawn from all this is that råjan-as in (32), where it is related to puru∑a-s—
which itself refers specifically to a person that is agent of residing in the palace—
serves to form only the first constituent of a compound råjapuru∑a- as in råjapuru∑a˙ 
of (31).  In order to account for utterances that are homophonous with (31) and alter-
nate with (33) and (34), these will have now to be derived from distinct strings in 
which råjan- is followed by a dual or a plural ending: 

(40) råjan-os puru∑a-s pråsåda-i ni-s vas-l 
(41) råjan-åm puru∑a-s pråsåda-i ni-s vas-l. 

The same reasoning holds for derivates such as tatra, as in 

(42) yadi tv årya≤ na ßak∑yåmi vinivartayitu≤ vanåt | vane tatraiva vatsyåmi yathåryo 
lak∑maˆas tathå ‘If I can’t get the noble (Råma) to leave the forest, I will stay in that 
very forest, as will the noble Lak∑maˆa’93 

                                                             
92 Under a particular interpretation of A 1.1.11: ^d¨ded dvivacanam prag®hyam (PWT 43 

[76]), kumår^- in kumår^-agåra- could be considered to have a prag®hya segment, which 
requires that the constituent have a dual ending.  I do not think it necessary to consider more 
details here. 
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where tatra is coreferential with vane.  In Påˆini’s system, tatra of an utterance 
such as 

(43) tatra vane vatsyåmi ‘I will stay in that forest’ 

is derived from tad-i, as in 

(44) tad-i vana-i vas-l 

where the pronominal base tad ‘that’ and the nominal vana ‘forest’ are followed by 
the singular ending ∫i of the seventh triplet, introduced to signify a locus (see note 
60), and vas ‘dwell’ is followed by the L-affix l®†, which signifies an agent and is in-
troduced on condition that the action in question is referred to the future.94  Starting 
from this string, two options are available.  First, affixation and replacement rules can 
apply to give 

(45) tasmin vane vatsyåmi 

with the padas tasmin,95 vane,96 and vatsyåmi.97  Optionally, the taddhita affix tral is 
introduced after tad-i98 to form a derived nominal base tad-i-tra, the ending of which 
is deleted (see note 60): tad-i-tra ... ¿ tatra.99  This nominal base is coreferential with 
vane in (43), as is tasmin in (45).  As a nominal base, tatra has to be followed by a 
nominal ending.  Since, however, tatra already signifies a locus,  a seventh-triplet 
ending is not introduced after this to signify such a kåraka; instead, the first-triplet 
ending su follows the base (see note 9).  Further, tatra is assigned to the avyaya 
class,100 so that its ending is dropped (see note 60): tatra-s ¿ tatra.  In this manner, 
(43) is accounted for as an alternative to (45).101 

Now, tatra can be used with reference to any number of loci, not just one.  Thus, in 
addition to (43), one can say 

(46) tatra vanayor vatsyåmi 
(47) tatra vane∑u vatsyåmi 

equivalent to 

(48) tayor vanayor vatsyåmi 

                                                                                                                                                  
93 Råmåyaˆa 2.76.17, The Ayodhyåkåˆ∂a, The Second Book of the Vålm^ki Råmåyaˆa ..., 

critically edited by Dr. P. L. Vaidya, Baroda: Oriental Institute, 1962. 
94 A 3.3.13: l®† ße∑e ca (PWT 149-50 [233]). 
95 tad-i ¿ taa-i (A 7.2.102: tyadåd^nåm a˙) ¿ ta-i (A 6.1.97: ato guˆe) ¿ tasmin (A 7.1.15: 

∫asi∫yo˙ småtsminau); see PWT 313, 343, 322 [476, 531, 492]. 
96 vana-i ¿ vane (A 6.1.87: åd guˆa˙, PWT 341-42 [528]). 
97 I do not consider it necessary to go through all the operations whereby vatsyåmi is derived 

from vas-l. 
98 A 5.3.10: saptamyås tral (PWT 244-45 [349]). 
99 tad-tra ¿ taa-tra ¿ tatra (see note 95).  tra is classed as a vibhakti (A 5.3.1: pråg dißo vib-

hakti˙, PWT 40-41 [71]), hence conditions the replacement of -d by -a which also takes 
place before nominal endings, which too are assigned the class name vibhakti (A 1.4.103: 
supa˙, PWT 39 [67]). 

100 A 1.1.38: taddhitaß cåsarvavibhakti˙ (PWT 27 [54]). 
101 In fact, one could consider that vane tatraiva is used in (42) because of metrical require-

ments: vane tasminneva would make the påda hypermetric. 
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(49) te∑u vane∑u vatsyåmi 

speaking of two (vanayo˙ [loc. du.]) and many (vane∑u [loc. pl.]) forests.  Neverthe-
less, it is not licit to say that all three utterances (43) and (46)-(47) can be derived in 
the Påˆinian scheme from the same initial string (44).  In that string, tad is coreferen-
tial (samånådhikaraˆa) with vana, both referring to a forest that plays the role of a 
place where someone will stay, so that it is assigned to the adhikaraˆa class.102  
A 2.3.36 (see note 60) therefore applies to introduce a seventh-triplet ending on con-
dition that an adhikaraˆa is to be signified.  Further, this s¨tra again conforms to others 
of its kind in applying conjointly with rules that specify particular endings to be used 
when different numbers are involved.  Since tral is introduced after a pada with a sev-
enth-triplet ending, then, it has to occur after a term with a particular member of this 
triplet.  Accordingly, just as (31) equivalent to (30) and (33)-(34) is appropriately 
derived from three distinct strings (32) and (40)-(41), so does Påˆini’s derivational 
procedure require positing not only (44) as the source of the alternants (43) and (45) 
but also 

(50) tad-os vana-os vas-l 
(51) tad-su vana-su vas-l 

as distinct sources for the alternants (46), (48) and (47), (49). 
That Påˆini should thus discriminate among different sources for a single com-

pound whose first constituent is ambiguous with respect to number accords with the 
manner in which he proceeds in other comparable cases.  Now, as is well known, in-
strumental, dative, and ablative dual forms are homophonous, with an ending -bhyåm.  
In western grammars, it is commonplace to see paradigms with one row labelled ‘I. D. 
Ab.’ for a single dual form in -bhyåm.  This is acceptable if one considers paradigms 
of forms and describes their syntactic uses.  In Påˆini’s system, however, triplets of 
nominal endings are introduced under conditions (see §2.2.1) that require operating 
with distinct triplets: third triplet †å bhyåm bhis, fourth triplet ∫e bhyåm bhyas, and 
fifth triplet ∫asi bhyåm bhyas.  Though final forms may be homophonous, they differ 
in their origins according to the conditions under which the triplets to which they be-
long are allowed to occur.103 

2.2.4  Gender Affixes in Derivation 
As shown above (§2.2.3.3), tad and vana in (44) are coreferential bases.  Similarly, in 

(52) tad-i a†av^-i vas-l 

                                                             
102 A 1.4.45: ådhåro’dhikaraˆam (PWT 137-38 [214]). 
103 In the tradition of Påˆin^yas and others, two positions are noted in this connection: single 

linguistic units are polysemous (anekårthå˙ ßabdå˙) or a difference of form is accepted 
due to a difference in meaning (arthabhedåc chabdabheda˙), so that one operates with 
homophonous distinct units relative to different meanings.  Påˆini adheres to the former po-
sition where appropriate.  For example, instead of having separate verbal bases with distinct 
meanings, he operates with a single polysemous base such as k® (‘do, make, snitch’ etc.).  
The choice is dictated by the operations associated with items.  In the present context, I can-
not enter further into this issue. 
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tad of tad-i is coreferential with a†av^ (‘forest’) of a†av^-i.  In accordance with the 
Påˆinian system, (52) is the source of two alternative expressions: 

(53) tasyåm a†avyå≤ vatsyåmi ‘I will stay in that forest’ 
(54) tatrå†avyå≤ vatsyåmi ‘I will stay in that forest.’ 

These utterances differ from (43) and (45) in that a forest is now referred  to by a 
feminine (a†av^) instead of a neuter (vana) term. 

This has formal consequences.  To begin with, the ending ∫i is replaced by åm af-
ter a†av^-.104  Now, in the Påˆinian scheme not only is number a meaning that condi-
tions operations but so also is gender.  The stem a†av^- of a†av^-i is associated with 
this meaning from the outset.  Further, tad used coreferentially with a†av^ has the 
same property.  Accordingly, a feminine affix can be introduced.  However, this is ac-
tually brought in only at a certain stage of derivation.  First, before a nominal ending, 
the -d of a stem tad- is replaced by -a: tad-i ¿ taa-i ¿ ta-i (see note 95).  At this point, 
there is a stem in -a which has been marked with femininity as well as singularity 
from the beginning of the derivation.  Consequently, the feminine suffix †åp is intro-
duced after this stem:105 ta-åm ¿ ta-å-åm ¿ tå-åm.106  Two simultaneous operations now 
apply: the ending -åm following the pronominal stem that ends in the feminine suffix 
-å receives the initial augment syå†, and the -å of the stem is replaced by a short 
vowel:107 tå-åm ¿ ta-syååm ¿ tasyåm. 

The derivate tatra formed from tad-i of (52) by introducing the affix tral also is 
coreferential with a†av^ in (54), so that the referent of this term too is characterized as 
feminine.  Accordingly, the rule which introduces a feminine suffix †åp after a base in 
-a (see note 105) must be allowed to apply.  Hence, Påˆini provides that after a mem-
ber of the avyaya class not only nominal endings but also feminine suffixes referred 
to by the abbreviation åp are absent (see note 61).  In addition, since tad- in (52) re-
fers to something qualified as feminine, once one reaches the state ta- in the deriva-
tion of tatra (see §2.2.3.3 with note 99), the condition is met for introducing the femi-
nine suffix †åp after ta- of ta-tra.  Påˆini acknowledges this.  For, he makes special 
provision that before a subset of taddhita suffixes—starting with tasil (e.g., tatas 
‘from that, from those, thence’) and including tral—bases are treated as masculine, so 
that a feminine affix does not occur after them.108 

It is clear, then, that even certain feminine affix rules, which one might consider 
typically lexical in nature, are applied not in a lexicon apart from the syntax but 
within the syntactic derivational process itself. 

                                                             
104 A 7.3.116: ∫er åm nadyåmn^bhya˙ (PWT 324 [497]).  a†av^-åm ¿ a†avyyåm (A 6.1.77: iko 

yaˆ aci, PWT 78 [125]). 
105 A 4.1.4 (see note 32).  Although Påˆin^yas clearly distinguish grammatical gender from 

other notions of gender, they nevertheless consider it a property of what a nominal denotes; 
see PWT 183- 84 [273]. 

106 A 6.1.101; see note 32. 
107 A .3.114: sarvanåmna˙ syå∂ ∂hrasvaß ca (PWT 325 [499]). 
108 A 6.3.35: tasilådi∑v å k®tvasuca˙ (PWT 256 [369]). 

On the tructure of Påˆini’s ystem 29S S



3  Lexicon 

Påˆini’s full grammar (ßabdånußåsana) includes, in addition to the eight chapters of 
rules that constitute the A∑†ådhyåy^, two ancillaries that can be considered types of 
lexicons: the dhåtupå†ha and gaˆapå†ha.  These also include s¨tras (see PWT 85-135 
[132-211]).  Now, the gaˆa accompanying A 4.1.4 (see note 32) lists items like ajå, 
which represent the result of introducing the affix †åp and replacing contiguous -a-å-
with a single -å- (see PWT 131 [203]).  Similarly, the gaˆa accompanying A 3.3.104: 
∑idbhidådibhyo’∫ (see PWT 196 [291]) lists derivates bhidå and so on, which result 
from introducing a∫ to a verbal base, then introducing the feminine suffix †åp after 
the nominal base thus derived, and replacing -a-å with -å-: bhid-a ¿ bhid-a-å ¿ bhidå 
(see PWT 203 [298]).  The difference between such derivates and those like tå- 
(§2.2.4), which are clearly formed in the course of syntactic derivation, can be ac-
counted for in general by distinguishing between qualifiers (viße∑aˆa) and qualifi-
cands (viße∑ya).  A qualifier takes a particular gender by virtue of being coreferential 
with a qualificand and thereby receives a feminine suffix in the course of derivation.  
A qualificand, on the other hand, has its gender from the outset.  Accordingly, a term 
like ßuklå as in (2) (§1.1) would now be derived from ßukla in the course of syntactic 
derivation, but a nominal like a†av^ as in (52)-(54) (§2.2.4) would not. 

One must keep in mind that Påˆini’s gaˆapå†ha does not include rules of derivation 
to form compounds or derivates with taddhita affixes.  As shown (§2.2.3.3), optional 
compound formation is carried out regularly in the context of syntactic derivation of 
utterances: related padas in posited initial strings, from which are derived utterances 
with separate padas, are optionally combined.109  The same holds for derivates like ta-
tra, with taddhita affixes (§2.2.3.3).  On the other hand, taddhita formations like 
mathuråvat (§2.2.2.2) differ.  One can justifiably maintain that vati is introduced after 
mathurå-i of an initial string (24) mathurå-i iva-s srughna-i pråkåra-s.  This is in con-
formity with the fact that Påˆini explicitly states that vati optionally follows a pada 
that is a value of tatra, that is, one that includes a seventh-triplet ending, and that such 
an ending is introduced in the context of deriving an utterance.  On the other hand, the 
optional affixation does not also allow a string in which both mathuvåvat and iva oc-
cur: the suffix vati takes on the meaning of the particle, which is not used.  Accord-
ingly, the taddhita derivate may correctly be considered to reenter the derivation.  
Nevertheless, one cannot conclude that the formation of such a derivate takes place in 
any lexicon that is totally separate from the syntactic machinery. 

4  Summary 
In Påˆini’s system, padas of utterances are accounted for through a derivational pro-
cedure that starts from meaning conditions involving related actions and participants 
that serve to accomplish actions (kåraka) as well as things related to each other.  It is 
undeniable

 
that

 
he

 
thereby

 
adopts

 
the

 
viewpoint

 
that

 
the

 
derivational

 
system

 
serves

 
to

 

                                                             
109 I have not taken up obligatory compounds; these call for special discussion, the details of 

which cannot be dealt with here. 
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form utterances (våkyasa≤skåra), not isolated words (pada) that are then strung to-
gether to form utterances (see §§1.2-1.4).  Moreover, Påˆini’s derivational system 
may be aptly described as a continuum.  Starting from meaning and cooccurrence 
conditions that determine the introduction of affixes to bases (§2.1), initial strings like 
(35) (§2.2.3.2) are formed.  With the subsequent application of additional affixation 
and replacement rules, final strings like (20) (§2.2.2.1) are derived.  The Påˆinian 
derivational system does not absolutely separate morphology as a distinct component 
totally independent of syntax.  On the contrary, what western grammarians call de-
clensional and conjugational morphology are part of syntactic derivation (§2.2.1), and 
what is commonly called derivational morphology is also generally incorporated in 
the syntactic machinery.  Thus, forms with what are called primary derivational af-
fixes and which Påˆini names k®t, such as the participial suffixes ktavatu and kta in 
forms like k®tavån and k®ta˙ of (21) and (23) (§2.2.2.1), are introduced in the course 
of syntactic derivation.  In addition, ‘secondary derivation affixes’, which Påˆini calls 
taddhita, are regularly introduced after padas—terms that contain endings introduced 
in syntactic derivation—and not after mere bases in a separate morphological compo-
nent (§2.2.2.2).  Further, compounds, such as råjapuru∑a- ‘king’s servant’ are formed 
from related padas such as råjan-as puru∑a-s of initial strings like (32) (§2.2.2.3), and 
it is proper to conclude that Påˆini posited distinct initial strings such as (32) råjan-as 
puru∑a-s pråsåda-i ni-s vas-l, (40) råjan-os puru∑a-s pråsåda-i ni-s vas-l, and (41) 
råjan-åm puru∑a-s pråsåda-i ni-s vas-l to account not only for utterances like (30) 
råjña˙ puru∑a˙ pråsåde ni vasati, (33) råjño˙ puru∑a˙ pråsåde ni vasati, (34) råjñåm 
puru∑a˙ pråsåde ni vasati but also for (31) råjapuru∑a˙ pråsåde ni vasati, in which 
the compound råjapuru∑a˙ occurs (§§2.2.2.3-2.2.3.3).  Although composition sup-
plies a new derived nominal base that enters into the derivation and receives a nomi-
nal ending, this operation does not take place in a separate morphological component 
but within the context of syntactic derivation.  Moreover, even the formation of cer-
tain items with feminine suffixes, such as tå of tasyåm in (53) tasyåm a†avyå≤ vat-
syåmi (§2.2.4), takes place within the syntactic machinery and not in a totally separate 
lexicon. 

In sum, Påˆini presents us with a derivational system in which a sharp dichotomy 
between what western grammarians call syntax and morphology is absent.  We have 
instead a beautifully integrated system accounting for utterances of Sanskrit. 

Abbreviations 
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Abstract. The descriptive technique of Pān. ini’s As.t.ādhyāȳı has deeply
influenced modern linguistic theory and practice. But Pān. ini had no
predetermined “theory of grammar”. The rich array of formal devices
and categories of his analysis emerge from nothing more than rigorously
making it as short as possible. I review the overall organization of his
grammar, the types of rules and the categories that they apply to, and the
principles which govern their application and interaction in the system.
I present in outline Pān. ini’s treatment of the major topics of Sanskrit
grammar: syntax, word-formation (primary and secondary derivation,
compounding), nominal and verbal inflection, and phonology. The anal-
ysis reveals that central aspects of what linguistics ascribes to Universal
Grammmar, including levels of representation, thematic roles, and rule
ordering, are motivated within the As.t.ādhyāȳı merely by the goal of
achieving maximum compression. This finding is itself of considerable
theoretical interest.

Keywords: Pān. ini, Sanskrit grammar, syntax, morphology, phonology,
simplicity, thematic roles, levels of representation, rule ordering.

1 Organization of the Grammar

1.1 Introduction

Pān. ini’s grammar is universally admired for its insightful analysis of Sanskrit.
In addition, some of its features have a more specialized appeal. Sanskritists
prize the completeness of its descriptive coverage of the spoken standard lan-
guage (bhās. ā) of Pān. ini’s time, and the often unique information it provides
on Vedic, regional and even sociolinguistic usage.1 Theoretical linguists of all
persuasions are in addition impressed by its remarkable conciseness, and by the
� This material was presented at the CIEFL conference on the Architecture of Gram-

mar organized by K.G. Vijayakrishnan and his colleagues in Hyderabad 15-17.1.2002,
and published as a little booklet on that occasion. Portions were also presented in
a series of lectures at UCLA in March 2002. My thanks to the audience at these
talks, as well as to Jan Houben and Gérard Huet for their thoughtful comments. I
am solely responsible for any remaining errors in this revised text.

1 Whitney’s attempt to discredit Pān. ini on matters of fact was almost unanimously
repudiated by Sanskritists (Bühler 1894, von Schroeder 1895, Thieme 1935). The
better we come to understand Pān. ini’s rules, the more their accuracy is vindicated
(see e.g. Kiparsky 1979:13.)
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rigorous consistency with which it deploys its semi-formalized metalanguage, a
grammatically and lexically regimented form of Sanskrit. Empiricists like Bloom-
field also admired it for another, more specific reason, namely that it is based
on nothing but very general principles such as simplicity, without prior com-
mitments to any scheme of “universal grammar”, or so it seems, and proceeds
from a strictly synchronic perspective. Generative linguists for their part have
marveled especially at its ingenious technical devices, and at 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 Pān. ini in the first place).

This universal admiration of Pān. ini poses a problem. Why do linguists who
don’t approve of each other nevertheless agree in extolling Pān. ini? Each school
of linguistics seems to fashion its own portrait of Pān. ini. In the following pages
I propose to reconcile the Bloomfieldian portrait of Pān. ini with the generative
one by showing how the grammar’s extremely rich formal principles and the-
matic groupings of rules emerge from nothing more than rigorously requiring
the description to be as simple as possible. To this end, I discuss some of the
aspects of the As.t.ādhyāȳı that are of particular linguistic interest. These include
insights into the organization of grammar, as well as descriptive generalizations
that either support or call into question certain contemporary theories. I will
begin with an exposition of some of the general features of the grammar and
then examine in turn its “syntax”, “morphology”, and “phonology”, on the un-
derstanding that these are themselves emergent constellations of rules rather
than predetermined components into which the description is organized.

Needless to say, this perspective compels me to be highly selective, and to set
aside a vast number of technical aspects that are crucial to a deeper understand-
ing of the system. Although the text of the grammar is probably preserved rather
well, it requires interpretation. Some of the principles that determine the appli-
cation of its rules are not stated in the grammar itself, and must be inferred. A
massive commentatorial tradition is concerned with just this, offering ingenious
(and it must be said, sometimes too ingenious) criticism and justification of the
wording of Pān. ini’s rules. Modern research is complementing this with a recon-
struction of Pān. ini’s grammatical thinking in historical perspective, with a view
to determining the structure of the grammar through internal analysis, using ac-
tual Sanskrit usage to help settle interpretive dilemmas about the precise intent
of rules, and gleaning additional hints from phonetics, ritual, and other related ar-
eas. In this field it is unfortunately impossible to avoid controversy, and the reader
should realize that practically everything that follows is subject to challenge.

A final note of caution before we move on. The fact that Pān. ini studied a single
language, with simplicity as the guiding principle of the analysis, has certain corol-
laries which must be appreciated if we are not to pass anachronistic judgments on
the grammar. Some formulations in the As.t.ādhyāȳı reflect what we might regard
as purely notational simplifications which do not correspond to any linguistically
significant generalizations. For example, the word order of rules is usually cho-
sen so as to maximize syllabic contraction between words. Almost all the genuine
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generalizations are there, but so are some spurious one. This is the inevitable result
of adopting a formal economy principle in the absence of cross-linguistic criteria
for determining the substantive content of notational conventions.

1.2 Components

The grammar has four distinct components:

a. As.t.ādhyāȳı: a system of about 4000 grammatical rules.
b. Śivasūtras: the inventory of phonological segments, partitioned by markers

(anubandhas) to allow classes of segments (pratyāhāras) to be designated by
a set of special conventions.

c. Dhātupāt.ha: a list of about 2000 verbal roots, with subclassification and
diacritic markers encoding their morphological and syntactic properties.

d. Gan. apāt.ha: a list of 261 lists of lexical items which are idiosyncratically
subject to certain rules. Some of the lists are open-ended, and (like the
Dhātupāt.ha) they have to some extent been modified by later grammarians.

The rules of the As.t.ādhyāȳı make reference to classes defined on the elements in
the other three components by means of conventions spelled out by rules of the
As.t.ādhyāȳı itself. Thus, while none of the components is intelligible in isolation,
together they constitute a complete integrated grammar and lexicon.

1.3 Levels

The rules of the As.t.ādhyāȳı fall into three broad classes, each of which effects a
mapping between what we (from a somewhat anachronistic modern perspective)
could see as different levels of representation. Thus, the grammar analyzes sen-
tences at a hierarchy of four levels of description, which are traversed by three
mappings in the direction from semantics to phonology (Kiparsky & Staal 1969,
Bronkhorst 1979, Joshi & Roodbergen 1980).

(1) (1) Semantic information

Assignment of kārakas (Th-roles) and of abstract tense

(2) Morphosyntactic
representation

Morphological spellout rules

(3) Abstract morphological
representation

Allomorphy and phonology

(4) Phonological output
form
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This is the top level of articulation of the grammar. Each part has a further
rich internal organization, as described below.

Extending and modifying a discussion by Houben 1999, I should like to
make more precise what the interface between the levels looks like, and why
it is directional. Consider the sentence whose output (phonological) form is
shown in (2):

(2) vánād grā́mam adyópétyaudaná āśvapaténā́ pāci
‘When Āśvapata came from the forest to the village today, he cooked some
rice.’
(literally:) ‘Having come. . . , rice was cooked by Ā.”

Retracing its derivation backwards, the morphological analysis is as follows (cap-
itals are silent diacritics that show grammatical properties):

(3) vána-N̄asI
forest-AblSg

grā́ma-am
village-AccSg

adyá
today

upa-ā-iN. -Ktvā
Prep-Prep-go-Abs

odaná-sU
rice-NomSg

áśva-páti-aN. -T. ā
A.-descendant-InstrSg

á-D. UpacAS. -CiN. -ta
Aug-cook-AorPass-3Sg

At the next higher, morphosyntactic level, the arguments are assigned thematic
roles (kārakas) and the root is assigned abstract tense, in this case lun̄ ‘aorist’:

(4) a. Sentence 1:
(1) vána ‘forest’: source (apādāna)
(2) grā́ma ‘village’: goal (karman)
(3) adyá ‘today’: temporal location (adhikaran. a, kāle)
(4) āśvapatá ‘descendant of Aśvapati ’: agent (kartr.)
(5) upa-ā-iN. +Ktvā ‘approach, reach’, absolutive

b. Sentence 2:
(1) odaná ‘rice’: goal (karman)
(2) āśvapatá ‘descendant of Aśvapati ’: agent (kartr.)
(3) D. UpacAS. +lun̄ ‘cook’, aorist tense

The derivation is initiated by constructing the morphosyntactic analysis (4) on
the basis of the ontology of the events and the speaker’s wish to express certain
features of it (vivaks. ā). This initial stage includes the following steps:

(5) a. The participant which is independent bears the role of agent (kartr.).
b. When there is a separation, the participant which is fixed bears the

source role (apādāna).
c. The participant which is primary target of the action bears the goal/

patient role (karman).
d. Roots denoting recent past events (events which have occurred previously

on the present day) are assigned Aorist tense (lun̄).
e. The suffix Ktvā is assigned (instead of aorist tense) to express to the

root denoting the prior event if it has the same agent as the posterior
event.

Formally, (5a-c) are definitions.
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The grammar is a device that starts from meaning information such as (5)
and incrementally builds up a complete interpreted sentence. A representation
at a given level can be mapped, usually in more than one way, into a representa-
tion at the next level, which incorporates all the information accumulated in the
derivation so far. For example, a given propositional content can be expressed
in several different ways at the next level as a semantically interpreted mor-
phosyntactic representation. The final result is a phonetic representation with
an associated full semantic, morphosyntactic, and morphological interpretation.

The mapping between each successive pair of levels is constrained by the rep-
resentations at those levels and at earlier levels. Later levels play no role. So,
the morphology-to-phonology mapping (level 3 → level 4) in (1)) responds to se-
mantic and syntactic factors (levels 1 and 2), but the semantics-to-morphosyntax
mapping (1 → 2 in (1)) never cares about phonology or morphology factors (lev-
els 3 and 4). And the morphosyntax-to-morphology mapping (2 → 3) is sensitive
to semantics (level 1), but not to phonology (level 4).

Moreover, the morphology/phonology mapping (3 → 4) differs fundamentally
from the others. It is the only one which allows destructive (non-monotonic)
operations such as substitution and deletion. Both morphological elements and
phonological segments may be replaced by other morphological elements or seg-
ments, or by zero. (The decision to treat allomorphy as replacement was a fateful
one, as we shall see.) These processes create extensive opacity, i.e. application of
rules in non-surface-true contexts, which forces use of a Pān. inian counterpart to
extrinsic ordering. In contrast, the mappings between the other levels are strictly
monotonic. For example, there are no processes which delete kārakas or abstract
tenses, or which replace one kāraka or abstract tense by another. In this system,
it is really true that “phonology is different” (Bromberger and Halle 1989).

The two asymmetries just outlined imply an intrinsic directionality of Pān. inian
derivations. They cannot run in the other direction, because the required informa-
tion about higher-level representations is not available at lower levels. Both the
top-to-bottom nature of conditions on rule application, and the non-monotonic
character of the morphology/phonologymapping, make derivations irrecoverable.

An example of the “top-down” kind of rule which does not occur would be:
“The agent of a gerundive is assigned genitive case if it bears initial accent.”
What does occur are phonological rules (3 → 4) which are sensitive to semantic
or thematic information (levels 1, 2), such as:

(6) 6.2.48 �� ���� ��	
�
tr.t̄ıyā
third-Nom

karman. i
karman-Loc

(45 kte ca) (6.2.1 prakr.tyā pūrvapadam)

‘The first member of a compound with a [deleted] instrumental case keeps
its original accent if the second member is a past participle that denotes the
Goal (i.e. passive)’

According to this rule, we have áhi-hata ‘killed by a snake’ (passive, initial accent),
but ratha-yātá ‘gone by cart’ (active, with default final accent). The morpholog-
ical representation of the compounds is parallel. Both have a first member in the
instrumental case, and a second member in the participle suffix -Kta.
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(7) a. ahi-T. ā
snake-Instr

han-Kta-sU
kill-PP-Nom

b. ratha-T. ā
cart-Instr

yā-Kta-sU
go-PP-Nom

They are differentiated only at the morphosyntactic level. In (7a), instrumen-
tal case expresses the agent role and the participle suffix -Kta expresses the
goal/patient role. In (7b), instrumental case expresses the instrument role and
the participle suffix -Kta expresses the agent role. Instrumental case expresses
either of these roles by rule (8):

(8) 2.3.18 ���	����
��� ����

kartr.karan. ayos
agent-instrument-LocDu

tr.t̄ıyā
third-Nom

‘The third (triplet of case endings) expresses kartr. or karan. a’.

After yā ‘go’, the suffix -Kta can be either active or passive (i.e., personal as
well as impersonal):

(9) 3.4.72 �����	��	�
l����� �������������	
����

gatyarthākarmakaślis.aś̄ın̄sthāsavasajanaruhaj̄ıryatibhyah.
go-meaning-intrans-ślis.a. . .AblPl

‘Kta expresses agent, process, and goal/patient, after verbs meaning “go”,
intransitives, ślis.a ‘embrace’, . . . ’

(How this works exactly will be explained in section 1.4.1.)
The upshot is that accent in this class of compounds depends not on the

morphology (not even on the abstract morphological representation prior to
the deletion of stem-internal case endings), but on the thematic relations that
the morphology expresses. Such examples constitute a potential challenge to
theories of grammar in which phonology is a module that does not have ac-
cess to thematic role information. A project for the future is to determine
whether such data can be reconciled with a modular view of grammar. In this
case, a solution might be to treat the accentuation of compounds as part of
their morphological composition, and to view the input to compounding as
a thematic/semantic representation (rather than as a syntactic structure, as
Pān. ini does).

The organization into “levels” described here flows from the strict adherence
to economy. It would be misleading to say that (1) reflects a “theory of gram-
mar”. It is just the simplest and most efficient way to describe the language.
We might want to take this as evidence that language is “really” organized that
way, but we would be taking that step on our own as theoretical linguists.

Like the levels themselves, the directionality was not necesarily assumed in
constructing the system either. More likely, it is another emergent property of
the analysis, which reflects a real asymmetry of language. Let us see how this
might be the case.
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1.4 How Simplicity Dictates the Form and Grouping of Rules

1.4.1 Headings and Gapping
Almost all technical aspects of the grammatical system are motivated ultimately
by the fundamental requirement of simplicity (economy, lāghava). Simplicity dic-
tates the formation of technical terms, many basic analytic decisions, and the
wording and grouping of rules. Consider the formation of patronymics — derived
nouns that designate a descendant of the person named by the base. A descen-
dant of Upagu is called Aupagavá, formed by the suffix -aN. , phonologically -a,
with a diacritic N. which causes vr.ddhi strengthening of the stem’s initial sylla-
ble; general rules accent the suffix, and truncate the stem-final -a before it. With
the other patronymic suffixes, -aN. constitutes a subclass of taddhita suffixes (‘sec-
ondary’ denominal derivational suffixes), which share a number of properties: they
are added to nominal stems (prātipadikas), and they are optional, in the sense that
there is a synonymous analytic expression: Aupagavá is synonymous with Upagor
apatyam ‘Upagu’s descendant’. Taddhita suffixes in turn are a subclass of suffixes
(pratyaya), which share some more general properties, such as being placed after
the base, and being accented (in the default case). Finally, suffixation is a subtype
of word-formation, and all such processes share the property of applying only to se-
mantically related elements: the two conjoined phrases kambalam upagor, apatyam.
devadattasya ‘the blanket of Upagu, the descendant of Devadatta’ do not corre-
spond to *kambalam Aupagavo devadattasya ‘the blanket Aupagava Devadatta’.

Such shared properties are not repeated for each suffixation rule; they are
stated just once in a heading with the appropriate scope. Suffixes — essentially
the items introduced in books 3–5 of the grammar — are governed by the head-
ings (10) and (11).

(10) 3.1.1 pr����
pratyayah.
suffix-Nom
‘(an item introduced in the rules up to the end of 5) is (termed) pratyaya
“suffix”’

(11) 3.1.2  �c
paraś
following-Nom

ca
and

‘and (an item introduced in the rules up to the end of 5) follows’

(12) 3.1.3 a�dy# $�ttc
ādyudāttaś
initial-accent-Nom

ca
and

‘and has initial accent’

Rule [12] causes suffixed forms to be accented on the first syllable of their (last
added) suffix. This is merely the default case which is realized if none of the more
specific accent rules is applicable. There are many classes of suffixes with special
accentual properties and many special rules for the accentuation of compounds
and other derived words, which have priority over [12].

The other, more specific properties of taddhita suffixes and of their patronymic
subclass are specified by rules that head the rules that introduce these elements.
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(13) 4.1.1 y�'pr�
� 
$����
n̄yāpprātipadikāt
N̄ı̄-āP-stem-Abl
‘after (an item ending in the feminine suffixes) N̄ı̄, āP, or (after) a nominal
stem’

(14) 4.1.76 �
d���
taddhitāh.
taddhita-NomPl
‘denominal suffixes’

(15) 4.1.82 ����	��) pr���dv�
samarthānām.
semantically-related-GenPl

prathamād
first-Abl

vā
optionally

‘After the first semantically related stem [marked by a pronoun in the
genitive case in each rule], optionally [preferably].’

All these headings contribute to the rule that suffixes -aN. :

(16) 4.1.83 pr�+$�,��
 -��
prāg
up-to

d̄ıvyato
d̄ıvyati-Abl

‘n.
aN. -Nom

‘Up to rule 4.4.2, the accented taddhita suffix aN. is added after the first
semantically related nominal stem [marked by a pronoun in the genitive
case in each rule].’

The meaning of aN. is specified separately in a later rule. Since most taddhita
suffixes are polysemous, and complex sets of meanings may be shared by several
suffixes, the assignment of meanings to taddhitas is decoupled from their affix-
ation. The meaning rules are interspersed with the suffixation rules in such a
way as to permit the maximally simple wording of each. For example, the basic
meaning of the several patronymic suffixes is assigned jointly by rule (17):

(17) 4.1.92 ���� ����
tasyāpatyam
his descendant
‘(The suffixes aN. etc.) denote ‘descendant’ [of the stem corresponding to
the genitive pronoun in the rule].’

It should be clear from these examples that the rules in text as it stands are not
intelligible on their own. Rather, a rule is a condensed formulation from which a
complete rule may be constructed by following certain interpretive procedures.

Throughout the grammar, rules of the same type are grouped together and
the expressions which they have in common are omitted from each individual
rule and stated once and for all as a heading at the beginning of the group.
Every rule that comes under the heading must then be understood as implic-
itly including the expression in the heading, in so far as it is compatible with
the rule’s wording. Such major headings divide the As.t.ādhyāȳı into overlapping
topical sections. In principle any shared property (trigger, target, intervening
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element, other conditions) may be the basis for such a grouping of rules. For the
phonological rules, for example, the most important headings have to do with
two kinds of shared properties: the domains in which rules are applicable, and
the interaction of rules in derivations.

Rules get their full meaning not just from special headings, but from other
ordinary derivational rules, by a technical generalization of the “gapping” pro-
cesses of natural language (anuvr. tti, Joshi and Bhate 1984).

(18) Gapping: An element of a rule is continued in the next rule if it is com-
patible with it. When an element is discontinued, all its modifiers are also
discontinued.

Since gapping requires adjacency, related rules must be grouped together so that
their shared parts can be factored out.

1.4.2 Blocking
Simplicity leads directly to another device which determines the organization of
the whole grammar, blocking (utsarga/apavāda). By convention, special rules
block incompatible general rules, which allows a simpler (and more natural)
wording of the general rule.

(19) Blocking: If the domain of rule A is properly included in the domain of
rule B, and both rules cannot apply, then A blocks rule B in the overlapping
domain.

The rules so related need not be grouped together in the grammar. The grouping
of rules is instead designed to maximize gapping and the generality of headings.
In this way, there emerges a clear topical organization of the grammar. E.g.
suffixation processes occupy a continuous block of rules (books 3-5 in the con-
ventional numbering scheme, which is probably not original).

To see the interplay between gapping and blocking in topical groups of rules
on a small scale we turn again to -aN. . It is just the most general (“elsewhere”)
patronymic suffix. Various classes of stems require other patronymic suffixes in
their place, which have the same meanings and all the other general properties
that we listed. For example, a class of stems, among them those ending in -pati
‘lord’, form their patronymics with the suffix -N. ya, e.g. Prajāpati → Prājāpatyá.
This exception has in turn an exception: a class of compounds in -pati, listed
in the Gan. apāt.ha, require not -N. ya, but -aN. again, e.g. Aśvapati → Āśvapatá.
Since these rules all come under the sway of (10)–(17), they must be grouped
together in their scope. Maximal concision is achieved by grouping together the
two -aN. rules, the general case and the exception to the exception, followed by
the -N. ya rule, the first-order exception. That way -aN. has to be repeated just
once. So in the grammar rule (16) is immediately followed by:

(20) 4.1.84 av ���
$��c
aśvapatyādibhyaś
‘Aśvapati-etc.-Abl

ca (83 aN. ) (82 samarthānām. . . . ) . . .

‘The taddhita suffix -aN. is also added after the first syntactically related
stem which belongs to the class Aśvapati etc.’ [Exception to 4.1.85].
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(21) 4.1.85 
$��
$
�a�
$�� ��# tt� $�//��
dityaditiādityapatyuttarapadān.
diti-aditi-āditya-pati-second-word-Abl

n.yah.
n.ya-Nom

(82 samarthānām. . . . )

. . .

‘The taddhita suffix -N. ya is added after the first syntactically related stems
Diti . . . and after compounds in -pati.’

The example seems absurdly simple, but it represents a common situation that
already exceeds the expressive power of some modern theories designed to deal
with networks of related morphological processes and “elsewhere” relations. The
device of inheritance hierarchies, for example, establishes a nesting of subclasses,
where each class specifies its own special properties and otherwise inherits the
properties of its mother class by default. In such a hierarchy, the suffix -aN. and
its properties must be listed twice (Deo 2007).

(22) -aN.

-N. ya

-aN.

The -aN. that is an exception-to-an-exception cannot inherit its properties from
the regular (default) -aN. at the top of the hierarchy across the intervening -N. ya,
so the fact that the two -aN. s are identical in all their morphological idiosyn-
crasies is an accident.

Morphologists have identified two types of blocking, formal and semantic.
In formal blocking, a morphological process, typically paradigmatic, is blocked
by the existence of a more specific process that conveys the same meaning, as in
our patronymic example. (An English illustration is the blocking of word-level
plural *mans by the stem-level plural men.) In semantic blocking, a word with
a specialized meaning delimits the meaning of a (formally related or unrelated)
derived word. The instrumental meaning of -er, which is blocked by the exis-
tence of a more specialized word denoting the instrument. E.g. a cutter is any
cutting implement other than a knife, scissors, adze, chisel, axe, or other spe-
cially designated item, and a sweeper is any sweeping implement other than a
broom, brush, or other specially designated item. In modern Greek, the regular
diminutive/hypocoristic meaning of the productive suffix -aki is blocked by id-
iomatic meanings of words in -aki : because sakaki means ‘coat’, its compositional
meaning ‘little sack’ is blocked.

For Pān. ini, formal and semantic blocking are not symmetrical. Since affixes
expressing the same meaning compete with each other, formal blocking is an au-
tomatic consequence of the principles of the grammar. Therefore, where blocking
does not actually obtain — that is, when there in fact are two derivatives with the
same meaning — the rule introducing one of them must be explicitly designated
as optional. In the case of semantic blocking, the default is just the opposite,
for meanings do not formally compete with each other in the system. Therefore,
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when semantic blocking actually obtains, a special rule or condition is required.
For example, the intensive suffix yaN̄ is added to roots to express repetition
(kriyāsamabhihāra, 3.1.23). With certain roots, yaN̄ is added in an idiomatic
meaning: with roots meaning ‘go’ it denotes a crooked manner, e.g. can̄kramyate
‘meanders’ (3.1.24), and with roots such as lup ‘cut’, sad ‘sit’ it denotes a sloppy
manner, e.g. sāsadyate ‘slouches’. The point is that these special meanings block
the general meaning of the intensive: can̄kramyate and sāsadyate do not mean
‘goes repeatedly’, ‘sits repeatedly’. Such semantic blocking is readily handled
in Pān. ini’s grammar, but requires an extra effort (in this case, the mention of
nityam in the rule). A more central and systematic case of semantic blocking is
the disjunctive assignment of thematic roles discussed below.

Collective blocking generalizes the blocking relation between special and
general rules from pairs of rules to sets of arbitrary size. Blocking is then induced
not only by a domain inclusion relationship between two rules, but also by a
domain inclusion relationship between a rule and a set of rules.

(23) Collective blocking: If the domain of rule A is properly included in
the union of the domains of a set of rules R = {R1, R2, . . . Rn}, A blocks
each of the rules in R.

So rule A blocks both B and C below:

B A AB C

Regular blocking Collective blocking

An example of collective blocking are the rules that resolve sequences of adja-
cent vowels in close contact. (24) shows three processes, glide formation (rule (25)),
monophthongization (rule (26)), and contraction (rule (27)), stated directly below:

(24) adya iha apāci odanah. → adyehāpācyodanah. ‘the rice was cooked here to-
day’

(25) 6.1.77 i�
 ��
0
iko
ik -Gen

yan.
yan. -Gen

aci
ac-Loc

(72 sam. hitāyām)

‘i, u, r. , l. → y, v, r, l before a vowel, in close contact.’
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(26) 6.1.87 a�dg# ��
ād
a-Abl

gun. ah.
gun. a-Nom

(77 aci) (72 sam. hitāyām)

‘a (short or long) and a vowel are (together) replaced by gun. a (a, e, o), in
close contact.’

(27) 6.1.101 a�� ���2	 $�3	�
akah.
aK -Gen

savarn. e
same-color-Loc

d̄ırghah.
long-Nom

(84 ekah. pūrvaparayoh. ) (72

sam. hitāyām)

‘aK (a, i, u, r. , l.) and a following vowel of the same color are (together)
replaced by a long vowel, in close contact.’

There is no proper inclusion relationship between the environments of any two
of the three rules [25], [26], and [27]. Rules [25] and [27] overlap for i+i, u+u,
[26] and [27] overlap for a+a, and [25] and [26] have no common domain. If the
rules are taken pairwise, there is no possibility of blocking here. But if we take
the three rules together, it is evident that the input to [27] is a proper subset of
the combined inputs to [25] and [26]. From this point of view, [27] has no domain
of its own, and by generalized blocking should set aside each of the other two
rules in their respective shared domains. This is the correct result, for it is true
that [27] always wins both over [26] (a+a → ā, not a) and over [25] (i+i → ı̄,
not yi).

These three rules are merely the top nodes of an intricate blocking hierarchy.
The principal restriction on (26) is (28).

(28) 6.1.88 �� 
d�2
0
vr.ddhir
a-Abl

eci
gun. a-Nom

(87 ād) (72 sam. hitāyām)

‘a (short or long) and e, o, ai, au are (together) replaced by vr.ddhi (ā, ai,
au), in close contact.’

E.g. upetya odanah. → upetyaudanah. (see (2)). (28) is in turn blocked by (29):

(29) 6.1.94 e
�  �4 ��
en̄i
en̄-Loc

pararūpam
following-form-Nom

(91 upasargāt, dhātau) (87 āt) (72

sam. hitāyām)

‘a (short or long) followed by e or o in a root are (together) replaced by
the second vowel.’

For example, upa-elayati → upelayati (*upailayati). But (29) is itself blocked by
(30):
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(30) 6.1.89 e��25��6 7� �#
etyedhatyūt.hsu
eti-edhati-ūT. h-LocPl

(88 vr.ddhih. ) (87 āt) (72 sam. hitāyām)

‘a (short or long) and e, o, ai, au in (the roots of the verbs) eti-edhati and
in (the replacement) ūT. h are (together) replaced by vr.ddhi (ā, ai, au), in
close contact.’

E.g. upa-eti → upaiti (*upeti). Finally, (31) blocks (30):

(31) 6.1.95 a
���
c
omān̄oś
om-āN̄ -LocDu

ca
and

(94 en̄i pararūpam) (87 āt) (72 sam. hitāyām)

‘a (short or long) with (the first e or o of) om or āN̄ are (together) replaced
by the second vowel.’

E.g. upa-ā-itya → upetya (*upaitya) (see (2)).
By a similar reasoning, rule (32) collectively blocks rules (27) and (26), the

latter vacuously.

(32) 6.1.97 a�
 �# �2
ato
aT. -Gen

gun. e
gun. a-Loc

(96 apadāntāt) (72 sam. hitāyām)

‘Short non-final a followed by gun. a (a, e or o) are (together) replaced by
the second vowel.’

This gives e.g. grāma-am → grāmam in (2).

1.5 Word Integrity

The integrity of words appears not only in word-formation processes (p. 39,
and see also (137) below), but also in phonology. The general principle is that
phonological processes across word boundaries are “invisible” (asiddha) to word-
internal phonological processes. This has two aspects. Phonological processes
applicable within words have priority over phonological processes applying to
combinations of words. And when the application of a process to a combination
of words creates the conditions for the application of a process within a word, the
word-internal process does not apply. (Translated into rule ordering terminology:
rule applications across word boundaries do not feed or bleed rule applications
inside words.) Let us illustrate these points with the phonological rules just
discussed. The following pairs of words each show the sequence a i i, but it is
resolved in two different ways depending on where the word boundary comes.

(33) a. a+yaj+a+i indra-am → ayaja indram
b. atra i+ij+atuh. → atrejatuh.

The right results are obtained if word-internal applications of the rules are given
precedence over applications across word boundaries.
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(34) Correct derivation of á-yaj-a indram ‘I sacrificed to Indra’
á-yaj-a-i indra-am
á-yaj-e indra-am (26) 6.1.87 ād gun. ah.
á-yaj-a indram (32) other rules

(35) Wrong derivation:
á-yaj-a-i indra-am
á-yaj-a ı̄ndram (27) 6.1.101 akah. savarn. e d̄ırghah. ,

(32) 6.1.97 ato gun. e
*á-yaj-endram (26) 6.1.87 ād gun. ah.

The following example shows how phrase phonology does not feed word phonol-
ogy. By 7.4.59 hrasvah. , the vowel of a reduplicant is shortened. By the general
convention 1.1.48 eca ig ghrasvādeśe, when e is shortened it becomes i. (36)
shows that the e which arises by sandhi (which is part of both words by the
convention 6.1.85 antādivacca) does not shorten:

(36) Right and wrong derivations for ‘he sacrificed here’
atra i-yā́ j-a
atreyā́ ja (correct output) (26) 6.1.87 ād gun. ah.

*atriyā́ ja 7.4.59 hrasvah.

Similarly, from pacāva idam ‘let us two cook this!’ the vowel contraction rule
ād gun. ah. derives pacāvedam, where the e does not undergo rule 3.4.93 eta ai,
which turns e into ai in imperative suffixes (as in 1.Du. pacāvahai).

(37) Right and wrong derivations for ‘let us two cook this!’
pácāva idam
pácāvedam (correct output) (26) 6.1.87 ād gun. ah.

*pácāvaidam 3.4.93 eta ai

1.6 The Siddha-Principle

The fundamental principle governing the interaction of rules in the grammar is
the siddha-principle:

(38) ��	8 
�d���
sarvatra
everywhere

siddhavat
effected-like

‘(Any rule) is treated as having taken effect when applying any (rule).’

The siddha-principle has a positive and a negative aspect. The positive aspect
is that, if A creates inputs to B, the effects of A are taken into consideration
when applying B (in traditional terminology, ādeśalaks.an. abhāva ‘giving scope
to an operation conditioned by the input’; in ordering terminology, A takes
effect before B, feeding order). The negative aspect is that, if A deprives
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B of inputs, the effects of A are also taken into consideration when applying B
(utsargalaks.an. apratis.edha ‘prohibition of an operation conditioned by the input’,
or equivalently, A precedes B, bleeding order). What the siddha-principle says
is that rules interact in a transparent way, under the slogan “environment-
changing rules first”.

The asiddha relation can be defined as follows.

(39) In a derivation where rules A and B are applied to φ in that order, rule A
is asiddha if and only if the result is identical to the result of applying A
and B to φ simultaneously, and distinct from the result of applying them
to φ in the opposite order.

The siddha-principle is a default principle which can be defeated at cost. The
usual method of defeating it is to declare a rule asiddha ‘(treated as) not having
taken effect, suspended, invisible’ with respect to the rule that it makes opaque.
In a smaller group of cases, where bleeding must be blocked but feeding is still
allowed, a different method is used: the output of the opacity-causing rule is
declared to be sthānivat ‘(treated) like the input’.

Most rules which must be prevented from feeding or bleeding other rules
are collected into two special sections whose headings stipulate asiddhatva (the
asiddha property) for all of them. The most important group extends from 8.2.1
though the last three sections of the grammar, and is called the Tripād̄ı ‘Three
Sections’. It is headed by one of the most famous rules of the As.t.ādhyāȳı:

(40) 8.2.1  6 �	8�
�d��
pūrvatrāsiddham
before non-effected
‘(any rule in this section is treated as) not having taken effect when applying
any previous (rule of the grammar)’

The effect of (40) is to fix the application of the rules in the last three books
to the order in which they are enumerated in the grammar (modulo blocking of
general rules by special rules). The rules in this section, therefore, are organized
like the rules of a classical generative phonology.

For example, in the derivation of Instr.Pl. rājan-bhis → rājabhih. ‘by the kings’,
the final -n of the underlying stem rājan- is deleted by rule (41).

(41) 8.2.7 �9
 � pr�
� 
$��:���
nalopah.
n-null-Nom

prātipadikāntasya
stem-end-Gen

(8.1.16 padasya)

‘stem-final n is deleted (at the end of a word)’

Rule 7.1.9 substitutes the suffix -ais for -bhis after short a, e.g. vr.ks.a-bhis →
vr.ks.a-ais (→ vr.ks.aih. ) ‘by the trees’. Because (41) is in the Tripād̄ı section and
rule 7.1.9 is outside the Tripād̄ı section, (40) correctly blocks (41) from feeding
7.1.9 in rājabhih. .



48 P. Kiparsky

In the derivation of pakva ‘cooked’ from underlying pac-Kta, two processes
are applicable. Rule 8.2.52 requires the replacement of -ta by -va after the root
pac, and 8.2.30 requires substitution of the root-final -c by -k when an obstruent
follows. If -ta → -va applied first, it would bleed -c → -k, yielding the wrong
form *pacva. In order to ensure that the suffix change ‘does not count’ with
respect to -c → -k, it is placed after it in the Tripād̄ı. It is thereby asiddha with
respect to it, i.e. it fails to bleed it. In this way, both types of opacity can be
dealt with by designating a rule as asiddha.

Other ways to defeat the siddha-principle will be discussed below.
Let us note here that the siddha-principle actually extends beyond the order-

ing relations of feeding and bleeding. The following example serves to illustrate
the point. In the derivation of susyūs.ati ‘wants to sew’, the input siv+sa+ti
(underlying s. ivU+saN+tiP) is subject both to replacement of v by ū (by 6.4.19
chvoh. śūd. anunāsike ca) and to reduplication (copying of the root by 6.1.9
sanyan̄oh. ). The siddha-principle tells us (correctly) that the the replacement
of v by ū takes effect “before” the copying of the root: siv+sa+ti → syū+sa+ti
→ syū+syū+sa+ti (→ sus.yūs.ati by other rules). The reverse procedure would
have resulted in the wrong form: siv+sa+ti → siv+siv+sa+ti (→ *sis.yūs.ati
by other rules). There is no question of feeding or bleeding here, but the order
of application is transparent whereas the reverse order would be opaque. The
reader may wish to check that (38) has the correct effect. Reduplication is done
on the base where v has been replaced by ū, and conversely (but irrelevantly,
in this case) the replacement of v by ū is done on the reduplicated form. This
results in the correct output.

2 Syntax

2.1 Pān. ini’s Treatment of Clausal Syntax

Pān. ini accounts for sentence structure by a set of grammatical categories which
allow syntactic relationship to be represented as identity at the appropriate level
of abstraction. Unlike the phonology and morphology of the As.t.ādhyāȳı, the
syntax is strictly structure-building. There is no deletion in the syntax, and no
movement. Passive sentences are not derived from actives, and nominalizations
are not derived from sentences. They are in fact generated in parallel by the
same rules in a way which permits their structural parallelism to be captured to
the fullest extent.

The pivotal syntactic categories are the kārakas. Kārakas are roles, or func-
tions, assigned to nominal expressions in relation to a verbal root. They are
systematically related to semantic categories, but the correspondence is not one-
to-one. One kāraka can correspond to several semantic relations and one seman-
tic relation can correspond to several kārakas. These correspondences are duly
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stated in the grammar. Kārakas in turn are the categories in terms of which the
assignment of case and other morphological elements is formulated.

(42) Meaning Thematic Role Morphology

Instrument instrumental
‘most effective means’

Goal/Patient accusative (with some verbs)

accusative
‘agent’s main target’ Goal/Patient

instrumental (with some verbs)

The grammar does not specify any constraints on the order of words in a sen-
tence. This is not surprising since Sanskrit is a “free word order language”, even
though it is clear that not every permutation of words in a sentence is equally
felicitous and that there do exist constraints on scrambling, even though they
are poorly understood. For example, the constituents of non-finite complements
and adjuncts may not be freely scrambled with their containing clauses. Gérard
Huet (p.c.) points out that word order seems to be important for quantification.
Even more regrettable from the viewpoint of a modern syntactician is that the
grammar is silent on the conditions under which anaphoric elements are bound.

Control relations, such as the determination of the understood agent of infini-
tives and participles, are stated by means of coreference conditions. There is no
question of deletion, or of designated null elements as in many modern tratments
of these constructions.

Pān. ini does, however, assume a process of ellipsis, according to which words
which are obvious from the context can be omitted. Although ellipsis is an ex-
tragrammatical process which is not stated as a rule of grammar, Pān. ini has
carefully considered the consequences of this process for his grammatical system
and explicitly taken account of them in several syntactic rules of his system.

2.2 Linking and Kārakas

Pān. ini’s grammar represents a sentence as a little drama consisting of an action
with different participants, which are classified into role types called kārakas.
There are six of them: Agent (kartr. ), Goal (karman), Recipient (sam. pradāna),
Instrument (karan. a), Locative (adhikaran. a), and Source (apādāna).) Some kāra-
kas correspond to more than one semantic role and some semantic roles cor-
respond to more than one kāraka). Thus, in the grammatical derivation, the
kārakas mediate between meaning and morphosyntactic surface structure. The
grammar provides a set of explicit rules which interprets them semantically and
it also contains explicit rules which in turn relate them to various morphosyn-
tactic elements that express them.

Here is the basic paradigm:2

2 To make it easier to follow, I omit sandhi here, writing e.g. pacati odanam for pacaty
odanam.
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Sentences Nominals
Active:
kr
˚
s.n. a-h. pac-a-ti odan-am

Krishna-Nom cook-3Sg rice-Acc
‘Krishna cooks rice’

kr
˚
s.n. a-h. pāc-aka-h. odana-sya

Krishna-Nom cook-Ag-Nom rice-Gen
‘Krishna (is) a cooker of rice’

kr
˚
s.n. a-h. svap-iti

Krishna-Nom sleep-3Sg
‘Krishna sleeps’

kr
˚
s.n. a-h. svap-itr

˚
-∅

Krishna-Nom sleep-Agent-Nom
‘Krishna (is) a sleeper’

Passive:
kr
˚
s.n. -ena pac-ya-te odana-h.

Krishna-Ins cook-Pass-3Sg rice-Nom
‘Rice is cooked by Krishna’

kr
˚
s.n. -ena pak-va-h. odana-h.

Krishna-Ins cook-PP-Nom rice-Nom
‘Rice cooked by Krishna’

Stative:
kr
˚
s.n. -ena pak-ti-h. odana-sya

Krishna-Ins cook-Proc-Nom rice-Gen
‘Krishna’s cooking (of rice)’

kr
˚
s.n. -ena sup-ya-te

Krishna-Ins sleep-Pass-3Sg
‘Krishna sleeps’ (impers. pass.)

kr
˚
s.n. a-sya svap-na-h.

Krishna-Gen sleep-Proc-Nom
‘Krishna’s sleep’

What is the relationbetween the active, passive, and stative constructions? And
what is the relation between the structure of sentences and the structure of nom-
inals? Pān. ini’s solution is non-derivational on both counts. It introduces a set of
grammatical categories in terms of which the related structures can be represented
as identical at the appropriate level of abstraction. Actives and passives, sentences
and nominals, are alternative realizations of the same underlying relational struc-
ture; their derivation is just parallel but — aside from morphological details —
identical. In this respect Pān. ini’s grammar represents a pure form of lexicalism.

The crucial categories used in this abstract level of representation are the
kārakas. The basic principles governing the relation between kārakas and mor-
phosyntactic surface structure are:

(43) a. Every kāraka must be “expressed” (abhihita) by a morphological ele-
ment.

b. No kāraka can be expressed by more than one morphological element.
c. Every morphological element must express something.

“Expression” (abhidhāna) is thus a three-place relation, so this is a licensing
approach akin to some modern “linking” theories of clause structure, rather
than simply a mapping of two levels. It was, in fact, the inspiration for the first
modern formulation of linking theory (Ostler 1979).

Formally, the one-to-one relation between roles and their morphological expres-
sion is given by the heading (44), which remains in force until the end of 2.3.
(44) 2.3.1 a�
;
��2

anabhihite
unexpressed-Loc
‘if not (already) expressed’
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The derivation of a sentence proceeds as follows. The lexicon associated with
the grammar contains a list of verb roots (dhātu) and a list of nominal stems
that are considered to be underived (prātipadika). The derivation is initiated by
selecting items from the lexicon and deciding upon a semantic relation between
them. The verb’s tense is chosen on the basis of the intended time reference
(present tense for ongoing time, in these examples, though the full system is
quite complex), and grammatical number is assigned to nominal expressions
on the basis of how many things they are intended to refer to (in the present
example, singular). The participants are assigned their role types; in this case,
Agent (kartr.) and Goal (karman). Their semantic correlates in these examples
are straightforward.

The functions specified for the morphological elements include the following:

(45) a. Instrumental case expresses the Agent and Instrument roles.
b. Accusative case expresses the Goal/Patient role.
c. Active verb endings express the Agent role.
d. Passive verb endings express the Goal/Patient role if the verb has one,

otherwise the Process (bhāva).
e. Nominalizing suffixes express the Agent (e.g. -aka), the Goal/Patient

(e.g. the Passive Participle), or the Process (e.g. -ti).

(46) 1.4.49 ��#	��
'����) ��	
kartur
agent-Gen

ı̄psitatamam.
most-aimed-at-Nom

karma
karman

‘the primary goal of the kartr. ‘agent’ is called karman’.

The word ı̄psitatama is the superlative of ı̄psita (cf. 1.4.26, 36), which is the past
participle of ı̄ps, the desiderative of āp ‘attain’, so it means ‘primary goal’.

The basic expression of karman is either the accusative case or the finite verb
endings (la):

(47) 2.3.2 ��	
� 
dv����
karman. i
karman-Loc

dvit̄ıyā
second-Nom

‘the second (triplet of case endings) expresses karman’.

(48) 3.4.69 9� ��	
� 0 ;��2 0���	�2���
lah.
la-Nom

karman. i
karman-Loc

ca
and

bhāve
process-Loc

cākarmakebhyah.
and intransitive-AblPl

(67 kartari)

‘la expresses kartr. , karman, or, after (roots) having no karman (intransi-
tives), process.’

Depending on which option is chosen in [48], active or passive sentences are
derived.

(49) 1.4.54 ���:8� ���	
svatantrah.
independent-Nom

kartā
agent-Nom

‘the independent one is called kartr. .’
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The basic expression of kartr. is either instrumental case by [8], or verb inflection
by [48]. If the option of expressing the kartr. role by the verb endings is chosen,
the kartr. itself is inflected in the nominative case by [50]:3

(50) 2.3.46 pr�
� 
$���	
9g 
�����0���82 pr���
prātipadikārthalin̄gaparimān. avacanamātre
stem-meaning-gender-number-only-Loc

prathamā
first-Nom

‘the first case expresses only the gender and number of what the word’s
stem denotes’

E.g. devadattah. pacati ‘D. cooks’, sthāl̄ı pacati ‘the pot cooks’, agnih. pacati ‘the
fire cooks’. Kātyāyana and Patañjali observe that the kartr. ’s independence is a
relative matter and has to do with how the speaker wants to present a situation.
Thus, in sthāl̄ı pacati there is presumably a human agent of cooking at work
but since he is not mentioned in the sentence the pot comes to be the inde-
pendent agent from a grammatical point of view. In pācayaty odanam. devadatto
yajñadattena ‘D. makes Y. cook rice’, Yajñadatta is independent relative to the
act of cooking even though he is in turn prompted by a causer (hetu), see [51]:

(51) 1.4.55 ��pr�
��
 �2�# c
tatprayojako
that-prompter-Nom

hetuś
hetu-Nom

ca
and

‘the prompter of that (viz. of the kartr.) is called kartr. and also hetu ‘cause’.

We will diagram the way roles are expressed by morphology by means of lines
linking the verb with the nominals bearing its roles. The morphological element
that “expresses” the role is boxed, and subscripted with the name of the role.
For example, in [52] the connection line on top shows that the verb inflection -ti
expresses that Krishna is the Agent of pacati “cooks”, and the one below shows
that the accusative ending -am expresses that odana “rice” is the Goal/Patient
of pacati “cooks”.

(52) kr.s.n. ah. paca ti AGENT odan am GOAL ‘Krishna cooks rice’

The three mutually exclusive choices available for verb endings (see [45c,d,e])
give rise to respectively the active, passive, and stative sentences and nominals.

Suppose we choose the first option, of having them express the Agent. In
that case, they will be spelled out as the appropriate ending of the active voice,
which will ultimately yield pacati. The spell-out rules for kārakas then assign the
correct case pattern as follows. By the leading principle (43) that each kāraka
must be expressed, and no kāraka may be expressed more than once, since Kr-
ishna’s Agent role is already expressed by the present tense, this role may not
be expressed by an instrumental case on the noun. Krishna is therefore assigned
nominative case, which does not express any thematic role. And since the present
3 This is a non-traditional interpretation but it is the one accepted by most modern

scholars.
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tense expresses the Agent role, it cannot also express the Goal function of odana
“rice”. Since this role must be expressed, an accusative case ending on the nom-
inal is therefore obligatory.

The passive is generated if we instead choose the option of having the verb
morphology express the Goal role of odana “rice”. In that case, odana must get
nominative case (for if the accusative were chosen, the role would be expressed
twice, which is forbidden by (43b)). The Agent function of kr.s.n. a must now be
expressed by the instrumental ending, which is -ena:

(53) kr.s.n. ena AGENT pacya te GOAL odanah. ‘Rice is cooked by Krishna’

The statives are generated by choosing the third option, of having the tense
express, not one of the verb’s roles, but the verbal “Process” itself. The Agent
must then be expressed by the instrumental case ending. For finite verbs, this
structure is not available if the verb is transitive (has a Goal).

(54) kr.s.n. ena AGENT supya te PROCESS ‘Krishna sleeps’ (impers. pass.)

The analysis of the corresponding active, passive, and stative nominalizations
is entirely parallel to that of the sentences:

(55) kr.s.n. ah. pāc aka AGENT odana sya GOAL ‘Krishna (is) a cooker of rice’

(56) kr.s.n. ena AGENT pak va GOAL odanah. ‘Rice (is) cooked by Krishna’

(57) kr.s.n. ena AGENT pak ti PROCESS-h. odana sya GOAL ‘The cooking of rice
by Krishna’

(58) kr.s.n. a sya AGENT svap na PROCESS-h. ‘Krishna’s sleep’

2.3 Logical and Grammatical Subject

The concepts “subject” and “object” as such play no role whatsoever in Pān. ini’s
grammar. We have already seen that there is nothing like a rule that says “the
subject is assigned nominative case”, or “the object gets accusative case”. Then
what about the other phenomena which Western grammatical descriptions anal-
yse by means of those grammatical relations, specifically: (1) subject-verb agree-
ment, (2) anaphora, (3) control of PRO. How does Pān. ini cope with them with-
out invoking the subject relation?
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2.3.1 Agreement
From the perspective of Western grammar, the verb agrees with the grammatical
subject. The system of licensing already described provides an ingenious and
simple formulation, and better descriptive coverage. The agreement pattern in
active, passive, and stative sentences is shown in [59]:

(59) a. aham pac-ā-mi odana-m
I-Nom cook-1Sg rice-Acc
‘I cook rice’

b. aham svap-imi
I-Nom sleep-1Sg
‘I sleep’ (active)

c. mayā pac-ya-te odana-h.
I-Instr cook-Pass-3Sg rice-Nom
‘Rice is cooked by me’

d. mayā sup-ya-te
I-Instr sleep-Pass-3Sg
‘I sleep’ (impersonal passive)

The verb agrees with the 1Sg pronoun in [59a,b], but not in [59c,d]. Why? Recall
that the finite verb ending “expresses” one of three things: (1) the Agent, (2)
the Goal, or (3) the Process. So the relational structures of [59] are:

(60) a. aham pacā my AGENT odan am GOAL ‘I cook rice’

b. aham svap imi AGENT ‘I sleep’

c. mayā AGENT pacya te GOAL odanah. ‘Rice is being cooked by me’

d. mayā AGENT supya te PROCESS ‘I sleep’ (impersonal passive)

and the agreement rule we need is:

(61) If the verb ending expresses the role of a first or second person pronoun, it
is first or second person, otherwise it is third person.

The “elsewhere case” (third person) arises both when the ending expresses the
kāraka of a third person nominal, as in [60c], and when it expresses no kāraka at
all, but rather “Process”, as in [60b,d]. The verb and the nominal so linked are
designated by Pān. ini as samānādhikaran. a, “having the same substratum” (let’s
translate it as coindexed, for it isn’t quite the same thing as “coreferential”). It is
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the same relation as that which holds between the head and modifiers in a noun
phrase. Thus, subject-verb person agreement and adjective-noun gender/number
concord are in this treatment manifestations of the same semantic relationship.

Independent motivation for the coindexing treatment comes from the agree-
ment of conjoined subjects. A conjunct nominal of the form 1P+3P gets 1P
agreement, a conjunct nominal of the form 2P+3P gets 2P agreement:

(62) aham kr.s.n. a-ś ca pacā-vah.
I-Nom Krishna-Nom and cook-1Dual
I and Krishna are cooking

This follows without further stipulation from the rules already given.
Another way in which Pān. ini’s coindexing account of agreement is superior

to a subject-based account is seen in relative clauses like [63].

(63) paśya-ti mām ya-h. pacā-mi
see-3Sg me-Acc who-Nom cook-1Sg
‘He sees me, who am cooking’

The “subject” is the third person relative pronoun ya- “who”, but, as rule [61]
predicts, the verb in fact agrees with the head of the relative clause, in this case
with aham “I”. Any rule specifying agreement in terms of subjects would have
to be supplemented to get first or second person agreement here. Pān. ini’s rule,
however, covers this situation directly. In [63], the verb is coindexed with both
aham “I” (first person) and with yah. “who” (third person), and first person verb
agreement is correctly enforced as before.

Since Sanskrit is a typical “pro-drop language” the pronouns which trigger
first and second person verb agreement are not necessarily expressed. Indeed,
they are usually absent. Pān. ini’s grammar simply assumes that words can be
freely omitted in sentences when they are evident from the meaning or context.
This was considered a phenomenon which falls outside the domain of sentence
grammar, so there are no rules of ellipsis in the grammar. Still, we can be sure
that Pān. ini considered ellipsis a rule-governed discourse process because some
rules of grammar that he does formulate make reference to the results of ellipsis,
for reasons that have to do with his general theory of rule interaction. This says
that if rule A has the effect of bleeding rule B (eliminating inputs to it), A has
priority over B in the order of application; hence ellipsis should take place before
any rule that refers to the ellipsed elements — in other words, ellipsed elements
should have no syntactic effects. In cases where this convention does not yield the
right results, Pān. ini explicitly arranges for the ellipsed elements to be “visible”
by means of special conditions on rules. This is the procedure he follows to
prevent pro-drop from bleeding agreement. He complicates his agreement rule to
say that pronouns trigger agreement even when they are not overtly expressed.
In this way, agreement is entirely unaffected by whether the triggering pronoun
is overtly present or subjected to ellipsis.

To ensure that person agreement applies properly even when pronouns are
dropped, the agreement rules (64), (65) must stipulate that agreement takes
place even when the pronoun is present just in the input (sthāniny api).
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(64) 1.4.105 �# =�dy#   $2 �����
5���2 ���
�:�
 �>���
yus.mady
yus.mad -Loc

upapade
adjunct-Loc

samānādhikaran. e
coindexation-Loc

sthāniny
input-Loc

api
even

madhyamah.
middle
‘the second set of person endings are added in coindexation with the stem
yus.mad ‘you’, even if underlying’

(65) 1.4.107 a��dy# tt��
asmady
asmad-Loc

uttamah.
last

(105 upapade samānādhikaran. e sthāniny

api)

‘the last set of person endings (= first person) are added in coindexation
with the stem asmad ‘I’, even if underlying’

(66) 1.4.108 �2�2 pr���
śes.e
rest-Loc

prathamah.
first

‘elsewhere the first set of person endings (= third person) are added’

Thus, kārakas make possible an ingenious treatment of verb agreement which
not only gets around the potential problem which the lack of the concept “sub-
ject” would seem to cause, but actually explains a set of cases which are prob-
lematic for accounts of agreement that rely on such a concept.

2.3.2 Anaphora
The second important area where the subject relation is invoked in Western gram-
mar is anaphora (Binding Theory). For example, the antecedent of a reflexive
pronoun in many languages must be a grammatical subject. As it happens, the
antecedent of a reflexive pronoun in Sanskrit is normally the logical subject —
for example, the Agent phrase in a passive. This generalization is inexpress-
ible in any binding theory which relies on the notion “grammatical subject”
(however defined), but it is easy in Pān. ini’s system. The antecedent is just the
kartr. . Again, the absence of grammatical relations, far from being a liability
of Pān. inian grammar, turns out to be consistent with the right generalizations
about Sanskrit.

2.3.3 Control and Ellipsis
The third area where grammatical relations might play a role is “control” of
the PRO subject of nonfinite verbs (infinitives and absolutives). In Sanskrit,
this depends on the kārakas in an absolutely essential way. Contrary to English,
where PRO subjects are coreferential with the containing clause’s subject or
object, in Sanskrit they are coreferential with its Agent or Goal. In particular,
if the main clause is passive, the controller of an adverbial participial clause
is the grammatical subject in English, and the Agent (its “logical subject”) in
Sanskrit. For example, the literal English translation of our example sentence [2]
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entails that the rice arrived in the village, in Sanskrit it means that Āśvapata
arrived in the village. Pān. ini states the appropriate control principle at the level
of thematic roles, as a condition requiring that the absolutive must have the
same Agent as its governing verb.

(67) 3.4.21 �������	��
�  6 �	��92
samānakartr.kayoh.
same-agent-AblPl

pūrvakāle
prior-Loc

(19 ktvā) (3.1.91 dhātoh. ) (3.1.1-2

pratyayah. . . . )

‘When two events have the same agent, Ktvā is suffixed to the root which
denotes the prior event.’

This accounts correctly for the interpretation of the absolutive in sentences such
as (2). It also predicts correctly that Sanskrit has no passive absolutives (i.e. no
analogs to English having been eaten).

So far so good. But when we turn to infinitive purpose clauses, a question
arises about how the licensing mechanism works in these control structures. The
infinitive of purpose is introduced by rule

(68) 3.3.10�# �# :/�# 9? 
@����) 
@����	����
tumunn.vulau
tumUN-N. vuL-NomDu

kriyāyām.
action-Loc

kriyārthāyām
action-purpose-Loc

‘(the kr. t affixes) tumUN and N. vuL are added (after a root) denoting an
action which is the purpose of another action’

Thus, the infinitive -tum seems to express the Agent role (in virtue of being a kr. t
suffix), and purpose. We seem to face the problem that the theory apparently
predicts that sentences like [69a,b] are ungrammatical, and [69c] grammatical,
and the facts are exactly the other way around:

(69) a. kr.s.n. a-h. paca-ty odana-m bhok-tum
Krishna-Nom cook-3Sg rice-Acc eat-Inf
‘Krishna cooks rice to eat’

b. kr.s.n. -ena pac-ya-te odana-h. bhok-tum
Krishna-Instr cook-Pass-3Sg rice-Nom eat-Inf
‘Rice is cooked by Krishna to eat’

c. *kr.s.n. -ena pac-ya-te odana-m bhok-tum
Krishna-Instr cook-Pass-3Sg rice-Acc eat-Inf
‘Rice is cooked by Krishna to eat’

The reason the system seems to predict wrongly that [70a] and [70b] is ungram-
matical is that the Goal role that odana “rice” bears in relation to bhoktum
“to eat” is not expressed, and the reason it seems to predict that in [70c] is
grammatical is that all roles are apparently properly expressed:

(70) a. kr.s.n. a-h. paca ti AGENT odan am GOAL bhok tum AGENT,PURPOSE
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b. kr.s.n. ena AGENT pacya te GOAL odanah. bhok tum AGENT,PURPOSE

c. kr.s.n. ena AGENT pacya te GOAL odan am GOAL bhok tum AGENT,PURPOSE

The solution to this problem is a constraint, apparently presupposed by
Pān. ini, to the effect that:

(71) A nominal cannot have a role with respect to more than one verb. (The
“Th-criterion”.)

So, since odana is the Goal of pacati in the sentences of [70], it can’t also also
bear a role with respect to the subordinate infinitive bhoktum. Accordingly, [70c]
is ungrammatical because the accusative case of odanam has no function (does
not express any role). In the grammatical sentences [70a,b], all morphological
elements are licensed, so the sentences are OK.

But then what expresses the relation between odana and bhoktum in those
sentences? The answer is: nothing. There is in fact no direct relation between
them. The Goal of the infinitive bhoktum is not odana itself, but an ellipsed
pronoun in the subordinate clause that anaphorically refers to odana.

(72) a. kr.s.n. a-h. paca ti AGENT odan am GOAL bhok tum AGENT,PURPOSE (en am) GOAL

b. kr.s.n. ena AGENT pacya te GOAL odanah. bhok tum AGENT,PURPOSE (en am) GOAL

This analysis correctly predicts the possibility of sentences in which the main
verb’s object and the infinitive’s object are distinct:

(73) a. kr.s.n. a-h. kās.t.hāni bhinat-ti odana-m pak-tum
Krishna-Nom firewood-pieces split-3Sg rice-Acc cook-Inf
‘Krishna splits firewood in order to cook rice’

b. kr.s.n. -ena kās.t.hāni bhid-ya-nte odana-m pak-tum
Krishna-Instr firewood-pieces split-Pass-3Pl rice-Acc cook-Inf
‘Firewood is split by Krishna in order to cook rice’

The infinitive constructions in question furnish another interesting example
of an explicit reference to ellipsis in Pān. ini’s rules. Consider the range of elliptic
variants of a sentence such as

(74) aham edh-ān āhar-tum gacchā-mi
I-Nom firewood-Acc fetch-Inf go-1Sg
‘I’m going to fetch firewood’
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As before, the pronoun aham can be freely omitted without consequences for
the syntax of the sentence. The same is true, with one exception, for the other
words in the sentence, in the appropriate contexts:

(75) a. edhān āhartum (‘Where are you going?’) ‘To fetch firewood’.
b. āhartum gacchāmi (‘What about the firewood?’) ‘I’m going to fetch (it)’.
c. edhān (‘What are you going to fetch?’) ‘Firewood’.
d. āhartum (‘What are you going to do to the firewood?’) ‘Fetch (it)’.
e. gacchāmi (‘Are you fetching the firewood?’) ‘I’m going to’.

However, one of the logically possible patterns of deletion, [76a], is ungrammat-
ical, just as its English counterpart. But if we change the case of the noun into
the dative, the sentence is OK again!

(76) a. *edhān gacchāmi ‘I’m going firewood’.
b. edhebhyo (Dative) gacchāmi ‘I’m going for firewood’.

To account for the ungrammaticality of [76a] and for the grammaticality of [76b]
Pān. ini adds a special rule of case assignment to his grammar.

(77) 2.3.14 
@���
	  $�� 0 ��	
� ���
���
kriyārthopapadasya
action-meaning-complement-Gen

ca
and

karman. i
karman-Loc

sthāninah.
substitute-Gen

(13

caturth̄ı)

‘The fourth set of case endings (dative) expresses the karman of a sub-
stituted [in effect, deleted] verb which denotes an action whose purpose is
another action.’ which is

The verb deleted in [76a] is āhartum “to fetch”; it is construed with gacchāmi
by Pān. ini’s rule for purpose complements (3.3.10). Therefore, 2.3.14 applies to
yield [76b]. In accord with the siddha-principle (38), the deleted verb would
be invisible were it not for this rule. In accord with the blocking principle, (77)
automatically blocks the general rule which states that accusative case expresses
a Goal.

Returning to control, in a superficially similar construction with a class of
“equi” verbs, such as icchati “want”, the pattern of grammaticality judgments
in the passive is the opposite of that in [70b,c]:

(78) a. kr.s.n. a-h. iccha-ti odana-m bhok-tum
Krishna-Nom want-3Sg rice-Acc eat-Inf
‘Krishna wants to eat rice’

b. *kr.s.n. -ena is.-ya-te odana-h. bhok-tum
Krishna-Instr want-Pass-3Sg rice-Nom eat-Inf
‘Rice is wanted by Krishna to eat’ (contrast the grammatical [70b])

c. kr.s.n. -ena is.-ya-te odana-m bhok-tum
Krishna-Instr want-Pass-3Sg rice-Acc eat-Inf
‘Rice is wanted by Krishna to eat’ (contrast the ungrammatical [70c])
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For these verbs, Pān. ini provides a specific control rule.

(79) 3.3.158 �������	�2�# �# �# ��
samānakartr.kes.u
same-agent-ed-LocPl

tumun
tumUN-Nom

(157 icchārthes.u)

‘tumUn is added after a root that is construed with a root denoting ‘want’
that has the same agent’

(80) a. kr.s.n. a-h. iccha ti AGENT odan am GOAL bhok tum SAME−AGENT

b. kr.s.n. ena AGENT is.ya te PROCESS odanah. bhok tum SAME−AGENT

c. kr.s.n. ena AGENT is.ya te PROCESS odan am GOAL bhok tum SAME−AGENT

Note that in [80b] -te (in its passive function) cannot link odanah. , because of
principle [71].

With yet a third class, “raising”-type verbs such as śak “can”, the pattern in
the passive is once more reversed:

(81) a. kr.s.n. a-h. śakno-ti odana-m bhok-tum
Krishna-Nom can-3Sg rice-Acc eat-Inf
‘Krishna can eat rice’

b. kr.s.n. -ena śak-ya-te odana-h. bhok-tum
Krishna-Instr can-Pass-3Sg rice-Nom eat-Inf
(passive of [a])

c. *kr.s.n. -ena śak-ya-te odana-m bhok-tum
Krishna-Instr can-Pass-3Sg rice-Acc eat-Inf
(passive of [a])

Pān. ini explicitly provides for this class too by a special rule which stipulates
that the infinitive suffixes, such as tum, in connection with roots of the śak class,
express dhātusambandha “verb union” (Joshi 1971).

(82) 3.4.1 5��# �)A:52 pr�����
dhātusam. bandhe
root-connection-Loc

pratyayāh.
suffix-PlNom

‘(words ending in the following) suffixes are connected to verbal roots’

In virtue of this verb union process, combinations like bhoktum śaknoti “can eat”
are treated exactly like a single predicate for purposes of the grammar’s licensing
constraints. The data in [81] then follows:
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(83) a. kr.s.n. a-h. śakno ti AGENT odan am GOAL bhok tum DHĀT USAMBANDHA

b. kr.s.n. ena AGENT śakya te GOAL odanah. bhok tum DHĀT USAMBANDHA

c. kr.s.n. ena AGENT śakya te GOAL odan am GOAL bhok tum DHĀT USAMBANDHA

Finally, participial constructions with object control require a special rule:

(84) 3.2.124 9B� ��� ���0��pr��������
5���2
lat.ah.
lAT. -Gen

śatr.śānacāv
ŚátR. -ŚānaC-NonDu

aprathamāsamānādhikaran. e
non-Nominative-coindexed-Loc

‘When present tense lAT. is not coindexed with a nominative, it is replaced
by the participle endings -āna, -a(n)t’.

This rule obligatorily turns [85a] into [85b], and thus at one stroke accounts for
all the data — for the ungrammaticality of [85a], which could otherwise be parsed
by the system, for the grammaticality of [85b], and for the ungrammaticality of
the corresponding passive [85c], which violates [84].

(85) a. *kr.s.n. a-h. paśya-ti Yajñadatt-am gaccha-ti
Krishna-Nom see-3Sg Yajñadatta-Acc go-3Sg
‘Krishna sees Yajnadatta go’

b. kr.s.n. a-h. paśya-ty Yajñadatt-am gacch-ant-am
Krishna-Nom see-3Sg Yajñadatta-Acc go-Part-Acc
‘Krishna sees Yajnadatta goes’

c. *kr.s.n. -ena dr.ś-ya-te Yajñadatta-h. gacch-an
Krishna-Instr see-Pass-3Sg Yajñadatta -Nom go-Part-Nom
‘Yajnadatta is seen go by Krishna’

2.4 Non-thematic Objects

Any linking theory must deal with the fact that verbs can have objects which are
not thematically related to them. I would like to propose that this is intended
to be covered by an additional rule which assigns the karman role:

(86) 1.4.50 ����# kt) 0�
�'�����
tathāyuktam.
so-connected

cān̄ıpsitam
and non-goal-Nom

(49 kartuh. , karma)

‘also that which is likewise connected, even if not a goal of the agent, is
called karman’.

Its wording is obscure and the interpretation is disputed. Traditionally it is
taken to cover ‘non-desired’ objects, e.g. vis.am. bhaks.ayati ‘he eats poison’. More
recently the proposal is gaining ground that its purpose is to account for the cases
where double objects are permitted: e.g. gām. payo dogdhi ‘he milks the cow (of)
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milk’, pauravam. gām. bhiks.ate ‘he begs Paurava for a cow’, mānavakam. dharmam.
brūte ‘he teaches the boy duty’, gargān śatam. dan. d. ayati ‘he fines the Gargas a
hundred’, ajām. grāmam. nayati ‘he leads the goat to the village’. Joshi suggests
that tathāyuktam specifies that the second karman allowed by this rule should
be connected to the main karman allowed by the preceding rule. However, this
should have been expressed as *tadyuktam. Kiparsky 1982, 41 proposes that this
is in effect a transderivational rule, which sanctions the assignment of karman to
an argument which does not satisfy the definition of [46] kartur ı̄psitatamam.
karma provided that there is another sentence in which it does function as a
karman by rule [46]. Thus, gām. payo dogdhi would be licenced by the existence
of both gām. dogdhi ‘he milks the cow’ and payo dogdhi ‘he milks milk’, but
in the double-object construction only one of them is ı̄psita. Ungrammatical
sentences such as *gām. dogdhi kumbham ‘he milks the cow the pot’ would be
excluded because the second karman is not tathāyukta (cf. *kumbham dogdhi).
Ungrammatical sentences such as *gām. dogdhy ajām ‘he milks the cow the goat’
would be excluded because they would have to have two parallel ı̄psita karmans.

My suggestion is that the same rule extends to non-thematic objects in the
“conjunct participle” construction, which are otherwise not covered by the gram-
mar. In this construction, a participial modifier constitutes the semantic pred-
icate of its head noun, combining with it into the functional equivalent of an
argument or adjunct clause. The head can be an object, as in (87a,b), or a pas-
sivized subject, as in (87c):

(87) a. tam.
him-Acc

mantrin. ā
minister-Instr

hatam.
kill-PPP-Acc

śrutvā
hear-Abs

nyavedayan
inform-Impf-3Pl

. . .

. . .
‘after hearing that the king had been killed by his minister, they in-
formed . . . ’ (�⊃ ‘after hearing the king’) (Mbh. 3.283.4)

b. tam.
him-Acc

váı
Part

paks.apuchávantam
wing-tailed-Acc

eva
just

sántam
being-Acc

ná
not

paks.apuchávantam
wing-tailed-Acc

iva
as-if

paśyanti
see-3Pl

‘although he in fact has wings and a tail, people do not see him as
having wings and a tail’ (�⊃ ‘people do not see him’) (ŚB 7.1.1.20)

c. havyavāhanah.
fire-Nom

śrūyate
hear-Pass3Sg

nigr
˚
h̄ıto

caught-Nom
vai
Prt

purastāt
once

pāradārikah.
adulterer-Nom
‘fire is heard (said) to have been once caught as an adulterer’ (�⊃ ‘fire
is heard’) (Mbh 2.28.17)

The objects tam in (87a) and in (87b), and the passivized subject havyavāha-
nah. in (87c), do not bear a thematic relation to the main verb that governs them;
their thematic role comes from the conjunct participle. Thus, they do not satisfy
the definition of the karman relation in (46). To receive accusative case, and to
be passivized in accord with the grammar, they must however have the status of
karman. My proposal is that these sentences are transderivationally sanctioned
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by (86) through analogy to parallel sentences where the corresponding argument
is in fact legitimately an object, viz. tam. śrutvā ‘having heard him’, tam. paśyanti
‘they see him’, havyavāhanah. śrūyate ‘the fire is heard.’

A problem is that the participle constitutes an anaphoric domain, in the sense
that its implicit subject can (anaphorically) control the null subject of embedded
nonfinite clauses:

(88) mām.
me-Acc

tu
Part

dr
˚
s.t.vā

see-Abs
pradhāvantam
rushing-Acc

an̄ıkam.
front-Acc

sam. prahars.itum
cheer-Inf

tyajantu
abandon-Imp3Pl

harayas
monkey-Pl

trāsam.
fear-Acc

‘when they see me rush to the front to restore morale, may the monkeys
lose their fear’ ((R. 6.360.37)

Here the agent of sam. prahars. itum is mām. ‘me’ and not harayas ‘the monkeys’.
Therefore, it is not just a karman but also a kartr. .

The third rule that introduces the karman role is:

(89) 1.4.51 a�
��) 0
akathitam.
unstated-Nom

ca
also

(49 kartur ı̄psitatamam. karma)

‘Also an unexpressed primary goal of the agent is karman’.

I think akathita should be understood literally as asam. k̄ırtita ‘not mentioned,
left out’ or avivaks. ita ‘not intended to be expressed’ in the sentence and that the
rule takes care of “object pro-drop”.4 It specifies that ellipsed karmans are to
count as karmans for purposes of the rules of grammar. About a dozen rules of
the grammar distinguish between verbs with and without a karman (akarmaka
vs. sakarmaka, roughly intransitive vs. transitive). It is crucial that transitive
verbs count as sakarmaka even when their object is not overtly expressed. For
example, rule 1.4.52 states that the agent of akarmaka verbs is a karman in the
causative, e.g. devadattam āsayati ‘he makes D. sit down’. But verbs with implicit
unexpressed karmans are still sakarmaka, e.g. dohayaty aśūdren. a (not *aśūdram)
‘he makes a non-śūdra milk (it)’. To get this it was necessary to frame the present
rule because the siddha-principle would otherwise cause ellipsed elements to be
invisible (Kiparsky 1982, 41-44).

2.5 Semantic Competition among kārakas

The rules assigning kāraka designations are headed by (90), (91), which ensure
that any given argument gets only one role (semantic blocking again).

(90) 1.4.1 a� �D���$2�� �)j�
ā
‘up to

kad. ārād
kad. āra-Abl

ekā
one

sam. jñā
term

4 Tradition takes it to mean that whatever is not mentioned in the previous rules is
karman, but is unable to provide a satisfactory interpretation on this basis.
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‘up to [the first occurrence of the word] kad. āra (the end of 2.2), (only) one
technical term (is to be assigned)’

(91) 1.4.2 
�pr
��252  �) ���	��
vipratis.edhe
conflict-Loc

param.
last

kāryam
to be applied’

‘in case of conflict, the last (rule) is to be applied’

For example, in dhanus. ā vidhyati ‘he pierces by means of a bow’ (i.e. with
arrows shot from a bow), dhanus. ‘bow’ satisfies both the definition of the source
role (apādāna), and the definition of the instrument role (karan. a), since it is both
the “fixed point” from which the arrows move off and the “means” for launching
the arrows.

(92) 1.4.24 5#F�� ��2 - �$����
dhruvam
fixed-Nom

apāye
separation-Loc

’pādānam
apādāna-Nom

‘in a separation, the fixed point is (called) apādāna (‘source’)’

(93) 1.4.42 ��5���) �����
sādhakatamam.
most-effective-means-Nom

karan. am
karan. a

‘the most effective means is (called) karan. a (‘instrument’)’

As a result of [90], [91] it is only designated as a karan. a by the later rule 1.4.42,
so that the grammatical sentence dhanus. ā vidhyati ‘he pierces with a bow’ is
derived and the ungrammatical sentence dhanus.o vidhyati ‘he pierces from a
bow’ is not derived.

The heading that introduces the kāraka terms is continued through [51] 1.4.55.

(94) 1.4.23 ����2
kārake
role-Loc
‘to express a role’

The characterization of the kāraka roles raises some interesting questions that
semanticists still wrestle with. Let us sample this domain by taking a look at the
discussion around the kāraka called apādāna ‘source’, introduced by (92): The
basic expression for apādāna is the ablative case.

(95) 2.3.28 a �$��2  c��
apādāne
source-Loc

pañcamı̄
fifth-Nom

‘the fifth case expresses apādāna’
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E.g. vanāt ‘from the forest’ (see (2)). Kātyāyana notes that in cases such as aśvāt
trastāt (dhāvatah. ) patitah. ‘he has fallen from a shying (running) horse’, sārthād
gacchato h̄ınah. ‘he has strayed from the moving caravan’ the horse and caravan
are not fixed. Patañjali argues that this is no problem because they are fixed in
relation to the object which moves away from them (Joshi & Roodbergen 1975).

The main problem is how to characterize the source relation outside of the
domain of physical movement. Subsequent special rules (all with apādānam con-
tinued from (92)) provide explicitly for this. (96) and (97).

(96) 1.4.25 ;�8���	��) ;��2�# �

bh̄ıtrārthānām.
fear-protect-meaning-GenPl

bhayahetuh.
fear-cause

‘In connection with (roots) meaning ‘fear’ and ‘protect’ the cause of fear is
(called) apādāna’.

E.g. caurebho bibheti ‘he fears thieves’, caurebhyo raks.ati ‘he protects from thieves’,
and in derivatives such as bh̄ıma (by 3.4.74 bh̄ımādayo ’pādāne). Patañjali retorts
that these verbs denote a mental separation and therefore are already covered by
Pān. ini’s rule. Similarly:

(97) 1.4.26  ���2��
H�

parājer
overcome-Gen

asod.hah.
unbearable-Nom

‘In connection with parāji “to be overcome”, that which one cannot endure
is (called) apādāna.’

E.g. adhyayanāt parājayate ‘he is tired of studying’. Patañjali says: “A thoughtful
person observes: study is a pain, it is difficult to memorize things, and teachers
are hard to satisfy. (And so,) having (first) formed a connection (with study) in
his mind, he (then) desists (from it). This being so, we can manage by (1.4.24)
dhruvam apāye ’pādānam.” Kātyāyana notes that roots denoting disgust,
cessation, and neglect should be specified in the rule: adharmāj jugupsate ‘he is
disgusted by wrong’, dharmān muhyati ‘he neglects dharma’, for which Patañjali
proposes the same account.

Going further, Patañjali proposes that the basic rule (92) can handle examples
like yavebhyo gā vārayati/nivartayati ‘he wards off/turns away the cows from
the barley’, kūpād andham. vārayati ‘he keeps the blind man away from the well’,
upādhyāyād antardhatte ‘he hides from the teacher’, upādhyāyād adh̄ıte ‘he learns
from his teacher’, śr. n̄gāc charo jāyate ‘the arrow is made out of horn’, gomayād
vr. ściko jāyate ‘the scorpion originates from cowdung’, himavato gan̄gā prabhavati
‘the Ganges arises from the Himalayas’, so that all the special rules for them can
be eliminated.

For more recent insightful discussion of various non-movement source and goal
relations see Talmy 1988 and Fong 1997. Fong defines a more abstract notion of
source which can be parametrized in different domains.
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3 Morphology

3.1 Categories and Word-Formation Processes

Suffixation consists of adding a suffix (pratyaya) to a base (an̄ga). The rules
in chapters 3 - 5 (a section of about 1800 rules) deal with suffixation, and are
headed by (10) and (11). A base of affixation is defined as an̄ga by [98]:

(98) 1.4.13 �����pr���
�
5��$�
$ pr���2 -g��
yasmāt
what-Abl

pratyayavidhis
suffix-rule-Nom

tadādi
that-beginning-Nom

pratyaye
suffix-Loc

’n̄gam
base-Nom

‘whatever an suffix is appended to, together with anything that follows it
before the suffix, is an an̄ga “base”’

Bases are of three categories:

– dhātu ‘(verbal) root’
– prātipadika ‘(nominal) stem’
– pada ‘word’

Roots are either basic (defined in [99]) or derived (defined in [100]).

(99) 1.3.1 ;6 ��$�
 5����
bhūvādayo
bhū-beginning-PlNom

dhātavah.
root-PlNom

‘bhū etc. (the items listed in the dhātupāt.ha) are (termed) dhātu “root”’

(100) 3.1.32 ���dy:�� 5����
sanādyantā
saN -beginning-ending-PlNom

dhātavah.
root-PlNom

‘items ending in san etc. (the suffixes introduced in rules 3.1.5 ff.) are
(termed) dhātu “root”’.

Nominal stems are also either basic or derived. Basic nominal stems are
defined in [101].

(101) 1.2.45 a�	�$5��# �pr���� pr�
� 
$���
arthavad
meaning-having-Nom

adhātur
non-root-Nom

apratyayah.
non-suffix-Nom

prātipadikam
base

‘an element which has a meaning and is not a dhātu or a pratyaya [and
does not end in a pratyaya], is (termed) prātipadika’ “base”’.

The definition excludes not only suffixes, but also suffixed items. Words (padas),
for example, are not prātipadikas, for goodmany reasons. Suffixes, are prātipadikas,
however, in so far as they fall under [102].

(102) 1.2.46 �� tt
d������c
kr.ttaddhitasamāsāś
kr. t-taddhita-compound-PlNom

ca
and’

(45 prātipadikam)
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‘elements ending in kr. t or taddhita suffixes, and compounds, are (termed)
prātipadika’.

Rule (102) actually covers the majority of suffixed nominal forms, excepting
only finished nouns (padas) and feminine stems (although the latter pattern
with prātipadikas as inputs to inflection and secondary derivation, as provided
for by (13) 4.1.1 n̄yāp prātipadikāt).

A word is defined as anything that ends in an inflectional suffix.

(103) 1.4.14 �# 
pt�:�)  $��
sup-tin̄-antam
suP-tiN̄ -ending-Nom

padam
word-Nom

‘An element tha ends in suP (a case ending) or tiN̄ (a person/number
ending) is (termed) pada ‘word’.

The definition covers indeclinable words too, for they are all assigned nominal
inflectional endings, which are then deleted. Similarly, each member of a com-
pound is a word because it contains a later deleted case ending. For instance,
rājapurus.a ‘king’s servant’ is derived from rājan-N̄as+purus.a-sU, with an in-
ternal genitive case ending on the first member. The reason for this procedure
is that it simplifies the morphological derivation of compounds and automati-
cally accounts for certain phonological phenomena. For example, in rājapurus.a
‘king’s servant’ the first member rājan-, being a word, gets its correct form by
an independently motivated phonological rule which deletes word-final -n.

How can the wordhood of an indeclinable or of the first member of a compound
be due to its deleted case ending, given that the siddha-principle says that deleted
material is invisible? The reason even deleted case endings confer wordhood is
rule [104]:

(104) 1.1.62 pr���9
 2 pr���9J���
pratyayalope
suffix-deletion-Loc

pratyayalaks.an. am
suffix-effect-Nom

‘when a suffix is deleted, the operations triggered by it still apply’

It sets aside the siddha-principle, so that words whose case endings are deleted
by still count as padas for purposes of applying [103].

The following types of word-formation occur:

a. [Root + Suffix]Root: desideratives, intensives, causatives.
b. [Word + Suffix]Root: denominal verbs.
c. [Root + Suffix]Stem: primary (kr. t) suffixes.
d. [Word + Suffix]Stem: secondary (taddhita) suffixes.
e. [Word + Word]Stem: compounding.
f. [Root + Suffix]Word: verb inflection.
g. [Stem + Suffix]Word: noun inflection.
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3.2 The “Sup” Endings

Nominal stems (prātipadikas) are marked by suffixes for number and case. San-
skrit has three numbers (Singular, Dual, and Plural) and seven cases (Nom-
inative, Accusative, Instrumental, Dative, Ablative, Genitive, Locative). (The
vocative is not considered a separate case, but a use of the nominative, even
though it does have distinctive endings in the singular.)

The underlying endings are enumerated in rule [105].5

(105) 4.1.2 Singular Dual Plural
(ekavacana) (dvivacana) (bahuvacana)
sU au Jas Nominative (prathamā)
am auT. Śas Accusative (dvit̄ıyā)
T. ā bhyām bhis Instrumental (tr. t̄ıyā)
N̄e bhyām bhyas Dative (caturth̄ı)
N̄asI bhyām bhyas Ablative (pañcamı̄)
N̄as os ām Genitive (s.as.t.h̄ı)
N̄i os suP Locative (saptamı̄)

As usual, pratyāhāras are formed from this list by combining a listed ele-
ment with a diacritic to include all the intervening elements in the list, e.g. suP
‘case ending’, suT. ’a “strong” case ending’. The endings are numbered in suc-
cessive groups of three, with (prathamā) “first”, (dvit̄ıyā) “second”, etc. serving
as names of the cases. The first ending in each group is given the designation
ekavacana ‘singular’, the second dvivacana “dual’, and the third bahuvacana
“plural”.

The first case and the last three make up the basic format of a Pān. inian
substitution rule. Genitive case marks the item to be replaced, Nominative the
replacement, Ablative the left context, and Locative the right context.

The underlying forms in (105) are basically those of the -C stems. In the -a
declension, most of the singular endings have suppletive alternants. For example,
the Instr., Abl., and Gen.Sg. endings are introduced by (106):

(106) 7.1.12 B��
����
��������
t.ān̄asin̄asām
T. ā-N̄asI-N̄as-PlGen

inātsyāh.
ina-āt-syaPlNom

(9 atah. ) (6.1.4 an̄gasya)

After a base ending in short a, the case endings T. ā, N̄asI, N̄as are replaced
(respectively) by ina, āt, sya.

E.g. Instr.Sg. Āśvapata+ā → (106) Āśvapata+ina → [26] Āśvapatena.
This brings up another important rule which trumps the siddha-principle in

a special set of cases:

5 For the reader’s convenience the items enumerated in the rule are here arranged
into labeled columns and rows, with sandhi undone. Actually, of course, it is recited
as running text, like the whole grammar, and the labels are assigned by rules as
explained directly below.
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(107) 1.1.56 ���
��$�$2�
 -�
K�5?
sthānivad
original-like-Nom

ādeśo
substitute-Nom

’nalvidhau
non-sound-rule-Loc’

‘a substitute is treated like the original, except with respect to a phono-
logically conditioned operation’

This rule says that non-phonological properties of the input are inherited under
replacement. Consider the derivation of Dat.Sg. grāmāya. After -a stems, Dat.Sg.
N̄e is replaced by ya by 7.1.13. The replacement then triggers lengthening by [108].

(108) 7.3.102 �# 
 0
supi
sUP -Loc

ca
and

(101 atah. ) (101 d̄ırghah. , yañi) (6.4.1 an̄gasya)

‘The final a of a nominal stem is lengthened before a case ending that
begins with yaÑ (a glide, a nasal, jh, or bh).’

But [108] calls for lengthening before a sup (case ending), and, being introduced
as a replacement, -ya obviously does not appear in the list of case endings that is
subsumed under the pratyāhāra sup in [105]. Then how can -ya trigger the desired
lengthening? The answer is that it “inherits” the status of a sup in accord with
(107).

3.3 Verb Inflection

3.3.1 Vedic Versus Classical Sanskrit
Vedic verbs are inflected for person, number, mood, tense/aspect and voice. Fi-
nite verbs distinguish all these categories. Participles distinguish only tense/aspect
and voice. Infinitives do not distinguish any of them.

A root can form up to four tense/aspect stems (though not every root has all
four of them).

(109) a. The present stem (pác-a-)
b. The aorist stem ((a-)pā́ k-s.-)
c. The perfect stem (pá-pac-)
d. The future stem (pák-s.yá-)

The perfect stem is formed by reduplication; the others are formed by suffixation.
Every tense/aspect stem can be directly inflected for person (first, second, third),
number (singular, dual, plural), and voice (active, middle) to make a complete
finite paradigm, or it can undergo other affixation processes.

The present, aorist, and perfect stems are each inflected with a distinct set
of person/number endings; the future stem is inflected exactly like the present
stem. Present, aorist, and perfect (but not the future) distinguish four moods:

(110) a. Indicative
b. Optative
c. Subjunctive
d. Imperative
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The inflection of the present stem marks a distinction between present tense
and “imperfect” tense, which in spite of its name is not imperfective or progres-
sive but simply a preterite. Imperfect tense has no modal or participial forms; its
inflection resembles that of the aorist in having a prefixed augment and partly in
the form of its person/number endings. Altogether, then, there are five tenses.

Person/number endings and participial endings mark a distinction between
active and middle voice throughout. Middle voice has a reflexive function for
some verbs, and passive verbs always take middle endings. However, many verbs
simply require the middle endings for no particular reason. The present stem,
moreover, marks passive by a special stem-forming suffix.

The restriction that the future and imperfect have no modal forms is curious.
Why should modality not be distinctive in the future and imperfect, but only
in the present, aorist, and perfect? The answer may be that the future and
imperfect are pure tenses in the sense that they locate the time of an eventuality
after and before speech time, respectively. Aorist and perfect, on the other hand,
are relative tenses (or aspects in the Reichenbachian sense) which locate the time
of an eventuality in relation to a reference time, which must itself be fixed in
relation to speech time. In modal contexts, only the aspectual component of
the aorist and perfect surfaces, not the temporal component. Since the future
and imperfect don’t have one, they have no moods. Suppose that pure tenses
and moods turn predicates into propositions, while relative tenses or aspects
are predicate modifiers (i.e. they turn predicates into other predicates). Then it
would follow that pure tenses cannot be in the scope of modals, whereas relative
tenses or aspects can.

This hypothesis is confirmed by a radical change in the tense/aspect system of
Pān. ini’s Sanskrit. It differs from the Vedic one in two respects. First, the perfect
and the aorist are pure tenses, even with a modal component. The imperfect
and perfect refer to non-current, historical past (anadyatane), with the perfect
furthermore specialized for reports of hearsay events (paro ‘ks.e). In reference to
recent past events, the aorist is obligatory. Thus, a temporal opposition between
near past and remote past, and a category of evidentiality (hearsay vs. witnessed)
— more related to mood than to tense or aspect. The Vedic resultative aorist,
as well as the aorist of relative anteriority, disappear, and the perfect loses its
generic/habitual reading.

Secondly, there are no modal distinctions outside of the present. The perfect
subjunctives, optatives, and imperatives of Vedic, as well as its aorist subjunc-
tives, optatives, and imperatives, disappear.

On the assumption that pure tense cannot be modalized, the second change
can be seen as a consequence of the first one. The loss of the aspectual function
of the perfect and aorist entails the loss of their modal inflection as well.

At this stage, two new moods are introduced. Part of the morphological
residue of the former aorist optative is refashioned as a new precative (also
called benedictive) mood. The second new modal form is the conditional.
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Formally it is a past of the future, made by inflecting the future stem with the
imperfect endings. Although it is morphologically related to the future exactly
like the imperfect is related to the present, it is functionally neither a future nor
a past, but used for counterfactual (or sometimes just hypothetical) conditionals
(like English subjunctive use of would).

The inventory of tenses was also enriched. Corresponding to the distinction
between near past (aorist) and remote past (perfect and imperfect), a distinction
arose between near future and remote future. The new remote future tense was
created by grammaticalizing periphrastic expressions consisting of an agent noun
in -tar (plus the inflected copula, in the first and second person).

The result of all these changes is a system which Pān. ini treats in terms of ten
mutually exclusive tense/mood categories, each represented by an abstract affix
which is spelled out morphologically in accord with agreement and other con-
straints. The names of the abstract affixes are really bundles of diacritic markers
that encode some of their important shared morphological features. For example,
the future and the conditional are lR. T. and lR. N̄, and the marker -R. - that they
uniquely share triggers the introduction of stem-marking morpheme -sya after
them. The fact that conditional mood (lR. N̄) also shares morphological proper-
ties with optative mood, imperfect tense, and aorist tense (for example, they take
the so-called secondary endings) is captured by assigning these the respective
names lIN̄, lAN̄, and lUN̄ and letting the rules responsible for their shared mor-
phology be triggered by the marker -N̄ that all four categories uniquely share.
The fact that future tense (lR. T. ) also has unique morphological properties in
common with the present, the perfect, the remote future, the subjunctive, and
the imperative, is captured by assigning these the respective names lAT. , lIT. ,
lUT. , lET. , loT. , and letting the rules responsible for their shared morphology be
triggered by the marker -T. that all six of them share.

These markers play a role only in the mapping to morphology. They are not
suited for handling such functional and semantic affinities as exist between the
ten abstract tense/mood affixes. These are captured by grouping the rules that
introduce the l- affixes under common headings. For example, the three past
tense affixes (aorist lUN̄, imperfect lAN̄, and perfect lIT. ) are assigned under
the heading (113) 3.2.84 bhūte ‘in reference to past time’, which takes various
nominal affixes under its scope as well.6

3.3.2 The l-Suffixes
There is much overlap and competition of meaning and use among the ten
tenses and moods. All the tense/mood suffixes come under the headings (10)
3.1.1 pratyayah. , (11) 3.1.2 paraś ca, 3.1.91 dhātoh. , which define them as
pratyayas and ensure that they are placed after verbal roots.

6 As predicted by the proposal in the text, the time reference of the latter is always
relative. For example, in the sentence agnis. t.omayājy asya putro bhavitā ‘his son will
be someone who has sacrificed the agnis.t.oma’, the past time reference of the suffix
-in in agnis. t.omayājin- must be understood in relation to the future time reference
of bhavitā ‘will become’.
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Present tense (lat.) is introduced by:

(111) 3.2.123 ��	���2 9B�
vartamāne
present-Loc

lat.
lAT.

‘to denote ongoing time, lAT. (present tense) is used’

Additional rules are concerned with extended senses of present tense. E.g. (112)
records that the near future and the near past tend to be treated as ongoing time.

(112) 3.3.131 ��	�������'�2 ��	����dv�
vartamānasāmı̄pye
present-vicinity-Loc

vartamānavad
present-like

vā
optionally

‘time near the ongoing is optionally (vā) denoted the same way as ongoing
time’

In a vārttika on (111) 3.2.123, Kātyāyana notes that the rule must be augmented
in order to account for the durative present: pravr.ttasyāvirāme śis.yā bha-
vanty avartamānatvāt ‘present tense (bhavant̄ı) must be specified for actions
that have begun but not ended, because they are not (necessarily) going on (at
the time of utterance)’. For example, one can truthfully say ihādh̄ımahe ‘we are
studying here’ even though one is not studying while actually uttering that sen-
tence. One must however have begun to study before that time and expect to con-
tinue studying after it. This use of present tense is already allowed by (112), so
Kātyāyana’s point is that it is not merely allowed but obligatory in these cases.

The three past tenses lUN̄, lAN̄, lIT. tenses come under the heading (113):

(113) 3.2.84 ;6 �2
bhūte
past-Loc
‘in reference to past time, (the following) are suffixed to the root’

This heading extends not only over the past tenses, but also over a number of
kr. t suffixes that locate an eventuality in past time, until it is canceled by (111)
3.2.123 vartamāne lat..

The aorist (lUN̄) is introduced by rule (114), as the default past.

(114) 3.2.110 9# ��
lun̄
lUN̄

(3.2.84 bhūte)

‘in reference to past time, lUN̄ (aorist tense) is suffixed to the root’

Imperfect tense (lAN̄) is limited to the remoter past.

(115) 3.2.111 a�dy��2 9��
anadyatane
non-current-Loc

lan̄
lAN̄

(3.2.84 bhūte)

‘in reference to non-recent past time, laṅ (imperfect tense) is suffixed to
the root’

So is the perfect (lIT. ), but with a further condition that it must be a hearsay
report.
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(116) 3.2.115  �
J2 
9B�
paroks.e
non-witnessed-Loc

lit.
lIT.

(111 anadyatane) (3.2.84 bhūte)

‘in reference to non-recent non-witnessed past time, lIT. (perfect tense) is
suffixed to the root’

Are rules (114), (115) and (116) in a blocking relationship? This is a thorny
question. According to the normal principles of interpretation of Pān. ini’s gram-
mar, the competition between three incompatible morphological elements should
induce blocking. The perfect should block the imperfect, and the imperfect in turn
should block the aorist. On this understanding, the aorist would refer only to even-
tualities that have happened earlier during the present day, the imperfect only to
witnessed eventualities that have happened before the present day, and the perfect
to non-witnessed eventualities that have happened before the present day.

Several specific formulations of Pān. ini’s rules also presuppose such a blocking
relation. If the aorist were not restricted to the recent past, there would be no
sense in a special rule such as (117), which specifically allows for the optional
use of the aorist for the remote past in a certain context (Subrahmanyam 1999:
282).

(117) 3.2.122  # 
� 9# �� 0���2
puri
purā-Loc

lun̄
lUN̄

cāsme
and not-sma-Loc

(121 vibhās.ā) (84 bhūte)

‘in reference to remote past time, in combination with purā, in the absence
of sma, also aorist tense (in addition to present tense or imperfect tense)
is optionally (vibhās. ā) suffixed to a root’

In post-Pān. inian usage, the aorist can refer to any past past event, whereas the
imperfect and perfect are restricted as described above. Apparently, linguistic
change has undone the original blocking relationship.

3.3.3 Person and Number Endings
The generalized tense/mood suffixes are replaced by the specific tiN̄ endings
which mark person and number.

(118) 3.4.77 lasya

(119) 3.4.78 Sg. Du. Pl.

tiP tas jhi (Active 3.p., parasmaipada, prathama)
siP thas tha (Active 2.p., parasmaipada, madhyama)
miP vas mas (Active 1.p., parasmaipada, uttama)
ta ātām jha (Mediopassive 3.p., ātmanepada, prathama)
thās āthām dhvam (Mediopassive 2.p., ātmanepada, madhyama)
iT. vahi mahiN̄ (Mediopassive 1.p., ātmanepada, uttama)

These endings are themselves in turn subject to a variety of allomorphic
replacements and phonological processes. The basic forms correspond to the
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‘primary’ endings (used in the present tense, among others) in the active (paras-
maipada), and to the ‘secondary’ endings (used in the imperfect tense, among
others) in the mediopassive (ātmanepada). This choice of basic forms allows the
simplest rules for deriving the allomorphs.

The principle that substitutes are treated like the original ((107) 1.1.56
sthānivad ādeśo ‘nalvidhau) is very important here. It dictates that tiN̄
substitutes inherit the properties of the l-endings they replace. For example, a
tiP that replaces lAT. counts as having the marker T. . Similarly, the ending N. aL
that replaces tiP in the perfect counts as a tiN̄ ending, even though it is not
contained in the list (118).

3.4 Stem Formation: The vikaran. as

3.4.1 The Tense/Mood Stems
Before those l-endings which belong to the sārvadhātuka class, a stem-forming
element (vikaran. a) is inserted, which together with the root constitutes the an̄ga
of the ending (by (98)). Which particular vikaran. a is inserted depends on three
things:

– tense/mood,
– voice (diathesis)
– the verb’s conjugational class (in the present active only)

Each l-element represents a different tense/mood category. The three voices are
determined by whether the endings have been chosen to denote the Agent, the
Goal, or the Process (section 2.2). The ten conjugational classes are determined
by the listing of verb roots in the dhātupāt.ha.

The sārvadhātuka l-endings fall into two classes, the first of which roughly
corresponds to the present system in the terminology of Western linguistics:

(120) a. Present system: lat. ‘present’, let. ‘subjunctive’, lot. ‘imperative’, lan̄
‘imperfect’, lin̄ (optative in the vidhi ‘hortatory/imperative’ function)

b. Non-present systems: lun̄ ‘aorist’, lut. ‘periphrastic (remote) future’,
lr. t. ‘(near) future’, lr. n̄ ‘conditional’

Each set of sārvadhātuka l-endings of the non-present system determines its own
vikaran. a in a straightforward way:

(121) a. Before lun̄ (aorist) endings: cli
b. Before lut. (remote future) endings: tāsI
c. Before lr. t. (future) and lr. n̄ (conditional) endings: sya

The aorist vikaran. a cli is an abstract placeholder. It is always replaced by one
of the actual endings according to the phonological shape and lexical identity of
the root.

The vikaran. as bear grammatical markers which among other things have ef-
fects on the form of the root, particularly on its accent and strong vs. weak grade,
e.g. kr.s.+ŚaP+tiP → kárs.ati (first class), but kr.s.+Śa+tiP → kr.s. áti (sixth class).
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Also, they are themselves subject to alternations of stress and strong vs. weak
grade, e.g. su-nu-tiP → sunóti, but su-nu-mas → sunumás.

The table on the next page shows the system of tense/mood stems in outline.
Before l-endings belonging to the present system, the choice of vikaran. a de-

pends on voice, and in the active, on the verb’s conjugational class. If the l-
endings denote the Goal or the Process, yaK is inserted by [122].

(122) 3.1.67 ���	5��# �2 ���
sārvadhātuke
sārvadhātuka-Loc

yak
yaK-Nom

(66 bhāvakarman. oh. )

‘yaK is added before a sārvadhātuka suffix which denotes the Goal or the
Process’.

The marker K on yaK blocks gun. a on the root by 7.3.84 sārvadhātukārdha-
dhātukayoh. , in virtue of the prohibition 1.1.5 kn̄iti ca. Thus we get the passive
form bhū-yá-te, not *bhav-yá-te etc.

If the l-endings denote the Agent, one of a set of other vikaran. as is inserted
before them. The choice depends on the conjugation class of the verb, which is
an unpredictable lexical matter. The roots are listed in the dhātupāt.ha in ten
groups, each of which constitutes a different class. The default vikaran. a is ŚaP,
which is inserted by [123].

(123) 3.1.68 ��	
� � �
kartari
Agent-Loc

śap
ŚaP-Nom

(67 sārvadhātuke)

‘ŚaP is suffixed to the root before a sārvadhātuka suffix which denotes the
Agent.’

ŚaP is added to roots of several conjugational classes: the first (the bhū class),
the second (the ad class), the third (the hu class), the tenth (the cur class). It
is also added to derived roots, including causatives and others with the suffix
N. iC, desideratives (saN), intensives (yaN. ), and denominal verbs, which all get
the designation dhātu ‘root’ by (100) 3.1.32 sanādyantā dhātavah. .

In roots of the second and third class, ŚaP is deleted, or, more precisely,
replaced by one of the two null elements luK and Ślu. They do not inherit
the properties of ŚaP, because (124) 1.1.63 na lumatān̄gasya stipulates that
deletion effected through replacement by these elements is not subject to (104),
in effect reinstating the siddha-principle.

(124) 1.1.63 � 9# ���g��
na
not

lumatāṅgasya
lu-containing-Instr

(1.1.62
stem-Gen

pratyayalope pratyayalaks.an. am)

‘When a suffix is deleted by an element containing lu, the operations it
triggers on an an̄ga (stem) do not apply.’

For example, in i-∅-más ‘we go’, even though ∅ (luK) is a replacement of ŚaP,
which triggers gun. a by 7.3.84 sārvadhātukārdhahātukayoh. , it does not itself
trigger gun. a.
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Other classes of verbs receive different vikaran. as by a set of special rules
(apavādas) which block [123].

The marker P on ŚaP has several functions. One of its functions is to activate
rule [125], which blocks it from getting accented by 3.1.3 ādyudāttaś ca (rule
(12)).

(125) a�# $�tt? �# 
' �?
anudāttau
unaccented-DuNom

suppitau
suP-Pit-DuNom

‘Sup endings (case-number endings) and endings marked with P are un-
accented’.

Accent is then assigned by:

(126) 6.1.162 5��
�
dhātoh.
root-Gen

(159 antodāttah. )

‘The final syllable of a root bears an udātta pitch accent.’

Another function of the marker P in ŚaP is to preclude the assignment of the
marker N̄ to it by [127].

(127) 1.2.4 ���	5��# ��
 ��
sārvadhātukam
sārvadhātuka-Nom

apit
nonP-it-Nom

(1 n̄it)

‘a sārvadhātuka which does not have the marker P has the marker N̄’

If this redundancy rule were to apply, it would result in an undesired prohibition
of gun. a by 1.1.5 kn̄iti ca. The marker P blocks it, thus ensuring that forms like
bhū-ŚaP-tiP → bháv-a-ti are correctly derived.

The marker Ś ensures that ŚaP is classed as sārvadhātuka (3.4.113 tin̄śit
sārvadhātukam). Another function of the marker Ś on ŚaP is to block rule
[128] from replacing ai by ā before it in cases like gai-ŚaP-tiP → gāyati (�→
*gāti).

(128) 6.1.45 a�$20 u $2�2 -
�
�
ād
āT -Nom

eca
eC -Gen

upadeśe
basic-form-Loc

’́siti
non-Ś-it-Loc

(6.1.8 dhātoh. )

‘An underlying root-final eC (a diphthong) is replaced by ā, except before
an item with the marker Ś’.

The abovementioned vikaran. as are inserted before sārvadhātuka suffixes rep-
resenting the present system, listed in (120a). The remaining tense/mood cat-
egories are formed off distinct stems. Let’s take a brief look just at the aorist
verb form apāci in (2).

Before the l -endings representing the aorist (lUN̄), instead of ŚaP and the
other vikaran. as, the element CLI is inserted before them (independently of
whether they denote Goal, Process, or Agent) by [129]. In other words, voice
is neutralized in the aorist stem. This is done by rule (129), which blocks (123)
3.1.68 kartari ŚaP.
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(129) 3.1.43 
L9 9# 
�
cli
Cli-Nom

lun̄i
lUN̄ -Loc

‘before (the endings replacing) lUN̄, Cli is inserted’.

Cli is in turn replaced by the specific aorist markers sIC, Ksa, CaN̄, aN̄, CiN. ,
or deleted, under partly phonological, partly lexical conditions.

The verb apāci in (2) is special aorist passive form, which is restricted to the
third person singular, and triggers deletion of the person/number ending after it:

(130) 3.1.66 
0�� ;����	�
�
cin.
CiN. -Nom

bhāvakarman. oh.
Process-Goal-DuLoc

(44 cleh. )

‘To express the Process or the Goal (i.e. in the passive and in the imper-
sonal passive), CLI is replaced by CiN. .’

(131) 6.4.104 
0�
 9# ��
cin. o
Cin. -Gen

luk
luk

‘After the aorist suffix Cin. , person/number endings are deleted.’

E.g. pac-CLI → a-pāc-i-ta → a-pāc-i ‘was cooked’.

3.5 Morphological Lessons of Pānini’s Grammar

3.5.1 Blocking and Substitution
As you will have noticed, the distribution of suffixes and the alternations in their
shapes are bewilderingly complex; yet Pān. ini succeeds in extracting some fairly
general patterns.

In addition to these regularities, some roots and affixes are subject to id-
iosyncratic alternations in various morphological contexts. There are two ways
to handle such allomorphy in the grammar: blocking and replacement. In either
case, one form in a set of alternating forms is chosen as basic, in such a way
as to allow the simplest overall description. In the substitution method, the ba-
sic form is introduced by a general rule everywhere and then replaced by the
other alternants in specific contexts. In the blocking method, the basic form is
introduced by a general rule and the alternants by special rules which block the
general rule in specific contexts. There is a close conceptual relationship between
these two procedures, of which the tradition is well aware.

Normally the simplest description results if an actually occurring form is cho-
sen as underlying form, and among the actually occurring forms the one with
the widest distribution. But sometimes there are reasons to prefer a form with
more restricted distribution, or even to posit an underlying form which does not
occur as an actual form at all.

Pān. ini typically (though by no means exclusively) uses blocking in derivational
morphology, and substitution in inflectional morphology. The main reason for
this is that replacements by convention inherit the morphological properties
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of the elements they replace (for example, they have the same effects on the
vowel shape and accent of the stem to which they are added). In Sanskrit, at
least, these properties are typically invariant in inflectional alternants, but vary
in derivational alternants (presumably at least in part because paradigmatic
leveling is more frequent within an inflectional paradigm).

The replacement and blocking techniques can also be combined. This method
involves setting up a wholly abstract underlying form, and a rule replacing it
by the basic allomorph, which in turn is blocked by the special allomorph. An
example of this is Pān. ini’s treatment of the aorist formative, which has several
variants: s, (sIC), (the basic allomorph), sa, a (with or without reduplication),
and zero. These are all derived from an underlying cli which never surfaces in
that form. It is always replaced, either by the basic allomorph sIC through a
context-free rule, or in specific contexts by other allomorphs through rules like
(130) which block sIC. The zero ending however is derived from sIC itself by
replacement rules which substitute the null element luk for it.

3.5.2 The Nature of Sanskrit Allomorphy
Pān. ini’s grammar reveals two important morphological generalization about
Sanskrit. First, the locus of suppletion is the morpheme: all suppletion in Sanskrit
verb inflection is either root suppletion or suffix suppletion. There is no “multi-
morpheme suppletion” whereby sequences of morphemes are idiosyncratically
replaced by other sequences of morphemes, and there is no “total suppletion” of
entire words.

Secondly, the distribution of suppletive allomorphs is determined by the same
contextual factors that determine the distribution of morphemes themselves,
that is, by prosodic phonological conditions (from a contemporary perspective,
syllable structure and accent) and by morphological classes.

A paradigm-centered approach could not capture either of these absolutely
central generalizations.

3.5.3 Multiple Exponence and Null Exponence
Stump (2001) draws a distinction between what he calls realizational theories
and incremental theories of morphology. Realizational theories hold that words
are built up by spelling out features as affixes, while incremental theories hold
that words are built up by percolating the features of affixes to the stem+affix
combinations they enter into. According to Stump, the basic empirical issue that
divides the theories is that incremental theories privilege one-to-one correspon-
dences between morphemes and morphosyntactic features or feature bundles.
Each morpheme of a word would be expected to correspond to a subset of its
morphosyntactic features, and cases where several morphemes correspond to a
single feature bundle, and cases where no morpheme corresponds to a feature
bundle, would represent descriptive complications. On the realizational view,
there is no such expectation. Where several morphemes correspond to a single
feature bundle, there are simply several realization rules, and where no mor-
pheme corresponds to a feature bundle, there is simply no realization rule. On
the face of it, for example, for example, in the 3.Sg. aorist form á-kār-s. -am, one
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might see four realizations of the aorist category: the augment a-, the lengthening
of the root vowel, the suffix -s-, and the -am allomorph of the 1.Sg. ending.

Stump argues in favor of the realizational view on the grounds that the in-
cremental view imposes arbitrary choices in cases of multiple exponence, and
artificial solutions in cases of null exponence. Pān. ini’s grammar of Sanskrit tends
to show the opposite. Technically, it may be considered an incremental theory.
Yet it adopts the one-to-one correspondence between morphological elements
and morphosyntactic features as the baseline, entirely for reasons of descriptive
simplicity. In nearly all cases of apparent multiple exponence, one of the mor-
phemes turns out to be the bearer of the morphosyntactic feature bundle, and
the others have a different function. Consider again á-kār-s.-am. The augment a-
is added to three tense/mood categories (imperfect, aorist, and conditional), and
(as Vedic shows) only in finite inflection. Thus, it is not a marker of the aorist.
The lengthening of the root is a morphophonological process which is triggered
not only in the aorist, but in a vast class of morphological categories under
certain phonological conditions. The person/number allomorph -am is shared
with the imperfect, the optative, and the precative, and the conditional, and
also marks active voice. The “real” marker of the aorist in this class of aorists,
then, is -s-. A similar argument can be given in almost every case of “multiple
exponence” in Sanskrit. At least in this analysis, there is no arbitrariness and,
at the theoretical level, no multiple exponence.

As for null exponence, Pān. ini’s grammar reveals the exceptionless general-
ization that null morphemes are always allomorphs of overt morphemes. His
morphological empty elements (luk etc.) are needed only as replacements of suf-
fixes with phonological substance, never as morphemes in their own right. On
the realizational view, there is no reason why that should be so.

I conclude that Pān. ini’s descriptive practice constitutes evidence against the
realizational view and in support of the incremental view, in so far as the one-to-
one correspondence between morphemes and morphosyntactic feature bundles
is a natural consequence of the latter but not of the former.

3.6 Derivational Morphology

3.6.1 The Taddhita Section
The treatment of secondary nominal derivation occupies almost a quarter of
the As.t.ādhyāȳı and has an intricate structure. As mentioned, one of its most
interesting features is that Pān. ini’s technique enables the rules of suffixation
to be separated from the rules of meaning assignment. Ingeniously exploiting
this device in the taddhita section to deal with the competition among multiply
polysemous suffixes, Pān. ini organizes the section as follows.

(132) Suffix1
Suffixes which block Suffix1 in all of its meanings:

Suffix1′ with stem classes X1′ , Y1′ , . . .
Suffix1′′ with stem classes X1′′ , Y1′′ , . . .
etc.
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Meaning1a of Suffix1, Suffix1′ , Suffix1′′ , . . .

Suffixes which block Suffix1 in Meaning1a:
Suffix1a′ with stem classes X1a′ , Y1a′ , . . .
Suffix1a′′ with stems X1a′′ , Y1a′′ , . . .
etc.

Meaning1b of Suffix1, Suffix1′ , Suffix1′′ , . . .

Suffixes which block Suffix1 in Meaning1b:
Suffix1b′ with stem classes X1b′ , Y1b′ , . . .
etc.

(Repeat for Suffix2, Suffix3, . . . )

3.6.2 Compounding
All compounds are derived by combining padas, each of which must have its own
case ending, which is then deleted by [133]:

(133) 2.4.71 �#  
 5��# pr�
� 
$��
�
supo
suP -Gen

dhātuprātipadikayoh.
root-stem-DuGen

(58 luk)

‘case endings in roots and stems are deleted’

The reason for this analysis is that it simplifies the morphological derivation of
compounds. First, in some types of compounds the case endings are actually
retained; these can simply be characterized as exceptions to deletion. Secondly,
it accounts for the word status of each constituent by rule [134] (= [103]).

(134) 1.4.14 �# 
pt�:�)  $��
sup-tin̄-antam
suP-tiN̄ -ending-Nom

padam
word-Nom

‘An element tha ends in suP or tiN̄ is (termed) pada ‘word’.

The word status of each member of a compound is required by the phonology.
For example, in rājapurus.a ‘king’s servant’ the first member rājan-, being a
word, loses its final -n by rule [41].

Compounding rules are of the form

(135) ANom BInstr = ‘A is compounded with B’

where the nominative item is called upasarjana and is positioned first in the
resulting compound. For example, rule [136] compounds a genitive with its
head:7

7 In this rule, the tradition wrongly continues vibhās. ā from 2.1.11; for discussion see
Kiparsky 1979, 39, Joshi and Bhate 1984, 95.
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(136) 2.2.8 �M�
s.as.t.h̄ı
sixth-Nom

(2.1.2-4 sup, samāsah. , saha supā) (2.1.18 vā) (2.1.22

tatpurus.ah. )

‘[an item ending in] a genitive case suffix is (preferably) [compounded]
(with [an item ending in] a case suffix) (to form a tatpurus.a)’.

yielding such nominal stems as [[aśva+sya][pati+Su]] “horse-lord”, which then
by [133] lose their internal case endings, and get inflected with external case
endings like any other nominal stem.

Compounds fall under the constraint (137) which governs all word formation.

(137) 2.1.1 ���	�  $
�
5�
samarthah.
semantically-related-Nom

padavidhih.
word-operation-Nom

“An operation on words is semantically related.’

The wording is not quite clear, but the rule is evidently designed to insure that
compounding processes can combine a word with its modifier or complement,
but not with a complement or modifier of another. As Patañjali points out, an
external modifier cannot be ordinarily be construed with a member of a com-
pound. For example, the compound rājapurus.ah. is analyzed as rājñah. purus.ah.
‘king’s servant’, but the expression r.ddhasya rājapurus.ah. does not mean ‘servant
of a rich king’, i.e. it cannot have the semantic bracketing ( ( r.ddhasya rājñah. )
purus.ah. ).

Patañjali on 2.1.1 discusses a number of interesting cases where compounds
apparently violate this word integrity principle (Joshi & Roodbergen p. 35 ff.).
They have not been systematically studied in modern grammar as far as I know.
The examples seem to fall into certain natural classes.

One group consists of cases where an external modifier is construed with a
governed member of a compound that bears an intrinsic relation to the governing
member.

(138) Devadattasya
Devadatta-Gen

gurukulam
teacher-family-Nom

(= kulam. guror Devadattasya)

‘the family of Devadatta’s teacher’ (lit.) ‘Devadatta’s teacher-family’

These apparent syntax/morphology mismatches should probably be treated at
the level of semantics. A semantic inheritance mechanism whereby properties
of individuals become properties of groups to which those individuals belong is
needed in any case. For example, a laughing group of children is really a group
of laughing children: it is not the group that laughs, but the individual children
that it consists of. Similarly, in (138) the property of being Devadatta’s has been
inherited from the teacher by the teacher’s family. The cases where external
modifiers are precluded are those where, on semantic grounds, such inheritance
makes no sense. For example, the property of being rich is not inherited from a
king by his servants.
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In another group of cases, commonly found in literature, the external modifier
seems to modify part of a compound whose head is a numeral or measure:

(139) saktvād. hakam
barley-measure-Nom

āpān. ı̄yānām
for-sale-GenPl

‘a measure of barley grains for sale’ (Patañjali)

This is presumably to be analyzed as ‘a barley-grain measure of a thousand
(barley-grains)’, like English a student population of 1000.

A third group mentioned by Patañjali seems to have a somewhat different
character. It involves compounding of the negation prefix a-.

(140) amās.am.
non-lentil-Acc

haramān. am
taking-Nom

‘not taking (even) a lentil’ (Patañjali)

Similarly, a-śabdam kurvan ‘not making (so much as) a sound’ (Āp.ŚS 6.11.4) In
these examples, literally ‘taking a non-lentil’, ‘making a non-sound’, the negation
must clearly be construed with the verb, but is expressed on its object. This kind
of negation can be construed as NP-negation forming an expression denoting a
minimal amount, which is then interpreted like a negative polarity item, viz.
‘taking not-(even-)a-lentil’ = ‘taking very little’. Again, once the semantics is
understood, there is no need to assume a morphology/syntax mismatch.

Interestingly, Wh-pronouns in Sanskrit can be freely compounded (like any
other pronoun).

(141) kim. gotro
‘what(Q)-family

nv
Part

aham
I

asmı̄ti?
am-Quote?

sāham
she I

etan
this

na
not

veda
know-1Sg

yadgotras
what(Rel)-family

tvam
you

asi
are.’

‘So, what family am I from?’ ‘I don’t know what family you are from.’
(ChUp 4.4.1-2)

Words in Sanskrit are not “anaphoric islands”, and anaphoric binding in Sanskrit
is not a relation between maximal projections. This is just what we would expect
since (as discussed above) the antecedent of reflexive pronouns in Sanskrit is
normally determined at the level of thematic structure (the highest Theta-role).

Another type of apparent morphology/syntax mismatch has recently been dis-
cussed by Stump (2001:14), who says: “a compound’s morphological structure
needn’t be isomorphic to its syntactic structure; in the Sanskrit expression [be-
low], for example, the NP am. hór ‘distress (abl sg)’ is syntactically dependent on
urú- ‘distance, relief’ but is not itself part of the compound uru-cákrih. ‘causing
relief (nom sg)’.” His analysis posits the mismatch in (142).
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(142)

Syntactic structure:

am. hor uru cakrih.

Morphological structure

But the fact that the complex nominal predicate uru-cákrih. ‘freeing, causing
relief’ assigns ablative case to its complement like uru ‘free’ does is no more
exotic than the fact that the verbs to relieve and to free take the same kinds of PP
complements that relief and free do (namely ‘from’ or ‘of’). The generalization
that such complements are inherited through morphological derivation can be
readily dealt with in the morphology itself, and many theories of morphology
have spelled out mechanisms for doing so.

In late classical literature, there occur however cases where the first, most
deeply embedded member of bahuvr̄ıhi compounds have external complements
that cannot be explained away semantically.

(143) p̄ınābhyām.
brawny-Instr

madbhujābhyām.
my-arms-Instr

bhramitagurugadāghātasam. cūrn. itoroh.
whirled-heavy-club-crushed-thigh-Gen
whose thighs have been crushed by the strokes of the heavy club whirled
around by my brawny arms (Hars.acarita 5.35)

4 Phonology

4.1 Phonological Domains

When there is no specific statement to the contrary, a phonological rule applies if
and only if the conditioning context (the “trigger”) and the undergoing element
(the “target”) are adjacent. If some class of elements may intervene between
them, this must be specifically stated. Phonological rules may place other condi-
tions on the relation between trigger and target, such as requiring them to form
a base+suffix combination, to be within the same word or in the same metrical
unit, to be in close contact, or to be semantically related. Each such relation de-
termines a different kind of phonological domain. Rules which have one of these
domains in common are listed together, in so far as possible, under a heading
that specifies that domain for all of them.

Independently of this topical organization according to domains of applica-
tion, rules fall into major groups on the basis of constraints on their mutual
interaction. Conceptually, these constraints are all restrictions on the siddha-
principle.
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The schema in (1) makes no distinction between ‘phonology’, ‘morphophonol-
ogy’, and ‘allomorphy’. And indeed there seems to be no principled distinction
made between them in the organization of the grammar. But now that we have
seen how many of the theoretical distinctions made in contemporary linguis-
tics emerge as if on their own in the As.t.ādhyāȳı because the economy principle
forces certain groupings that correspond to them, we should ask whether some-
thing like these subdivisions can be discerned in the mapping from level 3 to
level 4. In fact, it turns out that several metarules of the grammar stipulate
different properties for two kinds of rules, which roughly correspond to allo-
morphy rules and phonological rules, and that the latter in turn fall into two
types which correspond to what we would consider morphophonological and
phonological.

The rules in the block from 6.4 through the end of 7 are restricted to combi-
nations of an an̄ga ‘base’ plus a suffix, in virtue of the heading (144).

(144) 6.4.1 ag��
an̄gasya
base-Gen
‘in place of (the final segment of) a base’

The need to restrict some rules in this way is illustrated by the contrast in
(145), which shows that vowel sequences can be treated differently at the stem-
suffix juncture in (145a) and across a word boundary in (145b).

(145) a. śr̄ı+as → śriyas ‘riches’
b. śr̄ı+artha+am → śryartham ‘for the sake of prosperity’

The -iy- in śriyas replaces -̄ı- by rule 6.4.77 (146).

(146) 6.4.77 a
0 n# 5��# ;#F��) O�

���# ��?
aci
aC -Loc

śnu-dhātu-bhruvām.
śnu-Root-bhrū-PlGen

y-vor
y-v -DuGen

iyan̄-uvan̄au
iy-uv -DuNom

(6.4.1

an̄gasya)

‘before a vowel, base-(final) i, u of (the conjugation marker) Śnu, of a
root, and of bhrū ‘brow’ are replaced by iy and uv, respectively’

As a rule of the an̄ga section, (146) is not applicable across word boundaries, as
in (145b).

From our point of view, rule (146) would probably be considered “mor-
phophonological”. But many rules of the an̄ga section also deal with “allomor-
phy”. Recall rule (107), which states an important distinction between two sorts
of replacement processes which corresponds to that distinction: non-phonological
properties of the input are transferred from inputs to their replacements, while
satisfaction of phonological properties is checked on the actual output string
only (Joshi and Roodbergen 1985). Properties which depend on markers, there-
fore, are always carried over. For example, rule (147) replaces the absolutive
suffix Ktvā by LyaP after a compound (prefixed) verb, except for the negation
prefix a(n)-.
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(147) 7.1.37 ����2 -�P 6 �2	 ktv
 K� �
samāse
compound-Loc

’nañpūrve
non-aÑ-initial-Loc

ktvo
Ktvā-Gen

lyap
LyaP

‘in a compound that does not begin with aÑ-, Ktvā is replaced by LyaP ’

The suffix Ktvā is defined as a kr. t suffix (3.4.21). The replacement LyaP is
introduced in (147), outside of the kr. t section, so it not a kr. t suffix. But (107)
transfers the property of being a kr. t suffix from Ktvā to its replacement LyaP.
The desired effect is that rule (148), which introduces the augment tUK after a
short root before a kr. t suffix with the marker P, will also apply before LyaP.

(148) 6.1.71 hr���� 
 
� �� 
� �# ��
hrasvasya
short-Gen

piti
P-it-Loc

kr.ti
kr. t-Loc

tuk
tUK

‘t is inserted after a short vowel before a kr. t suffix marked with P’

E.g. pra-kr. -Ktvā → pra-kr. -LyaP → pra-kr. t-ya.
On the other hand, properties such as “having one vowel”, or “beginning with

a consonant” are not transferred. For example, rule 7.1.84 diva aut states that
the final consonant of div ‘the sky’ is replaced by au before the nominative
singular ending -sU : div-s → diau-s (→ 6.1.77 (25) dyaus) (compare e.g. dative
singular div-e). If the output stem preserved the input’s property of “ending in
a consonant”, rule 6.1.68 haln̄yābbhyo d̄ırghāt sutisyapr.ktam. hal would
wrongly apply to delete the ending -s (*dyau). In other words, the phonological
change of -v to -au must be taken into account when assessing whether the
phonological conditions of rule 6.1.68 are satisfied.

Another distinction reminiscent of the morphophonology/allomorphy divide
emerges, again on purely technical grounds, between substitutes consisting of
one sound and substitutes consisting of more than one sound. The normal form
of a phonological rule is:

(149) A → B / C D

where A and B are single segments. The single-segment property of the change,
and the adjacency of the triggering context (locality), typically hold not only
for purely phonologically conditioned rules, but equally for morphologically con-
ditioned and for lexically conditioned phonological rules, such as the change of
div to diau just mentioned. In the default case, therefore, a substitute consisting
of one sound will replace just one segment of the input, and this will be the
last sound of the input if the trigger (the conditioning environment) is on the
right, and the first sound of the input if the trigger is on the left. For example,
v → au in div+s is triggered by the ending, so it is the last sound of the stem
which is affected. This generalization is exploited to simplify the formulation of
grammatical rules, by supplying the default behavior as a convention:

(150) 1.1.52 a9
 -:����
alo
aL-Gen

’ntyasya
last-Gen

(50 sthāne) (49 s.as.t.h̄ı)
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‘(a substitute replaces) the last sound (of a substituend specified in the
genitive)’

(151) 1.1.54 a�$2�  ���
ādeh.
initial-Gen

parasya
following-Gen

(52 alah. ) (50 sthāne)

‘(a substitute replaces) the first (segment) (of a substituend) which follows’

A substitute consisting of more than one sound, on the other hand, typically
replaces the whole input (because such a substitution most likely is an allomor-
phy process, we would say). For example, (147) samāse ’nañpūrve ktvo lyap
substitutes LyaP for the entire ending Ktvā.

Naturally, substitutes that go against the default generalizations must be
marked. Such contrary cases occur in both directions, and each is flagged by its
own marker. “Short” substitutes that (contrary to the default) replace the entire
input are marked by Ś, and “long” substitutes that (contrary to the default)
replace just one sound of the input are marked by N̄.

To repeat, there is no reason to believe that Pān. ini had any principled rule
typology analogous to those developed in many modern linguistic theories. He
simply dealt with the morphology/phonology interface phenomena of Sanskrit
by means of his usual grammatical technique, driven solely by the simplifying,
generalizing imperative. Yet by consistently applying this technique he ended
up framing conventions such as (107) and (150)-(151), which in their own way
reflect approximately the distinction between what we would call allomorphic
and morphophonological rules, on the basis of their purely formal properties.

Within phonological rules, other major classes emerge. Those which are re-
stricted to apply in close contact (sam. hitā) are termed sandhi rules (from sam-
dhā- ‘put together, join’). The most important sandhi rules are in three groups,
each headed by sam. hitāyām ‘in close contact’ (6.1.72–157, 6.3.114–139, 8.2.108–
8.4.68). Smaller blocks of rules are limited to applying anywhere within the
domain of a pada ‘word’ (8.4.1 ff.), and to the domain of a metrical pāda ‘verse’
(8.3.9 ff.). Words and metrical verses are also exactly the domains whose edges
can block or condition the application of phonological rules. The absence or pres-
ence of a word on the left or right defines a sentence-initial or non-sentence-initial
environment. Intonation rules can be semantically conditioned by a trigger which
need not be in close contact to the undergoer, or even adjacent to it. A few rules
require both close contact and semantic relationship between trigger and under-
goer. The joint requirement of close contact and semantic relationship defines a
domain which can be identified as the phonological phrase. Within this domain,
certain sandhi processes that otherwise apply in close contact are suspended.

4.2 Types of Rule Interaction

The second major criterion by which rules are grouped is by shared constraints
on their mutual interaction. Just as string adjacency is the unstated default
relation between trigger and target, and those cases where some other relation
between them obtains are specially provided for in the grammar, so there are
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unstated default principles governing rule interaction, and those interactions
which diverge from the default are specially provided for. What precisely the
unstated default principles governing rule interaction are, however, is a matter
of some controversy. As stated in section 1, my view is that Pān. ini assumed the
siddha-principle, the word-integrity principle, and the blocking principle. Before
proceeding I summarize what the tradition says on this matter.

4.2.1 The Traditional View
Traditionally the order of application of rules in the As.t.ādhyāȳı is determined
by a hierarchy of four principles:

(152) Rule A supersedes rule B under the following conditions:
a. if A follows B in the As.t.ādhyāȳı (A is para),
b. if A is applicable whether or not B applies (A is nitya),
c. if A is conditioned internally to B (A is antaran̄ga),
d. if the inputs to which A is applicable are a proper subset of the inputs

to which B is applicable (A is apavāda).

The principles in (152) are assumed to form a hierarchy of increasing strength, so
that [152b] takes precedence over [152a], [152c] over [152b], etc. Except for (152a)
(see below), neither the principles nor the hierarchy are stated in the grammar,
but several versions of them are made explicit by the traditional commentators.
Not included in this list, but tacitly assumed by the tradition, is the fundamental
principle that when a rule can apply to the output of another, it does, unless
this is blocked by some other principle or rule.

The following paragraphs briefly present the motivation for each principle and
for their hierarchy.

The para principle (152a) is stated in the grammar in connection with a set
of definitional rules which must apply disjunctively. These definitional rules are
gathered under the headings [90]-[91]. As was discussed above, this so-called
ekasam. jñā-section includes, among many others, the rules that map semantics
to thematic roles (kārakas), which are placed in that section in order to prevent
expressions from being assigned more than one role.

According to tradition, however, the precedence of para rules stipulated in
(91) holds throughout the grammar.

A is a nitya ‘constant’ rule with respect to B if A is applicable whether or not
B applies, but not conversely. A nitya rule has precedence over a non-nitya rule.
This is equivalent to saying that bleeding order has priority over non-bleeding
order, so we can call it the bleeding principle.

A simple example of the nitya principle is the derivation of rud-hi → rudihi
‘weep!’ (2Sg). Underlying rud-hi is potentially subject to two rules:

(153) 6.4.101 �# SK��
 �2
5	�
hujhalbhyo
hu-jhal -PlAbl

her
hi-Gen

dhih.
dhi-Nom

(101 an̄gasya)

‘after (the root) hu and after a base ending in an obstruent, -hi is replaced
by -dhi ’
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(154) 7.2.76 �$�
$��� ���	5��# �2
rudādibhyah.
rud -beginning-PlAbl

sārvadhātuke
sārvadhātuka-Loc

(35 it. valādeh. )

‘after the roots rud etc., the augment iT. is inserted before sārvadhātuka
endings beginning with a vaL consonant’

Rule (154) bleeds (153), therefore precedes it.
When the nitya principle does not give the right results, special countermea-

sures are taken. Consider again the rules (147) and (148). At the stage adhi-i-ya
(after Ktvā has been replaced by LyaP by (147) 7.1.37 samāse ’nañpūrve ktvo
lyap), two rules are potentially applicable: contraction of a pair of like vowels
into a single long vowel by (27) 6.1.101 akah. savarn. e d̄ırghah. , and insertion of
the augment -t (tUK) at the end a short-vowel root by (148) 6.1.71 hrasvasya
piti kr.ti tuk. Since the augmentation is conditioned by a short root vowel, it is
bled by contraction, which should therefore take effect first, and t-augmentation
would then be blocked. The resulting form, *adh̄ıya, is however incorrect. So
here the default principle leads to the wrong result. Therefore, a special rule
is required which stipulates that vowel contraction (among other processes) is
asiddha with respect to insertion of the augment tUK.

(155) 6.1.86 ����# �
�
�d�
s.atvatukor
s.-quality-tUK -DuLoc

asiddhah.
not-effected

‘(these rules) are treated as not effected with respect to retroflexion of s
and insertion of the augment t-’

The tradition operates with the correlative concepts bahiran̄ga ‘externally
conditioned’ versus antaran̄ga ‘internally conditioned’, and posits the principle
that bahiran̄ga processes are asiddha with respect to antaran̄ga processes. The
tradition knows also a weaker version:

(156) a. The strong AP: A bahiran̄ga rule is asiddha with respect to an an-
taran̄ga rule (asiddham bahiran̄gam antaran̄ge).

b. The weak AP: An antaran̄ga rule takes precedence over a bahiran̄ga
rule (antaran̄gam. bal̄ıyo bhavati).

The antaran̄ga-paribhās. ā (AP) is reminiscent of cyclic application in generative
phonology. Its two versions correspond to two versions of cyclicity, with or with-
out the “Strict Cycle Condition”.

The word-integrity principle is a special case of the antaranga-principle, but
tradition applies the antaranga-principle also within words.

4.2.2 A Non-traditional Interpretation
Of the principles in [152], the para principle is today generally agreed
to be restricted to the sam. jñā section (1.4–2.3). Joshi and I (Kiparsky
and Joshi 1979, Kiparsky 1982, Joshi in press) have argued at length
that the nitya principle is subsumed, with the (unstated) master prin-
ciple that rules apply at any opportunity, under the siddha-principle
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discussed above in (38). We also argued that Pān. ini did not assume the an-
taran̄ga-principle word-internally, only the word-integrity principle. That is,
phrasal rule applications are asiddha with respect to rule applications inside
words, but rule applications to larger constituents of words are not asiddha with
respect to rule applications to smaller constituents of words. We showed that the
wording of his rules invariably presupposes that the word-internal application of
rules is governed by the siddha-principle and not by the antaran̄ga-principle.

To this argument I would now like to add two new points. The first new point
is that Pān. ini should have adopted a form of the antaran̄ga-principle, i.e. word-
internal cyclicity, for it is in fact rather well motivated by phonology/morphology
interactions in Sanskrit. The second new point is that Pān. ini could not have done
for reasons internal to his system.

I shall cite two pieces of phonological evidence that phonology does apply
cyclically within words in Sanskrit. The first comes from the accentuation of
words with multiple accents. The tradition points out that an accent which is
assigned supersedes accents which have been assigned (satísis.t.asvaro bal̄ıyān
bhavati, Patañjali on 6.1.158 vt. 8). That is, the last suffix to be added deter-
mines the accent of the whole word. This generalization comes for free if rules
are applied cyclically from innermost constituents outward.

For example, from the name Daks.a, rule 4.1.95 ata iñ yields Dā́ ks. i ‘a de-
scendant of Daks.a’ (from daks.a+iÑ ), with initial accent by rule 6.1.197 ñnity
ādir nityam, which accents the initial syllable of a word having a suffix with
diacritic Ñ or N. This in turn yields by rule 4.1.101 yañiñoś ca the designation
of a remote descendant, Dāks. āyan. á ‘great-grandson of Dáks.a’. Here rule 6.1.165
kitah. puts the accent on the last syllable, overriding all accents that have been
previously assigned in the course of the derivation. As a cyclic derivation would
predict, the accent assigned by the last suffix wins.

Consider the derivation of kurutáh. ‘they (Du.) make’. If we assume that the
order of suffixes matches the derivational sequence in which they are added, then
the the cyclic principle predicts the following derivation (with irrelevant steps
omitted):

(157) Tense assignment: (111) 3.2.123 vartamāne lat. kr.+LAT.
Root accent: 3.1.91 dhātoh. kr.́ +LAT.
Vikarana placement: 3.1.79 tanādikr.ñbhya uh. kr.́ +u+LAT.
Suffix accent: (12) 3.1.3 ādyudāttaś ca kr.+ú+LAT.
Inflection: (66) 1.4.108 śes.e prathamah. kr.+ú+tas
Suffix accent: (12) 3.1.3 ādyudāttah. kr.+u+tás

Further rules would then give the correct kurutáh. .
This is, in fact, not the Pān. inian derivation. In his system, for theory-internal

reasons, the vikaran. as are added after the person/number endings. In this
case, the generalization that the last-added suffix wins (that is, satísis.t.asvaro
bal̄ıyān bhavati) predicts the wrong accentuation:
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(158) Tense assignment: (111) 3.2.123 vartamāne lat. kr.+LAT
Root accent: 3.1.91 dhātoh. kr.́ +LAT
Agreement: (66) 1.4.108 śes.e prathamah. kr.+tas
Suffix accent: (12) 3.1.3 ādyudāttaś ca kr.+tás
Vikarana placement: 3.1.79 tanādikr.ñbhya uh. kr.+u+tás
Suffix accent: (12) 3.1.3 ādyudāttaś ca *kr.+ú+tas

which ultimately gives *kurútah. . Under these assumptions about the morphol-
ogy, the cyclic principle does not work.

To get the correct form kurutáh. , the traditional interpretation adds an ad
hoc exception to the general principle that an assigned accent supersedes ear-
lier accents: namely, that vikaran. a accents (such as that on u in the above
derivation) do not supersede previously assigned accents on personal end-
ings (satísis.t.avikaran. asvaro lasārvadhātukasvaram. na bādhate, Pat. ad
6.1.158 vt. 10). Pān. ini’s treatment of the verb morphology thus complicates the
assignment of word accent. If (unlike Pān. ini) we assume that suffixes are always
added to the end, so that their linear order in the word matches the derivational
order of affixation, then cyclic application of phonological rules gives the right
results even in this case.

A second set of cases where Sanskrit shows cyclic application of phonological
rules that the grammar does not capture comes from the behavior of roots that
have both prefixes and suffixes. The morphology of inflexional suffixes is sensitive
to whether the root is prefixed or not. Several suffixes show allomorphic variation
based on this, notably the absolutive (gerund) suffix, which makes temporal
adverbials with the meaning ‘having V-ed’, ‘after V-ing’. Recall from (147) 7.1.37
samāse ’nañpūrve ktvo lyap that it has two basic allomorphs, -tvā, which
occurs after simple roots, and -ya, which occurs after prefixed roots. The latter
allomorph gets a t added before it if the root is light, in order to make the one-
mora root syllable into a minimal foot ((148) 6.1.71 hrasvasya piti kr.ti tuk).
The allomorphy is illustrated by the simple form and a compounded form of the
root /bhr./ ‘carry’ in (159).

(159) a. bhr.-tvā́ ‘having brought’ (-tvā after a simple root)
b. sam. -bhŕ. -tya ‘having brought together’ (-t-ya after a light prefixed root)

In bhr. -tvā́ , the root, being simple, selects the allomorph -tvā́ . In (159b) sam. -
bhŕ. -tya, the prefixed root selects the absolutive allomorph -(t)ya. This shows
that the absolutive is formed off the prefixed root.8

Additional evidence is the special behavior of the negative prefix a-. Unlike
verbal prefixes, such as sam- in (159b), a- has no effect on the choice of absolutive
allomorph. For example, á-bhr. -tvā in (159c) has the absolutive allomorph that
is otherwise selected by simple roots. Why does a- differ from the verbal prefixes
in this way? The solution to this puzzle is that it is prefixed not to roots but to
absolutives. So, if those absolutives are formed from simple roots, they will have
8 More precisely, it shows it provided we agree that that the right allomorph is se-

lected at the point at which the morphological operation introducing the affix takes
place, and that (contrary to Pān. ini) there are no “allomorphy rules” that could, for
example, replace -tvā́ by -tya after the prefix has been added.
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the allomorph -tvā. The reason why a- must be prefixed to absolutives and not
to roots is that a- selects nominal and adverbial stems, and the absolutive suffix
-tvā makes verbs into adverbs (with essentially nominal character). Conversely,
verbal prefixes must be added to roots prior to absolutive formation because
they select verbal stems, and absolutives, not being verbs, do not satisfy that
subcategorization requirement. The allomorphy contrast between (160a) and
(160b) reflects this intrinsic difference in derivational history.

(160) a. sam. -bhr. → (sam. ) (bhŕ.-tya) (suffixation to a prefixed root)
b. bhr.-tvā́ → (á) (bhr.-tvā) (prefixation to a suffixed stem)

The prosodic structure of the words is the same as far as we can tell, as indicated
in (160). Specifically, phonology shows that there is a compound boundary be-
tween the prefix and the root in both words. Examples like this show that level
ordering cannot be simply reduced to the domains defined by prosodic struc-
ture. Rather, the morphophonology reveals two different orders of prefixation
and suffixation, as determined by the different selectional requirements of the
prefixes and suffixes, for what surfaces as the same prosodic structure.

Because Pān. ini does not adopt the cyclicity of word phonology, he has to
stipulate in (147) that the negative prefix a- does not trigger the absolutive
allomorph -ya like other compound roots do.

Another argument for the prefix+root constituent is that prefixed roots can be
suffixed with the agent suffix -tr. , which otherwise is not allowed in compounds.
Nouns in -tr. are subject to the constraint that they are not compounded (2.2.16
kartari ca). If prefixation creates compound roots, then they can be inputs to
the affixation of -tr. , and prefixes need not be exceptions to the ban on com-
pounding.

Certain phonological rules also apply cyclically to the prefixed root prior to
further affixation. After prefixes ending in -i and -u, a root-initial s- becomes
retroflexed to s. . For example, the root svaj ‘embrace’ (as in svajate ‘embraces’)
appears as -s.vaj after the prefix pari-, as in paris.vajati. Crucially, this happens
even if an augment or a reduplication intervenes (8.3.63-64 ff.), as in the imper-
fect /pari-a-svaj-a-t/ paryas. vajat, and in the perfect /pari-sa-svaj-e/ paris.as.vaje.

Importantly, it is not possible to account for the “overapplication” of retroflex-
ion on the basis of the output form. The rule that effects this retroflexion
otherwise requires strict adjacency between the triggering high vowel and the
undergoing s. The cyclic nature of the effect is shown even more clearly by cases
like abhi-ta-s. t.hau. The root sthā ‘stand’ is prefixed and its initial s-. is retroflexed.
The following plosive th is not retroflexed at this point because assimilation of
retroflexion is postlexical. The cyclic derivation, however, yields the correct out-
put form: sthā- → abhi-s. thā- → (formation of perfect stem) abhi-ta-s. thā- →
(inflection) abhi-ta-s. thau → (postlexical phonology) abhi-ta-s. t.hau.

Because Pān. ini does not adopt the interleaving of phonology and morphology
inside words, this derivation is not available to him. He simply stipulates that the
augment and the retroflexion may intervene between the high vowel and the s.

Why did Pān. ini not adopt word-internal cyclicity? The most important rea-
son is that he treated allomorphy as replacement. This forced him to prevent
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the underlying allomorph from triggering unwanted applications of phonological
rules prior to being replaced by the actual derived allomorph.

There are many instances where the antaran̄ga-principle, if applied word-
internally, would give the wrong result, and where Pān. ini did not intend it to
apply. Instead, he relied on the siddha-principle, which, in fact, works correctly
in these cases. A typical example is the following.

In the derivation of sedus.as (Sg.Gen. of sed-vas, Nom. sedivān) ‘having sat’,
the suffix+root combination sed-vas is subject to a rule which inserts the aug-
ment i- before consonantal endings. The semivowel v of the suffix is then vocal-
ized before accented vocalic endings, which bleeds the insertion of the augment.
Cyclicity predicts the incorrect form:

(161) sed-vas
sed-ivas 7.2.35 ārdhadhātukasyed. valādeh.
sed-ivas-as 2.3.50 s.as.t.h̄ı śes.e
sed-iuas-as 6.4.131 vasoh. samprasāran. am
sed-ius-as 6.1.108 sam. prasāran. āc ca

*sed-yus.-as 8.3.59 ādeśapratyayayoh. , (25) 6.1.77 iko yan. aci

The siddha-principle predicts the correct derivation, where 6.4.131 bleeds 7.2.35,
as desired:

(162) sed-vas-as
sed-uas-as 6.4.131 vasoh. samprasāran. am
sed-us-as 6.1.108 sam. prasāran. āc ca
sed-us.-as 8.3.59 ādeśapratyayayoh.
— 7.2.35 ārdhadhātukasyed. valādeh. (inapplicable)

It is because of such cases, I think, that Pān. ini abandoned the cyclic principle in
the word domain favor of exclusive reliance on the siddha-principle, at the cost
of complications such as those we discussed.

If we look at such examples from the perspective of today’s approaches to mor-
phology, we come to the conclusion that they do not involve competition between
phonological rules, but competition between a phonological rule and an allomor-
phy rule. An allomorphy analysis would posit two allomorphs -ivāns and -us,
which would both combine with the root to give two stems {sed-ivāns-, sed-us-}.
The selection between those two stems would be done by a fairly general constraint
which selects the weakest available stem allomorph before a following accented vo-
calic case suffix. On this account, there is no question of competing processes. Each
allomorph is simply subject to the appropriate phonological rules.

To summarize: the fact that Pān. ini did not adopt the principle of cyclic rule
application word-internally is deeply connected with his whole approach to the
phonology/morphology interface. In fact, it is inevitable once the decision is
made to assimilate allomorphy to phonology by treating it by replacement rules
(rather than by a selectional mechanism). Within Pān. ini’s system, that treat-
ment of allomorphy is very solidly motivated by the need to provide for in-
heritance of morphological properties between the allomorphs of a morpheme
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(as the default case). But the price to be paid for it is that the phonological
input representation will always have the underlying form of each morpheme,
which may not be the allomorph that appears in the output. Under the cyclic
hypothesis embodied in the antaran̄ga-principle, it can happen that this “wrong”
allomorph triggers unwanted phonological processes in an inner constituent prior
to being replaced by the “right” allomorph in an outer constituent. A secondary
reason, as explained above, was that his treatment of the vikaran. as as inserted
between root and inflectional affix compromised the cyclic explanation for accent
dominance.
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Abstract.  The current paper compares obvious methods to implement a few 
aspects of Sanskrit grammar computationally, comments upon the degree to 
which they approach or depart from  methodology and exemplifies 
methods that would achieve a closer model.  Two questions essential to deter-
mining a basic framework in which to implement  grammar computa-
tionally are dealt with in some detail: the question of levels and the role of se-
mantics.   does not operate with a fourfold hierarchy of modular levels 
that segregates semantics, syntax, morphology, and phonetics.  Rather he con-
ceives of two levels, meaning and sound, generating the latter from the former.  
He achieves the complex mapping of the former onto the latter utilizing a num-
ber of stages that do not correspond neatly to the four modules articulated in 
modern generative grammar.  Although  does not state semantic rules, he 
does operate with numerous semantic categories and sometimes utilizes mor-
phophonemic categories to determine such categories. 

Keywords
morphology, inflection, syntax, semantics, morphophonemic, syntacticoseman-
tic, circularity, mutual dependence, computational implementation. 

Introduction 

It is possible to achieve the implementation of generative grammars and parsers of 
Sanskrit using various methodologies which have varying degrees of affinity to those 
of  grammar.  The current paper compares obvious methods to implement a 
few aspects of Sanskrit grammar computationally, comments upon the degree to 
which they approach or depart from  methodology and exemplifies methods 
that would achieve a closer model.  Two questions essential to determining a basic 
framework in which to implement  grammar computationally are dealt with 
in some detail: the question of levels and the role of semantics. 

Differences among Sanskrit Grammarians and Even P‡ıinians

ān.

  levels, generative grammar, Panini, Patanjali, Astadhyayi, sandhi, 

1  

P‡ıinian

P‡ıinian

P‡ıini

P‡ıini

P‡ıinian

P‡ıinian

P‡ıinian

:

In attempting to create a computational model of P‡ıinian grammar, the first problem 
is to determine which P‡ıinian grammar.  The A˘Ò‡dhy‡y„ itself (c. 500 B.C.E.), con-
sisting of nearly 4,000 rules, is known to have undergone modifications.  K‡ty‡yana’s  
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Ambiguities in Early Articulations Explicated Differently by 

Articulations of  grammar, especially  and  isolated from 
commentary, are subject to ambiguities.  These ambiguities are resolved in different 
ways by different commentators.  Commentaries on  dis-
agree with each other; commentaries on the  disagree with each other; and 

 (17th c. C.E.) differs in its interpretation of 

rules and procedures from  and .  Moreover, subcommen-
taries differ in their interpretations.  One must determine the manner in which these 
ambiguities are to be resolved.  Are they to be resolved using some particular com-
mentator as the authority?  Haphazardly?  Or is one going to come to an independent 
judgment of the correct interpretation after a critical evaluation of the various inter-
pretations? 

Moreover, the supplements to the grammar (see Fig. 1), particularly the lists 
referred to in various rules, most prominently the list of roots,  have un-
dergone variation.  Three complete commentaries composed in Sanskrit are extant on 
the  which is known only through these commentaries: the 

(early twelfth century C.E. Kashmir), the 

 (mid-twelfth century C.E. Bengal), and the 

 (fourteenth century C.E. Vijayanagara, Karnataka).  
Will one use one of these?  A unified critical edition of them?  Or will one attempt to 
reconstruct the  as known to   Other lists  are specified 
only in commentaries, and many of these are called paradigmatic rather than exhaus-
tive.  Will one rely on lexical lists external to the grammar, such as  and 

 to complete these lists? (see Fig. 2) 

Before embarking on a computational implementation of  grammar, such 
decisions ought to be made.  It may prove very interesting to compare computational 
implementations based upon different rule sets, different interpretations, and different 

2 
Subsequent Indian Linguists  

approximately 4,300 v‡rtikas (4th-3rd c. B.C.E.) suggest modifications to 1,245 of 
P‡ıini’s rules, usually in the form of additions (upasaÔkhy‡na).  Pata§jali’s 
Mah‡bh‡˘ya (mid-2nd c. B.C.E.) rejects many additions suggested by K‡ty‡yana, sug-
gests other desiderata (i˘Òi), and articulates principles presupposed in the grammar.  
Many of the modifications K‡ty‡yana and Pata§jali suggest are found adopted in the 
form in which the rules are found in Jay‡ditya and V‡mana’s K‡˜ik‡, the oldest extant 
complete running commentary on the A˘Ò‡dhy‡y„ (7th c. C.E.).  Does one wish to 
model the A˘Ò‡dhy‡y„ alone?  The A˘Ò‡dhy‡y„ and K‡ty‡yana’s v‡rtikas?  The gram-
mar as known and approved by Pata§jali in the Mah‡bh‡˘ya?  Or the grammar as 
found in the K‡˜ik‡? 

P‡ıinian sÂtras v‡rtikas

Pata§jali’s Mah‡bh‡˘ya
K‡˜ik‡ 

BhaÒÒojid„k˘ita’s Siddh‡ntakaumud„ 
Jay‡ditya V‡mana’s K‡˜ik‡

(gaıa)

P‡ıinian Dh‡tup‡Òha,

Dh‡tup‡Òha,

K˘„rataraÔgin„ of K˘„rasv‡min
Dh‡tuprad„pa of Maitreyarak˘ita
M‡dhav„yadh‡tuvÁtti of S‡yaıa

Dh‡tup‡Òha Pata§jali?

P‡ıinian

(gaıa)

nighaıÒus
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ko˜as,



sets of supplementary lists with each other and with different sets of linguistic data.  
As I have argued in two papers, with respect to the derivation of subjunctives (2005, 
2008) and of the present stems of class eight roots (forthcoming), systematic compari-
son of linguistic descriptions resulting from computational implementations with each 
other and with various collections of extant Sanskrit texts may throw important light 
upon interpretational and historical questions. 

Fig. 1. Grammar Components 

Fig. 2. Implicit Grammar Components 

P‡ıinian Methodology, to Articulate P‡ıinian 

Indian grammatical commentaries composed in Sanskrit over the last two and half 
millennia are not the only sources of  interpretation.  Recent work in theo-

retical and computational linguistics has influenced the interpretation of  
grammar. 

3 Utilization of Contemporary Linguistic Models, in Particular 
Those Derived from 
Methodology  

P‡ıinian
P‡ıinian

 Modeling    Grammar  97  P‡ıinian

 

A˘Ò‡dhy‡y„

Uı‡disÂtras

Rules

P‡ıini
Paribh‡˘‡sÂtras

Metarules

Dh‡tup‡Òha

Gaıap‡Òha

Lexical lists

Ak˘arasam‡mn‡ya

Phonological list

Grammar

Pr‡ti˜‡khyas

¯ik˘‡s

Phonology

NighaıÒus

Ko˜as

Lexicon

BhartÁhari
V‡kyapad„ya

KauıÛabhaÒÒa
Vaiy‡karaıabhÂ˘aıa

and Vaiy‡karaıabhÂ˘aıas‡ra

N‡ge˜a
Laghuma§ju˘‡

and Paramalaghuma§ju˘‡

Semantics

Grammar



P‡ıinian Methodology
3.2 

3.1 Influence of P‡ıinian Methodology on Contemporary Linguistics Generally

Influence of Contemporary Linguistic Models on the Interpretation of 

4  Levels  

4.1 Kiparsky’s  Architecture 

Fig. 3. Levels according to Kiparsky 2002: 3

Although often not explicitly acknowledged by the influential linguists indebted to it 
nor recognized by historians of linguistics, P‡ıinian grammar has had a profound in-
fluence on modern linguistics.  Apart from the influence of ancient Indian phonology 
on modern phonetic feature analysis, and the emulation of ancient Indian synchronic 
sound change laws by diachronic laws of phonological change in modern historical 
and comparative linguistics, P‡ıinian grammar supplied the basic archetype at the 
foundation of modern generative grammar.  From Chomsky’s first work on transfor-
mational grammar in 1957 to the P‡ıinian grammars of modern Indian languages 
such as described for Hindi in Bharati et al 1995, modern linguistic science is heavily 
indebted  to  the  concepts  and  procedures  of  ancient  Indian  linguistics . 

Concepts originally inspired by ancient Indian linguistics have taken their own shape 
in contemporary linguistics.  They have responded to different concerns and been 
adapted to different questions.  These new concepts have been applied by contempo-
rary scholars to the interpretation of P‡ıinian grammar.  One of the most prominent of 
these 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 P‡ıinian grammar contains rules in a hierarchy of four levels of repre-
sentation: semantics, deep structure, surface structure, and phonology.  More recently 
Kiparsky (2002) restates this scheme referring to the four levels as follows: (1) se-
mantic, (2) morphosyntactic, (3) abstract morphological, and (4) phonological (see 
Fig. 3).  Three classes of rules map prior levels onto subsequent levels:  (1) rules that 
assign k‡rakas 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.
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1. Semantic information 
  Assignment of k‡rakas (th-roles) and of abstract tense 
2. Morphosyntactic representation 
  Morphological spellout rules 
3. Abstract morphological representation 
  Allomorphy and phonology 
4. Phonological output form 



Fig. 4. Example of Four-level Derivation 

As an example of how derivation is understood to work in the four-level hierarchy, 
one may take the derivation of the sentence devadatta odanaß pacati (Fig. 4).  At the 
semantic level, the speaker intends to express that Devadatta, called here John Doe, 
undertakes the action of cooking in present time for the purpose of making boiled 
rice.  P‡ıinian semantics classifies John Doe as the independent agent in the action, 
and boiled rice as that which is desired to be obtained.  Three rules apply to map the 
semantic level onto the morphosyntactic level.  1.4.49 and 1.4.54 assign k‡rakas, and 
3.2.123 assigns abstract tense by introducing the l-affix laÒ on the condition that pre-
sent time is to be denoted.
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1. John Doe[svatantra] rice[„psitatama] cooks[vartam‡na]. 
 John Doe[independent] rice[desideratum] cooks[present]. 
 
  1.4.49 kartur„psitatamaß karma 
  1.4.54 svatantra˛ kart‡ 
  3.2.123 vartam‡ne laÒ 
 
2. Devadatta[kartÁ] odana[karman] Ûupaca˘+laÒ. 
 Devadatta[agent] odana[direct object] pac+laÒ. 
 
  3.4.78 tiptasjhi...iÛvahimahiÔ 
  1.3.78 ˜e˘‡tkartari parasmaipadam 
  1.4.108 ̃ e˘e prathama˛ 
  1.4.22 dvyekayor dvivacanaikavacane 
  3.1.68 kartari ˜ap 
  4.1.2 svaujasamauÒ...Ôyossup 
  2.3.2 karmaıi dvit„y‡ 
  2.3.46 pr‡tipadik‡rthaliÔgaparim‡ıavacanam‡tre pratham‡ 
 
3. Devadatta+su odana+am Ûupaca˘+˜ap+tip. 
 Devadatta+[nom] odana+[acc] pac+[3sa pre]. 
 
  1.3.9 tasya lopa˛ 
  6.1.107 ami pÂrva˛ 
  8.3.17 bhobhagoaghoapÂrvasya yo Ÿ˜i 
  8.3.19 lopa˛ ˜‡kalyasya 
  8.3.23 mo Ÿnusv‡ra˛ 
 
4. Devadatta odanaß pacati. 
 Devadatta cooks rice. 

Several “spellout” rules then apply to map the morphosyntactic level onto the ab-
stract morphological level.  3.4.78 provides that basic verbal terminations replace the l 
of the affix laÒ that occurs after the verbal root pac.  Restrictive rules 1.3.78, 1.4.108 



2. Abstract syntax 

3. Morphological representations

4. Phonological representations

1. Semantics, pragmatics, intentionality (artha, prakaraıa, vivak˘‡) 

     È      
 Æ    È      
 Æ    È      
 Æ         

Fig. 5. Levels according to Houben 1999: 46 

                                                           
1 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. 

4.2 Houben 1999 

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 ad-
dressee is to be denoted.  Before the affix tip (termed s‡rvadh‡tuka by 3.4.113 tiÔ˜it 
s‡rvadh‡tukam), 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 (dvit„y‡) after the stem 
odana on condition that the k‡raka 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 
(pratham‡) after the stem devadatta on condition that just the stem meaning, gender, 
and number are to be denoted.  (The k‡raka kartÁ has already been denoted by the 
verbal termination thus preventing 2.3.18 kartÁkaraıayos tÁt„y‡ from applying.)  
1.4.22 selects the singular terminations am (2s) and su (1s), respectively in each trip-
let.1 

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.2 

Houben (1999) aptly criticized earlier articulations of this four-level hierarchy be-
cause they did not explicitly include pragmatics and intentionality in the semantic 
level and did not permit semantic factors (including pragmatics and intentionality) to 
serve as conditions in phonological rules directly.  Figure 5 shows Houben’s (1999: 
46) model of the four-level hierarchy.  In addition, he criticized the portrayal of 
P‡ıini’s grammar as a complete automaton that produces utterances from meanings.
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3 K1.6.8. 
4 Scharf 1995. 

4.3 The Purpose of the Science of Language 

4.4 Semantics 

He pointed out that there are no rules that introduce verbal roots and nominal stems  
based upon semantic conditions and that the fundamental morphophonemic elements  
appear in P‡ıinian derivations from the start.  It is therefore improper, he argued, to  
characterize the grammar as originating in semantics and culminating in phonological  
form.  Rather, he (1999: 48) stated, it originates in meaning mixed with form and  
culminates in a perfected form. 

Houben is correct to reemphasize that it is not the function of the A˘Ò‡dhy‡y„ to teach 
semantics.  The science of grammar does not teach the communication of meaning 
that is already known from ordinary usage; rather, it teaches correct usage in the con-
veyance of the desired meaning.  In his very first v‡rtika, commented upon at length 
by Pata§jali in the Paspa˜‡hnika, K‡ty‡yana places the function of grammar in the 
context of what is already known from ordinary behavior.  There is an established re-
lation between words and their objects, which is known from ordinary usage, such 
that certain words are used to denote certain objects.  The purpose of using speech 
forms is to convey knowledge of objects by following the conventions of ordinary us-
age.  Since this is the case, the purpose served by the science of grammar is to make 
known which speech forms among those in use are correct and hence lead to dharma.  
K‡ty‡yana states: 

Siddhe ˜abd‡rthasambandhe lokato ’rthaprayukte ˜abdaprayoge ˜‡streıa dhar-
maniyama˛, yath‡ laukikavaidike˘u.3 
Since speech, its object, and the relation between the two are established (and 
are known) from ordinary usage, and since one uses speech prompted by mean-
ings in accordance with ordinary usage, the science (of grammar) restricts (us-
age to correct speech forms) for the sake of dharma just as (other disciplines re-
strict behavior) in ordinary and Vedic affairs.4 

While it is obviously correct that the A˘Ò‡dhy‡y„ does not include any rules that are 
concerned with semantics to the exclusion of syntax, morphology, and phonology, the 
system of rules clearly presupposes that semantics drive the derivation.  In normal 
communication, meaning is the reason for speech.  Under 1.1.44, Pata§jali describes 
that the purpose of speech is to convey understanding: 

The use of words is for the purpose of the comprehension of the objects they 
denote.  With the intention, “I will give the understanding of an object” a word 
is used.5 

5 Arthagatyartha˛ ˜abdaprayoga˛.  Arthaß saßpraty‡yayi˘y‡m„ti ˜abda˛ prayujyate.  K1.105.2.
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Table 1. Modes of lexical reference 

• Speech forms in the A˘Ò‡dhy‡y„ generally refer to themselves: 
 4.2.33 agner Ûhak 

• But some lexemes refer to the members of a class they denote: 
 2.4.12 vibh‡˘‡ vÁk˘amÁgatÁıadh‡nyavya§janapa˜u˜akunya˜va-
 vaÛavapÂrv‡par‡dharottar‡ı‡m 

• Some refer to their synonyms as well as themselves: 
 3.4.40 sve pu˘a˛ 

• Some refer to their synonyms rather than to themselves: 
 2.4.23 sabh‡ r‡j‡manu˘yapÂrv‡ 

• Some refer to the members of a class they denote as well as to themselves: 
 4.4.35 pak˘imatsyamÁg‡n hanti 

Modeling the fact that a speaker selects speech forms to use on the basis of the 
meaning he wishes to convey, the A˘Ò‡dhy‡y„ is composed in a manner that selects 
certain speech forms for use on the basis of certain semantic conditions.  Specific se-
mantic factors pervasively serve as conditions for the classification of lexical items, 
and for the introduction of k‡raka terms, cover symbols (abstract symbols that stand 
for subsequent phonological replacements), and speech forms. 

The use of  words  in  rules  to  refer  to  classes  of  words  rather than just to their
 

own
 speech  form  is  discussed  in  the  Mah‡bh‡˘ya  under 1. 1. 68  svaß rÂpaß

 ˜abdasy‡˜abdasa§j§‡.  Table 1 summarizes the various modes of reference
 along  with  examples  of  each.   The  word  agni  ‘fire’  in  4.2.33  agner  Ûhak  refers

 to  the  speech  form  agni  itself  in  accordance  with  the  general  principle  stated  in  
1.1.68, not to its meaning.  However, departing from the general principle, the word 
vÁk˘a ‘tree’, etc. in 2.4.12 vibh‡˘‡ vÁk˘amÁga... refers to terms for species of trees.6  
The word sva ‘property’, etc. in 3.4.40 sve pu˘a˛ refers to itself as well as to its 
synonyms,7 while the word r‡jan in 2.4.23 sabh‡ r‡j‡manu˘yapÂrv‡ refers to its 
synonyms but not to itself.  Finally, the word matsya in 4.4.35 pak˘imatsyamÁg‡n 
hanti refers to itself as well as to terms for species of fish.  The use of words in the 
grammar to refer to classes of words, rather than to the speech forms themselves, 
succeeds through the intermediary of the words’ meaning; this use contrasts with the 
norm in the grammar for words to refer just to their own form.  By referring to their 
meaning, in the way words are ordinarily used, the meaning of the word can serve as 
the condition to class groups of words of related meaning. 

6 sit tadvi˜e˘‡ı‡ß vÁk˘‡dyartham. vt. 5, K I.176.25.  The scheme of distinguishing the ways in 
which words are used to refer to various classes of words or to themselves proposed in 
v‡rtikas 5-8 is not adopted in the A˘Ò‡dhy‡y„.  It nevertheless illustrates these various usages 
in the grammatical treatise. 

7 pit pary‡yavacanasya ca sv‡dyartham. 

4.4.1  Lexical Organization  
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Table 2.

• de˜e   3.3.78, 4.2.52, 4.2.67, 4.2.119, 5.2.105,  
   5.2.135, 6.3.98, 8.4.9 

• ade˜e   8.4.24 
• janapade   4.2.81 
• janapadatadavadhyo˛ 4.2.124 
• nady‡m   4.2.85 
• parvate   4.3.91 
• parim‡ıe   4.3.153, 5.2.39 
• j‡tau genus (j‡ti)  4.1.161, 5.2.133 

  non-genus (aj‡ti) 5.4.37, 6.4.171 
  species (j‡ti)  6.3.103 
  ethnicity (j‡ti)  6.2.10 

• vayasi   3.2.10, 4.1.20, 5.1.81, 5.2.130, 5.4.141,  
    6.2.95 

• avayasi   5.1.84 
• matsye   5.4.16 
• cittavati   5.1.89 

                                                           
8  3.3.78, 4.2.52, 4.2.67, 4.2.119, 5.2.105, 5.2.135, 6.3.98, 8.4.9;  8.4.24. 
9  4.2.81, 4.2.124. 
10 4.2.85. 
11 4.3.91. 
12 4.3.153, 5.2.39. 
13 
14 6.3.103. 
15 6.2.10. 
16 
17 5.1.89. 

There are 735 words used in the locative to state semantic conditions in rules (in-
cluding repetitions and excluding individual compound elements).  Table 2 shows 
several examples.  Conditions that serve to classify lexical items include place 
(de˜a);8 district (janapada);9 river (nad„);10 mountain (parvata);11 measure 
(parim‡ıa);12 genus,13 species,14 or ethnicity (j‡ti);15 age (vayas);16 fish (matsya); and 
conscious being (cittavat);17 among others. 

Semantic Conditions for karakas 
It is well  known  that  the  terms  dhruva  ‘fixed  point’,  etc.  in  rules  1.4.24 -55  dhruvamap‡ye

 

Ÿp‡d‡nam, etc., shown in Table 3, serve as semantic conditions for the introduction of 
k‡raka terms, and that terms such as bhÂta ‘past’, vartam‡na ‘present’, and bhavi˘yat 
‘future’, used in the locative in 3.2.84 bhÂte, 3.2.123 vartam‡ne laÒ, and 3.3.3 
bhavi˘yati gamy‡daya˛, as shown in Table 4, serve to introduce l-affixes.  Houben 
(1999: 46) has illustrated the direct use of semantic and pragmatic factors as 
conditions for phonetic modifications to strings in the section of rules 8.2.82-108 (see 
Table 5).  Such factors conjoin with the syntactic condition, specified in the heading 
to  the  section,  8.2.82  v‡kyasya Òe˛ pluta ud‡tta˛,  that  the  string  be  a  sentence  (v‡kya).  

4.4.2 - , Cover Symbols, and Phonetics  
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 Examples of semantic conditions in the locative 

de˜a ade˜a

j‡ti 4.1.161, 5.2.133; aj‡ti 5.4.37, 6.4.171. 

vayas 3.2.10, 4.1.20, 5.1.81, 5.2.130, 5.4.141, 6.2.95; avayas 5.1.84. 



Table 3. Semantic conditions for k‡raka classification 

sÂtra k‡raka term semantic condition 
1.4.24 ap‡d‡na fixed point of departure 
1.4.32 saßprad‡na intended recipient of the object 
1.4.42 karaıa  immediately most efficacious 
1.4.45 adhikaraıa substrate 
1.4.49 karman  most desired to be attained 
1.4.54 kartÁ  independent 

Table 4. Semantic conditions for l-affixes 

3.2.84 bhÂte 
 3.2.110 luÔ 
3.2.123 vartam‡ne laÒ 
3.3.3 bhavi˘yati gamy‡daya˛ 
 3.3.13 lÁÒ ˜e˘e ca 

Table 5. Semantic conditions for phonetics 

8.2.82 v‡kyasya Òe˛ pluta ud‡tta˛ 
8.2.83 pratyabhiv‡de Ÿ˜Âdre 
8.2.84 dÂr‡ddhÂte ca 
etc.

 

 A number of rules explicitly use the term vacana ‘denoting’ to  designate the
 semantic conditions that serve as the criteria to class together words that denote

 entities  in  major  categories.   Hence,  as  shown  in  Table  6,  semantic  conditions  
serve to form a class of words that denote entities other than substances 
(asattvavacana),18 a class of words that denote qualities (guıavacana),19 a class of 
words that denote common properties (s‡m‡nyavacana),20 or distinguishing properties 
(vi˜e˘avacana),21 and a class of words that denote the essence (bh‡va) of what is 
denoted by the stem after which certain affixes forming such words occur 
(bh‡vavacana).22 

Table 6. Semantic conditions designated with the term vacana 

asattva-vacana  2.3.33, etc. 
guıa-vacana  2.1.30, etc. 
s‡m‡nya-vacana  3.4.5, etc. 
vi˜e˘a-vacana  8.1.74, etc. 
bh‡va-vacana  2.3.15, etc. 

                                                             
18 2.3.33 karaıe ca stok‡lpakÁcchrakatipayasy‡sattvavacanasya. 
19 2.1.30  tÁt„y‡  tatkÁt‡rthena  guıavacanena,  4.1.44  voto  guıavacan‡t,  5.1.124  

guıavacanabr‡hmaı‡dibhya˛ karmaıi ca, 5.3.58 aj‡d„ guıavacan‡d eva, 6.2.24 vispa˘Ò‡d„ni 
guıavacane˘u, 8.1.12 prak‡re guıavacanasya. 

20 3.4.5 samuccaye s‡m‡nyavacanasya, 8.1.73 n‡mantrite sam‡n‡dhikaraıe s‡m‡nyavacanam. 
21 8.1.74 vibh‡˘itaß vi˜e˘avacane bahuvacanam. 
22 The  term  bh‡vavacana  occurs  in  three  sÂtras:  2 .3 .15 tumarth‡c ca bh‡vavacan‡t, 2.3.54 

ruj‡rth‡n‡ß bh‡vavacan‡n‡m ajvare˛, 3.3.11 bh‡vavacan‡˜ ca, and the term 
bh‡vakarmavacana in one: 6.2.150 ano bh‡vakarmavacana˛. 

Similarly, other rules explicitly use the term vacana to designate the semantic con-
ditions that serve as the criteria to form narrower classes of lexemes subject to com-

4.4.3 x-vacana

104 P.M. Scharf 



mon operations.  Hence in one rule semantic conditions serve to form classes of inde-
clinables that denote proximity (sam„pa), flourishing (samÁddhi), lack of prosperity 
(vyÁddhi), absence of an object (arth‡bh‡va), going beyond (atyaya), unsuitability for 
the moment (asaßprati), the appearance of a sound or word (˜abdapr‡durbh‡va), pos-
teriority (pa˜c‡t), a meaning of yath‡, sequence (‡nupÂrvya), simultaneity (yauga-
padya), similarity (s‡dÁ˜ya), success (saßpatti), completeness (s‡kalya), end (anta), 
and senses denoted by nominal terminations and other affixes provided by rules 5.3.1-
26 (vibhakti).23  In other rules the term vacana designates classes of words that denote 
remembrance (abhij§‡),24 stages of bodily growth (vayas),25 haste (k˘ipra),26 wish 
(‡˜aßs‡),27 boundary (mary‡d‡),28 imagination or supposition (saßbh‡vana),29 fitness 

23 2.1.6 avyayaß vibhaktisam„pasamÁddhivyÁddhyarth‡bh‡v‡tyay‡samprati˜abdapr‡durbh‡va-
pa˜c‡dyath‡nupÂrvyayaugapadyas‡dÁ˜yasampattis‡kaly‡ntavacane˘u. 

24 3.2.112 abhij§‡vacane lÁÒ. 
25 3.2.129 t‡cch„lyavayovacana˜akti˘u c‡na˜, 5.1.129 pr‡ıabhÁjj‡tivayovacanodg‡tr‡dibhyo Ÿ§

6.3.85 jyotirjanapadar‡trin‡bhin‡magotrarÂpasth‡navarıavayovacanabandhu˘u. 
26 3.3.133 k˘ipravacane lÁÒ. 
27 3.3.134 ‡˜aßs‡vacane liÔ. 
28 3.3.136 bhavi˘yati mary‡d‡vacane Ÿvarasmin, 8.1.15 dvandvaß rahasyamary‡d‡vacana-

vyutkramaıayaj§ap‡traprayog‡bhivyakti˘u. 
29 3.3.155 vibh‡˘‡ dh‡tau sambh‡vanavacane Ÿyadi. 

                                                             

(pary‡pti),30 and half (s‡mi).31  In commenting upon several of these rules, the K‡˜ik‡ 
notes that the term vacana is used to include synonyms of the word that precedes it in 
compound.32

 Elsewhere the term vacana explicitly designates the semantic condition for a par-
ticular triplet of nominal terminations, secondary affix, or finished form (nip‡tana).  
Such semantic conditions include master („˜vara),33 virgin (apÂrva),34 momentary 
(‡dyanta),35 particular sort or manner (prak‡ra),36 extolled (prakÁta),37 and dependent 
(tadadh„na),38  The term vacana also designates a broad class of semantic conditions 
that serve as conditions for the formation of tÁt„y‡-tatpuru˘a compounds.  These in-
clude additional significance such as praise or censure (adhik‡rtha).39 

30 3.4.66 pary‡ptivacane˘v alamarthe˘u. 
31 5 .4 .5  na s‡mivacane . 
32 Under 3.2.112, 3.3.133, 5.4.5 the K‡˜ik‡ states: vacanagrahaıaß pary‡y‡rtham. 
33 2.3.9 yasm‡d adhikaß yasya ce˜varavacanaß tatra saptam„. 
34 4.2.13 kaum‡r‡pÂrvavacane. 
35 5.1.114 ‡k‡likaÛ‡dyantavacane. 
36 5.3.23 prak‡ravacane th‡l, 5.3.69 prak‡ravacane j‡t„yar, 5.4.3 sthÂl‡dibhya˛ prak‡ravacane 

kan.  
37 5.4.21 tatprakÁtavacane mayaÒ. 
38 5.4.54 tadadh„navacane. 
39 2.1.33 kÁtyair adhik‡rthavacane.  The K‡˜ik‡ comments, “The expression of additional mean-

ing is the expression of the superimposed meaning connected with praise or censure.” (stuti-
nind‡-prayuktam adhy‡ropit‡rtha-vacanam adhik‡rtha-vacanam).  In 2.3.46 
pr‡tipadik‡rthaliÔgaparim‡ıavacanam‡tre pratham‡, the term vacana is taken by commenta-
tors to denote number rather than to refer to reference explicitly, i.e. it is not the case that the 
rule provides as a condition for the occurrence of a first-triplet nominal termination merely 
the denotation (vacana) of measure (parim‡ıa), gender (liÔga), and the meaning of the stem 
(pr‡tipadik‡rtha). 
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Ontology 

In addition to various specific semantic factors that serve as conditions for the classi-
fication of lexical items, and for the introduction of k‡raka terms, cover symbols, and 
speech forms, the A˘Ò‡dhy‡y„ incorporates certain ontological presuppositions.  The 
grammar presupposes a certain structure in the semantic field in order to operate 
properly.  Rules have been formulated with certain conceptions regarding the nature 
of things in mind.  Numerous passages in Pata§jali’s Mah‡bh‡˘ya analyze such pre-
suppositions, as do the works of later philosophers of language from BhartÁhari (5th 
century C.E.) to KauıÛabhaÒÒa and N‡ge˜a (seventeenth and eighteenth centuries).  
Pata§jali, for instance, has his interlocutors asks questions concerning the nature of 
action, time, and change in the course of their arguments about the formulation and 
scope of rules.  They ask: 

What do you consider action to be when you say, “The term dh‡tu doesn’t ap-
ply to the roots as (class 2), bhÂ (class 1), and vid (class 4).”? 
k‡ß puna˛ kriy‡ß bhav‡n matv‡h‡stibhavatividyat„n‡ß dh‡tusaßj§‡ na 
pr‡pnot„ti. (1.3.1, vt. 5. K1.258.8-9) 

What do you consider time to be when you say, “The rule doesn’t make sense 
because the object denoted by the word with which the word for time is com-
pounded is not what gets measured.” 
kaß puna˛ k‡laß matv‡ bhav‡n ‡ha k‡lasya yena sam‡sas tasy‡parim‡ıitv‡d 
anirde˜a iti (2.2.5, vt. 1. K1.409.21-22) 

What do you consider change to be when you say, “It doesn’t work (the tad-
dhita suffix doesn’t apply) in the case of bali and Á˘abha.”? 
kaß punar bhav‡n vik‡raß matv‡ha balyÁ˘abhayor na sidhyati. 
(5.1.13 K2.342.16) 

Examination of the A˘Ò‡dhy‡y„ itself reveals that it presupposes a certain ontology.  
Substances (dravya), qualities (guıa), and actions (kriy‡) are distinguished as are time 
(k‡la), the divisions of time past (bhÂta), present (vartam‡na), and future (bhavi˘yat), 
and the degrees of proximity in time near (‡sanna), today (adyatana), and not today 
(anadyatana).  Number (saßkhy‡) is recognized.  Common properties (s‡m‡nya) are 
recognized, as is also essence (bh‡va).  Much of this ontology subsequently appears 
as categories in the Vai˜e˘e˘ika system of philosophy

The various ontological categories refered to in the A˘Ò‡dhy‡y„ serve as the condi-
tions that characterize sets of speech forms.  Speech forms are subject to various op-
erations on the condition that they do or do not denote a certain entity in a certain on-
tological category.  The semantic condition is frequently placed in the locative.  For 
example, 5.4.11 kimettiÔavyayagh‡d ‡mv adravyaprakar˘e provides a suffix -‡m 
(‡mu) to a stem ending in a comparative and superlative affix -tara or -tama on the 
condition that the excellence to be denoted is not located in a substance (dravya).  
Similarly, the speech forms in the list beginning with ca are termed nip‡ta if they do 
not denote a substance (sattva).40 They are subsequently termed indeclinable 

                                                             
40 1.4.57 c‡dayo 'sattve. 

4.5 
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(avyaya).41  Other ontological categories that serve as semantic conditions in the loca-
tive include time (k‡la),42 and essence (bh‡va).43 

41 1.1.37 svar‡dinip‡tam avyayam. 
42 2.3.64, 5.3.15. 
43 3.1.107, 3.3.18, 3.3.44, 3.3.75, 3.3.95, 3.3.98, 3.3.114, 3.4.69, 4.4.144, 6.2.25.  As a Bud-

dhist, it is natural for Jay‡ditya to avoid accepting essence as the meaning of the word bh‡va.  
Jay‡ditya understands the root bhÂ to refer to generic action (kriy‡s‡m‡nya); hence he takes 
the term bh‡va to refer to the generic action common to the meaning of any root.  In the 
K‡˜ik‡ under 3.3.18 bh‡ve, he states kriy‡s‡m‡nyav‡c„ bhavati˛, following Pata§jali's state-
ment kÁbhvastaya˛ kriy‡s‡m‡nyav‡cina˛ (K2.144.20, K2.47.24, etc.).  Since the affixes pro-
vided under the heading of 3.3.18 occur after roots, which denote action, the bh‡vavacana 
words refered to in 3.3.11 would denote generic action kriy‡s‡m‡nya even if the term bh‡va 
did refer to essence; the common property in all action is the essence of action.  A long tradi-
tion of comment on the meaning of the term bh‡va determines that it denotes static (literally 
‘non-dynamic’) action  (aparispandam‡na-kriy‡) when it specifies the condition for nominal 
affixes.  See Rocher 1966. 

Challenges to Unidirectionality 

Although the A˘Ò‡dhy‡y„ does not provide explicit rules exclusively regarding seman-
tics the fact that it does incorporate extensive organization of the semantic field is
significant.  It is particularly significant that the organization of the semantic field is 
carried out in part on the basis of reference to syntactic and morphological elements.  
Such elements are generally introduced subsequently to and on the basis of semantic 
conditions.  Hence, the organization of the semantic field by reference to syntactic 
and morphological elements challenges the assertion that a hierarchy of levels is uni-
directional as asserted by Kiparsky (2002: 3) (see Figure 3). 

In the level hierarchy articulated by Kiparsky (2002), P‡ıini employs elements
 at levels two and three to specify semantic criteria at level one.  Twenty-five of the

 735 words that specify semantic criteria employ the term artha ‘meaning ’ in 
order to specify semantic conditions on level one on the basis of morphosyntactic 
elements at level two and morphological elements at level three (see Table 7).44 In

44 saptamyarthe 1.1.19, caturthyarthe 1.3.55, tÁt„y‡rthe 1.4.85, m‡tr‡rthe 2.1.9, anyapad‡rthe 
2.1.21, c‡rthe 2.2.29, caturthyarthe 2.3.62, liÔarthe 3.4.7, tumarthe 3.4.9, kÁty‡rthe 3.4.14, 
matvarthe 4.4.128, dh‡tvarthe 5.1.118, vidh‡rthe 5.3.42, j„vik‡rthe 5.3.99, ˜aky‡rthe 6.1.81, 
tadarthe 6.1.82, nity‡rthe 6.2.61, atadarthe 6.2.156, atadarthe 6.3.53, „˘adarthe 6.3.105, 
aıyadarthe 6.4.60, ˜aky‡rthe 7.3.68, upam‡rthe 8.2.101, kÁtvoŸrthe 8.3.43, adhyarthe 8.3.51. 

one case, an abstract morphological element on level two is employed to specify a 
semantic item on level one that serves as a semantic condition for another abstract 
morphological element at level two.  3.4.7 liÔarthe leÒ provides that in Vedic the 
abstract morphological element leÒ occurs in the meaning of the abstract 
morphological element liÔ.  In this case, the rule that assigns abstract tense 
incorporates conditions only at the levels from which and to which it maps; it thereby 
accords with the general restriction that rules incorporate conditions only at the levels 
from which and to which they map. 

4.6 

4.6.1 x-arthe   
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Table 7. Semantic conditions designated with the term artha  

saptamyarthe 1.1.19 j„vik‡rthe 5.3.99 
caturthyarthe 1.3.55 ˜aky‡rthe 6.1.81 
tÁt„y‡rthe 1.4.85 tadarthe 6.1.82 
m‡tr‡rthe 2.1.9 nity‡rthe 6.2.61 
anyapad‡rthe 2.1.21 atadarthe 6.2.156 
c‡rthe 2.2.29 atadarthe 6.3.53 
caturthyarthe 2.3.62 „˘adarthe 6.3.105 
liÔarthe 3.4.7 aıyadarthe 6.4.60 
tumarthe 3.4.9 ˜aky‡rthe 7.3.68 
kÁty‡rthe 3.4.14 upam‡rthe 8.2.101 
matvarthe 4.4.128 kÁtvoŸrthe 8.3.43 
dh‡tvarthe 5.1.118 adhyarthe 8.3.51. 
vidh‡rthe 5.3.42  

The remaining 25 rules containing words ending in the term artha that specify se-
mantic criteria violate the enunciated condition that rules incorporate conditions only 
at the levels from which and to which they map, as well as at prior levels in the unidi-
rectional hierarchy beginning with semantics and ending with phonology.  They in-
corporate conditions at level three that specify semantic criteria at level one, two lev-
els prior in the unidirectional hierarchy.  Two examples suffice to demonstrate the 
problem.  1.1.19 „dÂtau ca saptamyarthe provides that the sounds „ and Â occurring in 
the meaning of the seventh vibhakti (K‡˜ik‡: saptamyarthe vartam‡nam) in the 
Padap‡Òha are termed pragÁhya and therefore do not undergo sandhi.  The rule thereby 
specifies a semantic element, the meaning of the seventh vibhakti, at level one on the 
basis of items termed the seventh vibhakti, namely morphological affixes -  -os, and  
-su , at level three.  The semantic condition in turn specifies a phonological trait, the 
absence of sandhi, at level four.  Similarly, 3.4.9 tumarthe sesenaseasen... specifies 
several affixes that occur in the same meaning as the meaning of the infinitival affix 
-tum (K‡˜ik‡: tumuno ’rthas tumartha˛).  The rule thereby employs a morphological 
element -tum at level three to characterize a set of semantic conditions at level one, 
which then conditions allomorphs -se, -sen, etc. at level four. 

The first example supports the criticism of earlier versions of the levels theory al-
ready articulated by Houben (1999) that it did not permit semantic factors to serve as 
conditions in phonological rules directly.  1.1.19 provides just what was not permit-
ted: the semantic condition consisting of the meaning of the seventh vibhakti inhibits 
sandhi.  The present version of the levels theory accommodates this criticism by per-
mitting rules to incorporate factors at any prior level in the hierarchy as conditions.  
An additional problem not previously articulated, however, plagues the present ver-
sion of the levels theory: rules incorporate factors at subsequent levels of the hierar-
chy as conditions at prior levels. 

In Kiparsky’s hierarchy of levels, the meaning of the seventh is at a prior level of 
derivation to the seventh triplet of nominal terminations (saptam„ vibhakti).  One 
would have to run through the hierarchy to level three to get the seventh triplet termi-
nations in order to establish the semantic range of the meaning of the seventh triplet at 
level one. 

It is not licit to dismiss the problem by claiming that the use of the term artha 
serves merely to state synonymy at levels two or three and does not involve mapping 

ni. ,
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above, P‡ıini does incorporate organization of the semantic level in his rules.  The 
organization of the semantic level is achieved in part by reference to syntactic and 
morphological criteria.  Since syntactic and morphological criteria serve to express 
the structure of the semantic level, subsequent levels of the hierarchy, including the 
morphological level, which is two levels removed, serve as conditions for prior levels. 

   In two cases of the use of the term vacana, the semantic condition that  serves to 

considered to be subsequent to the semantic level in the hierarchy of four levels 
proposed by Kiparsky and Staal.  In 6.2.150 ano bh‡vakarmavacana˛, the k‡raka term 
karman designates a class of items that serve as the semantic conditions that 
characterize a set of speech forms.  In accordance with this rule, a subsequent 
compound element (uttarapada) that meets three conditions has its final vowel high-
toned.  The three conditions are the following: 1. it ends in an affix of the form ana; 2. 
it denotes static action (bh‡va) or a direct object (karman); and 3. it is preceded by a 
compound element denoting a k‡raka.  The fact that a k‡raka is referred to as the 
direct object of the root vac in the term vacana is significant.  It indicates that P‡ıini 
considered k‡rakas to be denotable just as purely semantic conditions are denotable. 

In 2.1.6 avyayaß vibhakti-sam„pa-samÁddhi-vyÁddhy-arth‡bh‡v‡tyay‡samprati-
˜abdapr‡durbh‡va-pa˜c‡d-yath‡nupÂrvya-yaugapadya-s‡dÁ˜ya-sampatti-s‡kaly‡nta-
vacane˘u, one of the semantic conditions that serves to characterize a class of inde-
clinables is itself characterized by morphological criteria.  The rule provides that in-
declinables that occur in a number of senses combine with subsequent elements to 
form avyay„bh‡va compounds.  The senses specified include those denoted by nomi-
nal terminations and other affixes provided by rules 5.3.1-26 (vibhakti).  Hence the 
morphemes that constitute vibhaktis serve to characterize the semantic conditions un-
der which certain indeclinables are used.  Morphological criteria therefore serve as the 
grounds for the organization of semantics which was considered a prior level in the 
hierarchy proposed by Kiparsky and Staal.  Note that the adoption of cyclicity in the 
formation of the compounds in question does not escape the problem of counterdirec-
tionality in the hierarchical ordering.  Regardless of whether rules that generate com-
pounds and their accentuation occur subsequent to rules that generate their compound 
elements, the indeclinable that constitutes the prior element of the avyay„bh‡va com-
pound must have access to the morphological level even before the question of its en-
tering into a compound arises.  Indeclinables are classed according to semantic crite-
ria that are themselves specified by morphological units. 

   
        conditions without resulting 

in circularity much in the way circularity is avoided by  invoking the fact that speech
 is abiding.  .  Indian  linguists  typically  assert  the  fact  that  speech

 
is

 
abiding

 
(siddha

 
or

 nitya) as opposed to transient (k‡rya).  If a speech form were new in each instance  of
 its utterance, it could not form a relation with a meaning 

rules that operate exclusively on the semantic level.  Yet, as I have demonstrated 
to the prior semantic level. As Houben (1999) has reiterated, P‡ıini does not state

4.6.2   x-vacana

4.6.3 Avoidance of Circularity  
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characterize a set of speech forms is specified by reference to levels 

Although the seventh vibhakti arises subsequently to its semantic
 

conditions, yet it
 can serve as the criterion to characterize its semantic 

and could not convey



same in each instance 
of its utterance is a speech form able to form a word-meaning relation

 
and

 
serve

 
as

 
a

 means to convey meaning.45 

                                                             
45 For discussion of different views concerning the eternity of speech see Scharf 2006, esp. 141,  

196-202, D’Sa 1980, Chakravarti 1933, and Gaurinath Sastri 1959. 

The fact that speech is abiding is invoked by K‡ty‡yana and Pata§jali to solve the 
problem of circularity in the use of terms such as vÁddhi.  In the process of the genera-
tion of the speech form m‡r˘Òi (3sa pre) from the root mÁj ‘wipe’, the Á of the root is 
replaced by ‡ in accordance with 7.2.114 mÁjer vÁddhi˛, utilizing the term vÁddhi.46  
The sounds ‡, ai, and au are termed vÁddhi in accordance with 1.1.1 vÁddhir ‡d aic.  
The problem is raised that 7.2.114 will be ineffective because the term vÁddhi can 
only apply to an ‡ that already exists at the time such sounds are termed vÁddhi in 
1.1.1.  Yet the ‡ in m‡r˘Òi doesn’t exist when 1.1.1 applies; it is created by the applica-
tion of the term vÁddhi which in turn denotes ‡ only by virtue of 1.1.1.  Since 1.1.1 
terms sounds ‡ that already exist vÁddhi, and 7.2.114 creates the ‡ in m‡r˘Òi by using 
the term vÁddhi, the rules are mutually dependent, the grammar involves circularity 
and fails.47 

Under 1.1.45 ig yaıa˛ saßpras‡raıam, Pata§jali discusses a similar situation in the 
case of the reference of the term saßpras‡raıa to sounds i, u, Á, and Î.  There a con-
cept is introduced that is passed over in the discussion of the term vÁddhi under 1.1.1: 
the concept of a future term (bh‡vin„ saßj§‡).  The term saßpras‡raıa could be used 
to refer to the saßpras‡raıa sounds i, u, Á, and Î that will be brought into existence.  
The analogy is made to a customer who approaches a weaver, hands him some thread 
and asks him to weave him a saree.  Since the saree doesn’t exist until after the 
threads are woven together, and one doesn’t undertake the act of weaving on an al-
ready complete saree, the weaver understands that the customer uses the term saree as 
a future term: it refers to that which will be a saree once it has been woven.48  A more 
familiar contemporary example might be the use of the term cake in the sentence, 
“Bake a cake.”  One bakes the ingredients that will be a cake once baked; one does 
not put a finished cake in the oven to bake. 

The future-term explanation, however, is superseded, in the discussion of the term 
saßpras‡raıa under 1.1.45,49 in favor of another that is spelled out in greater detail in 
the discussion of the term vÁddhi under 1.1.1.50  Under 1.1.1, K‡ty‡yana and Pata§jali 
conclude that the procedure of the grammar succeeds because speech is abiding 
(nitya) (siddhaß tu nitya˜abdatv‡t).51  The speech form m‡r˘Òi already exists, and the 
term vÁddhi refers to the ‡ in it that already exists.  The objection is then raised that if 
speech forms are abiding and forms such as m‡r˘Òi already exist, there would be no 
purpose served by rule 7.2.114, which formally creates such speech forms, nor would 
there be any purpose served by generative grammar generally.  This objection is met 
by reiterating that the rule prevents one from understanding that mÁj, without vÁddhi, 
is correct everywhere; it instructs that the correct form is m‡rj, before affixes not 

46 The ‡ is then followed immediately by r in accordance with 1.1.51 uraı rapara˛. 
47 K1.40.18-21. 
48 K I.112.9-14. 
49 K I.112.14-17. 
50 K I.40.26-I.41.4. 
51 vt. 9. K I.40.26. 

 meaning.  Only recognized by the speech community as the 
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marked with k or Ô.  Since speech is abiding, the grammar serves the purpose, not of 
generating speech but of restricting usage to correct versus incorrect speech forms 52

52 vt. 10. kimarthaß ˜‡stram iti cen nivartakatv‡t siddham.  K I.41.1. 

The apparent circularity in the case of semantic conditions that are defined in terms 
of speech forms can be solved in a similar way.  The previous section pointed out that 
it is circular to define a semantic condition (e.g. saptamyartha) in terms of speech 
forms (e.g. saptam„ vibhakti) that are generated by rules that include those semantic 
conditions.  The circularity is avoided by understanding that the relationship between 
speech forms and their meaning is abiding.  The rules do not actually generate the 
speech forms in certain meanings; they instruct one that it is correct to use certain 
speech forms in certain meanings.  The linguistic description of the relation between 
the seventh vibhakti and its meanings is therefore timeless and legitimately referred to 
at any point in a derivation. 

The terms cake and saree must be understood to refer to cakes and sarees gener-
ally, and to particular instances of cakes and sarees still to be produced, in order for 
ordinary affairs to be conducted successfully.  These terms are so understood because 
the relation between speech forms and their meanings is virtually constant in the lin-
guistic community.  Similarly, for the successful procedure of the grammar, the terms 
vÁddhi and saßpras‡raıa must be understood to refer to the sounds ‡, ai, and au; and 
i, u, Á, and Î, respectively, even to particular instances of them that have not been gen-
erated by the formal procedure of the grammar.  The terms are so understood because 
the grammar, although generative in form, is understood as instruction concerning the 
correct usage of a language that is virtually constant in the linguistic community.  
Likewise for the successful procedure of the grammar, the term saptam„ in 1.1.19 
must be understood to refer to a certain triplet of nominal terminations, even if the 
formal procedure of the grammar has not yet generated those nominal terminations, so 
that the term saptamyartha can be understood to refer to the semantic conditions for 
the occurrence of certain speech forms.  The metalanguage used in the grammar must 
be available to the mechanics of the grammar at the time of procedural implementa-
tion of rules that use it, just as language is understood by people in the conduct of or-
dinary affairs. 

Circularity is avoided in the use of speech forms to define semantic criteria that 
condition those speech forms because speech is abiding, and its relationship to mean-
ing is established.  Hence the meaning of the seventh vibhakti is known even before 
any particular derivational sequence is exhibited. 

As early as 1964, R. Rocher (1964: 51) criticized the characterization of k‡rakas as 
syntactic categories, instead arguing that they are semantic.  Calling them syntactico-
semantic, Cardona (1976: 215-224) countered that it is suitable to consider k‡rakas 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 k‡raka terms include both semantic and co-occurrence conditions. 

It is certainly the case that co-occurrence conditions enter into k‡raka classification
rules, and therefore that the k‡raka classification is an intermediate stage of derivation

4.7   Karakas-     
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between that of semantic conditions and that of the introduction of nominal termina-
tions.  It is possible that such an intermediate stage serves merely the purpose of pro-
cedural economy and does not imply that k‡raka classification constitutes a level in 
any psychological or structural sense.  P‡ıini may conceive of just two levels: seman-
tic (artha) and phonetic (˜abda).  K‡rakas are objects intended in certain relations; the 
level of intention is that of meaning, that is, the semantic level.  One prominent seven-
teenth century Indian philosopher of language seems to favor the conception of 
k‡rakas  as  semantic  categories.   KauıÛabhaÒÒa  in  the  Subarthanirıaya  of  his  
Vaiy‡karaıa-bhÂ˘aıa-s‡ra speaks of basic meanings for k‡rakas.  He describes the 
rules that do not mention syntactic conditions as circumscribing general semantic do-
mains for them.  Yet the fact that P‡ıini formulated rules categorizing certain seman-
tic items under certain syntactic conditions in exception to these domains may capture 
the conception, held by speakers of the language, of such categories as natural groups.  
Whether this sort of conceptualization comprises a level between the semantic and the 
morphological, or whether all conceptualization by virtue of being conceptual is se-
mantic, is a moot point from the point of view of P‡ıinian procedure.  In P‡ıinian 
procedure, k‡raka classification does occupy an intermediate stage between purely 
semantic conditions and the introduction of speech forms.  The intermediate stage is a 
way of achieving a complex mapping between meaning and speech. 

Granted that procedurally k‡raka rules intervene between semantics and phonetics 
and thereby serve as an interface between them.  Yet the rules involve both semantics 
and co-occurrence conditions themselves and thereby the items classed by such rules 
are characterized by both semantic and phonetic parameters.  From a psychological or 
structural perspective, therefore, the k‡raka classification that results from k‡raka 
rules  constitutes  a  mixture  of  levels  rather  then  an  intermediate  level . 

L-Affixes 

In their description of levels, Kiparsky and Staal place l-affixes at the same level as 
k‡rakas.  Kiparsky (2002: 3) describes “Assignment of k‡rakas (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 l-affixes by P‡ıini, however, differs mark-
edly from the treatment of k‡rakas.  K‡rakas are semantic objects classified by being 
designated by terms (sa§j§‡).  Section 1.4 classifies semantic objects intended to be 
expressed by a speaker in relational categories by calling them by a k‡raka term.  
Speech forms are subsequently introduced under the condition that an item designated 
by a k‡raka 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 rather than as morphosyntactic representations.53  Kiparsky differentiates 
abstract morphological representation from morphosyntactic representation.  There-
fore, if l-affixes belong to abstract morphological representation and k‡rakas to mor-
phosyntactic representation, it is incorrect to assert that they occupy the same level in 
P‡ıinian grammar. 

                                                             
53 Cardona (1997: 496) calls them “abstract affixes”. 
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Part of the motivation for assigning l-affixes to the level of morphosyntactic repre-
sentation and their replacements ti , 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.  Just as the basic nominal terminations  etc. are 
distributed over semantic and syntactic conditions including k‡raka and number, the 
basic verbal terminations -ti , -tas, - jhi, etc. are distributed over the same conditions 
k‡raka and number, and similar conditions such as person (puru˘a).  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),54 person (1.4.105-108),55 and k‡raka (p‡da 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 k‡rakas.  On the contrary, it is rather 
the l-affixes introduced by 3.2.110 luÔ, 3.2.111 anadyatane laÔ, etc. that are distrib-
uted over time and mood.  Moreover, l-affixes are distributed over certain k‡raka 
conditions: 3.4.69 la˛ karmaıi ca bh‡ve c‡karmakebhya˛ accounts for the distribution 
of l-affixes over karman or bh‡va depending upon whether the root after which the l-
affix occurs is transitive (sakarmaka) or intransitive (akarmaka).  Verbal terminations, 
including the so called basic verbal terminations, are morphophonemic replacements 
of the l-affixes.  On the grounds of the parallelism between l-affixes and basic nomi-
nal terminations, in addition to the fact that they, like the basic nominal terminations 

, etc. are initially introduced items rather than replacements, l-affixes, 
rather than the so called basic verbal terminations -ti -tas, -jhi, etc., would properly 
be placed at the same level as basic nominal terminations in Kiparsky’s fourfold hier-
archy of levels. 

                                                             
54 1.4.21 bahu˘u bahuvacanam. 1.4.22 dvyekayor dvivacanaikavacane. 
55 1.4.105 yu˘mady upapade sam‡n‡dhikaraıe sth‡niny api madhyama˛.  1.4.106 prah‡se ca 

manyopapade manyater uttama ekavac ca.  1.4.107 asmady uttama˛.  1.4.108 ˜e˘e prath-
ama˛. 

Abstract    orphology 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.  Many of the so-called basic verbal terminations, 

 , p
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-su , -au, -jas

Basic verbal terminations -tip , -tas, -jhi, etc. are therefore simply morphophonemic 
modifications of the l in l-affixes, just as, for example, the imperative terminations 
-tu, -t‡m, -antu, etc. are further morphophonemic modifications of the so-called basic 
verbal terminations -tip , -tas, -jhi, etc. and just as ina, ‡t, and sya (introduced after a-
final stems by 7.1.12 Ò‡ÔasiÔas‡m in‡tsy‡˛) are morphophonemic modifications of the 
basic nominal terminations -Ò‡, -Ôasi , and -Ôas. 

-su , -au, -jas,

p

p



which Kiparsky placed on the level of abstract morphological representation (and 
which the last section argued are simply morphophonemic modifications of l-affixes) 
occur as the final phonological output of present active and imperfect middle and pas-
sive indicative verb forms in many contexts.  The affix -tas for example, appears un-
changed in bhavatas (3da pre of bhÂ) before t or th.  In the example devadatta odanaß 
pacati discussed in section IVA above, (see Figure 4) the affix -ti in pacati, remains
unchanged except for the dropping of the marker p.  Basic nominal terminations often 
appear unchanged in final output form in many contexts.  For example, the affix -bhis 
appears unchanged in m‡l‡bhis (f3s of m‡l‡) before t, th.  Can a string be on a differ-
ent level from itself?  In what sense of ‘level’ is this permissible?  Note that Kiparsky 
(2002: 49) states that his scheme of levels “makes no distinction between ‘phonol-
ogy’, ‘morpho-phonology’, and ‘allomorphy’.” 

Now one can certainly argue that the choice of the particular abstract morphologi-
cal representation is arbitrary and that it is just coincidental that in some cases the fi-
nal output is identical to it.  It is quite possible that one could select an abstract repre-
sentation that never appears as phonological output.  This is precisely what the 
previous section argued is the situation with the l-affixes.  L, with various markers, is 
the abstract morphological representation of all verbal terminations.  At least one 
stage of replacement for l always occurs to get the final output form of a verbal termi-
nation, whereas for nominals it is not necessarily the case that any additional stage 
occurs.  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.  
Three stages of replacement occur in the derivation of the form bhavantu (3pa ipv of 
bhÂ).  (1) The l of loÒ is replaced by jhi by 3.4.78 tiptasjhi...  (2) The i of jhi is re-
placed by u by 3.4.86 er u˛.  (3) The cover symbol jh is replaced by ant after a-final 
stems by 7.1.3 jho ’nta˛.  Are we to posit three levels to correspond to these three 
stages of derivation?  At least the use of the cover symbol jh achieves a valuable gen-
eralization in unifying the verbal terminations of the third person plural.  Are we to 
posit an additional level at which such generalizations achieved by the use of cover 
symbols of this kind reside?  The use of such cover symbols achieves an economy of 
rules in comparison to replacement of part or all of one basic termination that appears 
in phonetic output by sounds that appear in phonetic output in other contexts.56  The 
use of l’s is essentially no different.  If positing separate levels for cover symbols and 
their replacements is not procedurally justified, then what is the justification for posit-
ing separate levels for l-affixes and the basic verbal terminations that initially replace 
them?  A twentieth century conception of syntax? 

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 P‡ıini uses the technique of replacement for the derivation of the final output 
form from an abstract morphological representation indicates that the replacement is 
considered to belong to the same level rather than to a different one; it belongs to the 
morphophonemic level as opposed to the semanticosyntactic level. 

                                                             
56 Cardona (1997: 330-332) discusses cover symbols and (490-492) demonstrates the economy 

of the inclusion of the cover symbol jh in the basic verbal terminations. 

The semantic and syntactic levels are properly coalesced in a semantico-syntactic 
level and the abstract morphological and the morphophonemic levels are properly 
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coalesced in a single morphophonemic level.  While P‡ıini 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 P‡ıinian 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 A˘Ò‡dhy‡y„.  Kiparsky himself 
(2002: 2) hedges his attribution of levels to P‡ıini calling them, “what we (from a 
somewhat anachronistic modern perspective) could see as different levels of represen-
tation.”  P‡ıini’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.57  Attempting to isolate syntax from 
semantics in the field of linguistics parallels the attempt to isolate relations from 
terms, and analytic statements from synthetic ones in the application of formal lan-
guage models to natural language.  Both are as indefensible as the isolation of forces 
from particles in classical physics has proven to be.58 

In describing P‡ıinian procedure, one must be clear about when one is superim-
posing conceptions from contemporary linguistics on P‡ıini.  Likewise, in modeling 
P‡ıinian procedure one must be clear about when one is introducing contemporary 
computational procedures foreign to P‡ıini.  In the next section, I describe the organi-
zation of P‡ıinian grammar, purely from a P‡ıinian perspective rather than from the 
perspective of modern theoretical linguistics.  In the remainder of this paper, I differ-
entiate computational implementations of P‡ıinian grammar that model P‡ıinian pro-
cedure from applications of non-P‡ıinian generative computational techniques to 
Sanskrit. 

Sketch of an Overview of 

The grammar is set up to derive correct speech forms from an open lexicon under cer-
tain conditions.  The usual conditions are semantic, i.e. that certain meanings are to be 
denoted.  Occasionally, conditions include pragmatics and literary context.  In gen-
eral, therefore, the grammar derives speech forms from meaning rather than vice 
versa.  The grammar is not organized to determine the meaning of statements; it pro-
ceeds from the speakers point of view, not from the listeners point of view.  It an-
swers the question, “How do I say x?,” not the question, “What does x mean?” 

Introduction of Basic Elements on Semantic Conditions 
In general P‡ıinian grammar introduces basic speech elements, or morphological 
elements, under semantic conditions.  Basic speech elements include roots, nominal 
bases and affixes.  Roots are introduced in two ways: 
                                                             
57 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. 

58 See W. V. O. Quine, “Two Dogmas of Empiricism,” 2d, 1961 “The statement, rather than the 
term, came with Frege to be recognized as the unit accountable to an empiricist critique.” 
http://www.ditext.com/quine/quine.html. 
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1. Elements listed in the Dh‡tup‡Òha are termed roots (dh‡tu) by rule 1.3.1 bhÂv‡dayo 
dh‡tava˛. 

2. Derived elements terminating in any of a series of affixes introduced in rules 3.1.5-
31 are termed roots by rule 3.1.32 san‡dyant‡ dh‡tava˛. 

Nominal bases are likewise introduced in two ways: 

1. Any meaningful element other than a root (dh‡tu), affix (pratyaya), or an element 
that terminates in an affix, whether listed or not, is termed a nominal base 
(pr‡tipadika) by 1.2.45 arthavad adh‡tur apratyaya˛ pr‡tipadikam. 

2. Derived elements, including both those terminating in affixes termed kÁt or tad-
dhita and compounds (sam‡sa), are termed nominal base by 1.2.46 kÁttaddhita-
sam‡s‡˜ ca. 

Affixes are introduced by rules in adhy‡yas 3-5 governed by the heading 3.1.1 
pratyay‡˛.  These include affixes in the list designated by 3.3.1 uı‡dayo bahulam. 

The basic speech elements of the grammar do not constitute a fully specified set of 
elements.  First, lists are not specified as part of the ruleset; they are specified by 
commentators subsequently, which leaves open to doubt which items were intended 
to be included by the author of the rules himself.  Second, the grammar includes re-
cursive procedures.  The derivates of certain procedures serve as conditions for other 
procedures which in turn serve as conditions for the first procedures.  The derivational 
procedure permits the derivation of nominal bases from roots and other nominal 
bases, and the derivation of words from roots and nominal bases.  The derivation pro-
cedure also permits the derivation of roots from roots, roots from nominal bases, roots 
from nominal words, and nominal bases from words. 

Aside from lists being in doubt and the presence of recursive derivation of ele-
ments, the set of basic elements is an open set since what is classed as a nominal base 
includes any meaningful element outside of a specified set.  1.2.45 reads, “any mean-
ingful element other than ... is a nominal base.”  Moreover, commentators call many 
of the lists of nominal bases merely paradigmatic (‡kÁtigaıa) rather than complete.  
Finally, the fact that by 3.1.8-11 verbal roots are derived from an unspecified set of 
nominal words (pada), which are in turn derived from the open set of nominal bases, 
makes verbal roots an open set as well. 

Now, nominal bases are explicitly stated to be meaningful, and affixes are intro-
duced under semantic conditions.  While no statement of the grammar introduces un-
derived roots under semantic conditions, and the Dh‡tup‡Òha list did not originally in-
clude semantic designations for them, they are assumed to be meaningful elements 
from the outset.  Roots and nominal bases enter the grammar as speech forms after 
which affixes are provided under specified conditions, prevalently including semantic 
conditions.  Roots and nominal bases enter the grammar by being refered to specifi-
cally, by being included in a list, or by the terms dh‡tu and pr‡tipadika in the ablative 
(or occasionally the genitive) case (dh‡to˛ 3.1.7, 3.1.91, pr‡dipadik‡t 4.1.1).  The ab-
lative (or genitive) in such rules indicates that after which affixes are provided.59 

                                                             
59 Concerning the use of the ablative and genitive in such rules, see Scharf, in press. 
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Phonological odification 

Once basic elements have been introduced in chapters 3-5 of the A˘Ò‡dhy‡y„, they are 
subject to morphophonemic operations taught in chapters 6-8.  Introduced elements 
are subject to augmentation, and they (1.1.55 anek‡l ˜it sarvasya) and their parts 
(1.1.52-54 alo ’ntyasya, etc.) are subject to replacement, and deletion.  Some re-
placements have the status of their substituends (1.1.56 sth‡nivad ‡de˜o ’nalvidhau); 
others don’t.  Some types of affix-deletion (luk, lup, ˜lu) negate operations condi-
tioned by the affix (1.1.63 na lumat‡Ôgasya); others (lopa) don’t (1.1.62 pratyayalope 
pratyayalak˘aıam). 

Some of the operations that occur on introduced speech forms are cognizant of 
morpheme boundaries; others are not.  Operations that are cognizant of morpheme 
boundaries take place on stems (aÔga) before affixes, on affixes after stems, or at 
word (pada), or sentence (v‡kya) boundaries, or on other entire meaningful units 
(sarva).  Some take place only word-final (pad‡ntasya 8.4.37, 8.4.59) or only not 
word-final (apad‡ntasya 8.3.24, 8.3.55).  The rules in the section beginning with 6.4.1 
aÔgasya and ending at the close of the seventh adhy‡ya recognize stem-affix bounda-
ries.  Rules in the sections beginning with 8.1.16 and 8.3.55 through the end of the 
third p‡da of the eighth adhy‡ya are cognizant of pada boundaries.  Rules 8.1.1-15 
apply to entire meaningful units.  Operations on introduced speech forms that are not 
cognizant of morpheme boundaries take place in continuous speech (saßhit‡) with no 
conditions other than phonetic context.  Such rules are relatively few.  Augmentation 
with t ( ) and general vowel sandhi rules occur in the section following 6.1.72 
saßhit‡y‡m, and general consonant sandhi rules occur at the end of the last p‡da of 
the eighth adhy‡ya, beginning with 8.4.40 sto˛ ˜cun‡ scu˛.  The sparsity of rules that 
are incognizant of morpheme boundaries testifies to the great extent to which syntac-
ticosemantic conditions pervade morphophonemic operations. 

In order to illustrate the difference in approach required to create a computational 
model of P‡ıinian grammar as opposed to generating speech forms computationally 
without regard to P‡ıinian procedure, a few examples of how rules would be formu-
lated under each approach are provided in the following sections.  One example con-
cerns the implementation of sandhi; two others concern nominal inflection and verbal 
inflection, respectively. 

Sandhi 

Without regard to P‡ıinian procedure, yet producing results consistent with P‡ıinian 
description, one could generate interword sandhi by constructing sandhi tables like 
the vowel-sandhi table shown in Table 8.  Table 8 is Scharf’s modification of Coul-
son’s (1976) foldout vowel sandhi table.  Rules would then be written simply to re-
place the left context, shown in the top row, and occasionally the right context, shown 
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in the right column, by the contents of the cell indexed by a cell in the top row and a 
cell in the right column.  Items in bold show single replacements for both left and 
right contexts.  Items in parenthesis show replacements just for the right context, and 
items in black italics show replacements for just the left context. 

Table 8. Vowel Sandhi Table 

In contrast, to model P‡ıinian procedure requires creating data structures and a 
framework that allow one to approximate the statement of P‡ıinian rules in an execu-
table language.  Scharf (1992) wrote a Pascal program that executes sandhi between 
words and compound elements and presented the implementation at the 44th Annual 
Meeting of the Association for Asian Studies.  In 2002, Scharf and Hyman designed a 
portable framework using modified regular expressions in an XML file to model 
P‡ıinian rules (Table 9).  Each rule is written as one or more XML rule tags each of 
which contains several parameters: source, target, lcontext, rcontext, 
optional, and c.  The optional parameters lcontext and rcontext specify the left 
and right contexts for the replacement of the source by the target.  The optional pa-
rameter optional specifies that the current state is to be duplicated and subsequent 
parallel paths created, one in which the rule is implemented and the other in which it 
is not.  The parameter c (for comment) contains the number of the P‡ıinian rule im-
plemented by the rule tag.  While most rules are implemented in a single rule tag, 
6.1.101 requires five rule tags to implement.  The implementation utilizes the Sanskrit 
Library Phonetic encoding scheme SLP1, in which Sanskrit sounds and common 
phonetic features such as tones and nasalization are each represented by a single char-
acter.60 

Table 9. P‡ıinian Sandhi Rules 

<!--acsandhi vowel sandhi--> 
<rule source="([@(f)@(x)])([@(wb)])([@(f)@(x)])" tar-

get="%(fxvarRa($1))$2%(fxvarRa($3))"  c="1.1.9 vt. 
fkAraxkArayoH savarRavidhiH"/> 

<rule source="([@(a)])[@(wb)][@(a)]" tar-
get="!(lengthen($1))" c="6.1.101"/> 

<rule source="([@(i)])[@(wb)][@(i)]" tar-
get="!(lengthen($1))" c="6.1.101"/> 

<rule source="([@(u)])[@(wb)][@(u)]" tar-

                                                             
60 http://sanskritlibrary.org/encoding/SLP1.pdf 
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get="!(lengthen($1))" c="6.1.101"/> 
<rule source="([@(f)])[@(wb)][@(f)]" tar-

get="!(lengthen($1))" c="6.1.101"/> 
<rule source="([@(x)])[@(wb)][@(x)]" tar-

get="!(lengthen($1))" c="6.1.101"/> 
<rule source="[@(a)][@(wb)]([@(ec)])" tar-

get="!(vfdDiize($1))" c="6.1.88.  vfdDir eci"/> 
<rule source="[@(a)][@(wb)]([@(ik)])" tar-

get="!(guRate($1))" c="6.1.87.  Ad guRaH"/> 
<rule source="([@(ik)])" target="%(semivowel($1))" 

rcontext="[@(wb)][@(ac)]" c="6.1.77.  iko  yaR aci"/> 
<rule source="a" target="'" lcontext="[@(eN)][@(wb)]" 

c="6.1.109.  eNaH padAntAd ati"/> 
<rule source="e" target="ay" rcontext="[@(wb)][@(ac)]" 

c="6.1.78.  eco 'yavAyAvaH"/> 
<rule source="o" target="av" rcontext="[@(wb)][@(ac)]" 

c="6.1.78"/> 
<rule source="E" target="Ay" rcontext="[@(wb)][@(ac)]" 

c="6.1.78"/> 
<rule source="O" target="Av" rcontext="[@(wb)][@(ac)]" 

c="6.1.78"/> 
<!--end acsandhi vowel sandhi--> 

The rule syntax utilizes a number of macros that model P‡ıinian structures.  Mac-
ros are used to model P‡ıinian sound classes: varıa, varga, guıa, vÁddhi, 
saßpras‡raıa, etc.; to create praty‡h‡ras: ak, aı, ik, yaı, etc.; and to group sounds 
with common phonetic features: aspirated sounds, unaspirated sounds, voiced sounds, 
unvoiced sounds, etc.  For example, the macros @(f) and @(x) in 1.1.9 vt. represent 
the varıas Á and Î respectively.  The macros @(eN) in 6.1.109 and @(ac) in 6.1.78 
represents the praty‡h‡ras eÔ (monothongs) and ac (vowels), respectively.  Mappings 
are used to map sets of sounds onto corresponding sounds, such as short vowels onto 
long, and unvoiced stops onto voiced stops.  Functions, such as lengthen, gu-
Rate, and vfdDiize, utilize the mappings to facilitate implementation of common 
operations, namely, the replacement of a vowel by its corrresponding long vowel, 
guıa vowel, or vÁddhi vowel, respectively.  The functions lengthen, vfdDiize, 
and guRate are utilized in 6.1.101, 6.1.88, and 6.1.87, respectively.  Their parameter 
($1) is a regular expression reference to the contents of the source parameter that ap-
pears in parenthesis.  In accordance with 1.1.51 uraı rapara˛, the later two functions 
include the provision of r after replacement of the vowel Á by its corresponding guıa 
vowel a. 

Rules are not pre-selected by hand; rather they are triggered by data that meets the 
conditions for the application of the rule.  Hyman wrote a Perl program that converts 
the XML file of regular expressions to Perl executable code.  The model succeeds in 
encoding P‡ıinian rules in a manner that allows the rules that come into play to be 
tracked.  Rule tracking has valuable research and pedagogical applications.  Hyman 
(2007, 2008) describes the procedure by which the XML vocabulary to express 
P‡ıini’s sandhi rules was developed and how a series of stages converts the rules not 
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The latter, being extremely fast, will permit realtime web use of the models.  Huet 
(2005) describes his use of finite state transducers to analyze sandhi in continuous 
Sanskrit strings. 

Nominal Inflection 

Similar to the way in which an external sandhi table can be implemented without re-
gard to P‡ıinian procedure, one could generate nominal declension without regard to 
P‡ıinian procedure, yet produce results consistent with P‡ıinian description.  If one 
considers a nominal paradigm, such as that of the masculine noun deva in Table 10, it 
is evident that the element dev remains constant, while the remainder of the word var-
ies in the paradigm.  One can extract a set of endings proper to a-final masculine 
stems that consists of the varying segments, as shown in Table 11, and then draft a 
rule (1) by which one deletes the final a of the stem in any a-final masculine nominal 
and adds the a-final stem terminations to generate the stem’s full declension. 

Similarly, one can extract a set of endings proper to jan-final masculine stems by 
segmenting the string jan, which is constant in the paradigm of r‡jan, from the end-
ings that vary, as shown in Table 12.  One can then draft a rule (2) by which one de-
letes the final an of the stem of any jan-final masculine nominal and adds the jan-final 
stem terminations to generate the full declension of any jan-stem masculine nominal.  
A similar procedure allows one to analyze (Table 14) and draft a rule (3) for mascu-
line stems ending in C[vm]an, where C is any consonant. 

Table 10. Nominal Declension Table: deva 

 singular dual plural 
1 devas devau dev‡s 
v deva devau dev‡s 
2 devam devau dev‡n 
3 devena dev‡bhy‡m devais 
4 dev‡ya dev‡bhy‡m devebhyas 
5 dev‡t dev‡bhy‡m devebhyas 
6 devasya devayos dev‡n‡m 
7 deve devayos deve˘u 

Table 11. Nominal Declension Table Analysis: deva 

1 dev-as dev-O dev-As 
v dev-a dev-O dev-As 
2 dev-am dev-O dev-An 
3 dev-ena dev-AByAm dev-Es 
4 dev-Aya dev-AByAm dev-eByas 
5 dev-At dev-AByAm dev-eByas 
6 dev-asya dev-ayos dev-AnAm 
7 dev-e dev-ayos dev-ezu 
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3 rAj -YA rAj -aByAm rAj -aBis 
4 rAj-Ye rAj-aByAm rAj-aByas 
5 rAj-Yas rAj-aByAm rAj-aByas 
6 rAj-Yas rAj-Yos rAj-YAm 
7 rAj-Yi/rAj-ani rAj-Yos rAj-asu 

Table 13. Nominal Declension Table Analysis: ‡tman 

1 Atm-A Atm-AnO Atm-Anas 
v Atm-an Atm-AnO Atm-Anas 
2 Atm-Anam Atm-AnO Atm-anas 
3 Atm-anA Atm-aByAm Atm-aBis 
4 Atm-ane Atm-aByAm Atm-aByas 
5 Atm-anas Atm-aByAm Atm-aByas 
6 Atm-anas Atm-anos Atm-anAm 
7 Atm-ani Atm-anos Atm-asu 

declension of a-final masc. stem = d1 + masc. a-stem endings                      (1) 
(as, O, As, ..., e, ayos, ezu) 

declension of jan-final masc. stem = d2 + masc. an-stem endings                   (2) 
(A, AnO, Anas, ..., Yi, Yos, asu) 

declension of C[vm]an-final masc. stem = d2 + masc. an-stem endings              (3) 
(A, AnO, Anas, ..., ani, anos, asu) 

This procedure was used by Scharf and Cheifetz in 1995 and more recently by 
Kulkarni (http://ltrc.iiit.net/~anusaaraka/) and by Huet (http://sanskrit.inria.fr/).  While 
his procedure achieves a computational implementation of nominal declension, it 
ails to capture the generalization inherent in the P‡ıinian analysis that posits a basic 
et of nominal terminations for all nominal declension.  Instead of one basic set of 
ominal terminations, one requires multiple sets of terminations each proper to a spe-
ific stem type (1-3).  Huet’s implementation achieves a partial generalization by im-
lementing sandhi rules such as retroflexion to the output rather than constructing 
eparate tables for r‡ma and do˘a in addition to a table for deva, for instance, to in-
lect a-stem masculine stems. 

In contrast, the XML data structures utilized in the last section to model P‡ıinian 
andhi can be augmented to allow derivation of nominal stems as shown in Table 13.  
charf and Hyman implemented P‡ıinian nominal derivation by introducing an addi-
ional parameter morphid in the XML rule tag and utilizing Scharf’s (2002: 29-30) 
et of nominal inflection tags.  In this implementation, rules are grouped in rulesets 
iven  a  name  parameter  that  specifies  three  or  more  stages  in  derivation,  including  
hanges to terminations, changes to stems, and sandhi.  These rulesets are further  
rouped to apply to stems that match gender and phonological parameters. 

Table 12. Nominal Declension Table Analysis: r‡jan 

1 rAj-A rAj-AnO rAj-Anas 
v rAj-an rAj-AnO rAj-Anas 
2 rAj-Anam rAj-AnO rAj-Yas 
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<rule source= A  target= ina  lcontext= #  morphid= 3s  
c="7.1.12"/> 

<rule source="e" target="ya" lcontext="#" morphid="4s" 
c="7.1.13"/> 

<rule source="as" target="At" lcontext="#" morphid="5s" 
c="7.1.12"/> 

<rule source="as" target="sya" lcontext="#" mor-
phid="6s" c="7.1.12"/> 

<rule source="Am" target="n$1" lcon-
text="[@(hrasva)IUA]#" morphid="6p" c="7.1.54"/> 

<rule source="s" target="" lcontext="#" morphid="vs" 
c="6.1.69"/> 

<rule source="as" target="I" lcon-
text="(^praTama|^carama|taya|^alpa|^arDa|^katipaya)#" 
morphid="1p" optional="yes" c="7.1.17, 1.1.33"/> 

</ruleset> 

<ruleset name="a-stem_changes"> 
<rule source="a" target="e" rcontext="#[Bs]" mor-

phid="p" c="7.3.103"/> 
<rule source="a" target="A" rcontext="#[ynB]" 

c="7.3.102"/> 
<rule source="a" target="e" rcontext="#os" 

c="7.3.104"/> 
</ruleset> 

<ruleset name="stem-ending_sandhi"> 
<rule source="#am$" target="#m" lcontext="[@(ak)]" mor-

phid="[1v2]" c="6.1.107"/> 
<rule source="#ad$" target="#d" lcontext="[@(ak)]" mor-

phid="[1v2]" c="6.1.107, 7.1.25 Kasika karika"/> 
<rule source="#" target="_#" lcontext="[@(a)]" rcon-

text="[@(ic)]" morphid="[1v2]" c="6.1.104"/> 
<rule source="#" target="_#" lcontext="[@(dIrGa)]" 

rcontext="[@(ic)]" morphid="[1v2]" c="6.1.105"/> 
<rule source="#" target="_#" lcontext="[@(dIrGa)]" 

rcontext="as" morphid="[mf][1v]p" c="6.1.105"/> 
<rule source="([@(ak)])#[@(ac)]" tar-

get="%(lengthen($1))" morphid="[1v2]p" c="6.1.102"/> 
<rule source="_" target="" morphid="[1v2]" c="6.1.104, 

6.1.105"/> 
<rule source="s$" target="n" lcontext="[@(dIrGa)]" mor-

phid="m2p" c="6.1.103"/> 
<rule source="a#([@(guRa)])" target="$1" c="6.1.97 ato 

guRe"/> 
</ruleset> 

Table 14. P‡ıinian Declension Rules 

<ruleset name="a-stem_derivation"> 
<rule source="Bis" target="Es" lcontext="#" mor-

phid="3p" c="7.1.9"/> 
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data that meets the conditions of the rule.  The XML nominal declension procedure 
just described, on the other hand, selects stems for sets of rules selected in advance by 
hand for their known application to stems that meet the ruleset’s selection criteria.  
Therefore, although the implementation utilizes a single set of basic terminations, and 
hence is an advance over the procedure that relies on multiple sets of nominal termi-
nations, it is not a close model of P‡ıinian procedure. 

Verbal Inflection 

Verbal inflection can also be implemented by extracting multiple sets of terminations 
from various paradigms just as was done for non-P‡ıinian nominal declension.  If one 
considers a verbal paradigm, such as the present active indicative of the root bhÂ in 
Table 15, one can segment the invariant string bhav from the variant strings ati, atas, 
etc. (Table 16).  One can extract a set of endings proper to a-final present stems such 
as bhava, and draft a rule (4) for the derivation of any a-final present stem: delete the 
final a and add the a-stem terminations. 

Table 15. Verbal Conjugation Table: bhÂ 

 singular dual plural 
3rd person bhavati bhavatas bhavanti 
2nd person bhavasi bhavathas bhavatha 
1st person bhav‡mi bhav‡vas bhav‡mas 

Table 16. Verbal Conjugation Table Analysis: bhÂ 

Bav-ati Bav-atas Bav-anti 
Bav-asi Bav-aTas Bav-aTa 
Bav-Ami Bav-Avas Bav-Amas 

Table 17. Verbal Conjugation Table Analysis: rudh 

ru-RadDi ru-ndDas ru-nDanti 
ru-Ratsi ru-ndDas ru-ndDa 
ru-RaDAmi ru-nDAvas ru-nDAmas 

Table 18. Verbal Conjugation Table Analysis: yuj 

yu-nakti yu-Nktas yu-Yjanti 
yu-nakzi yu-Nktas yu-Nkta 
yu-najmi yu-Yjvas yu-Yjmas  

conjugation of a-final present stem = d1 + a-stem endings
(ati, atas, anti; asi, aTas, aTa; Ami, Avas, Amas) 

While the method adopted succeeds in producing nominal paradigms utilizing rules 
that capture what P‡ıinian rules do, it is limited in the extent to which it models 
P‡ıinian procedure.  P‡ıinian rules form a single cascade and are selected solely by 
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conjugation of class 7 j-final present stem = d1 + j-stem class 7 endings 
(nakti, Nktas, Yjanti; nakzi, Nktas, Nkta; najmi, Yjvas, Yjmas) 

Similarly, consider the paradigm of the root rudh (Table 17).  One can extract a set 
of active endings proper to class 7 present dh-final stems in which there is a preceding 
r or ˘.  One would have to segment only ru as the invariant string and infer endings 
ıaddhi, nddhas, ndhan, etc.  One could then draft the rule (5): delete the final sound of 
the root and add the endings for class 7 dh-final stems with preceding r or ˘.  Consider 
then the paradigm of yuj (Table 18).  One would have to infer a separate set of end-
ings nakti, Ôktas, §janti, etc. and formulate a separate rule (6) for j-final class 7 stems.  
Just as in the similar approach for nominal declension, this procedure fails to capture 
the generalization inherent in the P‡ıinian analysis.  P‡ıini posits a single basic set of 
verbal terminations for all verbal declension (Table 19; 3.4.78).  Instead of one basic 
set of verbal terminations, the non-P‡ıinian approach requires numerous sets of ter-
minations each proper to one among many very specific stem types (4-6). 

Table 19. P‡ıinian basic verbal terminations 

Scharf and Hyman successfully modeled P‡ıinian verbal conjugation by further 
enriching the XML structure utilized for nominal declension (Table 20).  They added 
two parameters to the rule tag: lexid, and root.  The former allows reference to 
the class of the root in the P‡ıinian Dh‡tup‡Òha.  The latter allows reference to the 
original form of the root even when the previous rules have modified the input string. 

Table 20. P‡ıinian Verbal Conjugation 

<grammar> 
<affixes name="basic_verbal_active" c="3.4.78"> 
<suffix add="#ti;p" person="3" number="s"/> 
<suffix add="#tas;" person="3" number="d"/> 
<suffix add="#Ji;" person="3" number="p"/> 

<suffix add="#si;p" person="2" number="s"/> 
<suffix add="#Tas;" person="2" number="d"/> 
<suffix add="#Ta;" person="2" number="p"/> 

<suffix add="#mi;p" person="1" number="s"/> 
<suffix add="#vas;" person="1" number="d"/> 
<suffix add="#mas;" person="1" number="p"/> 
</affixes> 

conjugation of class 7 D-final present stem with preceding r or z =                                    (5) 
d1 + [rz][@(vowel)]?D-stem class 7 endings 

(RadDi, ndDas, nDanti; Ratsi, ndDas, ndDa; RaDmi, nDvas, nDmas) 
                      ( ) 6 

The parameter morphid utilizes Scharf’s (2002: 30-31) verbal inflection tags.  
Rules are implemented in a single cascade that applies to all strings.  Rule selection is 
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active middle  
singular dual plural singular dual plural 

3rd person tip tas jhi ta ‡t‡m jha 
2nd person sip thas tha th‡s ‡th‡m dhvam 
1st person mip vas mas iÛ vahi mahiÔ 



rules.  This implementation of verbal conjugation succeeds in achieving the P‡ıinian 
generalization of utilizing a single set of basic verbal terminations for all verbal 
stems.  The implementation of verbal conjugation also surpasses the implementation 
of P‡ıinian nominal declension in that the verbal conjugation succeeds in adequately 
modeling P‡ıinian procedure. 

The current implementation of verbal conjugation does have some limitations, 
however.  It relies on intermediate stems extracted from Whitney’s Roots for all but 
perfect (liÒ) and aorist optative (‡˜„r-liÔ) verb forms, implementing only stem-
conjugation for the bulk of tenses and moods.  For the latter two tenses and moods, 
however, the computational implementation approximates P‡ıinian procedure fairly 
closely for the derivation of final forms directly from P‡ıinian basic elements alone.  
As in the implementation of P‡ıinian nominal inflection, the implementation of 
P‡ıinian verbal inflection includes rule tracking so that a derivational history of the 
form can be provided. 

We look forward to utilizing the enriched framework in a revised, more faithful 
model of P‡ıinian declension.  We are currently enriching the XML tagset further to 
allow derivation of participle stems and hope to go on to implement derivational mor-
phology generally. 

Concluding Remarks 

Modeling P‡ıinian derivational procedure not only provides useful research and 
pedagogical tools such as derivational rule histories for derived forms.  More impor-
tantly, attempting to work out details of a computational implementation of P‡ıinian 
generative procedure illuminates the understanding of P‡ıini’s method.  Understand-
ing P‡ıini’s method better contributes to the improvement of linguistic methodology 
generally.  Working out models of Sanskrit generative grammar also has direct bene-
fits for Indological studies by bringing computational methods to assist philological 
work and other humanistic pursuits related to India, and by bringing Indology into the 
field of digital humanities. 

solely on the basis of the data meeting the conditions of the rule, just like P‡ıinian 

6.4 
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Abstract. We propose a model for computer representation of the
Pān. inian system of sanskrit grammar. Based on this model, we render
the grammatical data and simulate the rules of As.t.ādhyāȳı on com-
puter. We then employ these rules for generation of morpho-syntactical
components of the language. These generated components we store in a
p-subsequential transducer. This we use to develop a lexicon on Pān. inian
principles. We report briefly its implementation.
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1 A Representation of As.t.ādhyāȳı

The general grammatical process of As.t.ādhyāȳı [3] can be viewed as consisting
of the following three basic steps:

1. Prescription of the fundamental components which constitute the lan-
guage.

2. Characterization of these fundamental components by assigning them a
number of attributes.

3. Specification of grammatical operations based on the fundamental com-
ponents and their attributes.

1.1 Fundamental Components

In his grammar Pān. ini furnishes a number of elements (phonemes, morphemes
and lexemes) which constitute the building blocks of the language. We assign
each of them a unique key in our database. Thus the phoneme /a/ has the key
a 0, the kr. t suffix /a/ has the key a 3 and the taddhita suffix /a/ is represented
by the key a 4. Given such a collection of unique keys, we define the set of
fundamental components as follows:

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.

G. Huet, A. Kulkarni, and P. Scharf (Eds.): Sanskrit CL 2007/2008, LNAI 5402, pp. 127–138, 2009.
c© Springer-Verlag Berlin Heidelberg 2009
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Further, we decompose this set F into two disjoint sets P and M, where P is
the set of keys corresponding to the phonemes and M containing the keys of the
rest of the constituting elements (morphemes or lexemes). Thus,

P = {a 0, i 0, u 0, . . .} (1)
M = {bhU a, tip 0, laT 0, . . .} (2)

and

F = P ∪ M (3)
P ∩ M = φ (4)

Remark 1. The set of keys corresponding to the phonemes P , and the set of the
keys belonging to the rest of the constituting elements (morphemes or lexemes)
M are mutually disjoint.

1.2 Attributes

The fundamental units of the language are given an identity by assigning a num-
ber of attributes to them. We include the various technical terms introduced in
the grammar under this category, as also the it -markers and sigla or pratyāhāras.
For example, the attributes hrasva, gun. a and ac characterize the element a 0 as
short vowel /a/ and attributes like pratyaya, prathama and ekavacana tell that
tip (= tip 0) is a third-person singular suffix. Again, each attribute is assigned
a unique key in our database.

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

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

Aπ = {hrasva 0, udAtta 0, it 0, . . .} (5)
Aμ = {dhAtu 0, pratyaya 0, zit 9, . . .} (6)

A = Aπ ∪ Aμ (7)

Remark 2. Any two of the four sets P ,M,Aπ,Aμ are mutually disjoint.

2 Basic Data Structures

Given the set of fundamental components (F = P ∪M) and the set of attributes
(A = Aπ ∪ Aμ), we now define our data structure for representing the Pān. inian
process.
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2.1 Sound Set ψ

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

ψ = {πp, μi, αj |πp ∈ P , μi ∈ M, αj ∈ A, i, j ≥ 0} (8)

This is an abstract data structure. Although it corresponds to a phoneme or one
sound unit, it represents more than just a phoneme (see Sec. 2.2).

2.2 Language Component λ

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

λ = [ψ0, ψ1, ψ2, . . . ψn] such that ‖λ‖ > 0 (9)

Note 1. We use square brackets [ ] to represent an ordered collection and curly
brackets { } for an unordered collection.

Language expressions at every level (phonemes, morphemes, lexemes, words,
sentences) can now be represented as a language component.

Example 1. We represent the verbal root bhū as a language component λ.

λ = [ψ1, ψ2] where
ψ1 = {bh, bhū, dhātu, . . .}
ψ2 = {u, bhū, dhātu, udātta, d̄ırgha, ac, . . .}

Corresponding to the two phonemes bh and ū in bhū, we have an ordered col-
lection of two sound sets ψ1 and ψ2. Consider the first one ψ1: Its first element
bh is from the phoneme set P .1 The second element bhū tells that the phoneme
of this sound set is a part of the fundamental unit bhū. The third element stores
the attribute dhātu (verbal root) to this sound set. Similarly, the second sound
set ψ2 has phoneme attributes which tell it to be an udātta (high pitched) d̄ırgha
(long) ac (vowel).

Example 2. The language component corresponding to the morpheme lat. is
represented as:

λ = [ψ] where
ψ = {l, lat. , pratyaya, ait, t.it, . . .}

1 Actually, it is the unique key bh 0 corresponding to the phoneme bh which is stored in
the sound set, but for the sake of simplicity and readability we write the conventional
letters for phonemes or morphemes.
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Remark 3. Attribute t.it says that it has t. as it - marker.

Example 3. The morphemes bhū followed by lat. can now be represented to-
gether by the language component

λ = [ψ1, ψ2, ψ3] where
ψ1 = {bh, bhū, dhātu, . . .}
ψ2 = {u, bhū, dhātu, udātta, d̄ırgha, ac, . . .}
ψ3 = {l, lat. , pratyaya, ait, t.it, . . .}

Different linguistic units can now be identified by carrying out intersection with
the appropriate subsets of P ,M and A. For example to get the verbal root or
dhātu in λ we take the intersection of an identity set ι = {dhātu} with each of
ψi’s in λ and store the index i when the intersection-set is not empty. In this case
we get the index list [1,2]. The list of ψi’s corresponding to these indices then
gives the searched morpheme. Thus, the verbal root is given by the language
component [ψ1, ψ2].

2.3 Process Strip σ

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

σ = [(rulep, λp), (ruleq, λq), . . .] (10)

The rule number corresponds to the As.t.ādhyāȳı order and binds the process strip
with a function implementing that rule in the actual program. Thus, the process
strip simulates the Pān. inian process by storing in the language component λp
the effect of applying the rule rulep.

3 Basic Operations

Having defined our data-structure in Sec. 2, we now introduce the basic opera-
tions on them.

3.1 Attribute Addition

Let α ⊂ A ∪ M and ψ be a sound set. Then attribute addition is defined as

haψ(ψ, α) = ψ ∪ α (11)

Remark 4. This operation can be applied to a number of sound sets given by
indices [i, i+ 1, . . . , j] in a given language component λ
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haλ(λ, α, [i, . . . , j]) = [ψ1, . . . , ψi ∪ α, . . . , ψj ∪ α, . . . , ψn] (12)

Example 4. Let us consider the language component corresponding to the mor-
pheme śap. It is represented by

λ = [ψ] where
ψ = {a, śap, pratyaya, śit, pit, . . .}

Rule tiṅ śit sārvadhātukam (3.4.113)2 says that affixes in the siglum tiṅ and
those having ś as it marker are assigned the attribute sārvadhātuka.

We implement this rule by checking if there are sound sets with attributes
pratyaya together with tiṅ or śit and adding the attribute sārvadhātuka if the
condition is fulfilled. In this case, we get:

λ = [ψ] where
ψ = {a, śap, pratyaya, śit, pit, sārvadhātuka, . . .}

3.2 Augmentation

Let
λ = [ψ1, . . . , ψi, ψi+1, . . . , ψn]
λk = [ψ1k, ψ2k, ψ3k, . . . , ψmk]

and i be an integer index such that i ≤ ‖λ‖, then augmentation of λ by λk at
index i is defined as

hg(λ, λk, i) = [ψ1, . . . , ψi, ψ1k, ψ2k, ψ3k, . . . , ψmk, ψi+1, . . . , ψn] (13)

Example 5. Consider the language component λ corresponding to the verbal
root bhū.

λ = [ψ1, ψ2] where
ψ1 = {bh, bhū, dhātu, . . .}
ψ2 = {u, bhū, dhātu, udātta, d̄ırgha, ac, . . .}

Rule vartamāne lat. (3.2.123) says that the morpheme lat. is added after a dhātu
if the present action is to be expressed.

To implement this rule, we first look for the indices of sound sets which have
the attribute dhātu and then append the sound set corresponding to lat. after
the last index. We get,

λ = [ψ1, ψ2, ψ3] where
ψ1 = {bh, bhū, dhātu, . . .}
ψ2 = {u, bhū, dhātu, udātta, d̄ırgha, ac, . . .}
ψ3 = {l, lat. , pratyaya, ait, t.it, . . .}

2 Numbers like (3.4.113) correspond to the rule number in Katre’s edition of
As.t.ādhyāȳı [3].
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3.3 Substitution

We define substitution in terms of the above two operations.
Let [i, i + 1, i + 2, . . . , j] be the indices of sound sets to be replaced in the

language component λ = [ψ1, . . . , ψi, ψi+1, . . . , ψn].
Let λk = [ψ1k, ψ2k, ψ3k, . . . , ψmk] be the replacement, then the substitution is

defined as

hs(λ, λk, [i, . . . , j]) = hg(haλ(λ, {δ}, [i, . . . , j]), λk, j) (14)

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

Example 6. Consider the language component corresponding to the verbal root
n. ı̄ñ

λ = [ψ1, ψ2] where
ψ1 = {n. ,n. ı̄ñ, dhātu, ñit, . . .}
ψ2 = {i,n. ı̄ñ, dhātu, ñit, d̄ırgha, ac, . . .}

Rule n. ah. nah. (6.1.065) says that the initial retroflex n. of a dhātu is replaced
by dental n.

To implement this rule we first search the sound sets corresponding to dhātu,
check whether the first one has a retroflex n. and if the conditions are fulfilled,
add the attribute δ in that sound set and append the sound set corresponding
to n after it. Further we transfer all attributes (except the phoneme attributes)
from the n. - sound set to n - sound set for sthānivadbhāva. We get,

λ = [ψ1, ψ2, ψ3] where
ψ1 = {n. ,n. ı̄ñ, dhātu, ñit, δ, . . .}
ψ2 = {n,n. ı̄ñ, dhātu, ñit, . . .}
ψ3 = {i,n. ı̄ñ, dhātu, ñit, d̄ırgha, ac, . . .}

4 Grammatical Process

Having defined our basic data structure in Sec. 2 and primary operations on them
in Sec. 3, we now represent a rule of grammar based on the above mentioned
definitions.

4.1 Representing a Rule of Grammar

We represent a rule of grammar through a function fq, which takes a process
strip σp and adds a new pair (ruleq, λq) to it where ruleq is the number of the
present rule and λq is the new modified language component after application
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of one or more of the three operations defined above on the input language
component λp.

fq(σp) = σq where
σp = [. . . , (rulep, λp)]
σq = [. . . , (rulep, λp), (ruleq, λq)]
λq = ha, hg, hs(λp, . . .)

4.2 Structure of a Rule

The general structure of a rule is as follows:
———————————————————————————
Function fq with input strip: σp = [. . . , (rulep, λp)]
———————————————————————————
check applicability conditions
if conditions not fulfilled then

return unextended σp
else

create new modified λq
return extended σq

———————————————————————————

Thus, given a particular state (represented by σp) in the process of generation,
the system provides for checking the applicability of a rule fq, and if the conditions
are fulfilled, the rule is applied and the changed language component together with
the rule number is stored in the modified state (represented by σq).

As the rule numbers are also stored, we can implement the rules of tripād̄ı
and make their effects invisible for subsequent applications. The order in which
rules are applied is provided manually through templates.

5 An Example

We take a verbal root bhū and generate the final word bhavati meaning “he/she/it
becomes”. We initialize the process strip σ0 by loading the language component
corresponding to the verbal root and adding a00000 as the rule number.

σ0 = [(a00000, λ0)] where
λ0 = [ψ0a, ψ0b] with
ψ0a = {bh, bhū, dhātu, . . .}
ψ0b = {u, bhū, dhātu, d̄ırgha, udātta, . . .}

Rule vartamāne lat. (3.2.123) says that the morpheme lat. is added after a dhātu
if the present action is to be expressed.

The application now involves following steps: Look in the last language com-
ponent λ of the process-strip σ. If there are sound sets ψ with the identity set
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ι = { dhātu } in it, get their indices in index list. This returns the index list
[1,2]. If index list is non empty then augment the language component λ0 by
attaching the language component corresponding to the morpheme lat. . This is
attached in this case at index 2 as the new morpheme comes after dhātu. Extend
the process strip σ0 accordingly. Thus, we have

fa32123(σ0) = σ1 (15)

σ1 = [(a00000, λ0), (a32123, λ1)] where
λ1 = [ψ0a, ψ0b, ψ1a] with
ψ0a = {bh, bhū, dhātu, . . .}
ψ0b = {u, bhū, dhātu, d̄ırgha, udātta, . . .}
ψ1a = {l, lat. , pratyaya, ait, t.it, . . .}

Rule tip tas jhi sip thas tha mip vas mas ta ātām jha thās āthām dhvam it. vahi
mahiṅ (3.4.078) provides for substitution of lat. .

We take the first suffix tip for replacement. The sound sets to be replaced are
determined by taking intersection with the set {lat. , l it. , lot. , . . . } which has
the morphemes having cover term l. In this case it is at the index 3. We replace
this sound set with tip i.e. add the attribute δ to the sound set at index 3 and
augment the language component at this index. We get,

fa34078(σ1) = σ2 (16)

σ2 = [. . . , (a32123, λ1), (a34078, λ2)]
λ2 = [ψ0a, ψ0b, ψ1a, ψ2a, ψ2b]
ψ0a = {bh, bhū, dhātu, . . .}
ψ0b = {u, bhū, dhātu, d̄ırgha, udātta, . . .}
ψ1a = {l, lat. , pratyaya, ait, t.it, δ, . . .}
ψ2a = {t, tip, pratyaya, sārvadhātuka, pit, . . .}
ψ2b = {i, tip, pratyaya, sārvadhātuka, pit, . . .}

Rule kartari śap (3.1.068) says that the morpheme śap is added after dhātu but
before sārvadhātuka suffix and denotes agent.

Check if sound set with sārvadhātuka follows one with dhātu. If yes then
augment the language component for śap after dhātu.

fa31068(σ2) = σ3 (17)

σ3 = [. . . , (a34078, λ2), (a31068, λ3)]
λ3 = [ψ0a, ψ0b, ψ3a, ψ1a, ψ2a, ψ2b]
ψ0a = {bh, bhū, dhātu, . . .}
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ψ0b = {u, bhū, dhātu, d̄ırgha, udātta, . . .}
ψ3a = {a, śap, pratyaya, hrasva, śit, pit, . . .}
ψ1a = {l, lat. , pratyaya, ait, t.it, δ, . . .}
ψ2a = {t, tip, pratyaya, sārvadhātuka, pit, . . .}
ψ2b = {i, tip, pratyaya, sārvadhātuka, pit, . . .}

Rule yasmāt pratyaya vidhis tad ādi pratyaye aṅgam (1.4.013) makes the part
before the suffix śap an aṅga with respect to it.

fa14013(σ3) = σ4 (18)

σ4 = [. . . , (a31068, λ3), (a14013, λ4)]
λ4 = [ψ0a, ψ0b, ψ3a, ψ1a, ψ2a, ψ2b]
ψ0a = {bh, bhū, dhātu, aṅga, . . .}
ψ0b = {u, bhū, dhātu, aṅga, d̄ırgha, udātta, . . .}
ψ3a = {a, śap, pratyaya, hrasva, śit, pit, . . .}
ψ1a = {l, lat. , pratyaya, ait, t.it, δ, . . .}
ψ2a = {t, tip, pratyaya, sārvadhātuka, pit, . . .}
ψ2b = {i, tip, pratyaya, sārvadhātuka, pit, . . .}

Rule sārvadhātuka ārdhadhātukayoh. (7.3.084) says that before sārvadhātuka or
ārdhadhātuka replace the ik vowels by gun. a vowels.

As śap is sārvadhātuka, we get

fa73084(σ4) = σ5 (19)

σ5 = [. . . , (a14013, λ4), (a73084, λ5)]
λ5 = [ψ0a, ψ0b, ψ5a, ψ3a, ψ1a, ψ2a, ψ2b]
ψ0a = {bh, bhū, dhātu, aṅga, . . .}
ψ0b = {u, bhū, dhātu, aṅga, d̄ırgha, udātta, δ, . . .}
ψ5a = {o, bhū, dhātu, aṅga, . . .}
ψ3a = {a, śap, pratyaya, hrasva, śit, pit, . . .}
ψ1a = {l, lat. , pratyaya, ait, t.it, δ, . . .}
ψ2a = {t, tip, pratyaya, sārvadhātuka, pit, . . .}
ψ2b = {i, tip, pratyaya, sārvadhātuka, pit, . . .}

Rule ec ah. ay av āy āv ah. (6.1.078) says that before ac (vowel) e, o, ai, au are
respectively replaced by ay, av, āy, āv.

fa61078(σ5) = σ6 (20)
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σ6 = [. . . , (a73084, λ5), (a61078, λ6)]
λ6 = [ψ0a, ψ0b, ψ5a, ψ6a, ψ6b, ψ3a, ψ1a, ψ2a, ψ2b]
ψ0a = {bh, bhū, dhātuaṅga, . . .}
ψ0b = {u, bhū, dhātu, aṅga, d̄ırgha, udātta, δ, . . .}
ψ5a = {o, bhū, dhātu, aṅga, δ, . . .}
ψ6a = {a, av, bhū, dhātu, aṅga, hrasva, . . .}
ψ6b = {v, av, bhū, dhātu, aṅga, . . .}
ψ3a = {a, śap, pratyaya, hrasva, śit, pit, . . .}
ψ1a = {l, lat. , pratyaya, ait, t.it, δ, . . .}
ψ2a = {t, tip, pratyaya, sārvadhātuka, pit, . . .}
ψ2b = {i, tip, pratyaya, sārvadhātuka, pit, . . .}

Finally we collect all ψis not having a δ, i.e. which are not already replaced. This
gives us the desired form bhavati.

6 PaSSim (Pān. inian Sanskrit Simulator)

In the following we give a brief description of PaSSim (Pān. inian Sanskrit Simu-
lator) we are developing at the University of Heidelberg.3

The program aims towards developing a lexicon on Pān. inian principles. The
user enters an inflected word or pada and the system furnishes a detailed, step
by step process of its generation. It is written in PythonTM and consists of the
following modules (see Fig. 1):

6.1 Database

This module is for inputting, updating, enhancing and organizing the primary
database of fundamental components and attributes. The organization of data
serves the purpose of incorporating static information of Pān. inian formulations.
For example, uṅ is stored with static attributes dhātu, bhvādi, anit. and that
its second phoneme is it - marker etc. Thus, the effect of many definition rules
of As.t.ādhyāȳı are stored in the database. The database is in ASCII and each
fundamental component or attribute has a unique key corresponding to which
is a (Python-) dictionary.

6.2 Grammar

This is the main module. It contains abstract classes corresponding to SoundSets,
LanguageComponents and ProcessStrips. Further it has a number of functions
like a61065(), which simulate the individual rules of As.t.ādhyāȳı.

3 http://sanskrit.sai.uni-heidelberg.de



Simulating the Pān. inian System of Sanskrit Grammar 137

Fig. 1. PaSSim (Pān. inian Sanskrit Simulator)

6.3 Templates

This module is to organize the process or prakriyā. A template prescribes the
rules in order of applicability for a group of primary verbs or nominal stems.
Templates are specified manually, taking into account the prakriyā texts e.g.
Siddhānta-Kaumud̄ı [6].4 It uses Grammar to generate the morpho-syntactic word
forms or padas.

6.4 FSA

This module is for the sake of effecient representation of generated words together
with the initializing fundamental component(s) and list of rule numbers. These
are stored as a p-subsequential transducer [4].5 The output string associated
with a word, thus provides the initializing fundamental components and a list

4 We would like to acknowledge two texts in Hindi — Vyākaran. acandrodaya [5] and
As.t.ādhyāȳı sahajabodha [2] — which have been very beneficial to us.

5 Sequential transducers can be extended to allow a single additional output string
(subsequential transducers) or a finite number p of output strings (p - subsequential
transducers) at final states. These allow one to deal with the ambiguities in natural
language processing [4].



138 A. Mishra

of rules. Grammar applies these rules one after another and outputs the final as
well as intermediate results.

6.5 Display

This module provides HTML6 / LATEX output. It outputs the content according
to the given style sheet for conventions regarding script, color-scheme etc. The
phonological, morphological, syntactical and semantical information gathered
during the process of generation is rendered in modern terms through a mapping
of Pān. inian attributes corresponding to it.
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1. von Böhtlingk, O.: Pān. ini’s Grammatik. Olms, Hildesheim. Primary source text for
our database (1887)
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prakriyā (1905)

6 See: http://sanskrit.sai.uni-heidelberg.de



Computer Simulation of As.t.ādhyāȳı : Some
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Abstract. Pān. ini’s As.t.ādhyāȳı is often compared to a computer pro-
gram for its rigour and coverage of the then prevalent Sanskrit language.
The emergence of computer science has given a new dimension to the
Pān. inian studies as is evident from the recent efforts by Mishra [7], Hy-
man [5] and Scharf [10]. Ours is an attempt to discover programming
concepts, techniques and paradigms employed by Pān. ini. We discuss how
the three sūtras: pūrvatrāsiddham 8.2.1, asiddhavad atrābhāt 6.4.22, and
s.atvatukor asiddhah. 6.1.86 play a major role in the ordering of the sūtras
and provide a model which can be best described with privacy of data
spaces. For conflict resolution, we use two criteria: utsarga-apavāda re-
lation between sūtras, and the word integrity principle. However, this
needs further revision. The implementation is still in progress. The cur-
rent implementation of inflectional morphology to derive a speech form
is discussed in detail.

Keywords: Pān. ini, As.t.ādhyāȳı, Computer Simulation, Conflict Resolu-
tion, Event Driven Programming, Task Parallelism.

1 Introduction

Pān. ini’s As.t.ādhyāȳı is often compared to a computer program for its rigour
and coverage of the then prevalent Sanskrit language. It is well known that the
As.t.ādhyāȳı is not as formal as a computer program. But at the same time, we
find many features of modern day computer programming in it. This is a quest to
discover programming concepts, techniques and paradigms employed by Pān. ini
in writing a grammar for Sanskrit in the form of the As.t.ādhyāȳı. In order to do
so, we try to ‘simulate’ the grammar following modern programming practices.
We hope, in the process, we may encounter something that may lead to new
programming concepts altogether.

As has been rightly pointed out by Scharf[10], it is very much crucial to define
what exactly one is going to simulate: is it the As.t.ādhyāȳı alone or the As.t.ādhyāȳı
and vārtikās or the grammar as described by Patañjali in his Mahābhās. ya?

G. Huet, A. Kulkarni, and P. Scharf (Eds.): Sanskrit CL 2007/2008, LNAI 5402, pp. 139–161, 2009.
c© Springer-Verlag Berlin Heidelberg 2009
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At this point in time, we are still open, however our efforts will be to restrict
ourselves to the As.t.ādhyāȳı as far as possible.

Within the As.t.ādhyāȳı itself, sūtras are interpreted in more than one way,
there are controversies over the domain of adhikāra sūtras, etc. The sūtras being
too many, it is not within the reach of a human being to ensure the consistency
with different interpretations. It is therefore a challenge for computer scientists
to design a system that simulates the As.t.ādhyāȳı and at the same time provide
a facility to test the consistency of the whole system for the chosen hypothe-
sis/interpretation.

The paper has been organised as follows: In section 2, we describe the earlier
efforts that deal with the implementation and principles of the As.t.ādhyāȳı. In
section 3, we describe Pān. ini’s process from a programming perspective. The
role of three sūtras: pūrvatrāsiddham 8.2.1, asiddhavad atrābhāt 6.4.22, and
s.atvatukor asiddhah. 6.1.86 in the ordering of the sūtras is discussed. The discus-
sion of these sūtras lead to a model that can be best described with privacy of
data spaces. Section 4 deals with the actual implementation, in particular mod-
ules for automatic rule triggering and conflict resolution. Challenges, exceptions
and problems are described in section 5,6 and 7 respectively. Finally, we discuss
future work and give an example of derivation of rāmān. ām, genitive plural of
the nominal stem rāma.

2 Earlier Efforts

There have been attempts to model Pān. ini’s As.t.ādhyāȳı by Mishra[7] and
Scharf[10]. Mishra has proposed a structure for developing a lexicon on Pān. inian
principles. His system shows the rules involved in the morpho-phonemic deriva-
tion using manually developed lexicon rich with feature structure. This may serve
as a good model to discover different attributes of the lexicon used by Pān. ini,
especially the non-formal or extra linguistic features which Pān. ini has used. But
this system in its true sense is not the simulation of the As.t.ādhyāȳı as it does not
give any insight about choice and ordering of the rules in the derivation process.

Scharf has implemented sandhi, nominal declension and verbal conjugation,
closely following Pān. inian rules. However, in his implementation of nominal de-
clension also the rules for different stems are selected and ordered manually. He
himself admits that “... it is not a close model of Paninian procedure”[10]. In
a sense, his implementation of noun declensions is closer to the arrangement of
sūtras in the Siddhāntakaumud̄ı[12]. It does not give us a flavour of the Pān. inian
arrangement of rules.

If one decides to simulate the As.t.ādhyāȳı on computer, two important ques-
tions one needs to answer are:

– How are the rules triggered?
– If more than one rule is triggered then how is the conflict resolved?

Tradition has extensive literature on conflict resolution. The Paribhās. enduśekhara
of Nāgeśa Bhat.t.a discusses many paribhās. ās (‘metarules’) that are necessary to
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understand the interaction of rules, and conflict resolution. The major paribhās.ā
dealing with conflict resolution is

paranityāntaraṅgāpavādānām uttarottaram. bal̄ıyah.

Kiparsky[6] explains how the principle of economy (lāghava) leads to the con-
cepts of normal blocking and collective blocking which govern conflict resolution.

3 As.t.ādhyāȳı: A Programming Perspective

The whole purpose of the Pān. inian enterprise is to model the communication
process. The communication process has two parts – the speaker expressing his
thoughts through a language string (generation) and the listener understanding
the language string (analysis). Pān. ini’s As.t.ādhyāȳı models the generation. The
process of generation is further assumed to have intermediate levels as in the
following figure (Bharati et al.[1]: 63).

--- semantic level (what the speaker has in mind)

|

|

--- karaka level

|

|

--- vibhakti level

|

|

--- surface level (uttered sentence)

Fig. 1. Levels in the Paninian model

Thus the input for the As.t.ādhyāȳı is the semantic level description of thoughts
in the speaker’s mind in terms of the Sanskrit lexicon, and the output is the
sentence in Sanskrit which conveys the same thoughts within the constraints of
the language.

The sūtras in the As.t.ādhyāȳı are broadly classified into the following six
types:1

1. sam. jñā
2. paribhās. ā
3. vidhi
4. niyama
5. atideśa
6. adhikāra
1 sam. jñā ca paribhās. ā ca vidhir niyama eva ca

atideśo’dhikāraś ca s.ad. vidham sūtralaks.an. am
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Most of the rules in the As.t.ādhyāȳı are of the type vidhi.
Traditionally recognized divisions of the As.t.ādhyāȳı, that is, eight adhyāyas

each divided into four pādas, do not, in general, mark off the topics found therein.
The topics dealt with in each of the eight adhyāyas are as follows:

– The first adhyāya serves as an introduction to the work in that it contains
1. The definitions of the majority of the technical terms used in the work,
2. Most of the metarules, and
3. Some operational rules.

The chapter contains rules mainly related to the indicators (it) (1.3.2-1.3.9),
assignment of ātmanepada and parasmaipada suffixes (1.3.12-1.3.93), kāraka
definitions (1.4.23-1.4.55) and nipātas (1.4.56-1.4.97).

– The second adhyāya contains four major divisions:
1. Rules of compounding (2.1.3-2.2.38)
2. Assignment of cases (2.3.1-2.1.73)
3. Number and gender of compounds (2.4.1-2.4.31)
4. luk elision (2.4.58-2.4.84)

– The third, fourth and fifth adhyāyas deal with suffixes. The third adhyāya
contains the suffixes that are added to a verbal root, while the other two
contain the suffixes that are added to a nominal stem.

In short, the first five adhyāyas build the basic infrastructure that is neces-
sary to set up the proper environment to carry out the derivations smoothly.

– The sixth, seventh and eighth adhyāyas deal with the sūtras that bring about
a series of transformations related to continuous text (samhitā), word accent,
and stem shape.

3.1 Data + Algorithm = Program

The main body of the As.t.ādhyāȳı is called the sūtrapāt.ha (set of rules) and
consists of around 4,000 rules. It is accompanied by five ancillary texts: the 14
pratyāhāra sūtras, the dhātupāt.ha (list of verbal roots), the gan. apāt.ha (several
collections of particular nominal stems), un. ādi sūtras, and liṅgānuśāsana (sūtras
describing the gender of different words). Thus we see a clear separation of data
(the ancillary texts) from the algorithms (sūtras).

3.2 Data Encapsulation

The third generation languages were based on the fundamental concept of Data
+ Algorithm = Program. On the other hand, in Object Oriented Programming
there is an encapsulation of data and algorithms in the form of objects. Both
these aspects are not contradictory to each other. We require the separation of
extensive data from algorithms. At the same time in certain cases, we also require
the active binding of data with procedures. In Pān. ini’s system we notice an intel-
ligent use of both these features. As reported earlier, there is a clear separation
of data from algorithms. At the same time, the data in the database consisting
of the ancillary texts is encapsulated. All the indicators used by Pān. ini trigger
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some functions: For example, the indicators that accompany each root (dhātu)
in the dhātupāt.ha mark the dhātu as either ātmanepada or parasmaipada, the
ñi indicator in verbal roots indicates that such a root takes the suffix kta (which
is otherwise a past passive participle) in the sense of present tense, as in

ñidhr. s. ā + kta - > dhr. s.t.a

3.3 Subroutines

The rules related to a particular task are grouped together. For example, consider
the following sūtras which identify sounds used as markers (anubandha) in the
texts that comprise the grammar.

– upadeśe aj anunāsika it 1.3.2
– hal antyam 1.3.3
– na vibhaktau tusmāh. 1.3.4
– ādir ñit.ud. avah. 1.3.5
– s.ah. pratyayasya 1.3.6
– cut.ū 1.3.7
– laśakv ataddhite 1.3.8

If we take into account the recurrence (anuvr. tti) of terms from preceding
sūtras, the rules may be rewritten (indicating the anuvr.tti by indentation) as

– upadeśe
• ac anunāsika (=) it 1.3.2
• hal antyam 1.3.3

∗ na vibhaktau tusmāh. (=it) 1.3.4
• ādih.

∗ ñit.ud. avah. (=it) 1.3.5
∗ pratyayasya

· s.ah. (=it) 1.3.6
· cutū (=it) 1.3.7
· laśaku (=it) ataddhite 1.3.8

Translation of this set of rules into a simple algorithm will show the parallel
between Pān. ini’s sūtras and a computer algorithm.

if(input is from UPADE‘SA)

Mark the ANUNASIKA AC as INDICATOR

if(last var.na(X) is HAL)

if(the input is neither VIBAKTI nor TUSMA)

Mark X as INDICATOR

endif

endif

if(the beginning syllable(Y) is ~ni or .tu or .du)

Mark Y as INDICATOR

endif

if(the input is a PRATYAYA)
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if(Y is .sa)

MARK Y as INDICATOR

endif

if(Y is from ca_varga or .ta_varga)

Mark Y as INDICATOR

endif

if(the input is NOT TADDHITA)

if(Y is either la or ‘sa or ka_varga)

Mark Y as INDICATOR

endif

endif

endif

There are many such instances of well-defined subroutines spread all over the
As.t.ādhyāȳı.

3.4 Operations

The nature of the problem the As.t.ādhyāȳı deals with indicates that the typical
operations involved are various kinds of string operations. They are of four types.

– assigning a name
– substitution
– insertion
– deletion

It has been already recognized ([4], [2]) that Pān. ini expresses all such rules
as context sensitive rules. He ingeniously uses cases (vibhaktis) to specify the
context. A typical context sensitive rule is of the form

αβγ ⇒ αδγ

Pān. ini uses 5th and 7th case to indicate the left and right context respectively,
6th case to indicate the element that will undergo a change and 1st to indicate
what it will change to. Here is an example from the As.t.ādhyāȳı.

ato ror aplutād aplute (ut ati sam. hitāyām) 6.1.113
at{5} ru{6} apluta{5} apulta{7} (ut{1} at{7})
non-pluta at ru non-pluta at =⇒ non-pluta at ut non-pluta at
gloss: change the ‘ru’ preceeded and followed by an ‘a-pluta a’ to ‘u’.

3.5 Ordering of the Rules

Three sūtras in the As.t.ādhyāȳı play an important role in deciding the order of
the rules. These sūtras are

– pūrvatrāsiddham 8.2.1
– asiddhavad atrābhāt 6.4.22
– s.atvatukor asiddhah. 6.1.86

We discuss each of these sūtras and show how they govern the ordering.
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Asiddham. Traditionally the As.t.ādhyāȳı is divided into 2 parts – sapāda-
saptādhyāȳı and tripād̄ı. The rule pūrvatrāsiddham (8.2.1) makes the output
of the rules in the latter part unavailable to the earlier rules. Further this rule
being the adhikāra sūtra makes the output of each of the following sūtras un-
available to the previous rules within the tripād̄ı. This necessarily implies that
the tripād̄ı should follow the sapāda saptādhyāȳı and that the rules within the
tripād̄ı should also be followed linearly or sequentially. Based on this, it is very
likely that one would be tempted to model tripād̄ı as a single subroutine, where
all the rules are applied sequentially and the intermediate output is stored in
local variables.

But then it would not be a faithful representation. Pān. ini did not state it this
way. The sequential ordering of sūtras in the tripād̄ı and application of tripād̄ı
sūtras after the application of rules from the sapāda saptādhyāȳı is an inference
we draw from the adhikāra sūtra. Instead of inferring, let us try to understand
precisely what Pān. ini has said. The word asiddham means – (regarded as) not
existing ([8], p. 120, col. 3). To give an analogy, in programming paradigm,
the variables local to a subroutine are regarded as not existing(or not visible)
with respect to the calling function. We model the sūtra pūrvatrāsiddham as
follows: The result of applying the sūtras in this section should not be available
to the earlier sūtras in the sapāda saptādhyāȳı. Similarly, the sūtra being the
adhikāra sūtra, the result of the later sūtra in the tripād̄ı should also be not
available to the earlier sūtras in the tripād̄ı. It essentially means that each of the
sūtras in the tripād̄ı section should have its own data space and the data space
of the later sūtras be invisible to the earlier sūtras. Thus this model does not
implement tripād̄ı as a single subroutine, but keeps each of the rules (or a group
of rules forming a subroutine) as a single separate unit. The invisibility of the
data spaces of later rules to the earlier rules ensures that the rules are applied
only sequentially.

Asiddhavat. Within the sapāda saptādhyāȳı there is a section known as the
asiddhavat section. The sūtra

asiddhavad atrābhāt 6.4.22

is translated by Vasu([13]) as
“The change, which a stem will undergo by the application of any of the rules

from this sūtra up to 6.4.129 is to be considered as not to have taken effect,
when we have to apply any other rule of this very section 6.4.23-6.4.129”.

As an example, let us consider the derivation of śādhi from śās + hi.
Two sūtras

hujhalbhyo her dhih. 6.4.101
and

śā hau 6.4.35
are applicable.
6.4.101: śās + hi ⇒ śās + dhi
6.4.35: śās + hi ⇒ śā + hi
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As is evident from this, if 6.4.101 is applied, then the conditions for applying
6.4.35 are not met and hence it would not be applicable. Similarly, if 6.4.35 is
applied first, then the conditions for 6.4.101 would not be met and it would
not be applicable. The word asiddhavat means ‘as if it is not applied’. So after
applying 6.4.35, though śās changes to śā, still the result is not visible to 6.4.101
and hence 6.4.101 changes hi to dhi. As a result of both these rules, śās + hi
changes to śādhi. Thus instead of stating the rule as

R: a b ⇒ c d

Pān. ini states it as a combination of two rules:

R1 : ab⇒ cb

R2 : ab⇒ ad

and thereby one may conclude that Pān. ini achieves economy.2 However, if one
looks at the complete asiddhavat section, one finds only handful of examples
that require parallel application of rules, and hence it is not worth stating that
economy is achieved. Nevertheless, it provides an example of task parallelism.
Further this also has an impact on parameter passing. Since the same input
should be available to all the rules in this section, the input should be passed as
a value. But at the same time, a local copy of it will undergo necessary changes.
One or more processes run in parallel, and the consolidated result of all these
processes is then passed back to the calling function.

Though this interpretation also seems to be consistent with what is said in
the sūtra, still it is also an inference. Pān. ini never mentions that the sūtras are
to be applied in parallel (Bronkhorst[3]). He uses the term asiddhavat. So to be
faithful to the Pān. ini’s system then, the results of the application of sūtras in
this section should not be visible to other sūtras of the same section. This is
possible, if we assign a separate data space to the rules in this section, which is
not visible to the rules within this section.

Asiddhah. . The third type of asiddha is provided by the sūtra

s.atvatukor asiddhah. 6.1.86

This rule, which occurs under the adhikāra ekah. pūrvaparayoh. 6.1.84 in ef-
fect up to 6.1.110, says that the single replacement (ekādeśa) that will result
through the application of rules under this adhikāra, is asiddha with respect to
the two processes, viz. s.atva and tuk. That is, the result of application of rules
in the ekādeśa section is invisible to the rules which correspond to the s.atva or
tuk processes. Thus here again, there is a concept of data space, the result of
the operations in the ekādeśa section are written to this data space, which are
unavailable to the rules performing s.atva and tuk operations.
2 If there were n1 rules of type R1 and n2 rules of type R2, then there would have been

n1 ∗n2 (possible combinations) rules of type R. However, by making them applicable
in parallel there are only n1 + n2 rules, and thus economy is achieved.
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3.6 Programming Model

The typical grammarians view of the As.t.ādhyāȳı may be stated as follows:
‘The rules in the sapāda saptādhyāȳı seek for an opportunity to act on an input

by finding conditions (nimitta) in which they are applicable. In case there is a
conflict, there are certain conflict resolution techniques (described as paribhās. ā),
which come into play. The conflict resolver selects one rule and effects changes
in the data space.’

This model is described in the Figure 2.

Rules

Applicable Rules

Data Spaces

Conflict
Resolver

Winner Rule

Conflict Resolution

Winner modifies

data space

Fig. 2. Application of rules

Thus we notice a striking similarity between the event driven programming and
triggering of As.t.ādhyāȳı rules. The nimitta or the context triggers an appropri-
ate rule. The sam. jñā sūtras for example, assign different ‘attributes’ to the in-
put string, thereby creating an environment for certain sūtras to get triggered.
The adhikāra sūtras assign necessary conditions to the sūtra for getting triggered.
Paribhās.ā sūtras provide a meta language for interpreting other sūtras. The niyama
and atides.a sūtras put restrictions on or extend the domains in which the sūtras
are to be applied. Finally it is the vidhisūtras which effect the transformations.

The rules fall under four categories: asiddham, asiddhavat, asiddha and the
rest3. Each of these rules has its own data space where it writes its own output
3 This model is an improvement over the one emerged while teaching a course on

‘Structure of As.t.ādhyāȳı at Tirupati, in 2006-07 (described in ‘Computational Struc-
ture of As.t.ādhyāȳı and Conflict Resolution Techniques’(Subbanna S. and Varakhedi
S., 2009)): the major shift is in modelling with private data spaces. The interac-
tions of the rules belonging to s.atva and tuk sections with the other rules is also
made explicit. The current model based on privacy of data spaces has its seed in the
discussions Amba Kulkarni had with Vineet Chaitanya.
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Table 1. Affected Data Spaces

Rule Affected Data Space
siddha D0

asiddhavat D1

asiddhah. (rules in ekādeśa section) D2

asiddham (Tripād̄ı - s.atva) D8.2.1

D8.2.2

D8.2.3

.

.
D8.4.68

Table 2. Visible Data Spaces

Rule Visible Data Spaces
Rest D0, D1, D2

asiddhavat D0, D2

s.atva and tuk D0, D1

asiddham(Tripād̄ı - s.atva) D0, D1, D2, D8.2.1

8.2.2 D0, D1, D2, D8.2.1, D8.2.2

8.2.3 D0, D1, D2, D8.2.1, D8.2.2, D8.2.3

. .

. .
8.4.68 D0, D1, D2, D8.2.1,..., D8.4.68

(see Table 1). The visibility of these data spaces to different categories of rules
is described in Table 2.

Now we illustrate, with the help of examples, how the privacy of data spaces
lead to the correct generation in case of asiddhavat, asiddham and asiddhah.
sections.

– asiddhavat Consider the derivation of śādhi : imperative second person sin-
gular form of the root śās. The derivation of our interest starts with the
data space D0 having śās + hi in it. Now two sūtras, viz. hujalbhyo her
dhih. (6.4.101) and śā hau(6.4.35) are applicable. The constraint resolver re-
turns both the rules. Thus there are two different orders of applying these
rules. Let us assume that 6.4.101 is applied first. Then hi changes to dhi.
This result will be available in the data space D1 which is not visible to
sūtra 6.4.35. As such, 6.4.35 applies on the contents of the data space D0

and changes śās to śā. This change also gets stored in D1. Thus now D1

contains śā + dhi. As is clear, even if the order of application of sūtras is
changed, we get the same result as in D1.

Consider another derivation: jahi, from the root han. The step in the
derivation in which we are interested is when the data space D0 has han +
hi in it. hanter jah. (6.4.36) changes the input to ja + hi. Since this sūtra
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is from the asiddhavat section, the output is written to data space D1, and
hence is not visible to any other rule in the asiddhavat section; in particular to
ato heh. (6.4.105). Therefore there is no question of ato heh. getting triggered.

– asiddhah. Let the data space D0 has adhi + i + lyap. Now two sūtras, viz.
akah. savarn. e d̄ırghah. (6.1.101) and hrasvasya piti kr. ti tuk (6.1.71) are appli-
cable. With the data space model, we explain how the order of the rules gets
fixed automatically. Let us assume that rule 6.1.101 is applied first. Since
this rule belongs to the ekādeśa section, the result, viz. adh̄ı + lyap will
be stored in the data space D2, and hence will not be visible to 6.1.71, as
such the latter rule operates on the data in D0, and changes it to adhi + i
+ tuk + lyap. Again at this stage, 6.1.101 can see the contents of D0, and
hence changes it to adh̄ı + tuk + lyap. Had we applied 6.1.71 first and then
6.1.101, it would have resulted in the same string. Or in other words, the
order 6.1.71 and then 6.1.101 is optimal, than 6.1.101, followed by 6.1.71 fol-
lowed by 6.1.101 again. Application of 6.1.101 before 6.1.71 being redundant,
implementation of preferred order is very straight forward.

Consider another example. The input of our interest is ko + asicat stored
in the data space D0. eṅah. padāntād ati (6.1.109) changes it to kosicat. This
result is stored in the data space D2. As such this result is not visible to
the ādeśapratyayoh. (8.3.59) from the s.atva section and thus 8.3.59 is not
applicable. Thus the undesirable result kos.icat is not generated.

– asiddham Finally take the example of vac + ti. Two sūtras, viz. coh. kuh.
(8.2.30) and stoh. ścunā ścuh. (8.4.40) are applicable. Since the result of 8.4.40
(stored in D8.4.40) is not visible to 8.2.30, application of 8.4.40 before 8.2.30
will be redundant. After application of 8.2.30, there will not be any scope
for 8.4.40, giving the desired result vakti.

Thus, these examples illustrate how the concept of data spaces represent the
simulation of As.tādhyāȳı faithfully.

4 Implementation

Simulation of the As.t.ādhyāȳı involves the following factors:

1. Interpretation of sūtras using the metalanguage described by Pān. ini in the
As.t.ādhyāȳı,

2. Faithful representation of sūtras,
3. Automatic triggering of rules, and
4. Automatic conflict resolution.

In this paper we have concentrated only on 3. For conflict resolution we have
used two main principles: An apavāda rule and a rule belonging to the aṅga
section are given priority over the others. Regarding the representation of sūtras,
we use regular expressions to represent the patterns, and positions to represent
the left and right context, the string that undergoes a change and the resultant
string.
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Fig. 3. Modelling As.t.ādhyāȳı
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The model of the As.t.ādhyāȳı that we are implementing is presented in the
Figure 3.

As the diagram shows, we have classified the rules in the following way:

1. E - Rules belonging to ekādeśa
2. A - Rules belonging to asiddhavat
3. R - Rules belonging to s.atva vidhi
4. W - Rules belonging to tuk vidhi
5. T - Rules belonging to tripād̄ı, excluding s.atva vidhi.
6. O - All other rules

Fig. 4. Parallel execution in asiddhavat
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The diagram shows the data flow from one data space to another by the
invocation of different types of rules. A rule represented by an arrow takes input
from the data space at the tail of the arrow, and writes the output to a data
space indicated by the head of the arrow. In the beginning, the input string
is stored in the dataspace D0. A rule from O section can see the contents of
only three data spaces viz. D0, D1 and D2. At any stage, when a rule from O
section is applicable, among these three data spaces, the data space with latest
information is chosen as an input to the rule. If D0 is the input data space,
the output is written to itself. But if D1 has the latest data, then the output is
written to D0. In case D2 has the latest data, then the output is written to D0.

We illustrate this with an example from asiddhavat section.
Let D0 contain han + hi, and suppose it has the latest data among all the

data spaces. Now the rule hanter jah. 6.4.36, which is from the asiddhavat section
(A) is applicable. This rule then takes the latest data (in this case from D0), and
writes the output to D1. So D1 contains ja + hi, whereas D0 still continues to
have han + hi in it. The rule ato heh. 6.4.105 can see only D0 and D2, and can’t
see D1. Hence, 6.4.105 will not be applicable, thereby the wrong generation is
stopped. Similarly when the rules from the ekādes.a section are triggered, they
write the output to the data space D2. When no more rules are triggered, then
the system enters into a stable state SD0. This stable state is different (SD1) if
the system is in the state corresponding to ekādes.a. While in one of the stable
states, the rules in the tripād̄ı section get triggered sequentially. If the system
is in the ekādes.a state, and no rule from tripād̄ı gets triggered, then the rules
from s.atva section also do not get triggered. But if the rules in tripādī have been
applied, then s.atva rules may get triggered.

If more than one rule from the asiddhavat section is triggered, then their
behaviour is shown in the Figure 4.

We have started the implementation for getting śabdarūpa of nominals given
the prātipadika, along with the vacana, liṅga, and vibhakti for which we need to
decline.

4.1 Hierarchy

We take the input as a sentence. For instance, on input rāma(puṁliṅgam
+ekavacanam+kartr. ) vana(napuṁsakaliṅgam+ekavacanam+karma) gam
(lat.+kartari), the machine should produce rāmah. vanam gacchati, along with
the trace of an algorithm showing the exact sequence of the applied rules, and
conflict resolution, if any. A sentence has padas as its children. Each pada will
have a root word along with the attributes. We will first run the program on the
leaf nodes and will keep on merging these together until we reach the sentence.
Thus for the example taken, we have the following children in the beginning:

– rāma(puṅliṅa+ekavacana+kartā)
– vana(napuṅsakaliṅa+ekavacana+karma)
– gam(lat.+kartari)
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Each child has a root word along with the attributes. Henceforth we call this
structure ‘input DS’. We pass the children one by one through the program.
Finally, we have different padas, and that will be the output (rāmah. vanam
gacchati).

4.2 Structure of Input DS

An input DS contains an array of words along with their attributes. It allows the
addition of a particular attribute as well as removal if necessary. We have allowed
substitution as well as augmentation in the structure. Let us briefly discuss these
two operations:

Augmentation. The augmentation process needs two parameters: a string to
be augmented and the position where it is to be augmented. The function will
look at the rules applicable (such as ādyantau t.akitau 1.1.46 and midaco’ntyāt
parah. 1.1.47), and the change is effected at appropriate position in the input DS.

Substitution. Substitution is also permitted within the input DS. The param-
eters specified are the same as in augmentation. The rules such as ṅic ca 1.1.53,
anekāĺsit sarvasya 1.1.55, ādeh. parasya 1.1.54 and alo’ntyasya 1.1.52 are the
governing rules out of which one is applied depending upon the input DS and
after the substitution the DS is returned.

4.3 Structure of a Rule

A typical vidhi rule of the As.t.ādhyāȳı has a context sensitive form:

αβγ ⇒ αδγ

α and γ specify the context, β is the domain which undergoes change and δ is
the resultant/changed part of the string.
Corresponding to each rule now we require three functions:

1. a function that checks whether the rule is applicable or not,
2. a function to compute the result if the function is applicable, and finally
3. a function that returns the conditions under which the rule is applicable.

Thus:

1. Each rule has been stored as a structure involving patterns that stores the
conditions under which the rule is applicable.

2. Then we apply pattern matching to come up with the list of rules triggered
for a given input DS. The application part has been stored separately, which
takes input as the rule number of the winner rule and changes the input DS,
accordingly.

3. In case there is more than one rule applicable, then the conflict resolution
module looks at the conditions for each of the applicable rules and chooses
the “winner rule”, after resolving the conflict if any. Conflict resolution is
discussed in the next section.
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4.4 Modules

Each prakr. ti as well as the pratyaya part of the pada passes through a series
of modules. The modules are of 2 types. Some modules just look at the input
and assign different names (sam. jñās) to the different parts of the input string;
others transform the input string.

Module for assigning sam. jñās to the prakr.ti. A prakr.ti is assigned an
appropriate sam. jñā using the

– databases, or
– current state of the input string.

For example, a prakr.ti gets the sam. jñā dhātu if it is found in the dhātupāt.ha,
the sam. jñā sarvanāma if it is found in the gan.a sarvādi, etc. Sometimes some
pratyaya creates a context for certain sam. jñās such as bha, ghi, nad̄ı, etc.

it Module: The dhātus in the dhātupātha, pratyayas, etc. are given with some
markers commonly called anubandhas and termed it by Pāṅini. These markers
need to be identified and marked, before the processing starts. The module
takes as input a particular upadeśa and marks the varn.a as it. The rules 1.3.2 to
1.3.8 described in section 3.3 mark the its. Finally, the phonemes marked it are
deleted from the input string by the rule tasya lopah. 1.3.9. However the markers
are stored in the DS, as they actively bind the procedures.

Module for pratyaya vidhi. In this module, a pratyaya undergoes some
changes based on the characteristics of the aṅga4 and pratyaya. All the rules
of this particular vidhi are listed as an array ‘pratyaya vidhi rule’ in a particular
data structure as follows:

1. aṅga ending: Denotes the context of the endings of an aṅga.
2. aṅga attrib: Represents the attributes (characteristics) of the aṅga.
3. pratyaya: If there are some special contexts for the pratyaya.
4. pratyaya attrib: Represents the attributes of the pratyaya.
5. rule number : Keeps the information of the rule number.

The data structure has been made in Java, and constructors are made to
directly encode the conditions of a particular pratyaya vidhi rule. For example,
the rule ato bhisa ais has been encoded as:

list_pratyaya_vidhi_rule[0]=new pratyaya_vidhi_rule(‘‘7-1-9’’,
‘‘ataH bhisaH ais’’, ‘‘a’’, ‘‘’’, ‘‘’’, ‘‘root(bhis)’’);

4 In accordance with yasmāt pratyayavidhis tadādi pratyaye ’ṅgam 1.4.13, the prakr. ti
to which an affix has been provided, is termed aṅga.
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The ‘[0]’ indicates this is the first rule of the array. The rule constructs a
‘pratyaya vidhi rule’ which needs the ending of the aṅga to be a, and the pratyaya
to be the one with its original form as bhis. The rule number too has been stored.
All the rules of pratyaya vidhi are stored in a similar fashion. When a particular
‘input DS’ is passed through this array, another array ‘triggered pratyaya vidhi
rule’ enlisting all the rules which are applicable is produced. Finally, the conflict
resolver decides the ‘winner rule”.

After the winner rule has been selected, the subroutine ‘apply’ is called.
For example, the above rule substitutes ais for the case ending bhis after a
prātipadika ending in a. The input DS is passed through the substitution sub-
routine with the information that ais is to be substituted. Thus, for the input
DS with (rāma(attributes)+bhis(attributes)), the rule 7.1.9 will apply as ‘sub-
stitute(input DS, ais, 1)’, where we pass the information that substitution has
to be done at index 1. The result of this substitution will be: (rāma(attributes)
+ais(attributes)).

Module for aṅga vidhi. In this module, an aṅga undergoes some changes
based on the characteristics of the aṅga and pratyaya. The rules are listed in
the same data structure as used for rules belonging to pratyaya vidhi. The rules
are stored in an array ‘list anga vidhi rule’. Consider the encoding of the rule
aco ñn. iti which states, “Before the affixes having an indicatory ñ or n. , vr.ddhi
is substituted for the end vowel of a stem”.

list_anga_vidhi_rule[9]=new anga_vidhi_rule(‘‘7-2-115’’,
“acah. ñn. iti”, ac,“”,“”,‘‘N-it|~N-it’’);

This is the tenth rule of the array corresponding to aṅga vidhi rules. From
the encoding, we can infer the conditions that the aṅga should be ending in a
vowel (ac) and the pratyaya should have either n. or ñ as a marker.

After passing the input DS through the array, we will get the array ‘triggered
anga vidhi rule’ upon which the conflict resolution module will be called giving
the winner rule. Finally the subroutine ‘apply’ will act. Consider the formation of
the nominative singular (prathamā ekavacana) of the root go. Since the pratyaya
is termed sarvanāmasthāna, it gets the characteristics of indicatory n. by the rule
goto n. it 7.1.90, a rule in pratyaya vidhi. In aṅga vidhi, the winner rule will be
7.2.115 and it will do vr.ddhi on the end vowel of go giving the structure as
(gau(attributes)+as(attributes)).

Module for asiddhavat. In the asiddhavat section, we have certain rules be-
longing to both pratyaya vidhi and aṅga vidhi. The speciality of this section is
that a rule in this section does not see the changes made by other rules in the
same section. To implement this, the rules have been grouped in two separate
arrays, belonging to pratyaya vidhi and aṅga vidhi. The same input string is
passed to these arrays. The pratyaya vidhi rules may change the pratyaya, and
the aṅga vidhi rules may change the aṅga. The aṅga from the aṅga vidhi module
and the pratyaya from the pratyaya vidhi module are taken together to the input
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DS which is available to other rules. Let us consider the formation of śādhi. The
input DS that is passed to this section is (śās(attributes) + dhi(attributes)).
We are passing the same copy to both the aṅga vidhi and the pratyaya vidhi
modules of the asiddhavat section. In each of the two vidhi modules, if more
than one rule is triggered, the conflict resolution module selects one winner for
each type of the rules separately. The module is described in the Figure 4.

Module for Sandhi. We have enlisted all the rules belonging to sandhi in an
array ‘list Sandhi rule’. The encoding format is the same as the one used for the
pratyaya vidhi and aṅga vidhi modules. For example, the conditions for the rule
eco’yavāyāvah. 6.1.83 have been stored as:

list_Sandhi_rule[1]=new Sandhi_rule
(‘‘6-1-78’’,‘‘(eco)83 ayavAyAvaH’’,ec,ac);

In this case, we have constructors which build the object ‘Sandhi rule’ with
the information of the last letter of the first word and initial letter of the second
word. The rule states, “The vowels belonging to the pratyāhāra ec, are replaced
by ay, āy, av, āv respectively provided the second word starts with a vowel.”
The processing is the same as discussed in the pratyaya vidhi section.

Module for tripād̄ı. In the rules belonging to this section, we need not have
a conflict resolution module since rules are applied in linear order. So, we need
only to check the conditions and apply the rule if the condition is satisfied. This
module is visited after we are sure that the output has become stable after going
through the other modules.

Module for Conflict Resolution: The module is made independent of the
category of the rules. It takes as input two rules at a time and returns the rule
that blocks the other (it returns the superior rule). Let the two rules be Rule A
and B. If the domain of rule A is properly included in the domain of rule B, then
A blocks rule B. While applying blocking, we look at the following properties in
the decreasing order of their priority:

1. Whether there is conflict (pratis.edha) in the rules: If the two rules present no
pratis.edha, i.e. application of rule A doesn’t bleed (depriving of conditions)
rule B, and A and B are in the order of the As.t.ādhyāȳı, we apply the rules
in order.

2. Word integrity principle: If a rule from ekādeśa interacts with a rule from
the aṅga vidhi module, the rule from the aṅga vidhi module is the winner
using this principle.

3. The environment-changing rule is given precedence over the rule that is not
environment-changing. Thus if rule A bleeds rule B, but rule B doesn’t bleed
rule A, rule A is the winner due to changing the environment.

4. Whether a rule is specific to a particular initially taught item: If a rule
specifies a particular initially taught item, it is preferred over other rules.
For example:
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We consider the formation of the accusative singular (dvit̄ıyā ekavacana)
of the base rāma. When it passes through the sandhi module, it has the
structure (rāma(attributes) + am(attributes)). All the rules in the sandhi
module check for the applicability conditions and the ‘triggered Sandhi rule’
array contains the following rules:
(a) ād gun. ah. 6.1.87
(b) akah. savarn. e d̄ırghah. 6.1.101
(c) prathamayoh. pūrvasavarn. ah. 6.1.102
(d) ato gun. e 6.1.97
(e) ami pūrvah. 6.1.107

From the above stated rules, the rule ami pūrvah. is applicable only when
the second item has a belonging to the initially introduced item am. This
initially introduced item restricts the domain for this rule and it is preferred
over other rules.

5. Whether a rule is specific to a particular feature of a domain: Consider the
formation of the dative plural (caturth̄ı bahuvacana) of the base rāma. When it
passes through the aṅga vidhi module, it has the structure (rāma(attributes)
+ bhyas(attributes ‘bahuvacana’)).After the condition checking the ‘triggered
anga vidhi rule’ array contains the following rules:
(a) supi ca 7.3.102
(b) bahuvacane jhaly et 7.3.103

Out of the above two rules, rule 7.3.103 requires a special property of
bahuvacana, which makes it preferable over the rule 7.3.102.

6. Whether a rule is applicable for fewer sounds (al): A rule involving fewer
phonemes in the context is given more priority over the one involving more.

5 Challenges

Whether to include vārtikās?
In the traditional view, there are vārtikās that handle those cases where the
rule vipratis.edhe param kāryam or the paribhās.ā paranityāntaraṅgāpavādānām
uttarottaram bal̄iyah. doesn’t give the right result. The question arises whether
it is necessary to go for these vārtikās or we can resolve the conflicts without
resorting to the vārtikas. We enlist one of the cases below:

Formation of vāri + ṅe. We are at the structure vāri(napum. saka)+e(ṅ-it,
sup). The rules that are triggered are:

– iko’ci vibhaktau 7.1.73
– gher ṅiti 7.3.111

Rule 7.3.111 is the later rule and should be applied according to the principle
that a later rule takes precedence over an earlier one. However, it does not apply;
7.1.73 applies instead. For this there is a vārtikā vr.ddhyautvatr. jvadbhāvagun. ebhyo
num pūrvapratis. edhena which says that the later rule is not applicable when num
is ordained by a previous rule and one of vr.ddhi, autva, tr. jvadbhāva or gun. a is
ordained by a later rule. Till the implementation of the algorithm presented here,
we do not have a satisfactory answer for this.
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6 Exceptions

There are certain exceptions in the As.t.ādhyāȳı which need to be handled sepa-
rately. Consider the formation of śivorcya.

– We have the form śivas + arcya. No rules from the sapāda saptādhyāȳı are
applicable.

– The rule sasajus.o ruh. 8.2.66 finds scope and is applied. Thus we have the
form:

śiva + ru + arcya

– After the u in ru will be marked as a marker(anubandha), leading to its
deletion (lopa).

śivar + arcya

– The rule bhobhagoaghoapūrvasya yo’́si 8.3.17 finds scope and will change the
structure to

śivay + arcya

which is an anis. t.a form. The apavāda of this rule, ato ror aplutād aplute (ut
ati sam. hitāyām) 6.1.113 gets ru in śivar by the sthānivadbhāva and checks
the application of 8.3.17. 6.1.113 changes the r to u giving the structure:

śiva + u + arcya

– The rule ād gun. ah. 6.1.87 is applicable giving the form:

śivo + arcya

– The rule eṅah. padāntād ati 6.1.109 is applicable giving the form:

śivorcya

Thus we clearly see that this is an exception for the adhikāra sūtra pūrvatra
asiddham.

7 Problems

Consider the formation of ramā + ṅe. The structure is:

ramā + e

The rule yād. āpah. - 7.3.113 which sees the ṅit of the pratyaya and does the
āgama of yāt., which being t.-it, sits in the front, and we have

ramā + yai

The problem comes that the ṅit attribute is still there in yai and the rule
gets triggered again and again giving the form ramā+yāyā...yai. We need to
seek solution for this.
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8 Future Work

It is necessary to understand how Pān. ini’s As.t.ādhyāȳı resolves the conflicts.
The current implementation is still primitive and not satisfactory. Pān. ini has
not mentioned any conflict resolution rules explicitly, but it seems he assumed
them implicitly. In the current implementation, the rules are represented using
manually coded patterns. It will be interesting to see if the machine can inter-
pret the rules automatically based on the vibhaktis and the meta rules. What
difference the yoga vibhāga makes in the form of output of conflict resolution
will an interesting issue to explore.
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Appendix

We illustrate the formation of rāmān. ām, the plural, masculine form in genitive
case of the root word rāma.

1. The input to the program is: Form: rāma: bahuvacana, s.as. t.h̄ı, puṁliṅga.
2. arthavad adhātur apratyayah. prātipadikam 1.2.45

rAma gets the sam. jñā prātipadika after being checked in the database,
and we have the form: rāma (prātipadika, bahuvacana, s.as.t.h̄ı, puṁliṅga,
akārānta, root(rāma)).

3. su au jas am aut śas t.ā bhyām bhis ṅe bhyām bhyas ṅasi bhyām bhyas ṅas
os ām ṅyos sup 4.1.2
pratyayah. 3.1.1
paraśca 3.1.2

We can see the importance of obtaining the attribute prātipadika to the
nominal stem rāma. This encourages us to make a data structure that keeps
on adding the attributes to a word for further usage in the rules of the
As.t.ādhyāyī.

The application of this rule needs us to be familiar with the devices
of anuvr. tti and adhikāra adopted by Pān. ini. The device of anuvr.tti aims
at avoiding repetition of the same item. The device of adhikāra is used to
indicate homogeneity of topic. The adhikāras stand for a subjectwise division
of contents of the As.t.ādhyāȳı. The adhikāra pratyayah. 3.1.1 governs the rules
in adhyāyas 3-5 and tells us that the items prescribed by these rules are called
pratyaya. Further, the rule paraśca 3.1.2 -‘That which is called a pratyaya
is placed after the crude form’, has its anuvr.tti till the end of chapter five.
Thus, both these rules are applicable in the current rule and thus these
affixes get the attribute of pratyaya and are applied after rāma.

Form: (rāma(prātipadika, bahuvacana, s.as.t.h̄ı, puṁliṅga, akārānta, root
(rāma)) + sup(pratyaya).

4. tāni ekavacanadvivacanabahuvacanāny ekaśah. 1.4.102
supah. 1.4.103

The array of 21 affixes will be transformed to a 7x3 array with the columns
getting the attributes ekavacana, dvivacana, and bahuvacana. Each triad is
called vibhakti. By matching vibhakti and vacana, we get the form:
rāma(prātipadika, bahuvacana, s.as.t.h̄ı, puṁliṅga, akārānta, root(rāma)) +
ām(sup, upadeśa, pratyaya, vibhakti, bahuvacana, s.as.t.h̄ı, root(ām)).

5. yasmāt pratyayavidhis tadādi pratyaye’ṅgam 1.4.13
suptiṅantam padam 1.4.14
After the application of these two rules, the structure is:
(rāma(prātipadika, bahuvacana, s.as.t.h̄ı, puṁliṅga, akārānta, aṅga, root
(rāma)) + ām(sup, upadeśa, pratyaya, vibhakti, bahuvacana, s.as. t.h̄ı, root
(ām))) (pada).

6. yaci bham: bha sam. jñā is given to rāma. Form: (rāma( prātipadika, bahuva-
cana, s.as.t.h̄ı, puṁliṅgaakārānta, aṅga, bha, root(rāma)) + ām(sup, upadeśa,
pratyaya, vibhakti, bahuvacana, s.as.t.h̄ı, root(ām))) (pada).
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7. The above data structure is a nimitta of the following sūtras:
ād gun. ah. 6.1.87
akah. savarn. e d̄ırghah. 6.1.101
hrasvanadyāpah. nut. 7.1.54

We run the conflict resolution module and the rule 7.1.54 is the winner
rule. We have the insertion of nut. to the pratyaya ām. Thus, by the rule
ādyantau t.akitau, we have the following form (after passing through the it
module:
(rāma(prātipadika, bahuvacana, s.as. t.h̄ı, puṁliṅga, akārānta, aṅga, bha, root
(rāma)) + nām(sup, upadeśa, pratyaya, vibhakti, bahuvacana, s.as. t.h̄ı, āgama
(nut.), t.-it, u-it, root(nām))) (pada)

8. The above data structure is a nimitta of the following sūtras:
nāmi 6.4.3
supi ca 7.3.102
After running the conflict resolution module, we get 6.4.3 as the winner rule.
Thus, we have the form (after lengthening of the final a of rāma):
(rāmā(prātipadika, bahuvacana, s.as. t.h̄ı, puṁliṅga, akārānta, aṅga, bha root
(rāma)) + nām(sup, upadeśa, pratyaya, vibhakti, bahuvacana, s.as.t.h̄ı, āgama
(nut.), t.-it, u-it root(nām))) (pada)

9. No other rule from the sapāda saptādhyāȳı is applicable and the structure
moves to the tripādī after getting the attribute of avasāna.
virāmah. avasānam 1.4.110
(rāmā(prātipadika, bahuvacana, s.as. t.h̄ı, puṁliṅga, akārānta, aṅga, bha root
(rāma)) + nām(sup, upadeśa, pratyaya, vibhakti, bahuvacana, s.as.t.h̄ı, āgama
(nut.), t.-it, u-it root(nām))) (pada, avasāna)

10. at.kupvāṅnumvyavāye’pi 8.4.2
The rule changes the n of rāma + nām to n. and the structure is:
rāmān. ām (pada, avasāna) (rāmā(prātipadika, bahuvacana, s.as.t.h̄ı, puṁliṅga,
akārānta, aṅga, bha root(rāma)) + nām(sup, upadeśa, pratyaya, vibhakti,
bahuvacana, s.as.t.h̄ı, āgama(nut.), t.-it, u-it root(nām)))



Formal Structure of Sanskrit Text: Requirements

Analysis for a Mechanical Sanskrit Processor

Gérard Huet

INRIA Rocquencourt,
BP 105, 78153 Le Chesnay Cedex, France

Abstract. We discuss the mathematical structure of various levels of
representation of Sanskrit text in order to guide the design of computer
aids aiming at useful processing of the digitalised Sanskrit corpus. Two
main levels are identified, respectively called the linear and functional
level. The design space of these two levels is sketched, and the compu-
tational implications of the main design choices are discussed. Current
solutions to the problems of mechanical segmentation, tagging, and pars-
ing of Sanskrit text are briefly surveyed in this light. An analysis of the
requirements of relevant linguistic resources is provided, in view of jus-
tifying standards allowing inter-operability of computer tools.

This paper does not attempt to provide definitive solutions to the
representation of Sanskrit at the various levels. It should rather be con-
sidered as a survey of various choices, allowing an open discussion of such
issues in a formally precise general framework.1

Keywords: Sanskrit, computational linguistics, finite-state machines,
morphophonemics, dependency grammars, constraint satisfaction.

Introduction

We assume from the reader a minimal knowledge of the Sanskrit language and its
grammar, some familiarity with general linguistics, and a general acquaintance
with the use of computers in humanities. We shall evoke various formal struc-
tures used in current research in computational linguistics. Such material is of a
mathematical nature, building on the last 40 years of research in mathematical
logic (proof theory) and theoretical computer science (formal language theory,
theory of computation, type theory, functional and constraint programming).
Since familiarity with such formal methods is not assumed, and since their pre-
cise exposition would require more time than can be expected from most readers
and more space than can be accommodated in a short paper, we shall skip tech-
nicalities and limit ourselves to rather sketchy discussions of their suitability for

1 This material was presented at the Second International Symposium on Sanskrit
Computational Linguistics, organized at Brown University in Providence by Peter
Scharf in May 2008. Many thanks to Brendan Gillon, Amba Kulkarni and Peter
Scharf for their remarks and corrections.
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the representation and processing of Sanskrit text, while providing pointers to
the literature for background reference.

The general architecture of a software platform aiming at linguistic process-
ing usually consists of processing modules which operate at various levels of
representation of the target corpus, typically across linguistic layers (phonetics,
morphology, syntax, semantics, pragmatics), in order to progressively massage
raw input (speech or written text) into higher level abstractions where enough
meaning has been extracted for the task at hand (markup, intelligent search,
concordance computation, statistics extraction, posibly up to more sophisticated
cognitive tasks such as question answering and translation). Such modules com-
municate with each other in complex ways, using various databases of lexical and
grammatical information compiled from structured digital lexicons. How many
representation levels are identified is often a matter of hot debate. In particular
there is a tension between theoretical abstractions from general linguistic models
and pragmatic methods tailored to specific language families. We propose in this
paper to identify two main levels for Sanskrit text structure, respectively called
linear and functional level.

The first one, as its name suggests, concerns the linear structure of Sanskrit
text: discourse consisting of successive utterances, sentences made up of streams
of word forms, words themselves represented as strings of phonemes on which
morpho-phonetic transformations operate, etc. At this level we find Sanskrit text
represented as sequences of inflected words (padapāt.ha), as sandhied continuous
utterances (sam. hitapāt.ha), or in a mixed manner as sequences of chunks facili-
tating the recognition of word boundaries while preserving the phonetic stream;
at a finer grain of linear analysis we get marked-up text represented as sequences
of morphemes tagged with morphological features. We shall discuss the feasibil-
ity of the synthesis of such descriptions by semi-automatic computer tools, and
consider their suitability as a substratum layer of Sanskrit digital libraries fit for
philological or pedagogical applications.

The next level concerns the functional structure, where various linguistic and
logic formalisms for hierarchical structure (the main ones being phrase-structure
syntax trees, dependency graphs, and proof nets for categorial grammars) are
compared and their suitability for Sanskrit discussed. A formalisation of Gillon’s
notation for the syntactic analysis of Apte’s examples is attempted, and alter-
natives are discussed. At this level we also find functional representations with
thematic roles à la kāraka, encompassing Kiparsky’s analysis of Pān. ini’s gram-
mar, and we propose to view those as enrichments of dependency structures.
The articulation of the two levels, specially concerning the representations of
compounds, is examined.

The computational implications of such design choices are discussed. Current
solutions to the problems of mechanical segmentation, tagging, and parsing of
Sanskrit text are briefly surveyed in this light. An analysis of the requirements
of linguistic resources such as banks of lemmatized inflected forms or tree-banks
used for statistical training is provided, in view of promoting the development
of standards allowing inter-operability of computer tools.
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1 The Linear Structure

We first discuss the representation of Sanskrit sentences as a (possibly annotated)
list of contiguous chunks, down to words, morphemes, syllables and phonemes.

1.1 Phonemic Versus Syllabic Representations

First of all, we assume that the linguistic data is presented in a discretized
fashion, that is we do not consider representations of continuous media such
as phonetic waves, and we assume that the data is presented to us as streams
of discrete characters from a finite alphabet. The main choice here is between
streams of phonemes and streams of characters from some written representation.
Roughly speaking, the first one is the phonemic representation, the second one
the syllabic representation. The raw representation of a Sanskrit text is usually
given as a syllabic representation, say in the Devanāgar̄ı script. Digitalisation
of this printed representation, by optical character recognition (OCR) or by
direct keyboard input, produces strings of characters, some of which representing
syllables, some of which representing punctuation symbols (danda, avagraha,
spaces), possibly some extra characters such as numerals. These characters are
represented in the computer in some low-level technology which is actually of
little concern to us in this general discussion; the current technology uses Unicode
values (code points) represented in some encoding scheme (such as UTF-8) as
bytes of data (i.e. contiguous chunks of 8 bits in computer memory).

The set of phonemes of classical Sanskrit has been fixed since the seminal
work of Pān. ini 24 centuries ago as a discrete collection of roughly 50 phonemes2,
which we shall simply represent as the first 50 natural numbers. These phonemes
have been traditionally represented by Western sanskritists as romanized sym-
bols with diacritics, such as ā, t. , ś, with a collating order inherited from ancient
Sanskrit phonetic treatises, corresponds to the standard integer ordering of our
integer codes. Actually, one small difficulty is often swept under the rug, con-
cerning the nasalisation m. (anusvāra) and the final aspiration h. (visarga). We
shall explain this point below. Finally, strings of romanized symbols are rep-
resented in the computer as transliterations, i.e. strings of ASCII characters.
Popular transliteration notations are the Velthuis scheme, the Kyoto-Harvard
scheme, the WX scheme used in Hyderabad and Tirupati, and the SL scheme
used in the Sanskrit Library effort at Brown University. Appendix A gives the
list of phonemes from classical Sanskrit under these various encodings. Many
other encodings have been proposed in the past (ITRANS, CSX) but seem to
become progressively obsolete.

The syllabic representation is not appropriate for basic computational linguis-
tics tasks, and should be reserved to the Devanāgar̄ı interface, since its granularity
does not allow word segmentation of continued utterances, where syllables at word
junction are often merged by sandhi. This problem is aggravated by the complex
ligatures of the full Sanskrit Devanāgar̄ı character set. Furthermore, one should

2 In the broad sense of the term described by Scharf and Hyman [[44]] Section 6.1.6.
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carefully distinguish between syllabic representation and Unicode representation
of text. Unicode ought to be reserved for robust external exchanges, where one
does not make explicit the encoding of ligatures; rather, successive consonants
may be interspersed with virāma codes, and it is the rendition engine of the print-
ing host which decides whether fonts available on this host may support a given
ligature or not. Actually, Unicode points may be used for representing phonemes,
syllables, printable letters, or control characters, and the ensuing ambiguity makes
this low-level medium unfit for precise linguistic computation. Even if one chooses
to represent the syllabic level, for prosody purposes for instance, a specific precise
representation separate from Unicode ought to be used.

From now on, we shall assume that the basic text representation is phonemic.
Thus raw output in syllabic representation has to be expanded in the finer phone-
mic representation. This looks straightforward enough, since every syllable is non-
ambiguously translatable into a string of phonemes. However, difficulties occur
when one wants to use spacing, or special symbols such as avagraha, in order to
disambiguate sandhi and have a representation which makes explicit the word
boundaries. Thus raw input is generally broken into phonemic chunks separated
by blank space, each chunk formed of Sanskrit words merged with sandhi, so that
a given word (pada) is entirely contained within one chunk. We shall discuss in
the next section various representations of Sanskrit text as lists of phonemic sen-
tences, each phonemic sentence being represented as a list of phonemic chunks.

1.2 Sandhi

We have been a little vague in referring to the process of sandhi, i.e. transfor-
mation of contiguous phonemic strings. Actually, there are at least two rather
distinct such processes, traditionally called respectively external and internal
sandhi by Western linguists. Basically, external sandhi is the transformation that
occurs at word boundaries, and when merging a raw nominal stem (prātipadika)
with an inflected form in order to compose a compound form. Whereas internal
sandhi occurs between morphemes at a deeper level of morphological forma-
tion, either for derivational morphology (kr.t formation of nouns and participles
from roots, taddhita secondary word formation), or for inflectional morphology
(declension of substantival and adjectival stems, given gender case and number
attributes, and verb conjugation given various morphological parameters). Ac-
tually, whereas external sandhi is more or less unique, internal sandhi is more
a family of transformations under various circumstances. Indian grammarians
do not use this terminology, which does not correspond to a precise Pān. inian
notion. Roughly speaking, the different varieties of internal sandhi correspond
to various situations where a context of previous transformations determines the
possible application of further rules. However, it is not usually directly possible
to map a given morphological process (say conjugation) into a unique entry point
in Pān. ini’s sūtras. Furthermore, Pān. ini’s economy principle forces the sharing
of many transformation rules, which may be used for external sandhi in certain
contexts, or to varieties of internal sandhi in others, making the distinction non
relevant to Pān. inian processes.



166 G. Huet

We believe nonetheless that the distinction between internal and external
sandhi is conceptually important, since their computational properties are very
different. First of all, in terms of modern formal language theory, external sandhi
can be defined as a rational transduction between phonemic strings, expressible
as a regular expression. In other words, external sandhi, and its reverse oper-
ation sandhi splitting, is a local transformation which may be implemented by
a finite machine (more precisely, a finite-state transducer) operating on strings
of phonemes. This is not the case for internal sandhi, which has long-distance
effects such as retroflexion, not easily amenable to finite state techniques. Fur-
thermore, internal sandhi does not really operate simply on phonemic strings
such as stems, but also on morphological affixes which use intermediate con-
trol characters before their erasure in the terminal surface representations. The
fact that Pān. ini used actual phonemes to encode such meta-theoretic control
characters (pratyāhāra markers, etc.) is an artifact of his system, where meta
notation is immerged within the object language (the signifiants or phonetic
realisations). There is no actual necessity to use these encodings, and it may
be better to have a clearer distinction between morphologico-phonetic markers
(meta-linguistic symbols) and actual phonemes.

The next level of representation of Sanskrit text is as a list of words, possibly
annotated by the (external) sandhi rules applicable at their junction. Here by
word we mean either an indeclinable form (some adverbs, prepositions, conjunc-
tions and other particles), a declined noun stem, or a conjugated verbal form.
Actually, this representation is too coarse, since it is not finite, in the sense of
being finitely generated from a fixed set of primitive forms, since compounds
may compose individual stems (prātipadika) to an arbitrary level. In order to
obtain a finitely based representation, one has to break up compounds. Declined
compound forms may be split as a stem form followed by a shorter declined form,
which may be itself split down to a non-compound form, of which there is a finite
vocabulary. Similarly an indeclinable compound (avyaȳıbhāva) may be split into
an adverbial prefix and a stem form. Such splitting of compounds may be done
mechanically by the same process of (external) sandhi analysis (viccheda) that
may be used to break chunks of sentences into words.

By the same token, one may decompose verbal forms into a sequence of pre-
verb particles, followed by a root form, although in certain cases a more complex
glueing may be involved, with possible retroflexion, such as adhis.t.hā from pre-
verb adhi and root sthā. Furthermore, one cannot hope to obtain such effects
through just sandhi rules, which operate on contiguous morphemes, as remarked
by Kiparsky in [[29]]. For instance, consider the perfect form abhitas.t.hau: there
is no hope to effect the retroflexion induced by prefixing abhi to the root sthā
by a local interaction of abhi with the reduplicated passive form tasthau. Thus
the interaction has to be predicted by storing forms such as tas.t.hau, accessible
only through the relevant preverbs. Similarly, special forms have to be cooked
for the preverb ā- interacting with forms of roots starting with i, ı̄, u,ū, in order
to segment properly say ihehi as iha-ā-ihi, while rejecting the wrong *ihaihi.
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There is no space to describe these mechanisms in detail, we just remark that
modular finite-state methods [[28]] allow to encode such controled interactions
in state transitions rather than in the conflict resolution of complex morpho-
phonemics rules.

1.3 Forms of Surface Representation

At this level of analysis of a Sanskrit sentence, we obtain a surface representation
which is linear in the sense of being a uni-dimensional list of items from a finite
list of atomic forms. Let us give an example, taken from [[29]]. We give various
forms of linear representation.

devanāgar̄ı:
���dgr���dy�	
��
�� a�v	�
��	���

romanized continuous text (sam. hitāpāt.ha):
vanādgrāmamadyopetyaudana āśvapatenāpāci

sam. hitāpāt.ha (in VH transliteration):
vanaadgraamamadyopetyaudana_aa"svapatenaapaaci

list of word forms in terminal sandhi (padapāt.ha):
vanaat graamam adya upetya odana.h aa"svapatena apaaci

Chunk form (identical to the one given in [[29]]):
vanaad graamam adyopetyaudana aa"svapatenaapaaci

Surface representation with explicit sandhi annotation:
vanaat〈t|g→dg〉graamam〈〉adya〈a|u→o〉upetya〈a|o→au〉odana.h
〈a.h|aa→a aa〉aa"svapatena〈a|a→aa〉apaaci
One may check that this surface representation is exactly the padapāt.ha with
spaces replaced by explicit sandhi annotation, and that the sam. hitāpāt.ha is
obtained from it by effecting the sandhi rewriting.

Fully segmented form (breaking down preverbs from root forms):
vanaat〈t|g→dg〉graamam〈〉adya〈a|u→o〉upa〈a|i→e〉itya〈a|o→au〉odana.h
〈a.h|aa→a aa〉aa"svapatena〈a|a→aa〉apaaci

Another possible one:
vanaat〈t|g→dg〉graamam〈〉adya〈a|u→o〉upa〈a|aa→aa〉aa〈aa|i→e〉itya〈a|o→au〉
odana.h〈a.h|aa→a aa〉aa"svapatena〈a|a→aa〉apaaci

The two fully segmented forms differ only by the preverb of the absolutive
form upetya, obtainable as upa-itya or upa-ā-itya. Remark that in this distinc-
tion the verb upe is ambiguous in all forms. This example is interesting in several
ways. First of all, it points to the fact that preverbs are glued by sandhi one at
a time, left to right; it would be wrong to affix the preverb upa to the absolutive
etya of verb e = ā-i, since this would lead to the wrong form *upaitya.3 This
has as consequence that forms of upe=upa-ā-i are undistinguishable from corre-
sponding forms of upe=upa-i, at least at this level of phonemic distinction. This
3 Unless a special rule is formulated to account for the exception as Pān. ini did in

6.1.95 omāṅgoś ca (P. Scharf).
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does not mean that the two verbs ought to be considered the same, since they
have different shades of semantic meanings; consider ihehi (come here), obtained
as (iha-ā)-ihi, and not as iha-ihi. Indeed Monier-Williams gives two distinct en-
tries for upe. And this distinction justifies our explicit consideration of the fully
segmented form, since the surface representation (or padapāt.ha) does not dis-
tinguish the two.4 In this particular example, it is the last form which represents
faithfully the meaning, according to the analysis in Kiparsky [[29]].

1.4 Splitting Compounds

The fully segmented form ought to make explicit the decomposition of com-
pounds as well, in order to satisfy our requirement that it be finitely generable
(from a finite lexicon of basic stems). Thus a compound form such as tapo-
vanavasitasukhā ought to be broken up as tapas-vana-vasita-sukhā, possibly with
sandhi-annotation between the components.

Several remarks are in order. First of all, note that the semantic understanding
of such a compound demands a more complex representation than just a left-
to-right list of stems. In general, a binary tree indicating the dependency order-
ing is needed,5 and the more standard compounds get their main constituent to
the right, such as (((tapas<vana)<vasita)<sukhā) in Gillon’s notation. Whereas
a simple list such as tapas-vana-vasita-sukhā, parsed from left to right, has a
derivation tree going in the other direction: (tapas-(vana-(vasita-sukhā))), and
its sublists are not proper constituents. We should not be surprised at this. The
sandhi splitting of compounds does not reflect its semantics or even its syntax,
just the morphology rule stating inductively that a compound form is obtained
by prefixing a bare non-compound stem to an inflected form (possibly itself com-
pound). A more general rule, closer to the semantics, would express that the left
component of a compound is a possibly compound stem (prātipadika). But this
more general rule expresses a non-regular construction requiring non-linear rep-
resentation (i.e. context-free derivation trees), and we do not want to consider it
at this stage. In other words, we only keep of compound morphology what per-
tains to its finite-state character, and leave the rest to the non-linear structure,
which accommodates syntax and possibly semantics, and which will support a
better structured representation of compounds. It is exactly at this point that
we may state a clear requirement of the interface between the linear and the
functional levels: the linear structure of compounds ought to be an embedding
4 While it is common for editors of classical Sanskrit texts not to separate preverbs

from verbs even when indicating other word divisions, and for some lexicographers,
such as Monier-Williams and Apte, to list the preverb-verb unit as a headword,
Vedic padapāt.has do in fact separate preverbs and verbs as independent words. For
example, RV 1.124.8 sam. hitāpāt.ha ápaity is analyzed ápa — eti — in the padapāt.ha.
The nominal form prétim in RV 1.33.4 is analyzed — prá’itim — separating the
preverb with an avagraha indicated in Roman by an apostrophe (P. Scharf).

5 Pān. inian compound formation rules (2.2.23-24 śes.o bahuvr̄ıhih. , anekam anya-
padārthe, and 2.2.29 cārthe dvandvah. ) allow the derivation of bahuvr̄ıhi and dvandva
compounds from multiple constituents (P. Scharf).
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of its functional representation. This is accomplished simply by requiring that
the list of stems be the frontier of the binary tree. For instance, in the above ex-
ample, the list (tapas-(vana-(vasita-sukhā))) of phoneme strings is the frontier of
the binary tree (((tapas<vana)<vasita)<sukhā). More generally, this will simply
state that the frontier of the functional representation should be the sequence of
utterances, the phonemic realisation. In other words, we are requiring the func-
tional representation to be sequentialised on the enunciation – no movement, no
erasure, no duplication. This requirement is reasonable, it amounts to requiring
that the functional representation be a mark-up of the enunciation.

Another remark is that it may be undesirable to split compounds which are used
as proper names, such as devadatta, or rāmāyan. a, since their meaning is in general
non-compositional. However, an automated tagger will not be able to recognize
such proper names, since they are not distinguished by capitals or other marks.
At best it might try not to split a compound explicitly presented in the lexicon as a
proper name, but even then it will not be able to distinguish a genuine compound
devadatta “god-given” from the proper name Devadatta “Theodore”, anymore
than it would be able to discern the color black from the name Kr.s.n. a. We note with
interest the use of capitals as initials of proper names in Gillon’s presentations or in
the Clay Sanskrit Library series of books. We have adapted the same convention in
our lexicon, and for this reason use for transliteration a reduced set from Velthuis’;
e.g. A is not allowed as substitute for aa.

Finally, it is not clear whether privative compounds (such as a-vyakta), and
compounds whose left component is a particle such as vi-, sa-, su- or a prepo-
sition ought to be split, even though their meaning is in general compositional.
Such compounds may be considered under derivational morphology rather than
compound formation proper, and their analysis left to lexicon lookup rather than
sandhi-splitting. This is debatable of course, and ultimately too naive, since e.g.
privative a- occurs as initial of arbitrarily long compounds. Similarly there is a
trade-off between storing explicit entries in -tā, -tva, -tr. , -vat, -mat, etc. in the
lexicon, versus leaving them implicit from derivational morphology considered as
generative. We remark en passant that finite state automata allow to represent
implicitly an infinite number of forms, in contrast with say relational database
technology, where the stored data is necessarily finite.

1.5 Automated Synthesis of Surface Representation

This discussion calls for closer examination of the various mappings between the
representations discussed above, in order to understand how to build mechanical
tools that may transform one into another.

We already remarked that the sam. hitapāt.ha may be obtained from the
padapāt.ha by applying (external) sandhi.6 This transformation is deterministic
(i.e. may be implemented by a function), except minor details such as doubling
of n before vowels or the doubling phenomena described in [[33]]. It becomes fully
6 We ignore exceptions, such as presented by Staal [[46]] p. 22, where the padapāt.ha

differs in the word order of the sam. hitapāt.ha in a verse of the R. gveda, in order to
restore the proper name śunah. śepa split by particle cid.
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deterministic of course if we annotate the padapāt.ha with the relevant sandhi
rules.

In the reverse direction, we cannot hope for a functional transformation, but
since external sandhi is a rational relation [[5]], its inverse (viccheda) is too. Fur-
thermore there is a finite number of strings which are the viccheda of a given
sam. hitapāt.ha, and thus all solutions may be enumerated by a terminating finite
state process. Details are given in [[25]]. This algorithm is complete, assuming
that all forms occurring in the sentence are in the database of inflected forms,
i.e. that the lexicon used for morphology generation contains the vocabulary of
the analysed sentence.

For instance, in the Sanskrit engine platform, I marked the stem nr. as non-
generative, since its nominative form nā was overgenerating wildly in the segmen-
tation phase, every nā syllable having its chance as a nominal segment. Thus
I cannot properly segment the sentence ekonā vim. śatirnāryah. kr̄ıd. ām. kartum.
vane gatāh. ‘one man and 20 women went to play in the woods’. But in some
sense this example vindicates the decision, since this sentence is very likely to
be misunderstood, being a sort of garden path sentence, as the linguists say –
you are fooled by the likeness with ekonavim. śati to believe that only 19 women
went to the woods, and you are then puzzled by the second half of the pra-
helikā: vim. śatirgr.hamāyātāh. śes.o vyāghren. a bhaks.itah. ‘20 came back, and the
remaining one was eaten by the tiger’. The moral of this vakrokti is that nā is
problematic, even for human locutors7 since its frequency as a syllable so much
exceeds its frequency as a form that it is unreasonable to handle it with the
standard combinatorics, and it must be treated as an exception somehow. A sim-
ilar problem occurs with āya, whose declined forms clash with genitive/ablative
forms of substantives in ā and dative forms of substantives in a, and thus cause
overgeneration. Such examples raise the general question of ambiguity between
generative and inflexional morphology.

Actually, this viccheda algorithm is not usable in practice as a stand-alone
segmenter without refinements, since the number of segmentations may be ex-
ponential in the length of the sentence, and thus the problem is computationally
intractable for large continuous chunks of sam. hitapāt.ha. Thus for the example
sentence discussed in the section 1.3, with no blank at all in the input, the num-
ber of possible segmentations exceeds 10000. The standard solution is to break
the input at appropriate points in order to give hints. Of course if one goes
all the way to preparing by hand the padapāt.ha the problem becomes trivial,
involving only an iteration of lookups in the database, and the only remaining
non-determinism reduces to proper homonymy.

Somewhere in between, we may obtain a useful algorithm, by breaking the
input with spaces at a few chosen points, like in the “chunk form” considered
above. A remark is in order here. The chunk form is definitely not the padapāt.ha,
and indeed the two forms are mutually inconsistent. For instance, a chunk ended
by o will generally correspond to a terminal sandhi form ah. , as opposed to being

7 Admittedly, the machine would not be fooled on that particular example, because
of the discrepancy between a and ā.
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the terminal sandhi form in o of e.g. the vocative of an u stem. Also a chunk
ended in a in a hiatus situation will generally correspond to a terminal form in
ah. , e or o. Finally an avagraha may be used to signal the elision of an initial a
after e or o.

Actually, there does not seem to exist a commonly agreed chunk represen-
tation, specially concerning the use of the avagraha. We have evolved an ad-
hoc convention for chunk representation, which attempts to depart from the
sam. hitapāt.ha only in inserting blanks at points which must be word junctions.
This seems pretty close to current digitalised Sanskrit texts, and is consistent
with our sandhi splitting algorithm. The precise algorithm is given in Appendix
B, and may be read as a specification of the chunk representation preprocessing.

This algorithm accepts input such as yad iha asti tad anyatra yan neha asti
na tat kvacit, in order to pass it on as a list of final forms, to the sandhi viccheda
segmenter proper. As analysed in [[25]], this problem is solvable by a finite-state
transducer, implementing the inverse of the sandhi relation. Furthermore, for any
input, there is a finite set of solutions. For instance, the transducer on the above
input will infer the correct padapāt.ha segmentation yat iha asti tat anyatra yat
na iha asti na tat kvacit. However, 19 other segmentations are possible, since e.g.
neha is a form of root nah in the perfect tense, and admits a total of 5 decom-
positions. Similarly kvacit admits 4 decompositions, amazingly enough. Since
the combinations multiply, we get 20 decompositions. At this point the reader
may wonder whether such a parser is usable in practice. The answer is that in
this initial phase it is only a segmenter, piping into a semantic filter, which then
attempts to build a satisfiable functional representation of each segmentation,
using a kāraka-fitness test. In this precise example, this filter rejects all 20 seg-
mentations except two, the good one and a parasitic one. Thus there is no silence,
and the noise is tolerable: the precision is 94% in this case. It is rather surprising
that on such an input, where most word divisions are explicitly indicated, there is
still room for 20 solutions. It is interesting that if all spaces are removed, and we
give the input in full sam. hitapāt.ha as yadihāstitadanyatrayannehāstinatatkvacit,
there are now 87 potential segmentations. In this case, the filter keeps 9, the good
one and 8 parasitic, with precision 91%. This gives a measure of the tradeoff be-
tween undoing sandhi by hand and leaving it to the machine. If you give proper
hints, a few spaces in a moderately long sentence, you get a manageable set of
proposed solutions to inspect in order to select the right parse.

The example sentence above: vanād grāmam adyopetyaudana āśvapatenāpāci
currently yields 928 segmentations, among which only 2 are kept, the right one
being 1st. The other one is due to the semantic ambiguity of upetya (with or
without preverb ā).

1.6 Normalisation

It may be appropriate at this point to discuss the status of anusvāra coming
from internal sandhi. Typically, the word sandhi itself comes from (obligatorily)
compounding the preverb sam with the kr.danta form dhi derived from the root
dhā. And indeed the orthography sam. dhi is perfectly legitimate, anusvāra in
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this case being an alternative to nasal homo-phonic to dh, i.e. n.8 Are we going
to need to store redundant forms sam. dhi and sandhi in our lexicon, in order to
store duplicate forms of all their inflected forms? In order to recognize them in
all possible combinations in the input, yielding a potential exponential number
of completely redundant segmentations? Of course not. We need store only one
canonical form of the stem, sandhi9 one canonical form of each of its inflected
forms such as sandhih. , and have chunks sam. dhih. in the input normalized in
their canonical form sandhih. at preprocessing time. Note that this is the right
normalisation direction, since it would be incorrect, using the reverse convention,
to write e.g. sasañja as *sasam. ja.10 Of course “genuine” anusvāra remains in
e.g. sam. sāra. Symetrically, we propose to normalize ahah. su as the equivalent
ahassu.

This normalisation of the input is one of the tricky technical details. Note that
it implies a reconsideration of sandhi rules, since for instance one choice of sandhi
of sam and dis.t.a produces the un-normalised sam. dis.t.a. Thus there is a dilemma
here. Either the lexicon has an explicit entry for the participle, normalised as
sandis.t.a, or the lexicon attempts to generate this form as composed of preverb
sam and root participle dis.t.a, in which case the sandhi rule to be used should
be m+d →nd rather than m+d →m. d. This technical issue is tricky, since we
do not want our morphological generator to overgenerate by allowing variations
inconsistent with the normalisation of the input. Thus by the economy principle
we prefer to interpret sūtra 8.4.59 by “is preferably replaced” rather than “is
optionally replaced”.

More generally, the treatment of participles is a thorny issue. There seems to
be no good reason not to restrict the explicitly represented participles to the
roots, and to get the other ones by preverb affixing, in the same way that we
get finite verbal forms from finite root forms. But here two issues come into
play. One, there are so many participial forms, and their full inclusion leads to
many ambiguities. A typical one is the ambiguity between a present participle
in the locative singular such as bhavati and the 3rd person singular of the corre-
sponding present conjugation. Secondly, generating participial forms from roots
is a special case of the first level of generative nominal morphology (kr.danta),
and thus it would seem logical to include more, or all kr.dantas, or even tad-
dhitas, and this looks like opening Pandora’s box, with overgeneration by unat-
tested forms on one hand, and complex internal sandhi inversion problems on the
other.

8 The phonetic alternation of n and m. is due to the fact that pada-final anusvāra is
optionally replaced by the nasal homorganic with the following stop or semivowel
in accordance with 8.4.59 vā padāntasya. The preverb sam is a pada which, as an
upapada, is compounded obligatorily with the kr.danta dhi in accordance with 2.2.19
upapadam atiṅ (P. Scharf).

9 Note that Monier-Williams takes the opposite choice, and chooses sam. dhi for the
corresponding entry of his dictionary.

10 Non-pada-final anusvāra is obligatorily replaced by the nasal homorganic with
the following stop or semivowel in accordance with 8.4.58 anusvārasya yayi
parasavarn. asya (P. Scharf).



Formal Structure of Sanskrit Text 173

1.7 Lemmatisation

We are not done yet with the linear representation, since now we may invert
morphology on the individual elementary forms. Inverting morphology is not
hard, if forward morphology has been already implemented, since the lexicon may
be compiled into all possible forms, and this database of basic forms be stored as
persistent dictionaries where they can be looked up by a stemmer. This assumes
the existence of lexicons having sufficient coverage of the vocabulary of the target
corpus. This requirement is not so severe, in view of the fact that our phrasal
segmenter segments compounds into their constituents, so recursively only root
words have to be lexicalized, besides a finite collection of irregular compounds.
Besides, there exist now XML versions of the Monier-Williams dictionary,11 and
this is certainly enough to cover a significant part of the corpus. Actually, it may
be too large for the task. The problem is the generation of verbal forms from such
a huge dictionary. Such a dictionary covers well the nominal forms, but verbal
forms have to be generated; all that is explicit are a few representative forms of
a few tenses. Worse, most participles are missing, only past passive and a few
passive future participles are explicitly listed. The various forms of the present
participles, active past participles, and perfect participles are usually omitted as
implicitly understood.

Thus forward morphology has to be implemented, not only for nouns, which
is easy, but for verbs, a much harder task. This process may be more or less
Pān. inian, so to speak. For instance, in my own system, I more or less follow
Pān. ini for internal sandhi, but generate paradigm tables for computing inflec-
tion in a rather ad-hoc manner percolated from mostly Western grammar de-
scriptions. What I mean by Pān. inian for internal sandhi is that I go through
operations which mimick Pān. ini’s sūtras, but using some definite choice of de-
terministic computation by specific rules in a sequential manner. In doing that,
I allow myself the freedom of deciding which rule is siddha, but then everyone
is in the same situation, isn’t it? You have to interpret the vārttikās, decide on
the proper scoping of exceptions, interpret priority of rules by siddha or other
considerations, etc. So for me being Pān. inian is more a reference to the spirit of
a genious computational linguist precursor. And I allow myself to abstract from
the straightjacket of an encoding of computation in terms of conditional string
rewriting systems. We have general purpose programming languages, with appro-
priate data structures, we know how to separate clearly object data (phonemes)
from meta-notation (Sanskrit phonemes used as control codes such as the mark-
ers of pratyāhārās).12 Should Pān. ini be reborn as a computational linguist of
our times, he would use modern tools and methodologies, of course, frame his

11 Such as the one resulting from the collaboration of the Cologne Digital Sanskrit
Lexicon project and the Digital Sanskrit Library Integration project at Brown Uni-
versity.

12 Abbreviatory terms formed by taking the first element of a list together with a
marker placed at the end of the list. See the article by Amba Kulkarni in this volume
(P. Scharf).
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description of the language in terms of modular high-level processes, and leave
the production of compact machine code to an optimizing compiler.

One decision which may be considered cavalier with Pān. ini was to split in
two the phoneme j in order to make internal sandhi deterministic in view of
the different behaviours of say mr.j and bhuj in kta-suffixes, cf. their past par-
ticiples respectively mr.s.t.a and bhukta. Similarly h has three variants, one for
duh-like roots, one for lih-like roots and one for nah-like roots, (compare par-
ticiples dugdha, l̄ıd. ha and naddha).13 This story is told in [[27]]. Being mr.j-like
or duh-like is lexicalized.

The method sketched above is lexicon-based. It will fail to lemmatize forms
which are not generated from the morphological closure of the root entries of
the digitalized lexicon. An easy analysis may account for all irregular compounds
which are explicitly listed in the lexicon. Since these irregularities are hopefully
non-productive, the lexicon may be made complete since there are a finite num-
ber of attested ones. Regular compounds generable from the lexicon, at any
depth, will be taken care of by the segmenter, as explained above. But there will
be silence for any other form.

There exist heuristic methods to infer root stems from forms guessed as in-
flexions of potential words. These heuristics may be tuned by optimization on
a reference tagged corpus; this is statistical training. Such heuristics allow one
to lemmatize a text automatically without the need for a complete lexicon, and
indeed may be used to provide suggestions for lexicon acquisition. Such meth-
ods have been used successfully by [[37]]. However, one should understand that
Sanskrit morphology is too rich for this method to be complete, since there
is a heavy non-determinism in inverting internal sandhi; for instance, should a
retroflex n. or s. be reverted to n or s is not an obvious decision, and it is not
clear that statistical training is sufficient in the absence of large-scale reference
corpora. Furthermore, this method works pretty well when the text is presented
in padapāt.ha form, but it is not clear that it extends easily to chunks. In par-
ticular, external sandhi would have to be undone, but this time in a right-to-left
direction, while the method given in [[25]] works left-to-right, on finite transducers
which are compiled from the lexicon of inflected forms, so a different technology
would have to be used.

1.8 Tagging

Once lemmatization is understood, we may proceed to the final stage of our
linear representation, the mark-up of the text by its morphology: each inflected
form is marked with its lemmatization.

Let us give as example what our own tagger returns on the example:
vanaad graamam adyopetyaudana aa"svapatenaapaaci

[ vanaat { abl. sg. n. }[vana] <>]
[ graamam { acc. sg. m. }[graama] <>]

13 Since h derives historically from any of the voiced aspirated stops in Indo-Iranian
(P. Scharf).
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[ adya { adv. }[adya] <a|u -> o>]
[ upaa - itya { abs. }[upa-aa-i] <a|o -> au>]
[ odana.h { nom. sg. m. }[odana] <.h|aa -> _aa>]
[ aa"svapatena { i. sg. m. }[aa"svapata] <a|a -> aa>]
[ apaaci { aor. [1] ps. sg. 3 }[pac]

A few remarks are in order. The notation <a|o -> au> indicates sandhi. It
may be omitted. The tags for substantival forms like vanāt are pretty obvious.
Such a tag has an abstract form, such as
<Subst case=5 number=1; gender=3; stem="vana">, we pretty-print here an
ad-hoc sugared concrete form with braces. Braces are convenient; they may be
used as a set notation for multitags. The above example is a lucky one, because it
happens that there is only one morphological production of each form. In general,
ambiguities in morphology will produce multitags, like for the form vanebhyah. ,
which lemmatizes as { abl. pl. n. | dat. pl. n. }[vana]. Actually there
is even a second level of non-determinism, if we want to discriminate between
homonyms, but I shall not discuss this, since it presupposes that the approach
is lexicon-based.

The tag for the finite verbal form apāci is similarly non-mysterious, the nu-
meral 1 standing for the aorist formation type (from 1 to 7). Similarly, the present
system formations are indexed by their gan. a (from 1 to 10), and passive future
participal forms are similarly indexed by 1, 2 or 3, according to their formation
suffix -ya, -an̄ıya, or -tavya.

This extra information is important to relate modern linguistic abstractions,
reflected in the tags’ algebra, and actual entry points in Pān. ini’s grammar. Of
course a purely Pān. inian system will replace the tags altogether by their full
simulation path in the grammar. This must be understood as the problem of
interface of the inflected forms with the grammar component, and with proper
design a standard set of tags ought to allow interoperability between a Pān. inian
generator and a paradigm-driven one, there is no deep incompatibility between
the two approaches.

A complete discussion of verbal tags is a complex matter, and their standard-
ization will need extensive debate. For instance, passive forms may be classified
as forms of the root in passive voice (in a system with 3 recognized voices, ac-
tive/parasmaipada, middle/ātmanepada and passive), the option currently cho-
sen in my system, consistent presumably with a Pān. inian treatment, as opposed
to Whitney’s treatment of passive as a secondary conjugation. The granularity
of the morphological notation is also questionable. For instance, we refine the
aorist tag by indicating its mode of formation (here 1 among the 7 forms of
aorist), since this information is lexicalized; not all roots admit the 7 forms,
so only listed modes are generated. Similarly, forms of the present system are
tagged by the family class [gan. a]. This is important for verbs which do not have
the same regime in the various classes; e.g. the root pac is transitive in class
1 (pacati, pacate) and intransitive in class 4 (pacyate), and this information is
crucial for the kāraka analysis which we shall discuss in Part 2 below.
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The remaining tags concern the indeclinable forms adya and upetya. Here we
make the choice of classifying such indeclinable forms according to their “part
of speech” category, like adv. for the adverb adya or conj for the particle ca.
The exact granularity of such categories is of course open to discussion. The
form upetya is recognized as the absolutive of the verb upe, obtained from the
root i by the sequence of preverbs upa and ā. This segmentation is effected by
the segmenter, so that only forms of the roots have to be generated, and this
is true as well of finite forms. Actually this example is a tricky one. Note that
sandhi of preverbs upa and ā, leading to the form upā, has to be effected before
the sandhi to the absolutive form itya. Otherwise, glueing the preverbs one by
one in the etymological order would lead first to etya, then to the wrong *aitya.
This is a tough nut to crack for the segmenter, in view of the fact that the
preverb ā is reduced to a single phoneme, allowing overlaps of left sandhi and
right sandhi. This problem is solved in my implementation by a technical device
called phantom phonemes, which is described in [[26, 23]]. More such technical
devices are needed to account for the retroflection in forms such as nirn. ayati,
vis.t.abdha, etc.

A technical problem concerning absolutives is that the segmenter has to know
that e.g. -ya is the form to be used with preverbs, while -tvā is the form to be
used for plain root forms. This distinction is achieved by putting the two forms
in distinct lexical categories (respectively accessed through the states Abso and
Unde in the figure below), and having the segmenter operate transitions be-
tween such categories controled by a finite automaton whose states denote the
phases of recognition of a simple regular grammar expressing preverb affixing,
compound formation, periphrastic phrases and more generally morphological ge-
ometry. This mechanism is easily achieved via the technology of modular trans-
ducers [[28]]. Fig. 1 shows the current finite automaton used in my system.

A final remark is that perhaps this layer ought to be called the rational struc-
ture rather than the linear one, since its structure is not just a list of items, but a
list of regularly structured items – reflecting the fact that compound formation,
preverb affixing, and absolutive selection are definable as regular expressions,
and solved by finite-state automata. This layer is the realm of finite-state meth-
ods, as opposed to the next layer, which represents an algebraic structure in the
realm of context-free or even stronger combinatorial processes.

2 The Functional Structure

In the tradition of Western linguistics, specially when dealing with languages
with strict word order, it is customary to distinguish a layer of syntax prior14

to a level of semantics. The combinatorial analysis of syntax, in a perspective of
general linguistics which applies with more or less felicity to free-order languages,
has burgeoned into a immense mass of material since the middle of the 60’s, when
Chomsky started his program of formal syntax. It may be worthwhile to give a
short overview of these developments.
14 In the analysis direction from utterance to sense.
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Fig. 1. The 9-phases lexical analyser

2.1 Short Survey of Formal Linguistics

The first step in giving more structure to the sentence than the sequential order
of its utterance is to give some substructure hierarchy – another partial ordering –
which reflects some well-parenthesized notion of constituent. Thus tree-like struc-
tures are proposed as syntactic notations, subtrees being phrases, terminal nodes
being the words themselves. Typically, such phrase-structure trees may represent
the derivation trees of some context-free grammar. Non-terminal symbols from
the grammar label the structure as mark-up tags for the phrases sorted by these
non-terminals – sentences, verbal phrases, nominal phrases, etc. More abstractly,
some of the recursion structure may be omitted, so that derivation trees are ab-
stracted into terms from some abstract syntax algebra. The two levels correspond
to what the logician Curry called the phenogrammatics and the tectogrammatics,
to what the linguists call respectively shallow and deep structure, or the computer
science distinction between concrete syntax and abstract syntax (see the discus-
sion in [[4]]). Abstract syntax is closer to the semantics of the linguistic elements,
since it abstracts away from operational details about parsing and word order, and
keeps the essential domination ordering. In the Indian grammatical tradition, the
distinction abstract vs concrete syntax corresponds more or less to the distinction
sam. bandha/abhisam. bandha (see [[46]] p. 13).

The problem of relating the syntax and the semantics is that usually syn-
tax permits dislocations of the sentence, allowing arguments of a given seman-
tic operator to appear at possibly long distance in the precedence ordering of
its utterance. In order to represent the derivation of the semantic structure
from the syntactic one, as some kind of compilation process, linguists have
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studied derivation sequences proceeding by movement of constituents, leading
to so called transformational grammars. One proceeds from one structure to the
next by some kind of computation step. This computation may be expressed by
some outside process, like an interpreter, viewing each structural description as
a data item. This is typical of rewriting formalisms, where each structure is like
a term in some first-order logic, and computation is algebraic equality substi-
tution in the relevant algebra. Alternatively, the structures may be represented
in some higher-order formalism such as λ-terms, and the rewriting calculus is
now the step by step unfolding of internal computation by λ-reduction, possi-
bly guided by some strategy. Now non-terminals are no more atomic categories,
like in phrase-structure grammars, but rather structured entities called types,
similar to logical propositions. This last approach is characteristic of categorial
grammars à la Lambek, where syntactic structures are functional expressions
typed by an algebra of syntactic categories, and compile into semantic combina-
tors in some typed λ-calculus, in the Montague tradition. Logical semantics is
thus expressed as the normal form of the structure, and the combinators express
the necessary movements, the precise order of evaluation, as well as the proper
scoping management of quantifiers. Nowadays transformational grammars have
somewhat fallen into disuse, after decades of development of complex ad-hoc
devices, in favor of more uniform computation processes well studied from logic
and fundamental informatics such as λ-calculus and linear logic.

The status of morphology in these various views about syntax reduces gen-
erally to annotation of the syntactico-semantic structures by morphological fea-
tures. Those are used mostly for controling the constructions by consistency
constraints such as agreement/concord or coordination, although some of them
survive in the final semantics (typically number). These features may be organ-
ised with polarity distinctions (distinguishing between the producer of a feature,
such as the case of a noun phrase, and its consumer, typically a verbal phrase
which needs an argument or a complement of that case by its subcategorisation
regime). These features may then be made essential components of the com-
putation process; this is the view currently held by computational versions of
minimalism such as Edward Stabler’s.

It is sometimes hard to dissociate general algebraico-logical frameworks from
linguistic theories, such as Chomsky’s X theory. And it is not always clear
whether a formalism is proposed as expressive enough for modeling the right
notions, or whether it is crafted in such as way that it leads to tractable parsing
algorithms. Let us recall that general context-free grammars are parsable in a
time proportional to the cube of the length of the candidate sentence, and that
more expressive mildly context-sensitive formalisms such as Joshi’s tree adjoint
grammars, which seem sufficient for many natural language constructions, lead
to parsers which are still bounded polynomially (although with exponent 6 this
time) in the worst case.

An altogether different formalism was proposed more than 50 years ago by
Lucien Tesnière as structural syntax [[48]]. This approach developed into the de-
pendency grammars of the Russian school of linguistics, and is now used widely
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by various computational linguistics researchers. The idea is to axiomatize di-
rectly the domination ordering between words, without the mediation of an
algebra of syntactic operators. In other words, the trees are not algebraic ex-
pressions with words as atomic leaves, the sentence phonetic realisation being
the frontier of its constituency structure. They are now graphs whose vertices are
the words, arcs denoting their mutual dependencies. Syntactic dislocations will
show as crossing dependencies; the dependency graphs may not be represented
as planar trees without violating the precedence ordering of the words in the
sentence. Dependency graphs are fundamentally different from phrase-structure
constituency structures. Note that their size is exactly bounded by the length
of the sentence, since every constituent is explicitly anchored on an actual word
phonetically realized in the sentence. There is no non-overt copula construct,
for instance, a nominal sentence must have a head predicate and a dependent
subject. This has advantages – every construction step must consume a terminal
– and drawbacks – it is not possible to delay movement in the right argument
position by some intermediate computation on the algebraic structure of syntax.
Also there is no room for fitting covert quantification.

We remark that the linguistic notion of head is extremely overloaded. In de-
pendency grammars, the head of a constituent is the word which has minimal de-
pendency (it labels the root of the tree), whereas in phrase structure formalisms
or in minimalism the notion of head is more complex, and is encapsulated in an
algorithm that computes inside the constituent in order to project to its head.
Thus the head is not a simple uniform notion of the formal apparatus, but rather
a specific notion associated with a particular linguistic theory such as X theory
or minimalism. At the other extreme, a very general framework such as HPSG
(Head Phrase Structure Grammars) is rather transparent to linguistic theories,
since it consists essentially in first order terms with attribute annotations. It can
be considered as a very loose algebraic markup of linguistic data, with all the
computing power relegated to the interpreter of the formalism. This neutrality
with respect to linguistic theories is good for expressivity, since any Turing com-
plete computational model may be associated with it – the drawback being that
it is not logically controled, and thus no complexity analysis is readily available.

2.2 Short Survey of Linguistic Theories of Sanskrit Syntax

In contradistinction to the immense amount of more or less interesting material
published in formal general linguistics over the last 50 years, there is a relative
scarcity of material available on Sanskrit syntax. Thus Pān. ini’s grammar is very
extensive on phonology and morphology, but says little on syntax. It however
develops a theory of kārakās which may be viewed as an interface between syn-
tax and semantics, and is therefore relevant to functional structure. But this
theory is sketched only for simple sentences with at most one finite verb, and it
is not even clear how it accounts say for relative clauses.15 Later grammarians
15 Cardona, Pān. ini: His Work and its Traditions, pp. 167-178 discusses the derivation

of complex sentences, and Recent Research, 189-197 surveys research on Pān. inian
syntax other than on kāraka relations (P. Scharf).
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of the ancient Indian tradition, starting with Bhartr.hari, elaborated further on
semantic and pragmatic linguistic analysis, as did Navya Nyāya which intro-
duced a formal language of semiotics in Sanskrit. Other schools such as exegesis
(mı̄mām. sā) developed alternative methods of semantic analysis, but syntax per
se does not seem to have been a major concern, although systematic ways of
paraphrasing linguistic constructions such as compounding may be thought of
as transformational theories to a certain extent.

A peculiarity of Sanskrit is the important tradition of commentarial work.
Commentaries on terse formulaic styles of teaching (sūtra) were necessary for
their understanding. Such commentaries deal with several levels of analysis,
starting from sandhi viccheda, explained as a prose markup of the original
work [[50]]. The commentarial tradition gives more or less standardized analyses
of the commented text, which could be exploited for mechanical extraction. Fur-
thermore, stylistics and poetics was theorized very early by poets such as Dan.d. in
and an important Kashmirian school of literary criticism (Ānandavardhana, Ab-
hinavagupta, Mammat.a, etc.) It is to be expected that this tradition of esthetics,
in as much as it influenced the literary production, will be of help ultimately
when our computational linguistics tools will be advanced enough to attack the
problems of metaphoric expression.16

The first general studies of Sanskrit syntax came thus rather late, in India
with Apte’s manuel [[1]], and in the West with Speijer treatise [[45]]. Both build
on analogies between Sanskrit and the Western classical languages (Latin and
Greek) in order to adapt the then current linguistic terminology to Sanskrit,
not entirely convincingly. In these, and most Western Sanskrit grammars until
recently, the topic of the proper order of the words in a Sanskrit sentence was
dealt with in a rather vague manner; Sanskrit was deemed more or less free-order,
but a more detailed analysis was lacking. Besides these two isolated attempts,
linguistic studies of Sanskrit consisted mostly of very specialised monographs on
specific constructions, often in the context of Vedic literature [[39,49, 19, 20, 21]].

The first attempt to give a formal model of Sanskrit syntax was due to Frits
Staal in the 60’s [[46]]. What he proposes is a Calder-mobile-like theory of syn-
tax, where oriented trees of first-order logic are replaced by non-oriented trees.
In other words, trees which are arguments of a given functor are organised as
a multiset rather than as a list. The built-in associativity and commutativity
of such a collection allow for arbitrary rotation of arguments, similar to the ro-
tations in a Calder mobile. This gives a precise handle on allowed freedom in
ordering of the words of a sentence: any scrambling is allowed, in so far as it
is consistent with the domination ordering, in the sense that if a word precedes
another, then all the words it dominates must precede the words dominated by
the other one. In terms of dependency analysis, there should be no crossing of
dependencies. As Gillon expresses it [[8]]: “[Staal thinks that] word order is free
up to preserving constituency.”

16 For references, see Timothy Cahill, An annotated bibliography of the Alamkarasas-
tra, Leiden: Brill, 2001 (P. Scharf).
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This immediately gives the limit of the formalism: dislocated sentences cannot
be accounted for, unless some prior movement unscrambles long-distance depen-
dencies. Also, it ignores the fact that quantification may be expressed by word
order: compare bālakah. gr.he asti “the boy is in the house” and gr.he bālakah.
asti “a boy is in the house”.17 Nevertheless, it gives a simple framework, which
may be refined further with dislocation annotations. The crux of the matter is
to replace the notion of oriented tree (the trees of concrete syntax and even ab-
stract syntax seen as a construction from constituents ordered by enunciation)
by a notion of tree in the algebraic sense of graph theory, where arcs are not
necessarily ordered consistently with the enunciation ordering; in other words,
the graph may not be representable as a planar graph, with no crossings.

We profit of this view of commutative-associative formalisation of family de-
scriptors to revisit the categorial grammars school. Categorial grammars origi-
nated from the work of Ajdukiewicz in the 30’s and Bar-Hillel in the 50’s, where
syntax operators were viewed in analogy with arithmetical fraction notation.
The ensueing systems of combinators, with complex notions of raising allowing
a more flexible notion of order of evaluation of constituency structure, was sim-
plified by Lambek in the 60’s with his L system [[41]], which allows deduction
under hypothesis, and is to categorial combinators what Church’s λ-calculus is
to Curry combinators [[2,18]], or in logic what Gentzen’s natural deduction is to
Hilbert axiomatic systems [[31]]. But all the structural rules of sequent calculus
are not allowed, and in particular thinning and contraction are not allowed. This
is in line with the economy of linguistics, which is different from the economic
regime of logic, where hypotheses may be ignored or duplicated, whereas words
in a sentence have to be used exactly once in the derivation of its syntactic tree.
Furthermore no permutation is allowed either, since word order is assumed to
be rigid. Thus Lambek’s L system is very close to Girard’s linear logic [[14]], ex-
cept that Girard’s logic is commutative. This connection was noticed in the 90’s,
when linear logic was firmly established [[15]]. But if we believe in Staal’s model,
it is natural to restore commutativity, and try to adapt directly the proof-nets
of linear logic to the syntactic descriptions of Sanskrit. We leave this as a hint
for future research at this stage.

Let us note further that recent elaborations of dependency grammars add in-
formation on the arcs in order to denote functional relationships. For instance,
the node headed by some finite form of a transitive verb will typically have as
immediate successors two nodes headed by substantival forms, one arc being
labeled ‘Subject’ and one labeled ‘Object’, or one labeled ‘Agent’ and the other
one labeled ‘Goal’ if one prefers a more semantic representation. The verbal
node may be itself colored as verbal phrase or action. In any case, the structure
[Verb "v" [Subject "s"] [Object "o"]] may now be twisted as a Calder
mobile in order to project its frontier to the enunciation order, be it SOV,
SVO, or whatever. Such structures are being used in the Mel’čuk linguistics
school in Montreal, in order to represent lexical semantics as semantic graph
schemas [[35]].

17 This example is borrowed from [[16]].
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2.3 Gillon’s Contributions to Sanskrit Syntax

We shall now turn to a more recent attempt at designing a formal notation for
Sanskrit syntax, taking into account dislocations. This paragraph will sketch a
family of proposals by Brendan Gillon for formalising Sanskrit syntax, consis-
tently with Western theories of linguistics. He made a comprehensive study of
Classical Sanskrit syntax, and presented his analyses in a systematic system of
notation. This notational system was put to the test on hundreds of character-
istic examples from Apte’s manual, plus a fair selection from typical sentences
extracted from the classical Sanskrit corpus. Let us consider an example. The
foundational article is [[8]], in which he makes a systematic classification of ex-
trapositions in Classical Sanskrit, and in which a first version of his notational
system is presented by way of examples. Let us look at a typical one, originally
from Kālidāsa’s Mālavikāgnimitra, given as exemple 2 in Apte’s lesson XIV on
past participles:

[S [NP6 [AP6 tayoh.
the

] baddhayoh.
prisoner

] [V P 0 [AP1 (kim
what

-
-

nimittah. )
basis

] ]

[NP1s [AP1 ayam
the

] moks.ah.
release

] ]

What basis does the release of the two prisoners have?

Gillon explains that the genitive NP6 is extraposed from the subject NP1s.
Which he renders by the dislocation notation . We shall not concentrate on his
linguistic analysis, but rather look at the formal descriptive apparatus. The first
striking feature is that, despite its phrase-structure early-Chomskian look, it is
pretty close to a dependency structure. The NP6 node is indeed an NP6 because
it has an immediate constituent which is terminal (it corresponds to the phonetic
realisation baddhayoh. ), and recognized as an inflected form in the genitive case
of a nominal lexical item, namely baddha. Thus there is an implicit assump-
tion, namely that each syntax node (a matching pair of square brackets) has an
atomic head from which it inherits its features. This assumption is exactly what
dependency structures demand: each piece of the construction consumes overt
phonetic material. The head, here baddhayoh. , is actually an inflected form whose
full morphological tagging is <N case=6 number=2 gender=? stem="baddha">.
Note how the N and the 6 percolated to its governing left bracket. Note also that
we might as well percolate the dual number, which is needed for the gloss ‘two
prisoners’. Concerning the gender, it is not just undecided, but not needed for
the immediate analysis, so I kept it as an unknown. Note also that we made a
choice between genitive and locative, a more automated analysis would have to
consider the two cases. Finally, a more refined morphological analysis would anal-
yse further baddha as a kr.t formation, i.e. past passive participle of root bandh.
Anyway, such details of granularity notwithstanding, we arrive at a formal struc-
ture of the kind [N case=6 number=2 [...] “baddha”], where the substructure [...]
stands itself for a similar [N case=6 number=2 [...] “tayoh.”]. Actually, Gillon
labels this substructure AP6, meaning that pronoun tad is used adjectivally to
form the noun phrase ‘the two prisoners’. We deem this choice dependent on a
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linguistic model where adjective is a clear-cut part of speech category. For San-
skrit, the case is not so clear it seems, specially in view of bahuvr̄ıhi compound
formation. Actually, baddha itself, in the sense of prisoner meant in this sen-
tence, is but the coercion to a substantive of the adjective ‘bound’ issuing from
its participial nature. A slightly more primitive analysis would factor together
the two nominal forms as [N case=6 number=2 “tad” “baddha”], leaving to a
deeper analysis phase the actual dependency of tad on baddha.

Let us return to the full example. We note that the subject is indicated by
functor NP1s. We believe that this should be taken similarly as a feature struc-
ture [N case=1 role=subject ...]. But now we have a feature which is not morpho-
logical and synthesized from its head, but rather syntactical and inherited from
the main clause. This with a particular intended linguistic model recognizing
a role for subjects. Actually, another model would recognize this nominative as
merely a naming device for the agent, properly carried by the predicate, here the
adjective kim. nimitah. . This would have the advantage of getting rid altogether of
the copula construction [V P 0], an anathema for dependency structure since it
rests on thin air (0 indicating the lack of phonetic realisation). This construction
would be replaced by the predicate marking of kim. nimitah. , corresponding to se-
lection of the agent (kartr.). While not strictly speaking Pān. inian, since Pān. ini
restricts kāraka analysis to sentences with finite verbs, this analysis is consistent
with Kiparsky’s presentation of the Pān. inian model [[29]].

The reader may be confused at this stage, because while I am explaining
Gillon’s notation I am proposing to possibly use it in other ways. More precisely,
I am suggesting that his meta-formalism could be slightly modified in ways which
are suggested by dependency structures, and thus better adapted to automated
synthesis, while making it less dependent on a particular linguistic model, with
the possible benefit that it could hopefully be used with Pān. inian models such
as Kiparsky’s. What we wish to keep from the meta-notation is the fact that it
uses bracketing to denote substructure with percolation of some morphological
annotations of their heads, and that a system of references makes explicit the
extrapositions/dislocations. In the above example, this suggests replacing the

place-holder by some integer or label index, with an explicit annotation for
its antecedent (here the genitive phrase). This indexing would be similar to λ
notation, except that it is linear and bi-directional (i.e. the binder may precede
or follow the unique bound occurrence). In other words, this is the information
which completes the tree into a dependency graph, crossings being replaced by
indirect adressing. What remains a fundamental contribution of [[8]] is the classifi-
cation of extrapositions in classical Sanskrit, and the corresponding amendment
to Staal’s principle.

Over the years, Gillon modified slightly his notation, and extended it to com-
pound analysis [[6,9, 7, 10, 12, 11, 13]].

2.4 Kiparsky’s Analysis of the Pān. inian Syntax-Semantics Interface

Staal’s monograph dealt mostly with the problem of word ordering in the sen-
tence, but did not account for a number of Sanskrit linguistic constructions,
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and stayed at a shallow level of syntactic analysis. His approach was revisited
in a joint paper with Kiparsky [[30]], reprinted in [[47]]. In this paper, the authors
show that Pān. ini’s kāraka theory gave a proper account of the interface between
shallow syntax (morphological cases) and deep syntax (thematic roles). This in-
vestigation was the start of a deeper analysis of Pān. ini’s devices and their precise
relation with linguistic phenomena such as agreement, ellipsis, anaphora, etc. by
Kiparsky, culminating in his survey on the architecture of Pān. ini’s grammar [[29]].

There is not proper space in the present paper to present Kiparsky’s analysis
in any detail, which anyway appears as a chapter in this volume. But the striking
feature, for which Pān. ini departs radically from the usual syntactic treatment of
languages such as Latin, French and English, is the elimination of the notion of
subject in favor of the notion of agent (more precisely kartr.), and furthermore the
attribution of this role, in the case of an active sentence, not to the substantival
‘subject’ (when there is one), but rather to the inflection suffix of the finite verb.
Pān. ini’s requirement, that every role should have a unique expression in the
sentence, deprives the nominative of its elevated status of subject, and makes
it a kind of dummy in the underlying semantical binding theory, relegating it
to an optional naming role, rather than having it act a proper semantic role.
This is quite revolutionary – even if it is anachronistic to say that an ancient
grammarian makes a revolutionary proposal to contemporary linguistics! What
is most disturbing is that this view shatters the dichotomy between substantivial
forms – thought of as having a positive polarity of actors – and verbal forms –
thought of as having a negative polarity of roles (i.e. their valency, obtained from
their sub-categorization frame by mediation with the voice). Thus the underlying
graph matching of positive actors with negative roles, in order to express the
semantic constraints, is now replaced by a more symmetric situation calculus,
where a sentence may express one of three abstract modes, namely dynamic
Action and Reaction, and static Situation. The choice of the mode is conditioned
by the verb (in case of verbal sentences), which denotes respectively the Agent,
the Goal, or the Process. This model has many advantages. First of all, it gives a
proper status to passive forms of intransitive verbs, where an impersonal sentence
such as mayā supyate lacks a subject, and is not readily translatable in English
in a different way than aham. svapimi, ”I sleep”. Secondly, it permits better
accommodation of elliptic constructions. If the subject is missing, it is either
because it is the deictic you or I when the agentive tiṅ denotes the second
or first person, and thus optional in a pro-drop language such as Sanskrit, or
because it is ellipsed, being the discourse theme, topic or whatever, and is only
retrievable from the discourse context.

Kiparsky shows in his survey that this linguistic model accounts for all the
linguistic facts such as agreement, provided a proper treatment of co-indexation
(corresponding to the Pān. inian notion of samānādhikaran.a) is effected. This
treatment accounts for agreement of verb and subject, as well as concord of
substantive and adjective.

We believe that this model is the correct one to analyse the Sanskrit corpus
at this functional level which acts as an interface between syntax and semantics.
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We further believe that the linguistic constraints can be expressed in an explicit
computational model which refines the morphological analysis, and is thus con-
sistent with our requirement of proper embedding of the linear and the functional
levels. This computational level must make explicit some hierarchical dependency
structure, some complementary dislocation notation, and a proper co-indexation
equivalence, needed for agreement/concord as well as corelatives and anaphora.
We remark that such co-indexicals appear in more recent variants of Gillon’s no-
tation [[9]].

What is very important is that this functional structure be applied at the
level of discourse, rather than at the level of individual sentences. This contex-
tual calculus will be appropriate for instance to analyse a śloka in a modular
manner, the second half-śloka being analysed in the context of the first one, a
much needed reduction in complexity. Rather than focusing on the notion of sen-
tence, which will demand global treatment of complex sentences, while not being
sufficient for the contextual treatment of anaphora and ellipses, it is much wiser
to accommodate directly discourse, and to build a more modular engine able
to consider long statements piecewise. Furthermore this “continuous” model ac-
counts easily for chains of absolutives, which typically share their common agent
with the main clause. This problem of control is specifically addressed by Gillon
in his study of implicit roles in auxiliary clauses [[9]].

Viewing a text as a continuous discourse, in the tradition of discourse rep-
resentation structures, has several advantages. Rather than a flat sequence of
closed sentence structures [S ...], we get a sequence of dependent open structures
[ Agent = x; Goal = y [...] S] where x and y are co-indexicals, the inner [...] is
the dependency structure of the current frame, and S is the next frame, in which
co-indexicals x and y may appear – x and y are bound in S. Thus [...] may con-
tain co-indexicals x and y, as well as previous ones coming from the context. The
scoping of these existentials will be convenient to express quotations: the tool
word iti marks the closing of some frame, hiding from the rest of the discourse
the bindings of the quotation. This structure should also be adequate for repre-
senting stories embedded inside stories, in Pañcatantra style. The beginning of
a new sub-story will hide the current protagonists, one of which tells the story.
When the inner story is finished, its current characters are erased (their scope is
ended), and the outer protagonists will pop up again in the discourse context.

In the rest of this section, we shall examine a few recent efforts at computa-
tional modeling of the functional level of Sanskrit. We start with our own effort
at building a Sanskrit Engine.

2.5 Parsing Sanskrit Text with a Constraint Processor

The method we have been following for parsing Sanskrit text is the following.
First of all, we designed a Sanskrit lexicon format accommodating grammatical
annotations [[24]]. Then we implemented internal sandhi and a paradigm-based
morphology generator. This morphology generator is applied iteratively to all
lexicon entries, yielding a digitalised inflected forms database (implemented as a
collection of finite-state automata, one for each lexical category) [[22,23]]. We then
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construct mechanically from this data a modular finite-state transducer invert-
ing external sandhi, using the algorithms developed in [[25,28]]. This transducer
is used as a non-deterministic tagging segmenter, which we apply to Sanskrit
text, preprocessed with the algorithm given below in Appendix B. This lexicon-
directed methodology has been sketchily explained in [[26]].

The next step consists in filtering, out of the possibly thousands of possi-
ble segmentations, the few that pass some semantic test inspired from kāraka
satisfaction. Basically, this proceeds as follows. For a simple clause with a fi-
nite verb form, the valency of the verb18, together with its voice, determine
the cases of nominal phrases which are necessary in order to fulfill the seman-
tic roles demanded by its valency. The sentence is explored in a right to left
fashion, looking for the needed phrases. Nominatives are searched with given
number and person, thus constraining subjects to agree with their purported
verb. Extra nominatives are factored with chosen ones as much as possible, thus
building concording nominal phrases (possibly dislocated). Extra oblique cases,
as well as extra accusatives, are just ignored as adverbs. Thus instrumentals are
deemed needed in passive constructions, as denoting agents, while being ignored
in active constructions, as denoting instruments or adverbs of manner. This ex-
tremely naive constraint processing is nevertheless quite effective, in filtering
out more than 95% of erroneous segmentations in average on a simple training
corpus [[42]], while at least generally retaining the right parse.

An extra mechanism of tag stream transducers, associated with tool words,
has been proposed to solve problems such as coordination. Thus ‘ca’ (in the
case it coordinates nominals) operates on the stream of tags of preceding noun
phrases, and attempts to replace them with a coordinated tag, effecting proper
addition of their numbers (in a non-standard arithmetic model with 3 numbers,
1, 2 and many), as well as proper dominance of their person and gender. This
mechanism is sketched in [[27]], and may be tested as a Sanskrit Reader Compan-
ion web service at http://sanskrit.inria.fr/DICO/reader.html. We shall in
the following refer to this shallow parser as the Sanskrit Engine.

We do not claim that this crude constraint processor is a full-fledged Sanskrit
parser. It is merely a nonsense filter, usable as a front-end to a more sophisti-
cated analyser. It does not deal at present with co-relatives, does not attempt to
solve anaphora, tends to overgenerate with alleged vocatives, and deals poorly
with ellipsed elements. We believe that, specially concerning this last problem,
a proper solution involves an analysis closer to Kiparsky’s on a continuous dis-
course flow (as opposed to individual sentences), as sketched at the end of the
previous section. Such a more robust parser ought to generate dependency struc-
tures annotated with co-indexed semantic roles, in the manner suggested above.
Conversely, it ought to be usable as a deterministic checker for a corpus anno-
tated with such representations. It could then learn from a properly annotated
corpus (tree bank). It is reasonable to hope that the corpus of Apte’s examples

18 Actually, the valency may depend on the particular verbal form. At present, we use
the gan. a of present system forms as a parameter. Thus the verb pac, to cook, is
marked as transitive for class 1 (pacati), and intransitive for class 4 (pacyate).
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annotated by Gillon, and comprising several hundreds of sentences characteris-
tic of Sanskrit constructions, could be adapted as a training treebank - possibly
complemented by longer pieces of text, usable as a discourse treebank. Learning
would allow the system to tune its parameters in order to improve its precision,
and ultimately yield a deterministic parser usable for fast automatic tagging of
digital libraries of a real corpus. Due to the great diversity of styles of classi-
cal Sanskrit, specifically tuned parsers, adapted to specific prosodic styles, will
probably need to be tuned separately, and meter indications should help the
segmenting process.

2.6 Other Efforts at Sanskrit Parsing

Early work on mechanical Sanskrit processing was reported in [[51,38]]. We now
turn to on-going efforts.

The work reported in [[37]] on analysing Sanskrit text by the IIT Kanpur team
is very promising. Its methodology is actually rather close to the Sanskrit Engine
one reported in the previous section. It uses finite-state methods as well. Pars-
ing is guided by a pattern-matching basis of rules with certain priorities. Some
guessing is done, instead of exploring systematically all branches of ambiguity.
In a certain sense this priority selection algorithm could be seen as a strategy for
solving the kāraka constraints. It is not entirely clear how the strategy described
agrees with Kiparsky’s analysis, though. Impressive exemples of parsed Sanskrit
text are given, showing that the approach is sound, even if it cannot yet be used
to process satisfactorily a large corpus.

The work reported in [[17]] presents a Sanskrit tagger, using statistical tech-
niques. It is a POS tagger if you agree on a notion of part of speech which
reflects the morphological overt structure, pretty much as assumed in the first
part of this paper. Such a statistically trained tagger is an obvious boon for
non-deterministic approaches such as the Sanskrit engine methodology. A nat-
ural solution would be to incorporate the underlying hidden Markov model in
the complete non-deterministic finite-state tagger, in the manner of stochastic
automata, in order to guide the search towards the most plausible solution first.
Statistical methods are extremely important to tune the performance of linguis-
tic processors, at any level. However, they are not a panacea. They can only
cluster the data in categories that are assumed a priori by the formal model -
one will find lines or shapes in a digital bitmap image only if one looks for them,
i.e. measures the data against segment or shape representations. Similarly, a sta-
tistical linguistic tool should be seen as an optimizer of formal recognition. Thus
statistical methods and algebraico-logical methods have to work hand in hand.

Of course all these approaches need a reliable morphological database. There
are currently several teams which have developed significant such databases, for
instance in the Sanskrit Library project of P. Scharf and M. Hyman, in the
University of Hyderabad project of A. Kulkarni, in the JNU project of G. Jha.
The generators are fairly compliant with the Pān. inian methodology, and thus
seem to agree on their common root coverage. This has been checked at least on
the noun morphology tables of Kulkarni, Scharf and Hyman, and Huet. A more
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systematic evaluation will be possible, when a consensus for a tag set emerges.
Further progress towards interoperability will need consensus on root naming
standardization. Such naming will specify homonymy indexing, and details such
as what should be the main stem of pronouns and numbers.

Other methods have been experimented with, not relying on a full lexicon.
This has the advantage of not requiring at the start a full coverage of the target
corpus’ vocabulary by the morphological closure of the root lexicon. But the
problem of lemmatizing a conjectured form without a handle on possible stems
is very hard. It involves undoing internal sandhi, a non-rational transducing
problem in view of retroflexion, thus not easily amenable to finite state methods.
Furthermore, if one wants to do segmentation at the same time, one will have
to face undoing external sandhi modulo undoing internal sandhi, a problem
very hard to solve exactly, although heuristics may help in a fair number of
cases.

2.7 Designing a Functional Level Formalism

This paper has sketched a general framework for representing Sanskrit text. The
main framework uses discourse representation structures, in order to manage
scoping and naming of indexicals. The functional structure may be thought of
as a situation calculus, in the tradition of Montague semantics (higher order type
theory in the sense of Church, possibly enriched as a dependent type framework
in the sense of Martin-Löf [[34]]). Indexicals will serve to group together actors
of the same function in a phrase, sharing the features attributed to the forms
it groups. This gives the treatment of both agreement and concord. Note that
sharing may affect a gender feature to a verbal form, if it has an overt subject
in the active voice (respectivally an overt object in the passive voice).

It should be understood that the functional level, where kāraka satisfaction
takes place, is not yet the semantic level. For instance, it does not need to
specify the analysis of compounds. The only really necessary distinction among
compounds is between avyaȳıbhāva (adverbials) and tatpurus.a/karmadhāraya,
which play a unique role, consistent with their case endings. There is no real
need to explicitate the possible adjectival role of a bahuvr̄ıhi compound. Rather,
such a compound will be co-indexed with other concording substantives. It is
left to a further level of semantics to figure out the needed coercions between
individuals, characteristic properties and classes which are needed to make sense
of the gliding between adjectival and substantival uses.

Similarly, genitives do not really need to be explicitly linked to the actual
word they complement. They can “float around” so to speak, without clear
dependency or constituency specification. This is consistent with Pān. ini, who
does not associate a kāraka with genitives. Deciding the role of genitives in a
phrase may thus be left to a semantic layer, where common sense reasoning (i.e.
hard deduction) might be needed for their disambiguation. For instance, even
a very simple sentence [[42]] such as: tis.t.han bālaka upādhyāyasya praśnānām
uttarān. i kathayati seems to require for its understanding that answers belong to
questions, and that questions belong to the teacher.
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In the same vein, rather than requiring a dative argument in the subcategori-
sation frame of verbs such as dā, it may be better to consider it a complement
rather than a needed argument. Thus the functional modeling may operate at
various granularity levels, between a crude consistency check and a deeper se-
mantic analysis, and consequently subcategorization may be more or less coarse.
Nevertheless, we may expect problems at the right handling of verbs with two
accusatives, since knowing which is which often demands some common sense
reasoning.

What distinguishes clearly the functional level from the linear level is that it
is branching in a tree-like constituency, or rather dependency structure. Thus in
addition to the total ordering of enunciations (i.e. the temporal sequence of the
phonemic chunks), there is a partial ordering of dependencies, where bracketing
indicates scoping. Thus for instance absolutive clauses depend on the rest of the
sentence, with at the top the main finite verbal phrase, which itself depends
on the surrounding discourse. Here dependency runs contrary to enunciation,
so that the intermediate situations may get their ellipsed arguments from the
future to a certain extent. We see this dependency structure as the analysis of
discourse, linking situations in some kind of discourse Montagovian semantics. A
particle such as iti is typically a discourse operator, closing a quotation, i.e. a sub-
discourse, which may span several sentences. Similarly, the dan. d. a punctuation
symbol should be treated as a discourse operator, allowing the left half-́sloka
to be analysed piecewise, while having access to roles expressed in the second
half. In contrast, the double danda is a fuller break in the discourse. Having an
explicit handle on the discourse will facilitate the analysis of deictics through
an explicit representation of elocution situations (’I’ refers to the speaker in the
current sub-discourse, and its gender/number consistency may be checked, etc.)

We see kāraka satisfaction following Kiparsky’s analysis, with the selection of
a head, its coercion to one of the three modes, and the verification that roles are
fulfilled, by co-indexed complexes visible in the discourse dependency structure.
The proof of consistency may or may not be explicit in the functional structure,
there may be several levels of partial specification. In case of participial heads,
the lexicon must give an indication of their prefered voice – Passive for passive
participial forms, for instance. The search for a consistency proof, when the
corpus is tagged only with the dependency bracketing, will look for roles in the
appropriate periphery of their predicate, according to analyses such as Gillon’s
on Bhartr.hari’s rule [[9]].

We stop here our speculations about the precise specification of the functional
level, since as we emphasized there is a space for design which needs concrete
experimentation to validate precise data structures and algorithms. As already
said, we are still far from a semantic level, where the notation will express logical
deductions which are not verbalized, and thus by necessity the algebraic structure
is richer than just a dependency graph between phonetic realisations. Formalisms
are ready to be used for this modeling, through the Montague semantics, which
has been revived lately with material coming from the denotational semantics of
programming languages. We have rich type theories in which to embed logical
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deductions and reasoning in ontological structures with grammars of descrip-
tions, etc, etc. Nonetheless, all this logical tradition is still a little bit naive with
respect to understanding natural language, it somehow assumes some univer-
sal structure of thoughts and concepts on which natural language productions
should project, once the syntax is deciphered. But there are so many interme-
diate levels which can be considered. For instance, style. Style is a fundamental
parameter which should accompany the discourse structure. Here actually, we
are rather fortunate in Sanskrit, since there is a very important tradition of lit-
erary criticism and esthetics of poetry. This tradition spells out particular styles,
such as more or less intensive use of compounds. Corpus material which obeys
the canons of style praised by the masters will tend to conform to certain rec-
ognizable patterns, thus helping the understanding of the text by mechanical
means. Furthermore a lot of śāstra literature is itself strongly structured; for
instance, the Dhvanyāloka consists in a dense teaching in a form of terse kārikā
verses, interwoven with a prose commentary (vr.tti), which is itself commented
upon by further authors. Proper understanding of such texts will need a precise
grasp on this commentary structure [[50]]. We get discourse within discourse in
similar ways as the Pañcatantra tells us tales within tales, and this suggests a
continuum between the discourse structure within one text and the intertextual
structure of a Sanskrit digital library.

A closely related phenomenon is prosody. Knowing the meter of metrical po-
etry will be a tremendous help to the segmenter. Knowing the accent will permit
to recognize bahuvr̄ıhi compounds. The enormous Indian tradition of prosody,
chandas, has to be exploited for proper computational modeling. Finally, com-
ing to semantics, it is not so clear that the Western logical apparatus which is
the substrate of theoretical investigations of semantics in Western linguistics is
entirely appropriate for Sanskrit. It corresponds more or less to a mathemat-
ical abstraction of prāc̄ınanyāya, ‘old’ logic. Whereas Indian investigations in
the theory of language, by Gaṅgeśa and his successors, developed a new logic
navyanyāya which is a kind of sophisticated formal semiotics. Furthermore, there
is an important Indian tradition of pragmatics, arising from the philosophical
school of mı̄mām. sā. When speech is ritualised, it means it contains overt struc-
ture that may be recognized. Mantras are not random nonsense, they are actu-
ally strongly structured patterns [[52]]. If we take the extreme view that speech
is driven by communication intention, then meaning must depend on will. We
have to look for the fruit of the speech act, in pretty much the same way that
the policeman looks for the motive of the criminal.

2.8 A Roadmap for Future Work

The task is formidable indeed, and even if all investigating teams join forces in
collaborating on open standards for interoperability of the various available tools,
it will take many years to build Sanskrit processing computational platforms
that will process usefully a significant part of a giant corpus, and we must be
modest in our goals. But it seems we can at least sketch a roadmap of plausible
stages.
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One problem that has been only tangentially addressed is the structure of
the lexicon. This is however of paramount importance, whatever methodology is
followed. The problem of completeness of the lexicon is a very complex one, since
the computerized lexicon need not only be a static data base of stems and forms.
It is more appropriate to look at the lexicon as a generative device - for instance
kr.t and/or taddhita formation could be expressed implicitly as a grammar, and
dictionary lookup implemented as parsing.

Another problem is the exact representation of parameters, both for morphol-
ogy (e.g. intercalating i in the future stem, gan. a class of verbs, parasmaipada
vs ātmanepada use, etc.) and for the functional structure (subcategorization
regime of verbs, etc.) A close look at the information encoding in dhātupāt.has
and gan. apāt.has is a good starting point. More parameters will progressively
percolate from the constraint satisfaction algorithms. The general point is that
all this information ought to be lexicalized, rather than being hard-wired in the
processing programs.

Still another problem is how to organize the diachronic character of a lan-
guage that spans 3 milennia and one subcontinent. The combinatorics of Vedic
are likely to be different from the ones of Classical Sanskrit, the vocabulary is
differently distributed, the morphological operations have evolved - some tenses
have vanished, while compound formation increased, and prepositions got more
rigidly affixed as preverbs. This is clear from Pān. ini’s grammar, which goes at
length to describe exceptions in order to cover the attested Vedic corpus. It
seems that the digital lexicon ought to have diachronic annotations which will
turn on or off certain generative processes, according to the intended corpus.
This area of research has hardly been touched yet it seems (but see [[36]] for epic
Sanskrit, also [[43]] for Vedic).

The basic assumption of the two-level model which we presented is that the
linear treatment (tagging) is complete, so that we may make the more seman-
tic analysis without need to backtracking into the search space for segmen-
tation/lemmatisation. We remind the reader that quality of non-deterministic
search to solve any problem is expressed by two parameters: precision and re-
call, measuring respectively the lack of extraneous solutions, and the covering
of the right solutions by the search space. Poor precision means many answers
are returned, there is noise. Poor recall is worse, there is silence - i.e. a legit-
imate enunciation is not recognized. Good design means no silence, and noise
minimised. Typically, several answers are potentially produced, but the intended
one comes very early in the list. If it always come first, then we may use it as
a function, determinism is restored. But this ideal situation is not always possi-
ble, since we know there are actual ambiguities, such as śvetodhāvati, where the
white (horse) coexists so to speak with a dog, in the absence of a disambiguating
context.

We claim that segmentation/tagging is complete in a strong sense - every
Sanskrit sentence has a finite number of interpretations modulo sandhiviccheda
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and morphological analysis. Thus, if the lexical basis is sufficient to cover the
vocabulary of the target corpus, we are left with an optimisation problem, of
computing the most probable functional/semantic structure in the finite space
of all possible taggings. This is where statistical methods enter into play. We shall
look optimally for the solution in choosing the one maximizing some likeliness
criterion in the stochastic functional space.

In order to train the statistical optimizer, we need to build a treebank for
learning its parameters. Building a treebank involves two steps. First, a com-
plete specification of the datastructure for the functional structure, since its
formal design has been only sketched above. Secondly, one must prepare a fully
tagged corpus, an expensive task, since it involves tedious work by a human
expert - someone understanding both Sanskrit, linguistics, and informatics. One
obvious path to take would be to build on the work of Brendan Gillon’s tagging
of Apte’s sentences, by adapting his parses to a non-ambiguous representation
of dependencies and indexicals. However, we shall need an explicit schematic
representation of the context, in order to get the right discourse structure, and
not just successive parses of sentences. Once a sufficient training basis will be
available, the system should be able to bootstrap, since we shall be able to use
the functional satisfaction algorithm on untagged corpus, in order to present a
small number of potential structures to the human expert analysing raw corpus,
and thus considerably speed up the treebank production. Specialized treebanks
will be used to train specialised recognizers, for various styles, various periods,
etc. Failures of proper recognition will turn into opportunities for lexicon acqui-
sition. Here problems of maintenance and versioning of the lexical database, in
a possibly distributed manner, will arise.

At some point in the future, when available software will be robust enough to
be usable for philological applications, the need will arise to inter-operate with
digital library formats, such as Perseus [http://www.perseus.tufts.edu/] or
IntraText [http://www.intratext.com/].

Conclusion

We have argued in this paper that a formal linguistic model for Sanskrit, us-
able for computational treatment and ultimately understanding by computers,
should distinguish 3 levels, called linear, functional and semantical. The linear
level is appropriate to treat by finite-state methods the morpho-phonetic pro-
cesses of inflexion, sandhi, and their inverses segmentation and lemmatisation.
The functional level is seen as dependency graphs applied to discourse struc-
ture. This level should make explicit the scoping structure and a co-indexation
relation, sufficient to express and or verify control such as kāraka consistency.
This functional level has not been fully specified, since it may be more or less
detailed, but its design space has been sketched, and it has been argued that
parsing prototypes such as [[37,27]] operate on this level. The semantical level is
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left for long term research, since it involves complex common sense reasoning,
the use of metaphors and other figures of style, all things which a computer
is notoriously bad at. Thus a roadmap has been sketched for future research,
in which many opportunities of cooperation by the various teams working on
computational Sanskrit linguistics will arise.
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Appendix A: Phonemes from Classical Sanskrit

The various transliteration schemes are designated as VH for the adaptation of
the Velthuis scheme used in [[27]], KH for Kyoto-Harvard, WX for the Hyderabad-
Tirupati scheme, SL for the one used by the Sanskrit Library effort.

In the table below, Code 14 is anusvāra, indicated by bindu, while code 15
is anunāsika, indicated by candrabindu. Code 50 is used to note the hiatus.
It is needed for schemes VH and KH, since they are not prefix codes. Thus
a i is needed to represent the hiatus without confusion with ai. Similarly for
a u, for instance in word tita u. See Appendix B for another use of this code,
independently from transliteration.

Vedic l is not accommodated at this point. It is proposed to reserve code
0 for hyphen and code -1 for avagraha. Other codes will be needed for extra
punctuation, numerals, the marking of accent, optional marking of proper names,
vocatives and other interjections, etc.

http://www.inria.fr/rrrt/rr-5703.html


196 G. Huet

code deva roma VH KH WX SL code deva roma VH KH WX SL
1 a a a a a a 26 �� ñ ~n J F Y
2 a� ā aa A A A 27 �� t. .t T t w
3 i i i i i i 28 �� t.h .th Th T W
4 � ı̄ ii I I I 29 �� d. .d D d q
5 u u u u u u 30 �� d.h .dh Dh D Q
6 � ū uu U U U 31 �� n. .n N N R
7 � r. .r R q f 32 �� t t t w t
8 � r̄. .rr RR Q F 33 �� th th th W T
9 ll l. .l L L x 34 �� d d d x d
10 e e e e e e 35  � dh dh dh X D
11 e
 ai ai ai E E 36 �� n n n n n
12 a� o o o o o 37 	� p p p p p
13 a
 au au au O O 38 !� ph ph ph P P
14 " m. .m M M M 39 #� b b b b b
15 $ ṁ "m M z ~ 40 %� bh bh bh B B
16 & h. .h H H H 41 �� m m m m m
17 '� k k k k k 42 �� y y y y y
18 (� kh kh kh K K 43 )� r r r r r
19 *� g g g g g 44 +� l l l l l
20 ,� gh gh gh G G 45 �� v v v v v
21 -� ṅ "n G f N 46 .� ś "s z S S
22 �� c c c c c 47 /� s. .s S R z
23 0� ch ch ch C C 48 1� s s s s s
24 2� j j j j j 49 3� h h h h h

25 4� jh jh jh J J 50 _ _ _ _ _

Appendix B: Input Preprocessing

We sketch an algorithm for transforming a list of chunks separated by blanks
into a list of proper forms fit for segmentation processing. The specification is the
following. We want the input list of chunks to be obtainable from the phonemic
form of the continuous sam. hitapāt.ha of the considered Sanskrit text by mere
insertion of blanks at the sandhi junction of the words (or at the necessary initial
spacing in case of hiatus). We want the proper forms to be in final sandhi. For
instance, the padapāt.ha is a list of such proper forms, but it is not necessary that
a proper form consists of just one pada, and indeed e.g. the form tacchrutvā is
proper. The form vis.n. o is a proper (vocative) form, whereas devo is not, although
it is in final sandhi form as a string of phonemes, but the proper (nominative)
form is devah. .

Finally, we want the algorithm to be deterministic, while being complete.
That is, we want all segmentation solutions of the candidate sentence to be
obtainable by concatenating individual solutions to the separate segmentation
of the proper forms. Thus all non-deterministic search is done within the sandhi
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segmentation of the separate proper forms, but the production of these forms is
a deterministic preprocessing. This last requirement poses a problem for certain
hiatus situations, since a chunk ending in vowel a preceding a chunk starting with
say vowel u could come by hiatus from a stem ending in ah. as well as from a stem
ending in e, as well as from a stem ending in o. In order to solve this dilemma,
we shall not process these two chunks ... a u ... as two separate forms, but rather
keep them glued within one form ... a u ..., where the underscore indicates an
explicit hiatus situation which will be handled by the sandhi splitter in a non-
deterministic fashion. This is the reason why we added code 50 above in our
tables, even though it is not a phoneme proper, but a glottal stop. We want to
emphasize that this hiatus symbol is necessary in the internal representation of
sandhi and its inversion, while it is neither necessary nor useful in the external
input form – chunks do not contain underscores – except that they are needed
exceptionally in order to input words which have internal hiatus such as pra uga
when the transliteration scheme is not a prefix code (this is the case for the VH
and KH schemes above, whereas WX and SL are prefix codes, and indeed express
a same-length transduction, admittedly a slight advantage). A final remark is
that the full padapāt.ha presentation is not in general a bona fide input form,
since for instance neither kutrāpi nor anyokti nor tacchrutvā are decomposable
into chunks obeying our requirements.

Let us now turn to the algorithm. We shall describe it in phases. It takes
as input a list of chunks, and produces as output a list of proper forms. When
the input is the empty list, so is the output. When the input is a unit chunk,
we return it as a unit list of forms. Now assume the input is the non-unit list
[ chunk :: chunklist ], where we have recursively pre-processed chunklist
into a non-empty list of proper forms formlist. Let c be the first character
of the first form in formlist. In the general case, given c we adjust chunk
into a proper form form, and we return the list [ form :: formlist ]. This
adjustment is by cases on the last character x of chunk. If x is anusvāra, form is
chunk where the last character is replaced by m. If x is o, then we replace it by
the sequence ah. whenever c changes accordingly this sequence into o by sandhi.
This includes the possible case when it is avagraha, in which case it is replaced by
a in the output form. If x is d, n, c or l, then we revert it to t whenever c changes
accordingly t into x by sandhi. Finally, when x is a, if c is not a vowel different
from a there is no adjustment, otherwise we return formlist, where the first
form is changed by prefixing it with chunk followed by underscore. Similarly,
when x is ā, if c is not a vowel there is no adjustment, otherwise we return
formlist, where the first form is changed by prefixing it with chunk followed
by underscore, recognizing again a hiatus situation. To complete the algorithm,
we only need to take care to rewrite an initial avagraha into its original a. The
avagraha notation is necessary, by the way, as we shall see.

The reader will have understood that our algorithm implements simple cases
of sandhi inversion, in order to interpret for instance the chunks list tad api as
the forms list tat api, tan matra as tat matra, tac ca as tat ca. Thus the sentence
yad iha asti tad anyatra yan neha asti na tat kvacit may be understood as a
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chunks list, and preprocessed to the forms list yat iha asti tat anyatra yat neha
asti na tat kvacit where now each of the 11 forms may be separately un-sandhied,
for instance using the algorithm given in [[25]], in order e.g. to segment further
neha into the primitive forms na iha. Each of the forms is in terminal sandhi, like
tat, which may be recognized as the final sandhi form of either the nominative or
the accusative singular of the neuter pronoun tad. However, remark that we do
the transformations only in cases where it is safe to be applied in a deterministic
fashion. For instance, the subhās.ita input as the list of 8 chunks: na hi kukkut.yā
ekadeśah. pacyata ekades.ah. prasavāya kalpate is preprocessed into the list of 7
forms na hi kukkut.yā ekadeśah. pacyata ekades.ah. prasavāya kalpate so that it is
left to the non-deterministic unsandhier to select among the 2 potential solutions
of sandhi segmentation of the composite form pacyata ekades.ah. the right one,
viz. pacyate ekades.ah. . Note that underscore acts nonetheless as a segmentation
hint, no segmentation overlapping with underscore will be attempted.

Maybe some extra argumentation of the prediction of o as ah. in favorable
contexts is needed. Care must be taken for completeness, since after all o is
a permitted final, of vocative forms of u stems for instance. Thus the (admit-
tedly ad-hoc) sam. hitapāt.ha sentence vis.n. odadhidadhyāt may only be presented
in padapāt.ha form as the two chunks vis.n. odadhi dadhyāt but definitely not as
the three chunks vis.n. o dadhi dadhyāt, since the preprocessing would yield the
fautive form *vis.n. ah. . This is implied from the fact that sandhi of ah. and d yields
od. Furthermore, if one wants to force a segmentation hint at the juncture of
vis.n. o and dadhi, it is easy to allow underscore to appear in the form vis.n. o dadhi.
All is needed is to add to the finite-state description of sandhi a few extra rules
such as o+d →o d, and the sandhi splitting will do the segmentation correctly
into the forms vis.n. o and dadhi. Note that this does not overgenerate, since no
other sandhi rules may produce o d. Finally, an adaptation of this example to an
initial a yields vis.n. o’mr.tam. dadhyāt, which may be presented as the chunks list
vis.n. o’mr.tam. dadhyāt. This example shows the necessity of the avagraha con-
vention for completeness. Finally, we remark that anusvāra coming from sandhi
of final n is not assimilated to m. by preprocessing, since it is followed by a sibi-
lant and thus it is not at a place legal for segmentation. Consider for instance
devām. śca, which we cannot present as devām. śca any more than we can break
tacchrutvā.

The preprocessing algorithm is very useful because it allows easy insertion
of segmentation hints by placing extra spaces, without having to rewrite say
amr.tam. dadhyāt into the two final sandhi forms amr.tam dadhyāt: preprocessing
will do that for you automatically from the chunks list amr.tam. dadhyāt.

Although this proprocessing seems to be consistent with the usual ways of
presenting Sanskrit text in transliteration, there is no uniform convention, es-
pecially concerning the use of avagraha. Very often texts for students follow
rather a padapāt.ha way of presentation, so that beginners don’t face the full
complexity of sandhi. In such texts [[42]] we find: kr.s.n. ah. uttis. t.hatu instead of
kr.s.n. a uttis.t.hatu. Indeed such notation eases reading for the beginner, since it
prevents his trying all segmentations with forms kr.s.n. e and kr.s.n. o. This difficulty
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turns into overgeneration of our Sanskrit processing tools. Even if the segmenter
is driven by a lexicon of inflected forms, so that he will not consider kr.s.n. o, he
will still have to consider kr.s.n. e besides kr.s.n. ah. . These 2 choices, when cumu-
lated in a long sentence, yield exponential behaviour in the number of chunks
in hiatus situations. Furthermore, elimination of the kr.s.n. e branch will have to
do some semantic evaluation, for all the morphological solutions (in this case,
the 9 different morphological productions of kr.s.n. e from kr.s.n. a in the 3 genders).
This is indeed a heavy price to pay. Of course, if we accept entering kr.s.n. ah.
uttis.t.hatu, the segmentation will be unique. Note however that the form with
vocative kr.s.n. a is not presentable with our convention as: kr.s.n. a uttis.t.ha (which
would correspond actually to wrong padapāt.ha as kr.s.n. e | uttis. t.ha). It must be
presented in sandhied form as kr.s.n. ottis.t.ha. But if we want to allow the absence
of sandhi after an initial vocative, we have to invent some extra separator such as
| in order to accept as input kr.s.n. a | uttis. t.ha. This separator will then allow a less
ambiguous padapāt.ha input, specially if it is completed by a similar convention
for compound viccheda.

Similarly, remark that the part of our preprocessor which infers yat from chunk
yan preceeding chunk neha is only an incomplete heuristics, which will prevent
to put a space after a genuine n form such as brahman in a similar context.
Note also that chunking such as ity ukta for ityukta is not recognized. In our
interface we allow such chunking (as well as similar transformation of u into v
before vowels), but in this case the effect of the preprocessor is just to glue the two
chunks into one, losing the benefit of the segmentation information. The tradeoff
here is between glueing for completeness, but not profiting of the segmentation
hints, and applying some incomplete un-sandhi heuristics, obliging to forbid
spaces in the cases where solutions would be missed. There is no completely
optimal solution to such tradeoff. The most reasonable attitude at this point is
to evaluate variations of the chunking preprocessing, in order to determine what
is the best fit on a representative sample of the existing digitalised corpus. The
transliteration parameter is irrelevant, since going from one column to another
in Table I is an easy rational transduction, which can normalize a corpus in
whatever phonemic transliteration or syllabic notation, in whatever encoding,
ASCII or Unicode-UTF8 or whatever. The only difficulty will be to give codes
to extra notation, dandas, other punctuation symbols, vedic letters, numerals,
accents, prosody, etc. If some consensus can be reached for a few digital libraries,
then the preprocessing of spaces and avagraka-like notations may be quickly
standardized, allowing the design of inter-operable software.
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Abstract. In this paper, we are presenting our work towards building a depen-
dency parser for Sanskrit language that uses deterministic finite automata(DFA)
for morphological analysis and ’utsarga apavaada’ approach for relation analysis.
A computational grammar based on the framework of Panini is being developed.
A linguistic generalization for Verbal and Nominal database has been made and
declensions are given the form of DFA. Verbal database for all the class of verbs
have been completed for this part. Given a Sanskrit text, the parser identifies the
root words and gives the dependency relations based on semantic constraints. The
proposed Sanskrit parser is able to create semantic nets for many classes of San-
skrit paragraphs( a�� ����). The parser is taking care of both external and internal
sandhi in the Sanskrit words.

1 Introduction

Parsing is the “de-linearization” of linguistic input; that is, the use of grammatical rules
and other knowledge sources to determine the functions of words in the input sentence.
Getting an efficient and unambiguous parse of natural languages has been a subject of
wide interest in the field of artificial intelligence over past 50 years. Instead of provid-
ing substantial amount of information manually, there has been a shift towards using
Machine Learning algorithms in every possible NLP task. Among the most important
elements in this toolkit are state machines, formal rule systems, logic, as well as prob-
ability theory and other machine learning tools. These models, in turn, lend themselves
to a small number of algorithms from well-known computational paradigms. Among
the most important of these are state space search algorithms, [[1]] and dynamic pro-
gramming algorithms (Ferro:Souto:Pardo). The need for unambiguous representation
has lead to a great effort in stochastic parsing [[3]].

Most of the research work has been done for English sentences but to transmit the
ideas with great precision and mathematical rigor, we need a language that incorporates
the features of artificial intelligence. Briggs [[4]] demonstrated in his article the salient
features of Sanskrit language that can make it serve as an Artificial language. Although
computational processing of Sanskrit language has been reported in the literature [[6]]
with some computational toolkits [[5]], and there is work going on towards developing
mathematical model and dependency grammar of Sanskrit [[7]], the proposed Sanskrit
parser is being developed for using Sanskrit language as Indian networking language
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(INL). The utility of advanced techniques such as stochastic parsing and machine learn-
ing in designing a Sanskrit parser need to be verified.

We have used deterministic finite automata for morphological analysis. We have
identified the basic linguistic framework which shall facilitate the effective emergence
of Sanskrit as INL. To achieve this goal, a computational grammar has been devel-
oped for the processing of Sanskrit language. Sanskrit has a rich system of inflectional
endings (vibhakti). The computational grammar described here takes the concept of
vibhakti and karaka relations from Panini framework and uses them to get an efficient
parse for Sanskrit Text. The grammar is written in ’utsarga apavaada’ approach i.e rules
are arranged in several layers each layer forming the exception of previous one. We
are working towards encoding Paninian grammar to get a robust analysis of Sanskrit
sentence. The paninian framework has been successfully applied to Indian languages
for dependency grammars [[9]], where constraint based parsing is used and mapping be-
tween karaka and vibhakti is via a TAM (tense, aspect, modality) tabel. We have made
rules from Panini grammar for the mapping. Also, finite state automata is used for the
analysis instead of finite state transducers. The problem is that the Paninian grammar
is generative and it is just not straight forward to invert the grammar to get a Sanskrit
analyzer, i.e. its difficult to rely just on Panini sutras to build the analyzer. There will
be lot of ambiguities (due to options given in Panini sutras, as well as a single word
having multiple analysis). We need therefore a hybrid scheme which should take some
statistical methods for the analysis of sentence. Probabilistic approach is currently not
integrated within the parser since we don’t have a Sanskrit corpus to work with, but we
hope that in very near future, we will be able to apply the statistical methods.

The paper is arranged as follows. Section 2 explains in a nutshell the computational
processing of any Sanskrit corpus. We have codified the Nominal and Verb forms in
Sanskrit in a directly computable form by the computer. Our algorithm for processing
these texts and preparing Sanskrit lexicon databases are presented in section 3. The
complete parser has been described in section 4. We have discussed here how we are
going to do morphological analysis and hence relation analysis. Results have been enu-
merated in section 5. Discussion, conclusions and future work follow in section 6.

2 A Standard Method for Analyzing Sanskrit Text

The basic framework for analyzing the Sanskrit corpus is discussed in this section. For
every word in a given sentence, machine/computer is supposed to identify the word in
following structure. < Word >< Base >< Form >< Relation >.

The structure contains the root word (<Base>) and its form <attributes of word>
and relation with the verb/action or subject of that sentence. This analogy is done so as
to completely disambiguate the meaning of word in the context.

2.1 <Word>

Given a sentence, the parser identifies a singular word and processes it using the guide-
lines laid out in this section. If it is a compound word, then the compound word with
���� has to be undone. For example: ���	
��
�� =���	� +a
��
�� .
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2.2 <Base>

The base is the original, uninflected form of the word. Finite verb forms, other sim-
ple words and compound words are each indicated differently. For Simple words: The
computer activates the DFA on the ISCII code [[8]] of the Sanskrit text. For compound
words: The computer shows the nesting of internal and external �	
� using nested
parentheses. Undo ���� changes between the component words.

2.3 <Form>

The <Form> of a word contains the information regarding declensions for nominals
and state for verbs.

– For undeclined words, just write u in this column.
– For nouns, write first.m, f or n to indicate the gender, followed by a number for

the case (1 through 7, or 8 for vocative), and s, d or p to indicate singular, dual or
plural.

– For adjectives and pronouns, write first a, followed by the indications, as for nouns,
of gender (skipping this for pronouns unmarked for gender), case and number.

– For verbs, in one column indicate the class (��) and voice. Show the class by a
number from 1 to 11. Follow this (in the same column) by ’1’ for parasmaipada,
’2’ for ātmanepada and ’3’ for ubhayapada. For finite verb forms, give the root.
Then (in the same column) show the tense as given in Table 3. Then show the
inflection in the same column, if there is one. For finite forms, show the person and
number with the codes given in Table 2. For participles, show the case and number
as for nouns.

2.4 <Relation>

The relation between the different words in a sentence is worked out using the infor-
mation obtained from the analysis done using the guidelines laid out in the previous

Table 1. Codes for <Form>

pa/ passive
ca/ causative
de/ desiderative
fr/ frequentative

Table 2. Codes for Finite Forms, showing the
Person and the Number

1 pr	
 �� �

2 
��
 �� �

3 utt
 �� �

s singular
d dual
p plural

Table 3. Codes for Finite verb Forms,
showing the Tense

pr present
if imperfect
iv imperative
op optative
ao aorist
pe perfect
fu future
f2 second future
be benedictive
co conditional



Analysis of Sanskrit Text: Parsing and Semantic Relations 203

Table 4. Codes for <Relation>

v main verb
vs subordinate verb
s subject(of the sentence or a subordinate clause)
o object(of a verb or preposition)
g destination(gati) of a verb of motion
a Adjective
n Noun modifying another in apposition
d predicate nominative
m other modifier
p Preposition
c Conjunction
u vocative, with no syntactic connection
q quoted sentence or phrase
r definition of a word or phrase(in a commentary)

subsections. First write down a period in this column followed by a number indicating
the order of the word in the sentence. The words in each sentence should be numbered
sequentially, even when a sentence ends before the end of a text or extends over more
than one text. Then, in the same column, indicate the kind of connection the word has
to the sentence, using the codes given in table 4. Then, in the same column, give the
number of the other word in the sentence to which this word is connected as modifier or
otherwise. The relation set given above is not exhaustive. All the 6 karakas are defined
as in relation to the verb.

3 Algorithm for Sanskrit Rulebase

In the section to follow in this paper, we shall explain two of the procedures/algorithms
that we have developed for the computational analysis of Sanskrit. Combined with these
algorithms, we have arrived at the skeletal base upon which many different modules for
Sanskrit linguistic analysis such as: relations, ����, �	
� can be worked out.

3.1 Sanskrit Rule Database

Every natural language must have a representation, which is directly computable. To
achieve this we have encoded the grammatical rules and designed the syntactic structure
for both the nominal and verbal words in Sanskrit. Let us illustrate this structure for both
the nouns and the verbs with an example each.

Noun : Any noun has three genders: Masculine, Feminine and Neuter. So also the noun
has three numbers: Singular, Dual and Plural. Again there exists eight classification in
each number: Nominative, Accusative, Imperative, Dative, Ablative, Genitive, Locative
and Vocative. Interestingly these express nearly all the relations between words in a
sentence.

In Sanskrit language, every noun is deflected following a general rule based on the
ending alphabet such as a�
�
��. For example, �
	 is in class a�
�
�� which ends
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Table 5. Attributes of the declension for noun

Class∗ Caseη Genderζ

a������(1) �������(14) �tt��(1) �� �ll�(1)
a�������(2) �������(15) �
�(2) ������(2)
i������(3) �������(16) ���(3) ��� !����(3)
"������(4) �������(171) !#pr���(4) Number@

u������(5) �������(18) a�����(5) e�$%�(1)
&������(6) '������(19) !#(��(6) �dv$%�(2)
*������(7) �������(20) a�����(7) (+� $%�(3)
e�������(8) $������(21) !#(,��(8)

a,������(9) -������(22)
a.������(10) 
������(23)
%������(11) !������(24)
/������(12) +������(25)
�������(13)

with a(a). Such classifications are given in Table 5. Each of these have different inflec-
tions depending upon which gender they correspond to. Thus a�
�
�� has different
masculine and neuter declensions, a
�
�
�� has masculine and feminine declensions,
i�
�
�� has masculine, feminine and neuter declensions. We have then encoded each
of the declensions into ISCII code, so that it can be easily computable in the computer
using the algorithm that we have developed for the linguistic analysis of any word.

Let us illustrate this structure for the noun with an example. For a�
�
��, mascu-
line, nominative, singular declension:
This is encoded in the following syntax: (163{1∗, 1η, 1ζ , 1@}).

Where 163 is the ISCII code of the declension (Table 6). The four 1’s in the curly
brackets represent Class, Case, Gender and Number respectively (Table 5).

Table 6. Noun example

a Masculine
Singular(e�$%�)

Endings ISCII Code
Nominative 0 163

Pronouns : According to Paninian grammar and Kale, [[10]] Sanskrit has 35 pronouns
which are: ��� , ��v , u� , u�� , i�� , i�	 , a�� , a���� , i�� , ���� ,
�� , ��	 , �	 , ��	 , �� �� , �� , a�� , ���� , u�� , a�� , �� , a��� , ���� ,
e��� , i��� , a��� , e� , �dv , ��  	� , ���� and ��	� .

We have classified each of these pronouns into 9 classes: Personal, Demonstrative,
Relative, Indefinitive, Correlative, Reciprocal and Possessive. Each of these pronouns
have different inflectional forms arising from different declensions of the masculine and
feminine form. We have codified the pronouns in a form similar to that of nouns.

Adjectives : Adjectives are dealt in the same manner as nouns. The repetition of the
linguistic morphology is avoided.



Analysis of Sanskrit Text: Parsing and Semantic Relations 205

Verbs : A Verb in a sentence in Sanskrit expresses an action that is enhanced by a set of
auxiliaries”; these auxiliaries being the nominals that have been discussed previously.

The meaning of the verb is said to be both vyapara (action, activity, cause), and
phala (fruit, result, effect). Syntactically, its meaning is invariably linked with the mean-
ing of the verb “to do”. In our analysis of Verbs, we have found that they are classified
into 11 classes( ��, Table 7). While coding the endings, each class is subdivided ac-
cording to “i!� ” knowledge, ��!� , a��!� and ��!� ; each of which is again sub-classified
as into 3 sub-classes as a
�	���� , ���	"�� andu����, which we have denoted as
pada. Each verb sub-class again has 10 lakāras , which is used to express the tense of
the action. Again, depending upon the form of the sentence, again a division of form as
�tt��
�� , �	��
�� and �
��
�� has been done. This classification has been referred
to as voice. This structure has been explained in Table 7.

Table 7. Attributes of the declension for verb

Class∗ itγ padaη Tenseζ

1$���2�(1) !�34 (1) a�5
����(1) �34 (1)
a����2�(2) a��34 (2) ���
6��(2) ��(2)
��$���2�(3) $�34 (3) u'���(3) �7 3(3)
�$���2�(4) �,34 (4)
�� ����2�(5) �$�����(5)
�8���2�(6) a�-�����(6)
�����2�(7) ��34 (7)
9hy���2�(8) �� 34 (8)
%� ����2�(9) �� �(9)

/� +,5����2�(10) �7 �(10)
�;<4 $���2�(11)

V oiceλ Person@ Numberδ

�tt�$���(1) pr	
 �� �
(1) e�$%�(1)
�
�$���(2) 
��
 �� �
(2) �dv$%�(2)
'�$$���(3) utt
 �� �
(3) (+� $%�(3)

Let us express the structure via an example for $�
���� , ���	"��, Present Tense,
First person, Singular. This is encoded in the following syntax: (219(194{1∗, 1γ , 2η, 1ζ,
1λ, 1@, 1δ})).

Where 219194 is the ISCII code of the endings (Table 8). The numbers in curly
brackets represent class, “it”, pada, tense, voice, person and number respectively
(Table 7).

Separate database files for nominals and verbs have been maintained, which can be
populated as more and more Sanskrit corpsuses are mined for data. The Sanskrit rule
base is prepared using the “Sanskrit Database Maker” developed during this work.

3.2 Deterministic Finite Automata: Sanskrit Rule Base

We have used deterministic finite automata (DFA) [[11]] to compute the Sanskrit rule
base, which we developed as described in section III A. Before we explain the DFA, let
us define it.
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Table 8. Verb example

PRESENT
Singular(e�$%�)

Endings ISCII Code
First �� 219194

A deterministic finite automaton consists of:

1. A finite set of states, often denoted Q.
2. A finite set of input symbols, often denoted S.
3. A transition function that takes as arguments a state and input symbol and returns

a state, often commonly denoted d.
4. A start state, one of the states in Q, denoted q0.
5. A set of final or accepting states F. The set F is a subset of Q.

Thus, we can define a DFA in this ”five-tuple” notation:A = (Q,S, d, q0, F ). With this
short discussion of the DFA, we shall proceed to the DFA structure for our Sanskrit Rule
Base. Since we are representing any word by ISCII codes that range from 161 to 234,
we have effectively 74 input states. In the notation given below, we are representing the
character set by {C0, C1, . . . , C73}, where Ci is the character corresponding to the
ISCII code 161+ i. Thus, if we define a DFA = M(Q,S, d, q0, F ) for our Sanskrit Rule
Database, each of the DFA entities are as follows:

– Q = {q0, qC0, qC1, . . . , qC73} × {0, 1}. 0 represents that the state is not a final state
and 1 tells that the state is a final state.

–
∑

= {C0, C1, . . . , C73}
– δ((qx, a), Y ) = δ(qY , a)or δ(qY , b) a,b ε{0, 1}
– q0 =< q0, 0 >
– F ⊂ {qC0, qC1, . . . , qC73} × {1}

In this work, we have made our DFA in a matrix form with each row representing the
behavior of a particular state. In a given row, there are 74 columns and entries in a
particular column of the corresponding row store the state we will finally move to on
receiving the particular input corresponding to the column. In addition, each row carries
the information whether or not it is a final state.

For example:D[32][5] = 36 conveys that in the DFA matrix D[i][j], in 32nd state, if
input is C5, we will move to state no. 36 .(To be noted: C5 is the character correspond-
ing to the ISCII code 166.).

In the graph below, we are giving an example how the DFA will look as a tree struc-
ture. The particular graph is constructed for the verb declensions for the class $�
����.
The pada is ���	"�� and the tense is present tense. The search in this DFA will be as
follows:- If the first ending of the input corresponds to one of the state 163, 195 or 219,
we will move ahead in the DFA otherwise the input is not found in this tree. On getting
a match, the search will continue in the matched branch.

In general, the search in the DFA is done as follows (We take the example of search-
ing for ��%& in the DFA tree constructed above:-
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START

163

219

195

163212 163212218

163204 163204218

195

194

219215

219204

219204218

219194

219194232

219194232198

FINAL

219

163

195

212

215

204

194

218

218

232 198232

218

204

195
194

218

Fig. 1. DFA tree obtained for 1$���2� ���
6�� present tense

– Firstly, an input word is given as the input to the user interface in Devanagari format.
– The word is changed to its equivalent ISCII code (203212195163 in this case).
– The automaton reads the forms in the reverse order to lemmatize them. In our DFA,

we give one by one the last three digits of the ISCII code till the matching is there.
• Start state: 000
• input to DFA: 163, i.e character C2.
• In the DFA matrix we will check the entry D[0][2]. If it is zero, no match is

there for this entry and hence no match either for the word. Else we will move
to the state specified by the entry.

• In this case, we get the entry corresponding to state ”163”. That means it is
either an intermediate state or a final state. From the graph, it is visible that the
tree accepts 163 just after the start state. Also, it is not a final state. Now we will
have 195 (i.e. C34) as next input and 34th column of the row corresponding to
state 232 will be checked and the search continues till no match.

• Final match will be 163195.
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– The final match will be checked for being eligible for a final state which is true in
this case. We can verify it from the graph given.

– Remaining part of the word is sent to database engine of program to verify and
to get attributes. The word corresponding to the stem, Devanagari equivalent of
203212, that is ��) will be sent to database.

– If both criteria are fulfilled (final state match and stem match through database),
we will get the root word and its category (verb in this case). The attributes such
as tense, form, voice, class, pada, person, number are coded in the final state itself
according to the notations given in table 5 and 7. All the possible attributes are
stored and it is left up to the final algorithm to come up with the most appropriate
solution.

Let me just explain how we have obtained the deterministic finite automata. Clearly,
the states are obtained via input symbols. Ambiguity remains in {0, 1}. If the state is
not a final state at all, it is declared as intermediate state without any ambiguity to be
considered for non-deterministic. When the state is a final state, for example consider
��
�� and ��	 ���. When we encounter �� in ��
��, we get the root as ��
. (Of
course, we have to add the '(�� and go through �
��
��) getting �	� as root verb.)
But in ��	 ���, �� is not a final state. It seems at this point that we could have obtained
a non-deterministic finite automaton. We have resolved the problem by accepting the
following facts:

1. Final state can be intermediate state too but not the other way round.
2. Our algorithm doesn’t stop just as it gets to a final state, it goes to the highest

possible match, checks it for being final state and, in case it isn’t, it backtracks and
stops at the optimal match which satisfies the two criteria as told in the algorithm
(final state match and stem match through database).

There might be another ambiguity too, for example, in �
	
$�
	� , a
$�
	� is a fi-
nal state but it refers to ���, �*pr�
�, and a�
�
� karaka. This seems to be non-
deterministic. We have avoided this problem by suitably defining the states. Final state
represents all possibilities merged in a single state. It is up to the algorithm to come
up with the unique solution. There could be situation where longest match is not the
right assignment. To deal with this, all other possible solutions are also stacked and are
substituted (if needed) when we go for relation analysis. For example, let us take the
word ��
$�
	� . We assume that ��
, ��
�� and ��
$�
 are valid root words. Our
algorithm will choose ��
 as root word along with the attributes (3 possibilities here).
But the other solutions are also stacked in decreasing order of the match found. It is
discussed in the relation analysis, how we deal with this situation.

4 Algorithm for Sanskrit Parser

The parser takes as input a Sanskrit sentence and using the Sanskrit Rule base from the
DFA Analyzer, analyzes each word of the sentence and returns the base form of each
word along with their attributes. This information is analyzed to get relations among
the words in the sentence using If-Then rules and then output a complete dependency
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parse. The parser incorporates Panini framework of dependency structure. Due to rich
case endings of Sanskrit words, we are using morphological analyzer. To demonstrate
the Morphological Analyzer that we have designed for subsequent Sanskrit sentence
parsing, the following resources are built:

– Nominals rule database (contains entries for nouns and pronouns declensions)
– Verb rule database (contains entries for 10 classes of verbs)
– Particle database (contains word entries)

Now using these resources, the morphological analyzer, which parses the complete
sentences of the text is designed.

4.1 Morphological Analysis

In this step, the Sanskrit sentence is taken as input in Devanagari format and converted
into ISCII format. Each word is then analyzed using the DFA Tree that is returned by the
above block. Following along any path from start to final of this DFA tree returns us the
root word of the word that we wish to analyze, along with its attributes. While evaluating
the Sanskrit words in the sentence, we have followed these steps for computation:

1. First, a left-right parsing to separate out the words in the sentence is done.
2. Second, each word is checked against the Sanskrit rules base represented by the

DFA trees in the following precedence order: Each word is checked first against the
avavya database, next in pronoun, then verb and lastly in the noun tree.

The reason for such a precedence ordering is primarily due to the fact that avavya and
pronouns are limited in number compared to the verbs, and verbs are in-turn limited
compared to the infinite number of nouns that exist in Sanskrit.

Sandhi Module. In the analysis, we have done, the main problem was with words
having external sandhi. Unless we are able to decompose the word into its constituents,
we are unable to get the morph of the word. So, a rulebase sandhi analyzer is developed
which works on the following principles.

– Given an input word, it checks at each junction for the possibility of sandhi.
– If it finds the junction, it breaks the word into possible parts and sends the first part

in the DFA.
• If it finds a match, it sends the second part in DFA.

∗ If no match, it recursively calls the sandhi module (For the possibility of
multiple sandhi in a single word).

∗ If match is found, terminates and returns the words.
• If no match, it goes to the next junction.

The rules for decomposing the words are taken from Panini grammar. The search pro-
ceeds entirely backwards on the syllabic string. Emphasis is given on minimum possible
breaks of the string, avoiding overgeneration.

Panini grammar has separate sections for vowel sandhi as well as consonant sandhi.
Also, there is specification of visarga sandhi. Below, we are describing the simplified
rules for undoing sandhi.

Vowel Sandhi: We have considered ��,� �-��, �. �d �-��, �� � �-��, �� �-�� and a�
��
�-�� in vowels. (��0� , �� ��0� and pr�1 ���
� are not taken into account yet.)
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1. ��,� �-��:- If the junction is the 	
2
 corresponding to a
, 3, 4 or 5, it is a
candidate for ��,� �-��. The algorithm for an example word �
�� �� is explained.

– We assume that we don’t get any match at the junction a
 after �.
– The junction 4 is a candidate for ��,� �-��. So the following breaks are made:

1. �
�� + u��, 2. �
�� + 4��, 3. �
�� +u��, 4. �
�� + 4��. For each break, the
left hand word is first sent to DFA and only if it is a valid word, right word will
be sent. In this case, first solution comes to be the correct one.

2. �. �d �-��:- In this case, the junction is e� ,a6. The corresponding break-ups are:

– e�:- (a or a
) + (e or e�).
– a6:- (a or a
) + (a7 or a6).

The algorithm remains the same as told in previous case.
3. �� � �-��:- In this case, the junction is e ,a7 ,a�� ,a(� . The corresponding break-

ups are:
– e:- (a or a
) + (i or 3).
– a7:- (a or a
) + (u or 4).
– a�� :- (a or a
) + (8 or 5).
– a(� :- (a or a
) + (ll or :).

The algorithm follows the same guidelines.
4. �� �-��:- In this case, the junction is a halanta followed by � ,� ,� ,(. The corre-

sponding break-ups are:
– halanta + �:- (i or 3) + a.
– halanta + �:- (u or 4) + a.
– halanta + �:- (ll or :) + a.
– halanta + (:- (8 or 5) + a.

The algorithm follows the same guidelines.
5. a�
�� �-��:- In this case, the junction is a�� , a
�� , a�� , a
�� followed by any

vowel. The corresponding break-ups are:
– a�� + vowel:- e + vowel. (same vowel is retained.)

– a
�� + vowel:- e� + vowel.

– a�� + vowel:- a7 + vowel.

– a
�� + vowel:- a6 + vowel.
The algorithm follows the same guidelines.

Consonant Sandhi: For dealing with consonant sandhi, we have defined some groups
taking clue from panini grammar such as �� , ;� , !� , �� , �� each of which have 5
consonants which are similar in the sense of place of pronunciation. Also, there is a
specific significance of first, second, third etc. letter of a specific string. The following
ruleset is made:

– Define string s1, with first five entries of !� and 6th entry as <. Also, define s2, with
first five entries of �� and 6th entry as �. The rule says,

The junction is a + halanta + c, and the breakup will be b + halanta and c,
where a, c ε s1, b ε s2 and the position of a and b are same in the respective strings.

For example, in the word �
	 <=&, the junction is < + halanta + <. The break-up
will be, � +halanta and <. Hence we get �
	�� + <=&.
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– Define string s1, with first five entries of ;� and 6th entry as ). Also, define s2, with
first five entries of �� and 6th entry as �. The rule says,

The junction is a + halanta + c, and the breakup will be b + halanta and c,
where a, c ε s1, b ε s2 and the position of a and b are same in the respective strings.

For example, in the word �>?�, the junction is ? + halanta + ?. ? is the third
character of string s1. The break-up will be, � +halanta and ?. Hence we get ��� +
?�.

– We have defined strings as ,7< and a,7< with a,7< containing first two charac-
ters of all the five strings �� , ;� , !� , �� , �� as well as ) , < , �. ,7< contains
all other consonants and all the vowels. The rule says, if we get a junction with
a+halanta+ c, where a,c ε ,7<, a will be changed to corresponding a,7< while
undoing the sandhi. Similarly, other rules are made.

– The vowels are categorized into h�� and ��,� categories. h�� contains a , i , u ,
8 and ��,� contains a
 , 3 , 4 , 5. If the junction is a + � + halanta + �, where
a ε h��, the break-up will be: a + � + halanta and φ, where φ denotes null, i.e.
other � is removed. For example, ���	nn�B�� breaks up into ���	�� and a�B��.

Visarga Sandhi: We have looked at visarga sandhi in a single word. The rules made
are as follows:

– The junction is ) + halanta + a ε ;� . The break-up will be & and a.
– The junction is < + halanta + a ε !� . The break-up will be & and a.
– The junction is � + halanta + a ε �� . The break-up will be & and a.
– The junction is � + halanta + a ε consonant. The break-up will be & and a.
– The junction is � + halanta + a ε vowel. The break-up will be & and a.

4.2 Relation Analysis

With the root words and the attributes for each word in hand for the previous step, we
shall now endeavor to compute the relations among the words in the sentence. Using
these relation values we can determine the structure of each of the sentences and thus
derive the semantic net, which is the ultimate representation of the meaning of the
sentence.

For computing the relations, we have employed a case-based approach i.e., nominals
were classified as subject, object, instrument, recipient (beneficiary), point of separation
(apaadaana) and location, to the verb based on the value of the case attribute of the word,
as explained under noun example in Section 3.1.

The Sanskrit language has a dependency grammar. Hence the karaka based approach
is used to obtain a dependency parse tree. There are reasons for going for dependency
parse:

1. Sanskrit is free phrase order language. Hence, we need the same parse for a sen-
tence irrespective of phrase order.

2. Once the karaka relations are obtained, it is very easy to get the actual thematic
roles of the words in the sentence.
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The problem comes when we have many possible karakas for a given word. We need
to disambiguate between them. We have developed some If-Then rules for classifying
the nouns, pronouns, verb, sub-verbs and adjectives in the sentence. The rules are as
follows: First we are looking at the sentences having at least one main verb. Nominal
sentences are to be dealt in the similar manner but the description will be given later.

1. If there is a single verb in the sentence, declare it as the main verb.
2. If there are more than one verb,

(a) The verbs having suffix ktv
 , D��� , �� 	� �� are declared subverbs of the nearest
verb in the sentence having no such affix.

(b) All other verbs are main verbs of the sentence and relations for all other words
are given in regard to the first main verb.

3. For the nouns and pronouns, one state may have many possibilities of the cases.
These ambiguities are to be resolved. The hand written rules for determining these
ambiguities are as follows (Rules are written for nouns. Adjective precede nouns
(May not precede too due to free word order nature.) and hence get the same case
as nouns. For pronouns, rules are same as that for nouns.):
(a) Nominative case: The assumption is that there is only one main subject in an

active voice sentence. We proceed as follows:
– All the nouns having nominal case as one of the attributes are listed. (For

example, E(	� has both possibilities of being nominative or accusative
case.)

– All those connected by ; are grouped together and others are kept separate.
We now match each group along the following lines:

• The number matches with that of the verb(Singular/dual/plural).
• The root word matches with the person of the verb(i.e root word

“a�	�� ” for 3rd person, “��  	�� ” for 2nd person).
If ambiguity still remains, the one having masculine/feminine as gender is
preferred for being in ��
� karaka and declared as subject of the main verb.

In passive voice,
– Nominative case is related to main verb as an object. After grouping and

going through the match, the noun is declared as object of main verb.
(b) Accusative case: Assuming that the disambiguation for nominative case works

well, there is no disambiguation left for this case. All those left with accusative
case indeed belong to that. The noun is declared as object to nearest sub-verb
or main verb.

(c) Instrumental case: If the sentence is in passive voice, the noun is declared as
subject of the main verb.
For active voice, ambiguity remains if the number is dual. The folowing rules
are used:

– We seek if the indeclinable such as �', �
�	� , �
��	� , �		� follow the
noun. In that case, noun is declared as instrument.

– If the noun is preceded by time or distance measure or is itself one of
these, it is declared as instrument. For example dv
$�
	� ���
$�
	� ���7�&
?
�&, here dv
$�
	� is the disambiguating feature.

– If F���&, �
�& are following noun, the noun is declared as instrumental.
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(d) Dative case: For dative case, disambiguity is with respect to ablative case in
terms of dual and plural nnumbers The disambiguating feature used here is
main verb. That is, there are certain verbs which prefer dative case and certain
verbs prefer ablative. For example:

– The verbs preferring dative case are G� �� , �H � '� , 3 ���, a�� �� , ��1 '� etc.

– The verbs preferring ablative case are ?� �� I�
, ���
	, pr	
�, �
� etc.
Initially, we have populated the list using aJ
K�
�� knowledge as well as
some grammar books but this has to be done statistically using corpus analysis.

(e) Ablative case: The ambiguity here is for certain nouns with the genitive case in
singular person. The ambiguity resolution proceeds along the following lines:

– If the noun having ambiguity has a verb next to it, it will be taken as abla-
tive (Noun with genitive case marker is not followed by a verb.)

– If suffixes ���� , �	�� are used in the sentence, the noun is declared as
ablative.

– If �� D�, ��1 ) are following the noun, it is declared as genitive.
– Finally, we look for the disambiguating verbs as done in previous case.

(f) Genitive case: The ambiguity is there in dual with respec to locative case. We
have used that by default, it will be genitive since we have not encountered any
noun with locative case and dual in number.

(g) Locative case: The ambiguities are already resolved.

Only problematic case will be the situation discussed in section 3.2 with the example
of ��
$�
	� . If the algorithm is able to generate a parse taking the longest possible
match, we will not go into stacked possibilities, but if the subject disagrres with the
verb (blocking), or some other mismatch is found, we will have to go for stacked pos-
sibilities.

Thus, we have got the case markings. Relation for nominative and accusative case
markings have already been defined. For other case markings,

– Instrumental: related as an instrument to main verb in certain cases (taken from
aJ
K�
��).

– Dative: related as recipient to main verb in certain cases, but also denotes the pur-
pose.

– Ablative: related as separation point.
– Genitive: this is not considered as karaka since karaka has been defined as one

which takes role in getting the action done. Hence it is related to the word
following it.

– Locative: related as location to the main verb.

Still, we have not given any relation to adjectives and adverbs. For each adjective, we
track the noun it belongs to and give it the same attributes. It is defined as adjective to
the noun. The adverbs are related to the verb it belongs as adverb.

Based on these relations, we can obtain a semantic net for the sentence with verb as
the root node and the links between all the nodes are made corresponding to relations
with the verb and interrelations obtained.

Sanskrit has a large number of sentences which are said to be nominal sentences, i.e.
they don’t take a verb. In Sanskrit, every simple sentence has a subject and a predicate.
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If the predicate is not a finite verb form, but a substantive agreeing with the subject, the
sentence is a nominal sentence. In that case, the analysis that we have done above seems
not to be used as it is. But in Sanskrit, there is a notion called a
���, that is, if one of the
verb or subject is present, other is obtained to a certain degree of definiteness. Take for
example, the sentence a'	� �(	�� �(L
�	।. If instead of saying the full sentence, I
say a'	� �(	��, �(L
�	 is determined as verb. Similarly, if I say �(	�� �(L
�	,
the subject a'	� is determined. a'	� is a kind of appositive expression to the inflec-
tional ending of the verb �(L
�	. We have used this concept for analyzing the nominal
sentences. That is, verb is determined from the subject. Mostly, the forms of a�� only
are used and relations are defined with respect to that. Although, the analysis done is
not exhaustive, some ruleset is built to deal with them. Most of the times, relations in
a nominal sentence are indicated by pronouns, adjectives, genitive. For example, in the
sentence �& �� ���& F
(�&, there is a
��� of the verb a��� in the sentence by the
subject F
(�&. Hence F
(�& is related to the verb as subject. �& is a pronoun referring
to F
(�& and �� ���& is an adjective referring to F
(�&. Similarly, i�	� ��� �1 '	� ।.
In this sentence, i�	� is a pronoun referring to �1 '	� and ��� is a genitive to �1 '	� .
Here again, there will be a
��� of the verb a��� and �1 '	� will be related to the verb
as subject.

5 Results

5.1 Databases Developed

The following Sanskrit Rule Databases have been developed during the project:-

– Nominals ()N�0�) rule database contains entries for nouns and pronouns declen-
sions along with their attributes.

– Verb (�
�� 0�) rule database contains entries for 10 classes of verb along with their
tenses.

– Particle (aO��) database.

5.2 Parser Outputs

Currently, our parser is giving an efficient and accurate parse of Sanskrit text. Samples
of four of the paragraphs which have correctly been parsed are given below along with
snapshot of one sentences per paragraph.

a�� ���� 1:- �= >��0 2� �%���0 �
���� 2� ��� �� pr��0 ���
�� !����
4 u���� 
����$�0
�-?���4 !#��4 a��������। 2� ��� �� a�����4 +��0 !���। ��%� (���0। ��%� pr.8�0।
2� �%���0 pr.8��4 �����4 ��A����। pr.8�0 (����4 ��A����। !$�� $��
����4 �$-� dC���
ucc������। 2� �%���0 �-?���4 $���� a	�
4 a�� (,�����। pr�����
4 pr��0 !��
4 !$��
�-?��0 �j
4 a�� �� $����। �� $�
4 25$� !�
�0 a������। �� ���
�� F����

4 �� $����।
e�� �-?��0 e$ �
��� �G�
4 ���?����।.

a�� ���� 2:- 

 27 +� e�
4 u�$�
4 $����। u�$��� !
��� e�� 2,-��� $����। a+
4
pr�����
4 pr��0 != �,�����4 �= $�
4 -H��
4 5�ktv� -.%����
4 �$��� 2,-���
4 2����
। ��


 2.0 
�
4 pr��G��। 

 2,0 ��
 �$�� a���। �$����0 $5!���0 ��
 2.�� a���। a+
4



Analysis of Sanskrit Text: Parsing and Semantic Relations 215

Fig. 2. Parser output for �= >��0 2� �%���0 �
���� 2� ��� �� pr��0 ���
�� !����
4 u����

����$�0 �-?���4 !#��4 a��������

Fig. 3. Parser output for a+
4 pr�����
4 pr��0 != �,�����4 �= $�
4 -H��
4 5�ktv� -.%����
4
�$��� 2,-���
4 2����


�$��
4 pr�#�� ��7 -��
। ����0 !�sn���
4 �;<= ��। !� pr!nn� '$��। 2.��
4 a�� ���1��
4
! $�+���
। �5�c��4 2,-���
4 
�/����
। 2,
�
4 , '� kt�$�-N��� �7 ���� % �������
।
��0 

 �$���6 !� �$��= �� �,
���� �7 ���� ���। a����
4 2.��
4 
� c��
। !� P�3��
�$
���
4 �$��
4 ����। �$����0 &��! G��
4 a$����। �5�c��4 a+
4 �$��
4 �� Q�
4
�� +�। e��4 

 ��5��
�0। 2,!�$����� a+
4 2,
�+
pr��������4 $��
����4 
��
4 
��
4

�� ��$��� ucc�����
।.

a�� ���� 3:- 

 27 +� e�
4 u�$�
4 $����। u�$�
4 �$-��
4 a���। a��
�4 u�$��
���� R�$7 G�0 !���। (+$0 �� ?���$0 a�� $�����। a����0 ���0 a�� �$dy���। a��� $6����
$�����0 a�� !���। a+
4 pr�����
4 !�� ���� udy���
� �� $��। a+
4 +�������� �7 ����
������,�
। a+
4 $����� !$���4 $������4 �!c��
। !�� ���� u�$�� 

 ���7 %���0 'T
���।
�60 !��
4 

 'T��7 /�0 a�� 'T
���। ����%�4 2.�� a�� �� a�����। !0 i����0 $�2��
��$��। -�dv�� +����7 ���� %���। 
�= ��0 a�� �� a�25� �7 5����। �� 
�� �
4 �$��
4 �� $���।
$7 G�
� $����0 9�<���। �$�$��0 ��G�0 $7 G�
� �= /���। 

 
��7 %���0 !$��1�0 �,�3��U;<���
��������4 % �$�����। i�
4 �7 V�
4 a�� a����pr�
4 '$��।
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Fig. 4. Parser output for 

 
��7 %���0 !$��1�0 �,�3��U�<��� ��������4 % �$�����

Fig. 5. Parser output for $���
� pr�����
4 
�� ?����c /�$��� a�$V���0 ���
�0 $�����0 !���

a�� ���� 4:- 

 ��-�� ��
 '���$
�
4 । 

 ��-� $�����
4 a����
4 '$��। $���
� pr���-
��
4 
�� ?����c /�$��� a�$V���0 ���
�0 $�����0 !���। $���
� a���
0 *Q$��0। *Q$���
e�
4 $�ky
4 $����,“+� 
��$ ! 5$
4 �7 �

4 a$V�
4 �� �।” !#�= ��� /2�� /��= ��
4 /�$-
�����0 ann
�$।annc �7 �

4 �$�� �6$ !#'$��। a�0 '������0 a�%����0 !$��
�
4 /�$���
4
�Y����� �7 �
�
��-G��� (+� �$���4 u�����4 a�-G���। ��
� pr���0 u���0 2,$ -!�$�।
2,0 $ -� ���$0 , (��$���0 $7 
'�0 , $5!�0 , $7 d�0 ���$0 !$�� 2,$ -/�0 a��'�$���। '= 
�0
(�$����� 2,
= �
4 2,
�
4 % a5���
4 u��� C�0। (���0 '= �

4 ��
��� 
4 u��� >����।
-�����
4 ��������1��
4 2,
�/��u$������
4 i�����	����
4 i����0 pr����� -�-
3���
4 pr�,20 a�$V��0। -�3�c $7 
'6��$ uhy���। a�0 2,$ -�� �7 
�c a�$���dy �c�
a�= $�0 !#(��0 $����। a�e$ 2,0 u�
� ���� 
4 � -ky��। '= 
�0 e�
4 ��
 2.0 i5��� �$dy��।
! ��7 �� 2.0 i�� ���� ��� 2. �� g$c u'�$�� 27 hy��। �7 �
$����� -����-����
4 ��3���
4
��-�	�
4 ��%� [����\ F����
4 pr�,2
4 �� $���। !�
$���� pr	
� a��%��� �7 �
�$
�� 2#'���
%%�� pr�]���। a�
��
4 2� �$0 
+
��0 !#�= �� /2�0 �Y����� �7 �
�$dy�
4 !#��4 pr%����4 ।
�7 �
�
��� /���4 pr����$��0। $���
� '= �
0 
��� i�� �^���। �	� 
��� a�
��4 ������ �	�
�7 ^$� !$���4 /�$��4 ann�� R�60 �����$����	6�0 ������। ���60 , �6������� , �!����\ F�60
��3��-�60 % �� �7 �
 �9��� ��� !$��
�
4 /�$���
4 ��- e$ '$��। a��� �
��� !$��
�
4
pr�����
4 
�� ?����c 
+�� +��� /����।

The parse results pave the way for representing the sentence in the form of a Semantic
Net. We here give the semantic net for the parse output given in Figure 2.The Semantic
Net is shown in Figure 6.



Analysis of Sanskrit Text: Parsing and Semantic Relations 217

a��������

2� �%���0

�= >��0

�-?���4


����$�0

2� ��� ��

�
����

u����

pr��0

���
��

!����
4

!#��4

subject

adjective

object

adjective

location

adjective

vs

adverb

adverb

object
adverb

Fig. 6. Semantic net representation of the sentence [�= >��0 2� �%���0 �
���� 2� ��� �� pr��0
���
�� !����
4 u���� 
����$�0 �-?���4 !#��4 a��������]

6 Conclusions and Future Work

Our parser has three parts. First part takes care of the morphology. For each word in the
input sentence, a dictionary or a lexicon is to be looked up, and associated grammatical
inforation is retrieved. One of the criterion to judge a morphological analyzer is its
speed. We have made a linguistic generalization and declensions are given the form
of DFA, thereby increasing the speed of parser. Second part of the parser deals with
making “Local Word Groups”. As noted by Patanjali, any practical and comprehensive
grammar should be written in ‘utsarga apavāda’ approach. In this approach rules are
arranged in several layers each forming an exception of the previous layer. We have
used the ’utsarga apavāda’ approach such that conflicts are potentially taken care of by
declaring exceptions. Finally, words are grouped together yielding a complete parse.
The significant aspect of our approach is that we do not try to get the full semantics
immediately, rather it is extracted in stages depending on when it is most appropriate
to do so. The results we have got are quite encouraging and we hope to analyze any
Sanskrit text unambiguously.

To this end, we have successfully demonstrated the parsing of a Sanskrit Corpus
employing techniques designed and developed in section 2 and 3. Our analysis of the
Sanskrit sentences in the form of morphological analysis and relation analysis is based
on sentences as shown in the four paragraphs in previous section. The algorithm for
analyzing compound words is tested separately. Hence future works in this direction
include parsing of compound sentences and incorporating stochatic parsing. We need
to take into account the �
	�
�� as well. We are trying to come up with a good enough
lexicon so that we can work in the direction of �	
� ���
�� in Sanskrit sentences.
Also, we are working on giving all the rules of Panini the shape of multiple layers. In
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fact, many of the rules are unimplementable because they deal with intentions, desires
etc. For that, we need to build an ontology schema. The Sandhi analysis is not complete
and some exceptional rules are not coded. Also, not all the derivational morphology
is taken care of. We have left out many pr���. Reason behind not incorporating the
pr��� was that it is difficult to come up with a general DFA tree for any of the pr���
because of the wide number of rules applicable. For that, we need to encode the Panini
grammar first.
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The paper describes a Sanskrit morphological analyzer that identifies and 
analyzes inflected noun-forms and verb-forms in any given sandhi-free text. 
The system which has been developed as java servlet RDBMS can be tested at 
http://sanskrit.jnu.ac.in (Language Processing Tools > Sanskrit Tinanta 
Analyzer/Subanta Analyzer) with Sanskrit data in Unicode text. Subsequently, 
the separate systems of subanta and ti�anta will be combined into a single 
system of sentence analysis with karaka interpretation. Currently, the system 
checks and labels each word as three basic POS categories - subanta, ti�anta, 
and avyaya. Thereafter, each subanta is sent for subanta processing based on an 
example database and a rule database. The verbs are examined based on a 
database of verb roots and forms as well by reverse morphology based on 
Paninian techniques. Future enhancements include plugging in the amarakośa 
(http://sanskrit.jnu.ac.in/amara) and other noun lexicons with the subanta 
system. The ti�anta will be enhanced by the k�danta analysis module being 
developed separately.  

Keywords: morphology, analyzer, subanta, ti�anta, k�danta, taddhita, strī-
pratyaya, samāsa, avyaya, kāraka, vibhakti, vacana, sandhi, pada, prātipadika, 
pratyaya, sup, ti�, PāØini, sūtra, A��ādhyāyī, POS, dhātu, dhātupā�ha, gaØa, 
gaØapā�ha, lakāra, dhāturūpa, śabdarūpa, java, JSP, servlet, Apache-Tomcat, 
RDBMS, SQL server, JDBC, Unicode.  

1   Introduction 

The authors in the present paper are describing the morph analyzer (subanta and 
ti�anta analysis systems) for Sanskrit currently running as separate modules at 
http://sanskrit.jnu.ac.in. Sanskrit is a heavily inflected language, and depends on 
nominal and verbal inflections for communication of meaning. A fully inflected unit 
is called pada. The subanta padas are the inflected nouns and the ti�anta padas are 
the inflected verbs. Hence identifying and analyzing these inflections are critical to 
any further processing of Sanskrit.  

The results from the subanta analyzer for the input text fragment  

***AÉ Éëx É AÉ ÉM ÉÉ*** 
cÉ É ÉÉÈ oÉÉ ÉM ÉÈ AÉ ÉëÉhÉÉ Éç E±É ÉÇ Éc Î É | É§É AÉ Éë ÉÉÌ É Év ÉÎ É ÉëxÉ³ÉÉÈ cÉ É ÉÎ É | 
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are displayed as follows –  
 

AÉ Éëx É [AÉ Éë+ xÉç, wÉ Ï, M ÉcÉ É] AÉ ÉM ÉÉ [AÉ ÉM ÉÉ (x§ÉÏÍ É ç É) + xÉÑ, Éë É ÉÉ, 
M ÉcÉ É] <* PUNCT> cÉ É ÉÉÈ [cÉ É É ( ÉÑÎ É ç É) + ÉxÉç, Éë É ÉÉ, oÉ Ò ÉcÉ É] oÉÉ ÉM ÉÈ 

[oÉÉ ÉM  ( ÉÑÎ É ç É) + ÉxÉç, Éë É ÉÉ, oÉ Ò ÉcÉ É] AÉ ÉëÉhÉÉ Éç [AÉ Éë ( ÉÑÎ É ç É) + AÉ Éç, wÉ Ï, 
oÉ Ò ÉcÉ É] E±É ÉÇ [E± Éç+A Éç, Ì² ÉÏ ÉÉ, M ÉcÉ É] < Éc Î É VERB> <| PUNCT> 
< É§É AV> AÉ Éë ÉÉÌ É [AÉ Éë É+ ÉxÉç/vÉxÉç Éë É ÉÉ/Ì² ÉÏ ÉÉ, oÉ Ò ÉcÉ É] < Év ÉÎ É VERB> 
ÉëxÉ³ÉÉÈ [ ÉëxÉ³É ( ÉÑÎ É ç É) + ÉxÉç, Éë É ÉÉ, oÉ Ò ÉcÉ É] <cÉ AV> < É ÉÎ É VERB> 

<| PUNCT>  
 

Those in single angled brackets (‘< >’) are non subanta categories and those in 
double angled brackets (‘<< >>’) are possible errors. Since the system does not report 
any error in this sample, there are no ‘<< >>’ labeled items here. Others are the 
subanta padas as analyzed by the system. 

The word गÍछǔÛत from the above input text resulted in the following output from 

the ti�anta analyzer system – 
 

Éc Î É { ( M É× ÉÉc É ) É ÉÝ ( [ ÉÉÌ ÉhÉ ] [ AÌ ÉOè ] [ xÉM ÉM  ] ) ( [ ÉOè ] ) Î É ( [ 
É x Éæ ] [ Éë É É- ÉÑÂwÉ ] [ oÉ Ò ÉcÉ É ] ) } 

2   The Subanta Anlyzer 

The system accepts Unicode (UTF-8) sandhi free Devanāgarī Sanskrit inputs (word, 
sentence or text) and processes it according to the following sequence -  

   INPUT TEXT 
↓

                      PRE-PROCESSOR 
↓

    VERB DATABASE   LIGHT POS TAGGING  AVYAYA DATABASE 
         ↓  

SUBANTA RECOGNIZER VIBHAKTI DATABASE 
↓  

SUBANTA RULES SUBANTA ANALYZER SANDHI  RULES 
↓

               SUBANTA ANALYSIS  

The PREPROCESSOR does the simplification and normalization of the Sanskrit 
text (for example, deletes Roman characters, other invalid words, punctuations etc).   
The POS TAGGER identifies four categories AVyaya, VERB, PUNCTuation and 
SUBANTA. The SUBANTA RECOGNIZER does vibhakti identification and 
isolation by searching the vibhakti database. The SUBANTA ANALYZER does 
analysis by checking the subanta rule base and sandhi rules. Analysis includes 
splitting the NPs into its constituents - base [(prātipadika) (PDK)], case-number 
markers (kāraka-vacana-vibhakti).  
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3   Sanskrit Sentence and Basic POS Categories 

A Sanskrit sentence has NPs (including AVs), and VPs. Cordona1 (1988) defines a 
sentence as - 

(N – En) p . . . (V – Ev) p 

After sup and ti� combine with PDK, they are assigned syntactico-semantic 
relation by the kāraka stipulations to return complete sentences.  

3.1   Sanskrit Subanta (Inflected Nouns)  

Sanskrit nouns are inflected with seven case markers in three numbers. Potentially, a 
noun can be declined in all three genders. Sanskrit noun forms can be further 
complicated by being a derived noun as primary (k�danta),  secondary (taddhitānta), 
feminine forms (strīpratyayānta) and compounds  (samāsa). They can also include 
upasargas and AVs etc. According to PāØini, there are 21 case suffixes called sup 
(seven vibhaktis combined with three numbers)2, which can attach to the nominal 
bases (PDK) according to the syntactic category, gender and end-character of the 
base. PāØini has listed these as sets of three as:  

su, au, jas 
am, au�, śas  
�ā, bhyām, bhis  
�e, bhyām, bhyas  
�asi, bhyām, bhyas  
�as, os, ām 
�i, os, sup3  

for singular, dual and plural4 respectively. These suffixes are added to the PDKs5 (any 
meaningful form of a word, which is neither a root nor a suffix) to obtain inflected 
forms NPs. PDKs are of two types: primitive and derived. The primitive bases are 
stored in gaØapā�ha [(GP) (collection of bases with similar forms)] while the latter are 
formed by adding the derivational suffixes. NPs are of mainly six types – 

3.1.1   Avyaya Subanta (Indeclinable Nouns) 
Avyaya subanta, remain unchanged under all morphological conditions6. According to 
PāØini [2.2.82]7, affixes cāp, �āp, �āp, (feminine suffixes) and sup are deleted by luk 
                                                           
1 George Cardona, 1988 PāØini, His Work and its Traditions, vol ... i (Delhi: MLBD, 1988). 
2 x ÉÉæ ÉxÉ ÉÉæOè É ÉÉÎ Éx å ÉÉ Éx ÍxÉ ÉÉ Éx xÉÉåxÉÉÇ ç ÉÉåxxÉÑ Éç  
3 xÉÑ ÉÈ  
4 ²è ÉåM ÉÉåÌ ÉcÉ ÉæM ÉcÉ Éå  
5 A É É ÉÉ ÉÑ Éë É ÉÈ ÉëÉÌ É ÉÌ M Éç |1|2|45||, M× ÉÌ® ÉxÉ ÉÉxÉÉ É |1|2|46||  
6 xÉ ØvÉÇ Ì§ÉwÉÑ Í É ç ÉåwÉÑ xÉ ÉÉxÉÑ cÉ Ì É ÉÌ£ wÉÑ | 

ÉcÉ ÉåwÉÑ cÉ xÉ ÉåwÉÑ  É³É ÉåÌ É   É É É Éç || [ ÉÉå É É oÉëÉ hÉ]  
7 A É ÉÉ É xÉÑ ÉÈ [2.4.82]  
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when they occur after an AVs. PāØini defines AVs as svarādinipātamavyayam 
[1.1.36], k�nmejantaÜ [1.1.38], ktvā tosun kasunaÜ [1.139] and avyayībhāvaśca 
[1.1.40]8 etc. 

3.1.2   Basic Subantas (Primitive Nouns) 
Basic subantas are formed by primitive PDKs found in the Panini’s gaØapā�ha. For 
our purpose, all those nouns, the base or inflected form of which can be found in a 
lexicon can be considered basic subantas. Sometimes, commonly occurring primary 
or secondary derived nouns, feminine or compound forms can also be found in the 
lexicon. Therefore such subantas are also considered basic and do not require any 
reverse derivational analysis unless specifically required.  Such inflected nouns are 
formed by inflecting the base or PDKs (arthavadadhāturapratyayaÜ prātipadiakam) 
with sup. For example: rāmaÜ, śyāmaÜ, pustakālayaÜ, vidyālayaÜ etc. 

3.1.3   SamāSāNta Subanta (Compound Nouns) 
Simple words (padas), whether substantives, adjectives, verbs or indeclinables, when 
added with other nouns, form samāsa (compound). Sanskrit samāsas are divided into 
four categories, some of which are divided into sub-categories. The four main 
categories of compounds are as follows:  

• adverbial or avyayībhāva,  
• determinative or tatpuru�a,  
• attributive or bahuvrīhi and  
• copulative or dvandva. dvandva and tatpuru�a compounds may be further 

divided into sub-categories 

3.1.4   K�Danta Subanta (Primary Derived Nouns) 
The primary affixes called k�t are added to verbs to derive substantives, adjectives or 
indeclinables.  

3.1.5   TaddhitāNta Subanta (Secondary Derived Nouns) 
The secondary derivative affixes called taddhita derive secondary nouns from 
primary nouns. For example - dāśarathī, gauØa etc.  

3.1.6   StrīPratyayāNta Subanta (Feminine Derived Nouns) 
Sanskrit has eight feminine suffixes �āp, cāp �āp, �ī�, �īn, �īp, u� and ti etc. and the 
words ending in these suffixes are called strīpratyayānta For example - ajā, gaurī, 
mū�ikā, indrāØī, gopī, a��ādhyāyī, kurucarī, yuvatī, karabhorū etc.  

4   Recognition of Sanskrit subanta 

4.1   Recognition of Punctuations 

System recognizes punctuations and tags them with the label PUNCT. If the input has 
any extraneous characters, then the input word will be cleaned from these elements 

                                                           
8 x É ÉÌ Ì É ÉÉ É É É É Éç [1.1.36], M× Éå É ÉÈ [1.1.38], ÉÉ- ÉÉåxÉÑ Éç-M xÉÑ ÉÈ [1.1.39], 
A É ÉÏ ÉÉ É É [1.1.40] 
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(i.e. ‘normalized’) so that only Devanāgarī Sanskrit input text is sent to the analyzer. 
For example, “ É/&^ @# É:, oÉÉ,’”:-= ÉM :”  É ÉÈ, oÉÉ ÉM È 

4.2   Recognition of Avyayas  

System takes the 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 
as AVs do not change forms after subanta affixation. We have stored most AVs in the 
avyaya database. 

4.3   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 thus excluded from subanta analysis. Since 
storing all Sanskrit verb forms is not possible, we have stored verb forms of 
commonly used 450 verb roots.  

4.4   Recognition of subanta 

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

5   Analysis of subanta 

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

5.1   Example Database 

All complicated forms (which are not analyzed according to any rule) including those  
of some pronoun are stored the database. For example: A Éç=Ax É +xÉÑ Éë É ÉÉ 
M ÉcÉ É;A Ç=Ax É +xÉÑ Éë É ÉÉ M ÉcÉ É;AÉ ÉÉ Éç=Ax É +AÉæ Éë É ÉÉ Ì² ÉÏ ÉÉ 

Ì² ÉcÉ É;AÉ ÉÉÇ=Ax É +AÉæ Éë É ÉÉ Ì² ÉÏ ÉÉ Ì² ÉcÉ É; É É Éç=Ax É + ÉxÉ Éë É ÉÉ oÉ Ò ÉcÉ É; É ÉÇ=Ax É + ÉxÉ 
Éë É ÉÉ oÉ Ò ÉcÉ É; ÉÉ Éç=Ax É +A É Ì² ÉÏ ÉÉ M ÉcÉ É; ÉÉÇ=Ax É +A É Ì² ÉÏ ÉÉ M ÉcÉ É 

5.2   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, É ÉÈ, É Ï, ÉÉ, 
ÉÑx ÉM É etc. First, the system recognizes vibhakti as the end character of nouns. For 

example, ‘:’ is found in nominative singular (1-1) like - É ÉÈ, v ÉÉ ÉÈ, xÉ ÉÈ, É ÉÈ M È . 
The system isolates ‘:’ and searches for analysis in the sup rule base. In the case of  
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nominative and accusative dual (1-2/2-2), PDK forms will be ‘ Éæ’ ending, for example 

- É ÉÉæ, v ÉÉ ÉÉæ, xÉ ÉÉæ, M Éæ. The system isolates ‘ Éæ’ and searches for analysis by matching 
in the rule database. The sample data is as follows –  

É= É+xÉÑ Éë É ÉÉ M ÉcÉ É; É ÉÉ Éç=+ ÉÉ Éç É× ÉÏ ÉÉ cÉ ÉÑ ÉÏ ÉgcÉ ÉÏ Ì² ÉcÉ É; É ÉÉÇ=+ ÉÉ Éç É× ÉÏ ÉÉ 
cÉ ÉÑ ÉÏ ÉgcÉ ÉÏ Ì² ÉcÉ É; ÉÉ Éç=+ ÉÉ Éç É× ÉÏ ÉÉ cÉ ÉÑ ÉÏ ÉgcÉ ÉÏ Ì² ÉcÉ É; ÉÉÇ=+ ÉÉ Éç É× ÉÏ ÉÉ cÉ ÉÑ ÉÏ 
ÉgcÉ ÉÏ Ì² ÉcÉ É; å ÉÈ=+ ÉxÉç cÉ ÉÑ ÉÏ ÉgcÉ ÉÏ oÉ Ò ÉcÉ É; ÉÈ=+ ÉxÉç  cÉ ÉÑ ÉÏ ÉgcÉ ÉÏ oÉ Ò ÉcÉ É; 

5.3   Verb Data Sample 

É ÉÌ É, É É ÉÈ, É ÉÎ É, É ÉÍxÉ, É É ÉÈ, É É É, É ÉÉÍ É, É ÉÉ ÉÈ, É ÉÉ ÉÈ, É É ÉÑ, É É ÉÉ Éç, É É ÉÑ, É É, É É É Éç, É É É,
É ÉÉÌ É, É ÉÉ É, É ÉÉ É,A É É Éç,A É É ÉÉ Éç,A É É Éç,A É ÉÈ,A É É É Éç,A É É É,A É É Éç,A É ÉÉ É,A É ÉÉ É, É É

å Éç, É Éå ÉÉ Éç, É Éå ÉÑÈ, É ÉåÈ, É Éå É Éç, É Éå É, É Éå É Éç, É Éå É, É Éå É,oÉ ÉÔ É,oÉ ÉÔ É ÉÑÈ,oÉ ÉÔ ÉÑÈ,oÉ ÉÔÌ É É,oÉ ÉÔ É ÉÑÈ,oÉ ÉÔ É,
oÉ ÉÔ É,oÉ ÉÔÌ É É 

5.4   Avyaya Data Sample 

A,M Í É Éç,xÉ æ É,AM x ÉÉ Éç,AM ÉhQå,AÎ ÉxÉÉ Éç,A ÉÏ,A ÉÉåÈ,A ç É,A ÉxÉë Éç,Ag xÉÉ,A ÉÈ,AÌ É,A ÉÏ É,
A§É,A É,A ÉÌM Éç,A É ÉÉ,A ÉÉå,A®É,A±,A±ÉÌ É,A É É Éç,A É å±ÑÈ,A É åhÉ,A ÉÈ,A Éx ÉÉ Éç,AÍ É,AÍ É
Ë ,A ÉÑ ÉÉ,A ÉÉå ÉÈ,A É É É ÉÈ,AÌ ÉvÉ Éç,A ÉÑ,A ÉåM ÉÉ,A ÉåM vÉÈ,A ÉÈ,A É É,A É åhÉ,A É ÉÈ,A É Éç,

A É§É 

5.5   Architecture of the System 

The following model describes the interaction between multi-tiered architecture of the 
subanta analyzer: 

U S E R 
↓    ↑ 

Request        response 
↓                   ↑ 

Apache-tomcat 
↓ ↑ 

Java servlet 
↓ ↑ 

JDBC 
↓ ↑ 

Database 

5.6   Front-End: Online Interface  

The Graphical User Interface (GUI) is produced by JSP (Java Server Pages). The JSP 
interface allows the user to give input in Devanagari utf-8 format using HTML text 
area component. The user interface is displayed as follows: 
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5.7   Back-End: Database / Txt Files  

There are two versions of the system; the server-based version connects to a MSSQL 
Server 2005 RDBMS through JDBC. The rule base, example base and other linguistic 
resources are stored as Devanagari utf-8. The PC based portable version, for obvious 
reasons, cannot have RDBMS support. Therefore, we have our rules and data stored 
in utf-8 text files as backend. A design of the reverse subanta database is given 
below- 

avyaya
avId

avyaya

meaning

dhatuPath
dhtuId

dhatu

gana

meaning

dhatuRoop
formid

dhatuid

form

tense

aspect

number

exceptionList
excepId

supId

exception

supExampleBase
exceptId

example

analysis

supRuleBase
supid

sup_character

baseEndChar

changeInBase

exceptionListId

 

The supRuleBase table has relations with the exceptionList table. Any exception 
figuring in the rule base must have a description in the exception list. The table 
supExampleBase depends on the exceptionList and must provide analysis for each  
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example figuring in the exceptionList and marked in the supRuleBase. The dhāturūpa 
object depends on the dhātupā�ha object while the AVs is a floating object as of now. 
These linguistic resources are checked for recognition of nouns, and the rules and 
example bases are searched for analysis. System uses some text/data files whose 
samples have been given in earlier sections. 

5.8   Database Connectivity 

The database connectivity is done through Java Database connectivity (JDBC) driver. 
JDBC Application Programming Interface (API) is the industry standard for database 
independent connectivity for Java and a wide range of SQL databases. JDBC 
technology allows using the Java programming language to develop ‘Write once, run 
anywhere’ capabilities for applications that require access to large-scale data. JDBC 
works as bridge between Java program and Database. SQL server 2005 and JDBC 
support input and output in Unicode, so this system accepts Unicode Devanagari text 
as well as prints result in Unicode Devanagri too9. 

6   Limitations of the System 

6.1   Limitations of the Recognition Process 

This system has the following recognition limitations:  

 at present, we have approximately verb forms for only 450 commonly found 
verb roots in the verb database. Though it is very unlikely that ordinary 
Sanskrit literature will overshoot this list, yet the system is likely to start 
processing verb forms as nouns if not found in this limited database. 

 at this point, the system will wrongly mark prefixed or derived verb-forms as 
nouns as they will not be found in the verb  database. The gains from the 
ti�anta analyzer will be added here shortly to overcome this limitation.  

 currently this work assumes sandhi free text. So, a noun or verb with sandhi is 
likely to return wrong results. The gains from a separate research on sandhi 
processing will be used to minimize such errors.  

 currently, our AV database has only 519 AVs. It is not enough for AV 
recognition in ordinary Sanskrit literature. In this case, the system is likely to 
start processing AVs as nouns, if it is not found in AVs database. 

 some forms ending in primary affixes look like nouns while they are AVs. For 
example: ÉÌ ÉÑ Éç, É ÉÉ, AÉ É É, Ì É x É etc. System will incorrectly recognize 
and process them as subantas. 

 many nouns (for example,  śt� pratyayānta in locative singular) look like 
verbs.  These will be wrongly recognized as verbs for example: É ÉÌ É, Éc Ì É, 
É Ì É, cÉ ÉÌ É etc. To solve this problem,  we will have a hybrid POS category 

called SUPTIN for those verb forms which are subantas as well. 

                                                           
9 http://java.sun.com/products/servlet/ 
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6.2   Limitations of the Analysis Process 

The system has the following analysis limitations: 

 same forms are available in the dual of nominative and accusative cases, for 
example, É ÉÉæ, dual of instrumental, dative and ablative cases, for example 

É ÉÉ ÉÉ Éç,  plural of dative and ablative cases, for example É Éå ÉÈ, dual of 

genitive and locative cases, for example É É ÉÉåÈ. In neuter gender as well, the 

nominative and accusative singular forms may be identical as in ÉÑx ÉM Éç (1-1 
and 2-1). In such cases, the system will give all possible results as in 

É ÉÉæ = AÉæ  [ Éë./ Ì². Ì² É.] 
É ÉÉ ÉÉ Éç = ÉÉ Éç  [ É×./cÉ./ ÉÇ. Ì² É.] 
É Éå ÉÈ = ÉxÉç  [cÉ./ ÉÇ. oÉ Ò É.] 
É É ÉÉåÈ = AÉåxÉç  [wÉ./xÉ. Ì² É.] 
ÉÑx ÉM Éç = xÉÑ/A Éç  [ Éë./Ì². M É.] 
åÈ = ÍxÉ/ xÉç [ ÉÇ./wÉ. M É.] 

 some k�danta forms (generally lyap, tumun, and ktvā suffix ending) look like 
nouns (for example - Ì É x É ÉÌ ÉÉ, É ÉÉ, ÉÌ ÉÑ Éç, É ÉÑ É, Éå ÉÑ Éç, Éë É É, Ì É É É 
etc.). In such cases, the system may give wrong results as: 

Ì É x É = Ì É  + xÉç wÉ Ï M ÉcÉ É 
ÉÌ ÉÉ = ÉÌ ÉÉ + xÉÑ Éë É ÉÉ M ÉcÉ É 
É ÉÉ = É ÉÉ + xÉÑ Éë É ÉÉ M ÉcÉ É 
ÉÌ ÉÑ Éç = ÉÌ ÉÑ + A Éç Ì² ÉÏ ÉÉ M ÉcÉ É 
É ÉÑ Éç = É ÉÑ + A Éç Ì² ÉÏ ÉÉ M ÉcÉ É 

 at this point, system does not have gender information for all PDKs, nor does 
it attempt to guess the gender. This limitation is going to be minimized by 
plugging in the amarakośa shortly. 

 currently this system is giving multiple results in ambiguous cases, because 
the words as analyzed a single tokens.  This will be solved by adding the 
gains from the research on kāraka and gender of nouns which concluded 
recently. 

7   The Ti�Anta Analyzer 

Verbs constitute an important part of any language. A sentence indispensably requires 
a verb to convey complete sense. Given the importance of verb and verb phrases in 
any linguistic data, it is necessary to develop a proper strategy to analyze them. 
Creating lexical resource for verbs along with other parts of speech is a necessary 
requirement. Sanskrit is a highly inflectional language. It is relatively free word-order 
language. The semantic inter-relation among the various components of a sentence is 
established through the inflectional suffixes.  
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Scholars have done efforts to analyze Sanskrit verb morphology, both in theory 
and in computation. Some of the major works are listed below: 

• Gérard Huet has developed a lemmatizer that attempts to tag inflected 
Sanskrit verbs along with other words. This lemmatizer knows about 
inflected forms of derived stems which are not apparent in the display of the 
main stem inflection. It, however, does not attempt to lemmatize verbal 
forms with preverbs but only invert root forms. The site also provides a long 
list of the conjugated forms of verb-roots in the present, imperfect, 
imperative, optative, perfect, aorist and future tenses as a PDF document.  

• Prajna project of ASR Melkote claims to do module generation and analysis 
of 400 important Sanskrit roots in three voices (Active, Passive and 
Impersonal), 10 lakāra, 6 tense and 4 moods,  

• Aiba (2004) claims to have developed a Verb Analyzer for classical Sanskrit 
which can parse Sanskrit verb in Present, Aorist, Perfect, Future, Passive and 
Causative forms. This site actually works only for some verbs and accepts 
that the results are not reliable, 

• Desika project of TDIL, Govt. of India claims to be an NLU system for 
generation and analysis for plain and accented written Sanskrit texts based 
on grammar rules of PāØini's Aś�ādhyāyī. It also claims to have a database 
based on Amarakośa and heuristics based on Nyāya & Mīmāmsā Śāstras and 
claims to analyze Vedic texts as well, 

• RCILTS project at SC&SS, JNU has reportedly stored all verb forms of 
Sanskrit in a database, 

• Śābdabodha project of TDIL, govt. of India claims to be an interactive 
application to analyze the semantic and syntactic structure of Sanskrit 
sentences, 

• The ASR Melcote website reports that a Sanskrit Authoring System is under 
development at C-DAC Bangalore. The system is supposed to make making 
tools for morphological, syntactic and semantic analyses with word split 
programs for sandhi and samāsa. 

• Cardona (2004) discussed PāØini’s derivational system involving aspect of 
linguistics, grammar and computer science. 

• Whitney (2002) listed all the quotable roots of the Sanskrit language together 
with the tense and the conjugation system. 

• Mishra and Jha (2004) describe a module (Sanskrit Kāraka Analyzer) for 
identification and description of kāraka according to PāØinian kāraka 
formulations. 

• Edgren (1885) discussed verb roots of Sanskrit language according to 
Sanskrit grammarians. 

• Joshi (1962) presented linguistic analysis of verb and nouns of Sanskrit 
language 

• Jha and Mishra (2004) proposed a model for Sanskrit verb inflection 
identification that would correctly describe verbs in a laukika Sanskrit text. 
They presented a module to identify the verb by applying Panini rules in 
reverse with the help of a relational database. 
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This module can also be used to identify the types of sentences as active or passive 
voice with  complete reference of the verb. 

Present work, which owes a lot to above listed efforts, has some specific features 
such as: 

• The system takes into account the PāØinian analysis and develops its 
methodology by applying it into reverse direction.  

• It aims at developing a comprehensive strategy so that any ti�anta can be 
analyzed with the same technique. 

• It can be further expanded and modified to recognition and analysis of 
denominatives 

• it is an online servlet-unicode database system with input-output in Unicode 
only 

The front-end of the ti�anta analyzer is as follows -  

 

8   Sanskrit Verb-Morphology 

Verbs have been of central importance to Sanskrit grammarians. Yāska insisted so 
much on them that he propounded that all the nominal words are derived from verb 
roots. Verbs convey the sense of becoming10. Sanskrit follows a well defined process 
in the formation of padas. Both noun padas (subanta) as well as verb padas (ti�anta) 
have to undergo certain inflectional processes in which various nominal or verbal 
affixes are added to nominal or verbal base word in order to obtain noun and verbal 
forms. The process is however more than mere addition as there may occur certain 
morphophonemic changes in the base as well as in the affix in the process resulting in 

                                                           
10 bhāvapradhānamākhyātam (Yāska, Nirukta). 
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a usable form. The verb forms are derived from verb-roots or dhātus. These dhātus 
are encoded with the core meaning of the verb. These can be primitive11 or derived12.  
Primitive verb-roots, which are around 2000 in number, have been listed in a lexicon 
named dhātupā�ha. They are divided in 10 groups called gaØas. 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. The chart given on the next page gives an 
overview of Sanskrit verb roots. 

Verb-roots 

Primitive 
(2000 listed) 

Derived

Derived from verbs Denominatives

Causal

Desiderative

Frequentative 

Divided in 
10 ga as

 

8.1   Derived Verb-Roots 

8.1.1   Those Derived From Verb-Roots 
• Causatives (Øijanta) -  The causals are formed by adding affix  Øic to a 

primitive verb root. They convey the sense of a person or thing causing 
another person or thing to perform the action or to undergo the state denoted 
by the root.  

• Desideratives (sannanta) - Desiderative of a primitive verb root is formed 
by adding affix san to it. It conveys the sense that a person or thing wishes to 
perform the action or is about to undergo the state indicated by the 
desiderative form. Any basic verb-root or its causal base may have a 
desiderative form. 

• Frequentatives (ya�anta) - Frequentative verbs import repetition or 
intensity of the action or state expressed by the root from which it is derived. 
They can be of two types - 

o Ātmanepada Frequentative (ya�anta) – affix ya� is added 
o Parasmaipada Frequentative (ya�luganta) – affix ya� is added but 

deleted 
                                                           
11 bhūvādayo dhātavaÜ (Pāņini 1/3/1). 
12 sanādyantā dhātavaÜ (Pāņini 3/1/32). 
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An illustration is given below of formation of derived verb-roots from a primitive 
verb root bhū. 

                     --- (+ Øic)  ---- bhāvay (to cause someone or something to be) 
bhū ( to be )----------- --- (+ san) ---- bubhū( (to desire to be) 

   --- (+ ya�) ---- bobhūya (to be repeatedly) 
   (ya� deleted) ---- bobho/bobhav  

These derived verb-roots, however, undergo similar operations, with some 
specifications, to form verb forms. 

8.1.2   Those Derived from Nominal Words 
A large number of Sanskrit verb-forms can be derived from nominal words. These are 
known as nāmadhātus (denominatives). Taking a nominal word as head, various 
derivational suffixes are added to these to form nominal verb-roots. The sense 
conveyed by the nominal verb root depends upon the suffix added to it. Yet, 
denominatives commonly import that a person or thing behaves or looks upon or 
wishes for or resembles a person or thing denoted by the noun. These denominatives, 
however, can be innumerable as there is no end to nominal words in Sanskrit.  

8.2   Process of Formation of Sanskrit Verb Forms 

A Sanskrit verb root may take various forms in different inflectional paradigms. 
Sanskrit has ten lakāras, i.e. four moods (Indicative, Imperative, Optative, and 
Subjunctive) and six tenses (Present, Imperfect, Perfect, Distant Future, Future and 
Aorist). The lakāras are named in C-V-C format. The first consonant l signifies that 
the suffix has to be replaced by tin terminations further. The vowels a, i, o, u, e, o, r 
distinguish one lakāra from another. Last consonant, either � or �, signifies different 
operations. These lakāras are added to the root, as primary suffixes, so that it denotes 
a meaning in the particular tense or mood indicated by that particular lakāra.  

Verb inflectional terminations or conjugational suffixes are 18 in number. These 
are divided in two groups – Parasmaipada and Ātmanepada, each having 9 affixes – a 
combination of 3 persons x 3 numbers. Thus each of the 18 terminations expresses the 
voice, person and number. A verb is conjugated in either pada, though some of the 
roots are conjugated in both. For each different lakāra, a root is affixed with these 9 
terminations in a single pada. 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. The 18 
inflection terminations are basically replacement of the lakāra or primary suffix. 
According to PāØini, when a lakāra is added to a root, it is replaced by 18 
terminations. Thereafter, one of the 18 remains to create a verb form.  

For each separate lakāra, the 18 tin terminations are replaced by other forms, an 
illustration of the replacement technique of PāØini. Thus ti, tu, tā, t etc. are the various 
replacements of same affix tip in the environment of different lakāras. 

Then we have certain characteristics (vikaraØa) inserted between the root and the 
termination. This characteristic can vary according to lakāra or the class of the verb 
root. For four of the lakāras, we have śap as a characteristic – only for four gaØas.   
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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 tree gives a rough estimate 
of all the possible verb-forms of Sanskrit.13.  

 
 

VR [2000] 
Regular forms + 
Derived forms 

                          ├ Causative (Øijanta) 
                           ├ Desiderative (sannanta) 
                           └ Frequentative (ya�anta/ya�luganta) 
                              

 Denominatives  
  |                      ↓ 
                             TAM [10 lakāras]                                

   ↓    
                     ┌────────────┐ 
                    Active Voice            Passive/Impersonal Voice      
                      ↓                                   ↓     
             10x9(3x3) forms           10x9(3x3) forms 
                ↓                                   ↓ 
             22(+) prefixes                22(+) prefixes 
 
The verb roots of different gaØas adopt certain terminations when ti� affixes are 

added to them. Consequently, the verb roots of these classes form verbal bases ending 
in ‘a’. The ti� affixation also influences the verb root and it undergoes several 
morpho-phonemic changes, for example, having guØa operation on the end vowel. 
The verb root can adopt certain more operations resulting in the final verb-form. 

 
                                                            bhū + ti(p) 

↓ 
bhū +  (ś)a(p)  + ti         (infixation of characteristic) 

↓ 
bho +  a  + ti            (penultimate vowel guØated) 

↓ 
bhav   a   ti            (ayādi sandhi) 

 
As shown in an example, when suffix tip is added to verb-root bhū, we obtain 

bhavati as the final verb form. This bhavati can be analyzed in bhav + a + ti. Here 
bhav is the prepared verbal base whereas a+ti is the combination of ‘characteristic + 
conjugational affix.’ This can be cited as a common analysis of most Sanskrit verb 

                                                           
13 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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forms. The verbal base of a verb root remains same in all its forms whereas the 
second combination is common for almost all the roots of a single gaØa.   

The analysis applies to the first category of derived verb roots as well.  

9   Analysis of Sanskrit Verb Forms 

9.1   Strategy for Regular Verb Forms 

The simplest strategy for regular verb forms can be to store all the possible forms of 
all the verb roots in any structured form. But given the enormity of Sanskrit verb-
roots and the multiplicity of inflectional paradigms, this approach is far from being 
practical. A better approach may be arrived at by following the analytical method.  

As illustrated above, Sanskrit verb forms are a blend of multiple morphemes 
which contain relevant information. Analytically, we can say 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 the root), lakāra, 
person and number. Thus terminations can serve as the most important thing to let 
us know 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 ti� affixes in different lakāras, differ among themselves 
according to the lakāra. However, in each lakāra they are similar for all the verb 
roots of various groups, leaving some exceptions. So, ti can be used to identify any 
verb form of present tense in parasmaipada. But some terminations can vary among 
themselves for a group of gaØas. Then again, the terminations may be changed due 
to morphophonemic environment, tā affix of lu� lakāra changing to �ā with roots 
like yaj.  

Further left we have the remaining morphemes of the various characteristics and 
increments inserted between the verb root and terminations, in the process of their 
formation explained above. So, bhvādigaØa verb forms, in conjugational lakāras, 
have ‘a’- a result of śap characteristic; svādi roots have no, nu or nv - all of them 
remaining morphemes of śnu. Some roots like that of adādi have no such 
characteristic sign infixed in them.  

Then we have the modified stem of the verb root at the right end of the verb form. 
The modification can be that of guØa, v�ddhi or any other. Generally a root adopts a 
common stem in all the forms for both the padas in conjugational lakāras. So, bhav is 
the stem for all the parasmai forms in the conjugational lakāras. But there are 
exceptions to it to the extent that four or five types can be found among nine forms of 
a single lakāra-pada.  

Here, the first morpheme- the ti� termination is common among all the verb forms 
of a particular pada-lakāra-person-number combination. Second constituent- the 
characteristic (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  
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analysis, the recognition of the ti� termination will identify a word as a verb form and 
find out its pada-lakāra-person and number. The second morpheme can, in many 
cases, be helpful to recognize the gaØa of a particular root because the characteristics 
in a lakāra are determined by the gaØa that the root belongs to.  

Thus the core of the analytical approach is that each ti�anta verb form can be 
analyzed to form a unique combination of verbal stem + ti� termination; and we store 
both of these constituent parts in separate tables. So, when it is to be analyzed, its 
constituent morphemes are recognized and identified with the help of pre-stored 
structured data.  

An example of this strategy is shown in the table given below. The first column 
demonstrates the representative verb root of each class. When the verbal affix tip is 
added to each of them, it undergoes certain morphological operations and results in 
the usable ti�anta verb form listed in the second column. This is the forward PāØinian 
process. The next column demonstrates the reverse PāØinian approach for analysis of 
verb forms. In the second column every form has ti ending. When we remove this 
ending along with the conjugational affix, we obtain the storable verbal base. Every 
verb form can be analyzed similarly in ending and remaining verbal base.  

 
Verb-root Verb-form Verb-base 
bhū bhavati bhav (-ati) 
ad atti at(-ti) 
hu juhoti juho(-ti) 
div dīvyati dīvy(-ati) 
su sunoti sun(-oti) 
tud tudati tud(-ati) 
chid14 chinatti chinat(-ti) 
tan tanoti tan(-oti) 
krī krīØāti krī(-Øāti) 

cur 

 
 
 
 
 

 +    ti    

corayati 

 
 
 
 
 

 -   ti    

coray(-ati) 

9.2   Database Tables for Verb Analysis 

The database tables given below demonstrate the structure of storage of all possible 
verbal bases of a verb root. As a sample data, five verb roots of different gaØas have 
been taken - 

Table of Verbal Bases 
 

Verbal Bases 
Frequentative 

root ga a pada se /
ani /
ve

lak ra
Regular Causal Desider. 

tmane Parasmai
la /lo /
vli

bhav, bh vay bubh bobh y bobhav 
,bobho 

bh  bhv di paras
mai 

se

li  babh va bh vay /m     

                                                           
14 rudh shows an exceptional behaviour, so chid has been taken. 
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la abhav abh vay    
ali bh  bh v    
lu  abh  ab bhav    
la /lo /
vli

ad,at day  jighats -  

li  jagh sa, 
jaghasa 

jak a, da

day    

la d, t day    

ali ad d    

ad ad di paras
mai 

se

lu aghas d    

la /lo /
vli

juho, 
juhu,juhv 

h vay juh joh y joho 

li  juhav /m,
juh va,
juhuv 

    

la ajuho,ajuhu     

ali h     

hu juhoty di paras
mai 

ani

lu ahau     

la /lo /
vli

d vy devay didevi ded vya - 

li didev,didiv     

la  ad vy     

ali d v     

div div di paras
mai 

se

lu adev     

 
 

The second table illustrates the structure of the storage of verbal terminations of 
five gaØas in both padas for la�  lakāra. More than one termination in a single box 
has been separated. 

 
Table of Verbal Affixes 

 

I per. II per. III per. lak ra pada/ga a

Sing Dual Plu. Sing. Dual Plu. Sing Dual Plu. 

pa
ra

sm
ai

 

ti/
ati/
oti/ 
ti

ta /
ata /
uta

nti/
anti/
vanti

si/ i/
asi/
a i/o i/
osi 

tha /
atha /
utha

tha/
atha/
utha

mi/
mi/

omi

va /
va /

uva

ma /
ma /
uma

la

tm
an

e 

te/ te
/ te
ute/ te

ete
aate/ 
y te/
uv te

ante/
ate/
yate/
uvate

se/
e/

u e ase

ethe/
the/
y the/
uv the

adhve/
dhve/
udhve

e/
ye/

uve

vahe/
vahe/
uvahe

mahe/
mahe/
umahe
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pa
ra

sm
ai

 t/at t m/ 
at m

n/an /a tam/ 
atam 

ta/ 
ata 

m/am va ma la

tm
an

e 

ata et m/ anta ath  eth m adhvam e vahi mahi 

pa
ra

sm
ai

 t i m i u  i am i a i am i va i ma lu

tm
an

e 

i a i t m i ata i h  i th m idhvam/
idhvam 

i i i vahi i mahi 

 

For identification and analysis, the suffixes should be given a descending character 
sequence. So ti of i�yati in bhavi�yati cannot create any ambiguity. 

10   Problems and Possible Solutions 

• Verb forms which have no mark of termination left in the end are difficult to 
identify with the proposed module. So bhava, babhūva and other alike forms 
are to be stored separately.  

• Some forms which are not ti�anta but are similar to them like bhavati, 
bhavataÜ which are singular and dual of bhū in present parasmai third 
person,  and also locative singular and ablative/relative singular of nominal 
root bhavat. The resolution of ambiguity here will demand involvement of 
semantic and syntactic analysis.  

• Denominatives are formed by deriving verbal base from nominal base with 
the help of affixes such as kyac, kāmyac, kya�, yak, kya� etc. and then adding 
various verbal terminations to these verbal bases. Thus they undergo same 
operations and processes as regular and derived verb forms. Still there 
analysis is difficult due to two reasons. Firstly, nominal bases can be 
innumerable and thus the above stated strategy of storing the bases of all the 
nominative verbal bases is impossible in this case. One has to follow the rule 
based analytical approach. The verbal terminations can be determined with 
the help of affix tables as denominatives are affixed with same verbal affixes. 
The remaining base, however, has to be analyzed in order to infer the 
nominal base of that denominative.  As there are some common rules to 
derive the verbal stem from nominal base, we can develop an analysis rule 
based module to identify the nominal root and can find its meaning with the 
help of a lexicon. 
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• Addition of prefixes to the verbal bases may cause morphological as well as 
semantic change to a verbal form. To identify one or more prefix in a verbal 
form, all the prefixes have to be stored in a database table along with their 
meaning. The system will have to check the input verbal form from left to 
identify single or combined prefixes. A prefix can happen to completely 
modify the meaning of a verb. So, creating a separate table that stores the 
altered meanings of various roots, when affixed with certain prefix, may be 
helpful in this case.   

11   Conclusion 

The proposed strategy to analyze Sanskrit verb forms in given text is different from 
existing works in many ways. It works with a reverse PāØinian approach to analyze 
ti�anta verb forms into there verbal base and verbal affixes. The methodology 
accepted to create database tables to store various morphological components of 
Sanskrit verb forms is clearly in line with the well defined and structured process of 
Sanskrit morphology described by PāØini in his A��ādhyāyī. It comprehensively 
includes the analysis of derived verb roots also. Even in the case of verb roots derived 
from nominal words, the table of affixes can provide assistance in order to separate 
the denominative verbal base from the verbal terminations.  
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Abstract. PāØini’s grammar is widely known for its formal treatment of the 
Sanskrit language. Many scholars (Jha 2004) have earlier taken a systemic view 
of PāØini and have argued that PāØini’s system is easily implementable. How-
ever, on a closer look, several complications arise, especially in PāØini’s  
recourse to semantics in many of the vidhi and sa¹j–ā rules. This seems to hap-
pen more in the kāraka prakaraØa than in other components.  The authors of this 
paper have highlighted the challenges in implementing some of the semantic 
aspects of PāØini’s kāraka system. For example, the semantic conditions of be-
ing most desired by the agent (karturīpsitatamam) and of being most effective 
(sādhakatamam) are difficult to formalize in the rules specifying the semantic 
conditions for an object's being termed karman and karaØa respectively.  Like-
wise, the semantic conditions of being that which the agent approaches with the 
direct object (karmaØā yamabhipraiti), and being the one pleased in relation to 
verbs of pleasing (rucyarthānām prīyamāØaÜ) are difficult to formalize in rules 
specifying semantic conditions for an object's being termed sampradāna. The 
paper also looks at possible strategies to handle such situations, and presents 
pseudo-code like translations of some kāraka rules. 

Keywords: vārtika, kāraka, vibhakti , upapada vibhakti, karmapravacanīya, 
semantics, śiva-sūtra,  Ögveda, Nirukta, BrāhmaØa, śik�ā, prātiśākhya, kart�, 
karma, karaØa, sampradāna, apādāna, adhikaraØa, prathamā, dvitīyā, t�tīyā, ca-
turthī, pa–camī, �a��hī, saptamī, ākā�k�ā, yogyatā, vivak�ā. 

1   Indian Linguistic Tradition: Emphasis on Semantics 

Semantics and phonetics have been the basis of all linguistic analysis in the Sanskritic 
tradition before, during, and after PāØini. According to Nayar (2002: 99),  ‘it was al-
ways held that all linguistic analysis is a step-by-step progress from sound to sense 
involving a series of contextualizations’. The VyākaraØa Vedā�ga which culminated 
in PāØini, provided steps for semantic interpretation through carefully crafted mor-
pho-syntactic procedures often bordering on semantic conditions. Compared to earlier 
generative linguistics where semantics was given a lesser or no role, the Indian tradi-
tion has emphasized a logical movement from sound to meaning. An utterance is con-
textualized, and the context is considered to be a playfield of semantics. We will do a 
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quick survey of some relevant literature since the Ögveda to ascertain the role of se-
mantic studies in the Indian linguistic tradition. 

1.1   The Ögveda 

The Ögveda is probably the earliest documentation on language. It emphasizes the 
correctness of speech and refers to it in the following terms: 

• source of happiness 
• means of attaining desired ends 
• revealer of true knowledge 
• permeates every aspect of life 
• nothing exists beyond language 
• good speech is original and creative 

While many similar references are found at many places in the Ögveda, the most ap-
propriate references to language are in the famous Vāk Sūkta (X.125). Let us look at 
some of its references to language below: 

• language is everywhere 
• it is a cognitive instrument 
• a source of power 
• a social force 
• the very basis of existence 

The Vāk Sūkta seems to be emphasizing the social function of language the very basis 
of which is the correct interpretation. 

1.2   Yāska 

Yaska's role in textual interpretation of Vedic texts through his etymological treatise 
the Nirukta highlights the fact that there was significant emphasis on getting the right 
meaning of the texts. 

1.3   The BrāhmaØa Texts 

Among the various BrāhmaØa texts, the Kauśītakī BrāhmaØa praises the Kuru-
Pā–cāla speech as the abode of vāk. While clarifying the relation between speech and 
mind, the text says that speech is impossible without mind, that speech is preceded by 
mind, and expresses mind (the Pa–cavi¹śa BrāhmaØa). According to the Jaiminīya 
BrāhmaØa, speech is the canal of mind. The Śatapatha BrāhmaØa  states that the 
mind is limited, and the speech is less comprehensive than the mind. 

1.4   The Upani�ads 

The Upani�adas emphasize the importance of correct speech and its social value. 
Among them, the Praśna, MāØ�ūkya, B�hadāraØyaka, Kena and Chāndogya  Upa-
ni�adas elaborate on the physics and metaphysics of speech in this context. 
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1.5   The Śik�ā- Prātiśākhya Texts 

The Vājasaneyī Prātiśākhya (also called the Śukla Yajurveda Prātiśākhya) empha-
sizes the importance of proper recitation (samyak pā�ha). The Pā�ini-Śik�ā empha-
sizes the śabdārtha as the goal of phonetics. 

mÉëÍxÉ®qÉÌmÉ zÉoSÉjÉïqÉÌuÉ¥ÉÉiÉqÉoÉÑÎ®ÍpÉÈ 
mÉÑlÉurÉï£üÏMüËUwrÉÉÍqÉ uÉÉcÉ EŠÉUhÉå ÌuÉÍkÉqÉç  

prasiddham api śabdārtham avij–ātam abuddhibhiÜ 
punarvyaktī kari�yāmi vāca uccāraØe vidhim (PS.2) 

1.6   Pata–jali 

Pata–jali states that one of the goals of linguistic study in Indian tradition was defense 
of scriptures (rak�ā). This goal could be achieved through grammar by explaining  
the meaning of scriptures to those who thought they were meaningless. He also  
emphasizes the right knowledge (samyak j–āna) and precise usage (su��hu prayoga)  
of a word. 

1.7   Semantic Roadblocks in PāØini 

A complete computer simulation of PāØini has semantic hurdles to cross. This is due 
to the fact that the very basis of PāØini’s processing is semantics. Cardona (2004: 3) 
has also pointed to semantics being the basis of all derivations in PāØini. Ramanujam 
(2002: 72) while describing his Desika application has expressed his frustration at 
semantic issues in PāØini, stating, ‘there are quite a few issues which have no satisfac-
tory method of handling at the moment. These obviously pertain to the semantics 
covered/sought to be conveyed by different word categories, as described by sage 
PāØini.’  PāØini’s morpho-syntactic rules as seen in inflectional morphology (subanta, 
tiØanta), derivational morphology (k�danta, taddhita, strī pratyaya, samāsa) and syn-
tactico-semantic rules (kāraka) heavily depend on semantic conditions thereby mak-
ing their implementation difficult.  

2   PāØini’s kāraka-vibhakti System 

Etymologically kāraka is the name given to the relatum of the action signified by the 
verb in a sentence. It means ‘that which brings about’ or ‘doer’. PāØini (kārake 
1.4.23) introduces kārakas probably as adhikāra. Normally technical terms are intro-
duced in the nominative case but in 1.4.23, the term kārake is introduced in the  
locative case. PāØini discusses the entire gamut of kāraka-vibhakti relations in three 
sections of the A��ādhyāyī: 

• kāraka sūtra (1.4.23 – 1.4.55) 
o 33 kāraka-sūtras in the following sequence: apādāna, sa�pradāna, 

karaØa, adhikaraØa, karman and kart� 
• vibhakti sūtra (2.3.1 -  2.3.73) 
• karma-pravacanīya (1.4.83 – 1.4.98) 
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Pata–jali defines the term kāraka in 1.4.23 as karoti iti kārakam (that which brings 
out or accomplishes action). Kātyāyana takes kārake as a sa¹j–ā sūtra. Bhart�hari 
(Bhatta 1992) argues that kāraka is the capacity to produce an action. Nāgeśa inter-
prets kāraka to be something having the capacity to accomplish an action. Jagadiśa 
(Bhatta 1992) in the Śabdaśaktiprakāśikā states that the meaning expressed by the 
particular post-nominal affix becomes the kāraka, if such a meaning is related to the 
action expressed by the verb. Giridhara (VibhaktyarthanirØaya) adds some constraints 
to the theory of kāraka outlined by Jagadiśa. According to him the meaning of the 
post-nominal affixes can be regarded as kāraka provided that 

• they are invariably related to an action 
• they are never related to the meaning of any nominal stem 
• they are not referred to by the post-nominal affixes that are added to a noun 

on account of the presence of another word 

The Siddhānta Kaumudī’s section on cases is called Vibhaktyartha PrakaraØa (the 
section dealing with the semantics of vibhaktis) by many scholars. Cardona (2004: 3) 
calls kārakas ‘participants in actions’. According to Ghildiyal (1962), kārakas are the 
meanings of vibhaktis. Kārakas are the meanings, and vibhaktis are their markers. 
There are three kinds of vibhaktis: kāraka vibhaktis, and special cases (including upa-
pada vibhaktis). 

• kāraka vibhaktis: kartā, karma, etc. 
• Special cases: In the context of some words, dvitīyā vibhakti is ordained. 

For example, kāla and adhva (kālādhvanor atyantasa¹yoge P.2.3.5). 
The upapada vibhaktis can also be included in this category. For exam-
ple, the rule abhitaÜparitaÜsamayānika�āhāpratiyoge’pi allows dvitīyā 
vibhakti in the case of an upapada used with abhitaÜ, paritaÜ, samayā, 
nika�ā, hā or prati. 

3   Formalizing PāØini’s kāraka Rules 

The following sections attempt an algorithmic representation of the kāraka sūtras with 
many semantic conditions difficult to formalize. The formulation of rules related to 
the kart� kāraka is as follows: 

3.1   kart� 

Rule     1.4.54 : x É É §ÉÈ M ÉÉ  
Condition kāraka independent of others  
Result  kart� kāraka 
Code  { M ÉÉ ( [x É É §É] ) } 

Requirement – a formal definition of ‘independence’ 

kart� as karman 
Rule     1.4.52: ÉÌ ÉoÉÑÎ® Éë É ÉxÉÉ ÉÉ É zÉoSMüqÉÉïMüqÉïMüÉhÉÉqÉÍhÉMüiÉÉï  xÉ hÉÉæ 
Condition causatives of the verbs in the sense of gati, buddhi, prtyāvasāna  
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Result  kart� becomes karman 
Code  { M É ( M ÉÉ [ÍhÉ É É(zÉoSMüqÉïMü , oÉÑÎ®,  
  Éë É ÉxÉÉ ÉÉ ÉM  ÉÉ ÉÑ, AM ÉM  ÉÉ ÉÑ)] ) } 
Example zÉ§ÉÔlÉç  A É É É Éç x É É Éç 
Requirement – an explicit listing of verbs meaning gati, buddhi, pratyavasāna 

3.2   karman 

Rule  1.4.49 : M ÉÑ ÏÎ xÉ É É ÉÇ M É 
Condition most sought by kart� 
Result    karman kāraka  
Code  { M É ( DÎ xÉ É É Éç [ M ÉÉ ] ) } 
Example ÉÉwÉåwÉÑ A ÉÇ oÉ ÉÉÌ É 

Rule  1.4.50 : É ÉÉ ÉÑ£Ç  cÉÉ ÉÏÎ xÉ É Éç 
Condition something not sought by kart� 
Result  Karman  
Code  { M É ( A ÉÏÎ xÉ É Éç [ M ÉÉ ] ) } 
Example  ÉëÉ ÉÇ Éc Éç É×hÉÇ xmÉ×zÉÌiÉ  
Requirement – definitions of ‘desired’, ‘most desired’ and ‘not desired’ in the context 
of agent 

3.3   karaØa 

Rule  1.4.42 : xÉÉ ÉM É ÉÇ M hÉ Éç 
Condition The factor most effective in the accomplishment of the action 
Result  karaØa kāraka 
Code  [ M hÉ ( xÉÉ ÉM É É ) ] 
Example M É Éå É Í É ÉÌ É 
Requirement – defining the instrument in the accomplishment of an action  

3.4   sa¹pradāna 

Rule  1.4.32 : M ÉhÉÉ É ÉÍ É ÉëæÌ É xÉ xÉ Éë É É Éç 
Condition That which the agent wants to approach with the object of the action  
  of giving 
Result  sampradāna kāraka 
Code               { xÉ Éë É É ( É ÉÍ É ÉëæÌ É [M ÉåhÉ ] ) } 
Example É ÉÉ Ì É ÉëÉ É ÉÉÇ  ÉÌ É 

Requirement – formal definition of AÍ É ÉëæÌ É (of the agent through his/her action) 

Rule  1.4.33 : Âc É ÉÉ ÉÉÇ ÉëÏ É ÉÉhÉÈ 
Condition The one being pleased in relation to verb roots having the sense of  
  ruc 
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Result  sampradāna kāraka 
Code  { xÉ Éë É É ( ÉëÏ É ÉÉhÉ [ AÍ É ÉÉwÉÉ ÉM  ÉÉ ÉÑ ] ) } 
Example Éå ÉåcÉ Éå ÉÌ£ È 

Requirement – defining ÉëÏ É ÉÉhÉ in the sense of ÂcÉç 

Rule  1.4.34 : zsÉÉbÉ»ÒûXçxjÉÉzÉmÉÉÇ  ¥ÉÏ x É ÉÉ ÉÈ 
Condition The person who is desired to be cognizant of the praise when verbal 
  roots ślāgh (to praise), hnu� (to hide), sthā (to stay) and śap (to  
  swear) are used. 
Result  sampradāna kāraka 
Code  { xÉ Éë É É ( ¥ÉÏ x É ÉÉ É [ zsÉÉbÉç, »ÒûXèû, xjÉÉ, zÉmÉç]] ) } 
Example ÉÉåÌ Éx É É Éç M× whÉÉ É zsÉÉbÉiÉå  

Requirement – defining the ¥ÉÏ x É ÉÉ É (desired receiver of praise etc.) 

Rule  1.4.35 : ÉÉ åÂ É ÉhÉÈ 
Condition In the case of the use of the causal of dh�– (owe), the creditor 
Result  sampradāna kāraka 
Code  { xÉ Éë É É ( E É ÉhÉ [ ÍhÉ É É É×gÉç ÉÉ ÉÑ ] ) } 

Requirement – defining the  E É ÉhÉ (the creditor) 

Rule  1.4.37 : ¢Ñ É ìÓ å w ÉÉxÉÔ ÉÉ ÉÉ ÉÉÇ ÉÇ ÉëÌ É M Éå ÉÈ 
Condition To whom anger is directed when verb roots having the signification 

of krudh (to be angry), druh (to wish harm to), īr�ya (not to tolerate) 
and asūya (to invent fault) are used 

Result  sampradāna kāraka  
Code  { xÉ Éë É É ( ÉÇ ÉëÌ É M Éå ÉÈ [ ¢Ñ Éç, ìÓ ç , Dw É, AxÉÔ ÉÉ ÉM  ÉÉ ÉÑ ] ) } 

Example          Éå ¢Ñ è ÉÌ É ìÓ½Ì É Dw ÉÌ É AxÉÔ ÉÌ É ÉÉ 

Requirement – defining the ÉÇ ÉëÌ É M Éå ÉÈ (to whom anger is directed) 

Rule No. 1.4.39 
Rule  É ÉÏ¤ ÉÉå Éx É ÌuÉmÉëzlÉÈ 
Condition To whom many enquiries are made when verbal roots rādh (to  
  prophesy) or īk� (observe) are used.  
Result  sampradāna kāraka 
Code  { xÉ Éë É É (ÌuÉmÉëzlÉÈ [ É Éç, D¤Éç] ) } 

Example M× whÉÉ É É ÉÌ É D¤É Éå ÉÉ 

Requirement – defining the (ÌuÉmÉëzlÉ È (to whom many enquiries are made) 
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3.5   apādāna 

Rule  1.4.24 :  ÉëÑ É É ÉÉ Éå ÉÉ É É Éç 
Condition The fixed point in relation to moving away  
Result  apādāna kāraka 
Code  { A ÉÉ É É ( ÉëÑ É [ A ÉÉ É ] ) } 
Example É×¤ÉÉ Éç É§ÉÉÍhÉ É ÉÎ É 

Requirement – defining the ÉëÑ É (fixed point) and A ÉÉ É (separation from a fixed point) 

Rule  1.4.25 : ÉÏ§ÉÉ ÉÉ ÉÉÇ É É å ÉÑÈ 
Condition in the sense of bhī (fearing) or trā (protecting), the item which 
  causes fear 
Result  apādāna kāraka 
Code  { A ÉÉ É É ( M É hÉ [ É É, §ÉÉhÉÉ ÉM  ÉÉ ÉÑ ] ) } 
Example cÉÉå É Éç ÌoÉ ÉåÌ É §ÉÉ É Éå ÉÉ 

Requirement – defining the É É å ÉÑÈ (cause of fear) 

Rule  1.4.26 : É É Éå xÉÉå È 
Condition The item which is unbearable when verb base ji (to win) is used 

with the preverb parā. 
Result  apādāna kāraka  
Code  { A ÉÉ É É ( AxÉÉå  [ É É + Î É ÉÉ ÉÑ ] ) } 
Example A É É ÉÉ Éç É É É É Éå 

Requirement – defining the AxÉÉå  (unbearable) 

Rule  1.4.28 : A É ÉÉæ Éå ÉÉ �rÉålÉÉSzÉïlÉÍqÉcNûÌiÉ  
Condition The person by whom one wishes not to be seen through the use of 

something which comes in between 
Result  apādāna kāraka 
Code  { A ÉÉ É É (ASzÉïlÉqÉç  [ A É ÉÉ É ] ) } 
Example ÉÉ ÉÑÌ É ÉÏ É Éå M× whÉÈ 

Requirement – defining the ASzÉïlÉqÉç  (hiding) 

3.6   adhikaraØa 

Rule No. 1.4.45 
Rule  AÉ ÉÉ Éå Í ÉM hÉ Éç 
Condition if there is a locus of the action  
Result  adhikaraØa kāraka  
Code  ( AÍ ÉM hÉ [ AÉ ÉÉ  ] ) 
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Example ÉëÉ Éå ÉxÉÌ É 

Requirement – defining the AÉ ÉÉ  (locus) 

Generally saptamī vibhakti (2.3.36) is used in adhikaraØa kāraka, but t�tīyā (2.3.44), 
pa–camī (2.3.42), and �a�thī (2.3.38) vibhaktis are also used in place of or along with 
saptamī under other conditions. 

4   Formalizing PāØini’s vibhakti Rules  

The following sections attempt a formal representation of some of the vibhakti rules 
of PāØini and try to underline the semantic problems therein. 

4.1   prathamā 

Rule No. 2.3.46 
Rule  ÉëÉÌ É ÉÌ M É ÉÍ É ç É ÉË ÉÉhÉ ÉcÉ É ÉÉ§Éå Éë É ÉÉ 
Condition if prātipadikārtha (nominal stem meaning), li�ga (gender), parimāØa 

(measure) or vacana  (number) only is to be expressed.  
Result  prathamā vibhakti 
Code  { Éë É ÉÉ ( ÉëÉÌ É ÉÌ M É É [ ÉÉÌ É, ÉÌ£  ], Í É è É , ÉË ÉÉhÉ, ÉcÉ É ) } 
Requirement – a lexicon of words meaning prātipadika,  li�ga, parimāØa, and vacana 

4.2   dvitīyā 

Rule No. 2.3.5 
Rule  M É ÉÉ É ÉÉå É ÉxÉÇ ÉÉå Éå 
Condition If atyantasa¹yoga (continuous connection) is signified in the  
  context of words denoting kāla (time) and mārga (path). 
Result  dvitīyā vibhakti 
Code  { Ì² ÉÏ ÉÉ ( M É É ÉÉcÉM , ÉÉ É ÉÉcÉM  zÉoS  [ xÉÇ ÉÉå É ] ) } 
Requirement – defining atyantasa¹yoga (continuous connection) and listing words  
denoting kāla (time) and mārga (path). 

Rule No. 2.3.8 
Rule  M É Éë ÉcÉ ÉÏ É ÉÑ£å  Ì² ÉÏ ÉÉ 
Condition if a word is used in construction with a karmapravacanīya 
Result  dvitīyā vibhakti 
Code  { Ì² ÉÏ ÉÉ ( M É Éë ÉcÉ ÉÏ É ) } 
Requirement – defining karmapravacanīya 

5   karmapravacanīyas 

The following sections present a formalization of some of the karmapravacanīya re-
lated sūtras 
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5.1   anu 

PāØini applies sa¹j–ā karmapravacanīya to anu under four semantic conditions and 
allows for dvitīyā vibhakti [2.3.8]. 

Rule No. 1.4.84 
Rule  A ÉÑ É¤ÉhÉå 
Condition when anu cosignifies a lak�aØa (characteristic mark). 
Result   karmapravacanīya 

Rule No. 1.4.85 
Rule  É× ÉÏ ÉÉ Éå 
Condition when anu cosignifies the sense of the t�tīyā (third triplet of sup). 
Result   karmapravacanīya 

Rule No. 1.4.86 
Rule  Ï Éå 
Condition when anu cosignifies hīna (less, inferior). 
Result   karmapravacanīya 
Rule No. 1.4.90 
Rule  É¤ÉhÉå É ÉÔ ÉÉ ÉÉ É ÉÉ É ÉÏ xÉÉxÉÑ ÉëÌ É É É É ÉÈ 
Condition when anu cosignifies a lak�aØa (characteristic mark), it-

thambhūtākhyāna (characterizing a as b), a bhāga (share) or vīpsā 
Result   karmapravacanīya 

Combined pseudo-code of the sūtras 1.4.84-86 and 1.4.90 can be given as follows: 

{ 
 M É Éë ÉcÉ ÉÏ É 
  ( A ÉÑ 
   [ 

É¤ÉhÉÉ ÉM   
    xÉ ÉÉ É, xÉÉÌ ÉÉ ÉM   
    Ï ÉÉ ÉM   
    É¤ÉhÉÉ ÉM , C É ÉÔ ÉÉ ÉÉ É, ÉÉ É, ÉÏ xÉÉ ÉM  
   ] 
  ) 
 Ì² ÉÏ ÉÉ Ì É ÉÌ£   
} 

Requirement – defining lak�aØa, hīna, itthambhūtākhyāna, bhāga, vīpsā. 

The subsequent karmapravacanīyas (1.4.87-98) require a formal account of terms like 
É É É, A É ÉM , ÉëÌ ÉÌ ÉÍ É, É ÉÉ É , ÉëÌ É É É, xÉqÉÑŠrÉ  etc and their senses. They either re-

quire defining concepts or compiling huge sense-lexicons. 
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6   kāraka-vibhakti Mapping 

While the details of kāraka-vibhakti relations are discussed in three sections of the 
A��ādhyāyī as mentioned in section 2 above, Table 1 summarizes the major relations 
discussed in this paper. 

Table 1. Kāraka-vibhakti relations in the A��ādhyāyī 

kāraka sūtra Explanation vibhakti/s 
P2.3.46   prathamā 
P 2.3.18   t�tīyā 

kart� P 1.4.54 One which is independent (the most 
important source) in any action and 
executes the action P 2.3.65   �a�thī 

P 2.3.2     dvitīyā 
P 2.3.12   caturthī 

karman P 1.4.49 which is most desired of agent through 
his action 

P 2.3.65   �a�thī 
karaØa P 1.4.42 that which is most instrumental in ac-

complishment of  an action  
P 2.3.18   t�tīyā 

sampradāna P 1.4.32 whosoever the agent approaches for 
the object of the act of giving/benefit  

P 2.3.13  caturthī 

apādāna P 1.4.24  that from which/where separa-
tion/departure is meant   

P 2.3.28  pa–camī 

adhikaraØa P 1.4.45 that which is the locus/ substratum of 
the action 

P 2.3.36   saptamī 

7   Problems in Implementation 

The implementation issues with respect to kārakas can be classified in three catego-
ries as follows: 

• vivak�ā dependent operations 
• vārtikas limiting/extending rules 
• Semantic conditions necessary for implementing a rule 

Some of these may be difficult to implement with the current state of computing algo-
rithms and technologies. Let us see each of them. 

7.1   vivak�ā Dependent Operations 

The application of many kāraka rules depends on the speaker’s intention (vivak�ā) 

(Cardona 2004). In the example x ÉÉ ÉÉ ÉcÉÌ É, x ÉÉ ÉÏ should be termed AÍ ÉM hÉ (lo-

cus) as it is the AÉ ÉÉ  (AÉ ÉÉ Éå Í ÉM hÉ Éç), but it is termed M hÉ by rule xÉÉ ÉM É ÉÇ M -
hÉ Éç because the speaker thinks it is the most instrumental (xÉÉ ÉM É É ((mÉëM×ü¹  E ÉM É M ) 
and therefore prefers instrumental case and hence the t�tīyā is conditioned by 
M É×M hÉ ÉÉåx É× ÉÏ ÉÉ (2.3.18).  M ÉhÉÉ É ÉÍ É ÉëæÌ É xÉ xÉ Éë É É Éç  prescribes xÉ Éë É É for the re-

ceiver of a gift, but the vārtika AÍzÉ¹urÉuÉWûÉUå  ÉhÉÈ Éë ÉÉå Éå cÉ ÉÑ É Éå É× ÉÏ ÉÉ prohibits it if the 
gift was intended for deriving some benefit (sexual favor in this case). 
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7.2   vārtikas 

The vārtikas provide additional information on Paninian rules. They often introduce 
new conditions for the rules to apply as such, extend the rule application to new do-
mains, or delimit them.  This adds to the complexities because many of the Paninian 
rules have to be implemented taking vārtikas into account. For example, ÉÏ- É½Éå É  
( ÉÉ É ÉÌ É ÉÉ ÉÌ É ÉÉ ÉÉ Ç É× Éå É) allows karaØa if the verb is ÉÏ or É è. It thus limits 

ÉÌ ÉoÉÑÎ® Éë É ÉxÉÉ ÉÉ É zÉoSMüqÉÉïMüqÉïMüÉhÉÉqÉÍhÉ  M ÉÉ xÉ hÉÉæ which allows karma.1  In another in-
stance, the vārtikas can be seen as limiting themselves as follows: 

Ì É É É×M É×M x É É å Ì ÉwÉå ÉÈ (if the kartā is sārathi or any of its synonyms then ÉÏ- É½Éå É  
does not apply  ÉÉ ÉÌ É ÉÇ ÉÉ É Éç xÉÔ ÉÈ (karma by PāØini’s ÉÌ ÉoÉÑÎ®… sūtra) 

7.3   Semantic Conditions 

Semantic conditions such as those mentioned below are hard to implement. Some 
possible solutions have been provided in section 8. 

x ÉÉ ÉÇ§ É 

The functional property of a sentential constituent being capable of carrying out ac-
tions on its own is hard to implement using a computer algorithm. Possible solution 
could be building extensive ontological trees and compatibility maps for verbs and 
their arguments. 

DÎ xÉ É/DÎ xÉ É É É 

Desirable and less or more desirable objects for agents cannot be implemented with-
out domain knowledge. The fact that poison is generally not going to be a more desir-
able object compared to rice is a well known fact. However, engineering this small 
piece of knowledge in computer is hard. We may have to build domain dictionaries 
for what is generally believed to be good and bad for members of different sets. Even 
if such common-sense world knowledge has been built in the machine, there will be 
idiosyncracies (or vivak�ā). 

xÉÉ ÉM É É 

The argument here is more or less similar to that mentioned above for desirable/ 
more/less desirable.   The vivak�ā will however play a larger role here than in the pre-
vious case. 

                                                           
1 The sūtra (1.4.52) provides that the one independent in the action denoted by the base root be 

termed karman in relation to the action denoted by the causative root.  By negating the sūtra 
in the cases of the two roots in question, the vārtika allows the one independent in the action 
to be termed kartā by 1.4.54 thereby conditioning the third triplet of nominal terminations by 
2.3.18.  There is no question of one independent in the action being termed karaØa (Editor’s 
note). 
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AÍ É ÉëæÌ É (to be AÍ É ÉÑ É - approach someone to give a gift) 

Implementation of this will require  ākā�k�ā/yogyatā charts for verbs of giving. To be 
more specific, we will have to state which of such verbs are compatible with which 
gifts to what kinds of recipients. 

ÉëÑ É (fixed point) A ÉÉ É (path of separation) 

ÉëÑ É or fixed points of departure can be only formalized by encoding world knowl-

edge. Sometimes, there may be confusion in deciding whether something is a ÉëÑ É or 

an AÉ ÉÉ  as in the example ÉÉ É ÉÈ A ÉÉ Éç É ÉÌ É, is A É an AÉ ÉÉ  or ÉëÑ É ? 

AÉ ÉÉ Éå Í ÉM hÉ Éç  (AÉ ÉÉ È ÌM Éç ?) 

Similarly, what can be a matching AÉ ÉÉ  for a matching person or thing will be hard to 
encode in the machine. As in the previous cases massive knowledge bases of com-
patible objects will have to be built. 

8   Some General Solutions 

Besides building ontological knowledge bases with compatibility charts, we will have 
to develop several dictionaries and databases as follows: 

• Build a database of all the kāraka rules, special conditions, exceptions, 
vārtikas, examples, etc. The authors have developed such a database 

• Synonymy and equivalence lexicon like the Amarakośa 
o Rules having ‘in the sense of’ ( ÉÉcÉÏ / A ÉM ) etc can be handled by 

a synonymy lexicon like the Amarakośa (http://sanskrit.jnu.ac.in/ 
amara/index.jsp)  

• Using wordnet and other lexical resources for Sanskrit like those developed 
by Kulkarni (2008) 

• Semantic classification of verbs according to kāraka to handle abundant cas-
es like ‘verbs in the sense of …’ and the like. The Dhātupā�ha gives a se-
mantic grouping of Sanskrit verbs as can be seen at the following location: 

o http://sanskrit.jnu.ac.in/tinanta/tinanta.jsp  

• Another option could be deciding on a set of primitives for each of these 
concepts and a unique forward (building) mechanism for building larger 
concepts from basic ones and a backward (reducing) mechanism for reducing 
compound concepts into unitary ones. We can model this solution on the 
lines of Jackendoff and Dorr and use them for Sanskrit verb classes incorpo-
rating kāraka information as well. 
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9   Model for Kāraka Identification  

A tentative model for kāraka marking has been done and partial implementation has 
been done at http://sanskrit.jnu.ac.in/karaka/analyzer.jsp. Of the eight modules, six 
have been developed. Modules 5, 6, and 7 are under development as of now. 

[1] VERB ID 
[2] VERB ANALYSIS 
[3] NON—VERB ID 
[4] SUBANTA ANALYSIS 
*[5] AKANKSHA CHECK 
*[6] KARAKA RULES 
*[7] SPECIAL CONDITIONS 
[8] KARAKA ASSIGNMENT 

The module names prefixed with ‘*’ are under development currently. 

Sample example -  devadattaÜ odana¹ pacati 
[1] 

 devadattaÜ  odana¹  pacati [VERB] 
 
[2] 

devadattaÜ  odana¹  pacati 
[�upaca�>dvikarmaka>bhvādigaØa>kar�rvācya] 

 
[3] 

 devadattaÜ[SUBANTA]  odana¹[SUBANTA]  pacati 
�upaca�>dvikarmaka>bhvādigaØa>kar�rvācya] 

 
[4] 

 devadattaÜ_1.1  odana¹_2.1/2.1  pacati 
�upaca�>dvikarmaka>bhvādigaØa>kar�rvācya] 

 
[5] 
[6] 
[7] 
 
[8] 

 devadattaÜ_1.1[kart� (svatantraÜ…)]  odana¹_2.1[karman  
(karturīpsitatam…)] pacati  [�upaca�>dvikarmaka>bhvādigaØa>kar�rvācya] 

10   Conclusion 

The authors in this paper have tried to present a case for deeper analysis of semantic 
conditions in rule writing of PāØini and have highlighted the fact that a complete  
implementation of the system of PāØini will not be possible without formalizing  
all kāraka rules as per the semantic conditions put forth by PāØini. This may also  
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necessitate a proper understanding of vivak�ā and its formalization. The fact that this 
is a difficult task given the status of computing technologies available to us has also 
been highlighted by the authors. Some long term solutions have also been suggested. 
The authors have also put forth a kāraka analyzer system consisting of several mod-
ules many of which have been developed. 
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Abstract. The most authoritative description of the morphophonemic
rules that apply at word boundaries (external sandhi) in Sanskrit is by
the great grammarian Pān. ini (fl. 5th c. b. c. e.). These rules are stated
formally in Pān. ini’s grammar, the As.t.ādhyāȳı ‘group of eight chapters’.
The present paper summarizes Pān. ini’s handling of sandhi, his notational
conventions, and formal properties of his theory. An XML vocabulary for
expressing Pān. ini’s rules is introduced and the application to morpho-
phonemic rules demonstrated. Although Pān. ini’s notation potentially
exceeds a finite state grammar in power, individual rules do not rewrite
their own output, and thus they may be automatically translated into a
rule cascade from which a finite state transducer can be compiled.

1 Sandhi in Sanskrit

Sanskrit possesses a set of morphophonemic rules (both obligatory and op-
tional) that apply at morpheme and word boundaries (the latter are also termed
pada boundaries). The former are called internal sandhi (< saṁdhi ‘putting to-
gether’); the latter, external sandhi. This paper only considers external sandhi.
Sandhi rules involve processes such as assimilation and vowel coalescence. Some
examples of external sandhi are: na asti > nāsti ‘is not’, tat ca > tac ca ‘and
this’, etat hi > etad dhi ‘for this’, devas api > devo ’pi ‘also a god’.1

2 Sandhi in Pān. ini’s Grammar

Pān. ini’s As.t.ādhyāȳı is a complete grammar of Sanskrit, covering phonology,
morphology, syntax, semantics, and even pragmatics. It contains about 4000
rules (termed sūtra, literally ‘thread’), divided between eight chapters (termed
adhyāya). Conciseness (lāghava) is a fundamental principle in Pān. ini’s formu-
lation of carefully interrelated rules [1]. Rules are either operational (i. e. they

� This work has been supported by NSF grant IIS-0535207. Any opinions, findings,
and conclusions or recommendations expressed are those of the author and do not
necessarily reflect the views of the National Science Foundation. The paper has
benefited from comments by Peter M. Scharf and by four anonymous referees.

1 The symbol 〈’ 〉 (avagraha) does not represent a phoneme but is an orthographic
convention to indicate the prodelision of an initial a-.

G. Huet, A. Kulkarni, and P. Scharf (Eds.): Sanskrit CL 2007/2008, LNAI 5402, pp. 253–265, 2009.
c© Springer-Verlag Berlin Heidelberg 2009
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specify a particular linguistic operation, or kārya) or interpretive (i. e. they define
the scope of operational rules).2 Rules may be obligatory or optional.

A brief review of some well-known aspects of Pān. ini’s grammar is in order.
The operational rules relevant to sandhi specify that a substituend (sthānin) is
replaced by a substituens (ādeśa) in a given context [3, 308]. Rules are written
using metalinguistic case conventions, so that the substituend is marked as gen-
itive, the substituens as nominative, the left context as ablative (tasmāt), and
the right context as locative (tasmin). For instance:

8.4.62 jhayo ho ’nyatarasyām
jhaY -abl h-gen optionally

This rule specifies that (optionally) a homogeneous sound replaces h when pre-
ceded by a sound termed jhaY — i. e. an oral stop [4, 783–784]. Pān. ini uses
abbreviatory labels (termed pratyāhāra) to describe phonological classes. These
labels are interpreted in the context of an ancillary text of the As.t.ādhyāȳı, the
Śivasūtras, which enumerate a catalog of sounds (varn. asamāmnāya) in fourteen
classes [5, 6]:

1. a i u N.
2. r

˚
l
˚

K
3. e o Ṅ
4. ai au C
5. h y v r T.
6. l N.
7. ñ m ṅ n. n M

8. jh bh Ñ
9. gh d.h dh S.

10. j b g d. d Ś
11. kh ph ch t.h th c t. t V
12. k p Y
13. ś s. s R
14. h L

The final items (indicated here by capital letters) are markers termed it ‘indica-
tory sound’ and are not considered to belong to the class. A pratyāhāra formed
from a sound and an it denotes all sounds in the sequence beginning with the
specified sound and ending with the last sound before the it. Thus jhaY denotes
the class of all sounds from jh through p (before the it Y ): jh, bh, gh, d. h, dh,
j, b, g, d. , d, kh, ph, ch, t.h, th, c, t., t, k, p (i. e. all oral stops).3 Sūtra 8.4.62,
as printed above, is by itself both elliptic and uninterpretable. Ellipses in sūtras
are completed by supplying elements that occur in earlier sūtras; the device by
which omitted elements can be inferred from preceding sūtras is termed anuvr

˚
tti

‘recurrence’ [2, 60]. It will be noticed that no substituens is specified in 8.4.62;
the substituens savarnah. ‘homogeneous sound-nom’ [6] is supplied by anuvr

˚
tti

from sūtra 8.4.58 anusvārasya yayi parasavarn. ah. . Still, the device of anuvr
˚

tti is
insufficient to specify the exact sound that must be introduced as a substituens.
It is here that interpretive rules play a role. Sūtra 8.4.62 must be interpreted

2 The traditional classification of rules is more fine-grained and comprises saṁjñā
(technical terms), paribhās. ā (interpretive rules), vidhi (operational rules), niyama
(restriction rules), pratis.edha (negation rules), atideśa (extension rules), vibhās. ā (op-
tional rules), nipātana (ad hoc rules), adhikāra (heading rules) [2, 89].

3 The vowel a added after a consonant makes the pratyāhāra pronounceable.
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in the light of the paribhās. ā ‘interpretive rule’ 1.1.50 sthāne ’ntaratamah. , which
specifies that a substituens must be maximally similar (sc. in articulatory place
and manner) to the substituend [2, 126]. Thus the substituens in 8.4.62 will al-
ways be aspirated, since h (the substituend) is aspirated: e. g. vāg hasati (< vāk
hasati ‘a voice laughs’ by 8.2.39) > vāgghasati.4

A second example further illustrates the principles already discussed:

8.4.63 śaś cho ’t.i
ś-gen ch-nom aT. -loc

Here jhayah. ‘jhaY -abl’ and anyatarasyām ‘optionally’ are supplied by anuvr
˚

tti
from the preceding sūtra (8.4.62). The rule specifies that (optionally) ś is re-
placed by ch when it is preceded by an oral stop (jhaY ) and followed by a vowel
or semivowel (aT. ).

Rules specific to external sandhi are found in the third quarter (pāda) of the
eighth adhyāya. A number of rules are common to both internal and external
sandhi, and rules relevant for external sandhi are also found in the first pāda of
the sixth adhyāya and the fourth pāda of the eighth adhyāya.

3 An XML Encoding for Pān. inian Rules

An encoding based on Extensible Markup Language (XML) has been chosen for
expressing Pān. inian rules in machine-readable form. The XML vocabulary con-
tains an element <rule>, with required attributes source (the substituend) and
target (the substituens) and optional attributes lcontext (the left context) and
rcontext (the right context). The values of source, lcontext, and rcontext are
specified as Perl-compatible regular expressions (PCREs) [7].5 Sanskrit sounds
are indicated in an encoding known as SLP1 (Sanskrit Library Phonetic 1) [8]. An
encoding such as Unicode is not used, since Unicode represents written characters
rather than speech sounds [9]. The SLP1 encoding facilitates linguistic process-
ing by representing each Sanskrit sound with a single symbol (see Fig. 1).6 The
use of Unicode would be undesirable here, since (1) there would not be a one-to-
one correspondence between character and sound, and (2) Sanskrit is commonly
written in a number of different scripts (Devanāgar̄ı, Tamil, Roman, etc.).

The following is the XML representation of sūtra 8.3.23 mo ’nusvārah. , which
specifies that a pada-final m is replaced by the nasal sound anusvāra (ṁ) when
followed by a consonant [4, 628]:

4 Note that Sanskrit h represents a voiced glottal fricative [H].
5 So-called “regular expressions” in programming languages such as Perl include ex-

tended features such as pattern memory that exceed the power of regular languages
(see Sect. 4); for example, it is possible to write a PCRE that matches the αα lan-
guage, that is, the language of all reduplicated strings. Thus PCREs are not, in the
formal sense, regular expressions at all.

6 Figure 1 shows only the basic phonetic segments in the SLP1 encoding. The entire
encoding is documented in [8].
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<rule source="m" target="M"
rcontext="[@(wb)][@(hal)]"
ref="A.8.3.23"/>

This rule employs a syntactic extension used for macros. The expression @(name)
is replaced by the value of a defined macro name . Macros are defined with an
XML element <macro> and may be defined recursively. Macro expansion is per-
formed immediately after parsing the XML file, before any further processing.
Here the rcontext attribute references two macros: @(wb) is expanded to char-
acters that indicate a word boundary, and @(hal) is expanded to the characters
representing the sounds of the pratyāhāra haL (i. e. all consonants). Macros are
a syntactic convenience that allows rules to be easier to read (and closer to
Pān. ini’s original formulation); one might equally spell out in full all characters
representing sounds in a phonological class. The square brackets belong to the
PCRE syntax and indicate that any character contained between them should
be matched; that is, [abc] matches an a, b, or c.

a
a

ā
A

i
i

ı̄
I

u
u

ū
U

r
f̊

r̄
F̊

l
x̊

l̄
X̊

e
e

ai
E

o
o

au
O

k
k

kh
K

g
g

gh
G

ṅ
N

c
c

ch
C

j
j

jh
J

ñ
Y

t.
w

t.h
W

d.
q

d.h
Q

n.
R

l.
L

l.h
|

t
t

th
T

d
d

dh
D

n
n

p
p

ph
P

b
b

bh
B

m
m

y
y

r
r

l
l

v
v

ś
S

s.
z

s
s

h
h

h.
H

h
Z̄

h
V̌

ṁ
M

Fig. 1. Basic phonetic segments in the SLP1 encoding
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In the target two additional syntactic facilities allow for rules to be expressed
in a way that is close to Pān. ini’s formulation. These facilities are termed map-
pings and functions. The following rule illustrates a mapping:

<rule source="h"
target="%(voicedaspirate($1))"
lcontext="([@(Jay)])[@(wb)]"
optional="yes"
ref="A.8.4.62"/>

This sūtra has been discussed earlier. The left context matches a jhaY followed
by a word boundary. The parentheses (part of PCRE syntax) specify that the
contents (the jhaY ) be stored in pattern memory. Strings stored in pattern
memory are available for subsequent reference: the pattern matched by the first
parenthesized group may be recalled with $1; the second, with $2; etc. The
pattern memory variable $1 is referenced in the target attribute. The rule
specifies that an h, when preceded by a pada-final jhaY, is replaced by the result
of performing the voicedaspiratemapping on the matched jhaY. The mapping
syntax takes the form %(name(input)), where name is the name of a mapping,
and input is the input symbol for the mapping. A mapping is defined with
a <mapping> element, which has as children one or more <map> elements. The
mapping voicedaspirate is defined thus:

<mapping name="voicedaspirate">
<map from="@(jaS)" to="@(Jaz)"/>

</mapping>

This mapping translates the voiced oral stops denoted by the pratyāhāra
jaŚ (j, b, g, d. , d) to the equivalent aspirated voiced oral stops denoted by the pra-
tyāhāra jhaS. (jh, bh, gh, d. h, dh). In the case that the input symbol to a mapping
is not contained in any from, the mapping is equivalent to the identity mapping.

Sūtra 6.1.87 ād gun. ah. illustrates the use of a function:

<rule source="[@(a)][@(wb)]([@(ik)])"
target="!(gunate($1))"
ref="A.6.1.87"/>

The source matches either short a or long ā (by the definition of the macro a),
a word boundary, and then the pratyāhāra iK (a simple vowel other than a or
ā). The macro ik is defined:

<macro name="ik"
value="@(i)@(u)@(f)@(x)"
ref="A.1.1.71"/>

and depends on the macro definitions:

<macro name="i" value="iI"
ref="A.1.1.69"/>
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<macro name="u" value="uU"
ref="A.1.1.69"/>

<macro name="f" value="fF"
ref="A.1.1.69"/>

<macro name="x" value="xX"
ref="A.1.1.69"/>

The iK is stored in pattern memory, and the substituend (a-varn. a) is replaced
by the output of calling the function gunate on the stored iK. A function is
defined with an element <function>, which has as children one or more <rule>
elements. These are context-free rules that typically make use of mappings in
the target. Thus gunate is defined:

<function name="gunate">
<rule source="[@(a)@(i)@(u)]"

target="%(guna($1))"/>
<rule source="[@(f)@(x)]"

target="%(guna($1))
%(semivowel($1))"/>

</function>

Two mappings are invoked here:

<mapping name="guna"
ref="A.1.1.2">

<map from="@(a)" to="a"/>
<map from="@(i)" to="e"/>
<map from="@(u)" to="o"/>
<map from="@(f)" to="a"/>
<map from="@(x)" to="a"/>

</mapping>

<mapping name="semivowel"
ref="A.6.1.77">

<map from="@(i)" to="y"/>
<map from="@(u)" to="v"/>
<map from="@(f)" to="r"/>
<map from="@(x)" to="l"/>

</mapping>

The mapping guna maps simple vowels such as a-varn. a (which includes short a
and long ā) to their gun. a equivalent. The term gun. a is defined by the technical
rule (saṁjñā) [2, 102] 1.1.2 adeṅ gun. ah. ‘a and eṄ [are] gun. a’ (the pratyāhāra eṄ
= {e, o}). The mapping semivowel maps those vowels that possess homorganic
semivowels to the corresponding semivowels. The function gunate, if the input
is a-, i-, or u-varn. a, outputs the corresponding gun. a vowel; if the input is r

˚
- or

l
˚
-varn. a, it outputs the corresponding gun. a vowel (in this case, a) concatenated
with the homorganic semivowel (either r or l). The domain of gunate is {a, ā,
i, ı̄, u, ū, r

˚
, r̄
˚

, l
˚
, l̄}̊ and its range is {a, e, o, ar, al}.
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4 Regular Languages and Regular Relations

First, it is necessary to define a regular language. Let Σ denote a finite alphabet
and Σε denote Σ ∪ {ε} (where ε is the empty string). {e} is a regular language
where e ∈ Σε, and the empty language ∅ is a regular language. Given that L1,
L2, and L are regular languages, additional regular languages may be defined by
three operations (under which they are closed): concatenation (L1·L2 = {xy|x ∈
L1, y ∈ L2), union (L1 ∪ L2), and Kleene closure (L∗ = ∪∞

i=0L
i) [10, 338].

Regular relations are defined in the same fashion. An n-relation is a set whose
members are ordered n-tuples [11, 20]. Then {e} is a regular n-relation where e ∈
Σε×. . .×Σε (∅ is also a regular n-relation). Given that R1, R2, and R are regular
n-relations, additional regular n-relations may be defined by three operations
(under which they are closed): n-way concatenation (R1·R2 = {xy|x ∈ R1, y ∈
R2), union (R1 ∪R2), and n-way Kleene closure (R∗ = ∪∞

i=0R
i).

5 Finite State Automata and Regular Grammars

A finite state automaton is a mathematical model that corresponds to a regular
language or regular relation [11, 44]. A simple finite state automaton corresponds
to a regular language and is a quintuple 〈S,Σ, δ, s0, F 〉, where S is a finite set
of states, Σ the alphabet of the automaton, δ is a transition function that maps
S×Σε to 2S, s0 ∈ S is a single initial state, and F ⊆ S is a set of final states [12,
114]. A finite state automaton that corresponds to a regular relation is termed
a finite state transducer (FST) and can be defined as a quintuple 〈S,Σ × . . .×
Σ, δ, s0, F 〉, with δ being a transition function that maps S × Σε × . . .× Σε to
2S [10, 340].

A regular (or finite) grammar describes a regular language and is equivalent to
a finite state automaton. In a regular grammar, all production rules have a single
non-terminal on the left-hand side, and either a single terminal or a combination
of a single non-terminal and a single terminal on the right-hand side. That is, all
rules are of the form A→ a, A→ aB (for a right regular grammar), or A→ Ba
(for a left regular grammar), where A and B are single non-terminals, and a is a
single terminal (or ε). A regular grammar is the least powerful type of grammar
in the Chomsky hierarchy (see Fig. 2) [13]. A context free grammar describes a
context free language, a context sensitive grammar describes a context sensitive
language, and an unrestricted grammar describes a recursively enumerable lan-
guage. The hierarchy is characterized by proper inclusion, so that every regular
language is context free, every context free language is context sensitive, etc.
(but not every context free language is regular, etc.). A regular grammar cannot
describe a context free language such as {anbn|1 ≤ n}, which consists of the
strings {ab, aabb, aaabbb, aaaabbbb . . .} [10, 346].

Since Pān. inian rules for external sandhi can be modeled using a finite gram-
mar, it is highly desirable to provide a finite state implementation, which is
computationally efficient. Finite state machines are closed under composition,
and thus sandhi operations may be composed with other finite state operations
to yield a single network.
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regular

context free

context sensitive

recursively enumerable

Fig. 2. The Chomsky hierarchy of languages (after [14, 3])

6 From Rewrite Rules to Regular Grammars

A string rewriting system is a system that can transform a given string by means
of rewrite rules. A rewrite rule specifies that a substring x1. . . xn is replaced by
a substring y1. . . ym: x1. . . xn → y1. . . ym, where xi, yi ∈ Σ (and Σ is a finite
alphabet). Rewrite rules used in phonology have the general form

φ→ ψ/λ ρ . (1)

Such a rule specifies that φ is replaced by ψ when it is preceded by λ and followed
by ρ. Traditionally, the phonological component of a natural-language grammar
has been conceived of as an ordered series of rewrite rules (sometimes termed a
cascade) W1, . . . ,Wn [15, 20]. Most phonological rules, however, can be expressed
as regular relations [11, 33]. But if a rewrite rule is allowed to rewrite a substring
introduced by an earlier application of the same rule, the rewrite rule exceeds
the power of regular relations [10, 346]. In practice, few such rules are posited by
phonologists. Although certain marginal morphophonological phenomena (such
as arbitrary center embedding and unlimited reduplication) exceed finite state
power, the vast majority of (morpho)phonological processes may be captured by
regular relations [11, 419].

Since phonological rewrite rules normally (with the provisos discussed above)
correspond to regular relations, they may be modeled as FSTs. FSTs are closed
under composition; thus if T1 and T2 are FSTs, application of the composed
transducer T1 ◦ T2 to a string S is equivalent to applying T1 to S and applying
T2 to the output of T1:

T1 ◦ T2(S) = T2(T1(S)) . (2)

So if a cascade of rewrite rules W1, . . . ,Wn can be expressed as a series of FSTs
T1, . . . , Tn, there is a single FST T that is a composition T1 ◦ . . . ◦ Tn and is
equivalent to the cascade W1, . . . ,Wn [10, 364]. G = T1 ◦ . . . ◦ Tn constitutes
a regular grammar. Efficient algorithms are known for compiling a cascade of
rewrite rules into an FST [16].
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7 An FST for Pān. inian Sandhi

The XML formalism for expressing Pān. inian rules in Sect. 3 contains a number of
devices; it is not immediately evident how rules employing these devices might be
compiled into an FST. A rule compiler, however, is described here that translates
Pān. inian rules expressed in the XML formalism into rewrite rules that can be
automatically compiled into an FST using standard algorithms.

Table 1 shows the Pān. inian derivation of the string devo ’pi < devas api ‘also
a god’. Sūtra 8.2.66 replaces a pada-final s with rU (here symbolized by $).
Sūtra 6.1.113 replaces pada-final rU with u preceded by a boundary marker (#)
when the next pada begins with a. Sūtra 6.1.87 has been discussed above. Sūtra
6.1.109 replaces pada-initial a with avagraha (represented by ’ in SLP1) when
the previous pada ends in the pratyāhāra eṄ (i. e. e or o).7

Table 1. Derivation of devo ’pi

form sūtra text

devas api

deva$ api 8.2.66 sasajus.o ruh.
deva#u api 6.1.113 ato ror aplutād aplute
dev!(gunate(u)) api 6.1.87 ād gun. ah.
devo ’pi 6.1.109 eṅah. padāntād ati

Although the PCREs in the XML format exceed the power of regular relations,
and the implementation of mappings and functions is not obvious in a regular
grammar, the rule compiler mentioned above is able to produce a cascade of
rewrite rules that may be efficiently compiled into an FST. A consequence of
the rule compilation strategy is that a single Pān. inian rule may be represented
as several rewrite rules. Where a rule makes use of pattern memory, which can
contain n possible values, the rule is expanded into n rewrite rules. Mappings
and functions are automatically applied where they occur in ψ (the substituens).

Table 2 illustrates a cascade representing the four sūtras exemplified in Table
1. Here the notation (x|y|z) expresses alternation; the rule matches either x, or
y, or z. The symbol represents a space character; the symbol # represents a
boundary that has been inserted by a rule.

These rules may be efficiently compiled into FSTs. An FST encoding the final
rule is shown in Fig. 3. In this transducer, s0 is the initial state and doubly-circled
states are the members of F , the set of final states. The graphical representation
of the FST has been simplified, so that symbols that are accepted on transition
from si to sj share an arc between si and sj (in this case, the symbols are
separated by commas). The notation x : y indicates the symbols on the upper
and lower tapes of the transducer, respectively. If the transducer reads input
7 Although avagraha is not a phoneme, it may be conceived of linguistically as a

“trace” left after the deletion of a-. For this reason, it is represented in the SLP1
phonetic coding.
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Table 2. Rule cascade for deriving devo ’pi

s → $ / ( | #)
$ → #u / a ( |#)a
(a|A)( | #)(a|A) → a

(a|A)( | #)(i|I) → e

(a|A)( | #)(u|U) → o

(a|A)( | #)(f|F) → ar

(a|A)( | #)(x|X) → al

a → ’ / (e|o)( | #)

from the upper tape and writes output to the lower tape, x : y indicates that if
x is read on the upper tape, y is written on the lower tape. If the symbols on
the upper and lower tapes are the same, a shorthand notation is used; thus x is
equivalent to x : x. The special symbol ? indicates that any symbol is matched
on either the upper or lower tape.

s0 s1 s2
e, o

?

?

e, o

, #

e, o

?, a:’

Fig. 3. An FST for sūtra 6.1.109

Since it is possible to translate each rule in Table 2 into an FST, and FSTs are
closed under composition, it is possible to compose a single FST that implements
the portion of Pān. ini’s sandhi represented by the rules in Table 2. A compiler
developed by the author will be capable of compiling the entirety of Pān. ini’s
sandhi rules into a single FST. The FST is then converted to Java code using a
toolkit written by the author. Compilation of the generated source code yields
binary code that may be run portably using any Java Virtual Machine (JVM)
[17]. Alternatively, for improved performance, the Java code may be compiled
into native machine code using the GNU Compiler for Java (gcj) [18].

8 Implications

While one of the guiding principles of Pān. ini’s grammar is conciseness (lāghava),
a computational implementation poses other demands, such as tractability and
efficiency. Pān. ini’s rules are formulated in terms of classes based on distinctive
features and must be construed with the aid of ‘interpretive’ (paribhās. ā) rules,
technical terms (saṁjñā), and other theoretical apparatus.

However desirable the mathematical properties of a regular grammar may be,
a grammar stated in such terms is at odds with Pān. ini’s principles. Rather, it
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hearkens back to the vikāra system employed by earlier linguistic thinkers, in
which individual segments are the target of specific rules [3, 311].

By way of contrast, Pān. ini states a rule economically in terms of the sound
classes enumerated in the Śivasūtras. Thus 8.4.41 s. t.unā s. t.uh. specifies the retro-
flexion of an s or dental stop either (1) before a pada-final -s. or (2) pada-finally
before a t.U (i. e. a retroflex stop).

With a little less economy, we can represent Pān. ini’s rule by two rules in
XML:

<rule source="[s@(tu)]"
target="%(retroflex($1))"
lcontext="z[@(wb)]"
ref="A.8.4.41"/>

<rule source="[s@(tu)]"
target="%(retroflex($1)"
rcontext="[@(wb)][@(wu)]"
ref="A.8.4.41"/>

The pratyāhāra tU stands for the dental stop series {t, th, d, dh, n}. We apply
the retroflex mapping:

<mapping name="retroflex">
<map from="s" to "z"/>
<map from="@(tu)" to "@(wu)"/>

</mapping>

The effect is to change a single phonological feature across an entire class;
sounds with a dental place of articulation (dantya) are replaced by sounds with
a retroflex articulation (mūrdhanya). In specifying such a replacement, Pān. ini
makes use of the principle of sāvarn. ya ‘homogeneity of sounds’. So the sub-
stituend chosen is that closest to the original — with respect to voice (ghos.avat
/ aghos.a), aspiration (mahāprān. a / alpaprān. a), and nasality (sānunāsika / ni-
ranunāsika). Thus t → t., th → t.h, d → d. , and so on; yet Pān. ini does not need
explicitly (and repetitively) to specify the exact segments substituted. In this
way, the As.t.ādhyāȳı avoids the bias (“segmentalism”) that places the linear seg-
ment at the center of phonological theory — a bias from which contemporary
linguistics is beginning to distance itself [19].

The finite state approach discussed in this paper, however, is limited to de-
scribing the relations between strings (sequences of segments). As far as the
computational model is concerned, individual symbols are atomic, and no class
relations between the symbols exist. The goal in this study has been to develop
an intermediate representational structure, based on XML, that can faithfully
encode some of the linguistically significant aspects of a portion of Pān. ini’s
grammar (the rules involved in external sandhi) and at the same time can be
automatically translated into an efficient computational implementation.
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Appendix: Core Rules for External Sandhi

The following is a list of modeled vidhi rules (8.3.4: adhikāra, 8.4.44: pratis.edha)
for external sandhi. No account is taken here of pragr

˚
hya rules that specify
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certain sounds as exempt from sandhi (since these rules refer to morphosyntactic
categories). Various optional rules are not listed.

6.1.73 che ca
6.1.74 āṅmāṅośca
6.1.132 etattadoh. sulopo ’koranañsamāse hali
8.2.66 sasajus.o ruh.
8.2.68 ahan
6.1.113 ato roraplutādaplute
6.1.114 haśi ca
6.1.101 akah. savarn. e d̄ırghah.
6.1.88 vr

˚
ddhireci

6.1.87 ādgun. ah.
6.1.77 iko yan. aci
6.1.109 eṅah. padāntādati
6.1.78 eco ’yavāyāvah.
8.2.39 jhalāṁ jaśo ’nte
8.3.4 anunāsikātparo ’nusvārah.
8.3.7 naśchavyapraśān
8.3.14 ro ri
8.3.17 bhobhagoaghoapūrvasya yo ’́si
8.3.15 kharavasānayorvisarjan̄ıyah.
8.3.19 lopah. śākalyasya
8.3.20 oto gārgyasya
8.3.23 mo ’nusvārah.
8.3.31 śi tuk
8.3.32 ṅamo hrasvādaci ṅamun. nityam
8.3.34 visarjan̄ıyasya sah.
8.3.35 śarpare visarjan̄ıyah.
8.3.40 namaspurasorgatyoh.
8.4.40 stoh. ścunā ścuh.
8.4.44 śāt
8.4.41 s.t.unā s. t.uh.
8.4.45 yaro ’nunāsike ’nunāsiko vā
8.4.53 jhalāṁ jaśjhaśi
8.4.55 khari ca
8.4.60 torli
8.4.62 jhayo ho ’nyatarasyām
8.4.63 śaścho ’t.i
8.4.65 jharo jhari savarn. e
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Abstract. SanskritTagger is a stochastic tagger for unpreprocessed
Sanskrit text. The tagger tokenises text and performs part-of-speech
tagging using a Markov model. Parameters for these processes are es-
timated from a manually annotated corpus that currently comprises ap-
proximately 1,500,000 words. This article sketches the tagging process,
reports the results of tagging a few short passages of Sanskrit text and
describes further improvements of the program.

This article describes the design and function of SanskritTagger, a tokeniser
and part-of-speech (POS) tagger analysing “natural”, i.e., unannotated Sanskrit
text, by repeated application of stochastic models. This tagger has been devel-
oped during the last few years as part of a larger project for the digitalisation
of Sanskrit texts (cmp. [3]) and is still in the state of steady improvement. This
article is organised as follows: Section 1 gives a short overview over linguistic
problems found in Sanskrit texts that influenced the design of the tagger. Sec-
tion 2 describes the implementation of the tagger. In section 3, the performance
of the tagger is evaluated on short passages of text from different thematic areas.
In addition, this section describes possible improvements in future versions.

1 Introduction

Concerning its analytical abilities, the SanskritTagger is located quite low in
a hierarchy of taggers. The tagger constructs neither a complete nor a partial
syntactical analysis of a Sanskrit text. Instead, it only identifies the most prob-
able lexical resolution for a given group of strings (tokenisation) and their most
probable part-of-speech (POS) tags. In comparison with taggers for some Eu-
ropean languages, this result might not seem particularly noteworthy. In fact,
the limited abilities of this tagger are caused by the difficulties that Sanskrit
poses to any tagging process, especially during tokenisation. These problems are
not encountered (at least to such a high degree) in the processing of European
languages.

On a low phonological level, the euphonic rules called sam. dhi are a serious
obstacle to an easy tokenisation of Sanskrit text. While these regular phonologi-
cal transformations can be resolved using finite automata [4] or a simple lookup
strategy (see below, 2.2), they introduce a great deal of ambiguity in any analy-
sis of Sanskrit text. Consider, for example, a long string where three points for
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sam. dhi splitting can be identified. Each of these sam. dhis may be resolved in
three different ways. Even in this simple example, 3 · 3 · 3 = 27 new strings are
generated by complete resolution at the three splitting points.

The high number of candidate strings that must be checked for validity after
sam. dhi resolution leads directly to a group of interconnected phenomena that
are, in my opinion, the central challenge for any automatic processing of Sanskrit:
namely, the extreme morphological and lexical richness of Sanskrit. Even if a
moderately sized dictionary is used as in SanskritTagger, there exist about five
million distinct inflected nominal and verbal forms that may be found in any
text. (English, a language with a large vocabulary, has about one half of this
number!) On one hand, in contrast with languages such as German and English,
the rich morphology clarifies the functions of words in a phrase and therefore
makes POS tagging (and parsing) easier. On the other hand, it is responsible
for many analyses that are simply nonsensical (e.g. āsane ⇒ ā - sane, “ to -
in the gain”). These problems are aggravated by the peculiarities of Sanskrit
lexicography. The first important lexical phenomenon is the low text coverage
of Sanskrit vocabulary. Compare the following figures for English texts (taken
from [7]) and for the Sanskrit corpus I collected during the last years:

Vocabulary size Text coverage
English Sanskrit

1000 72.0 60.8
2000 79.7 70.3
3000 84.0 75.2
4000 86.8 78.2
5000 88.7 80.3
6000 89.9 81.9

Although the English corpus is certainly better balanced than the Sanskrit cor-
pus, meaning that texts from more diverse sources are included, which should
actually lead to a decrease of text coverage, the values for text coverage are
clearly higher for English than for Sanskrit. Therefore, when tokenising even
a simple Sanskrit text, a tagger must take into account a considerably higher
number of lexemes than in other languages. This fact excludes to some extent
“easy solutions” such as reduced vocabularies that have proved useful in tagging
(technical) texts in other languages.

In addition, Sanskrit possesses a large number of homonyms. A query in the
program dictionary that takes into account only homonymous words with the
same grammatical category results in the following figures:1

1 This is actually quite a strong constraint, as, for example, nouns of categories “a
masc.” and “a neutr.”, which have the same unchangeable stem, differ only in
few forms. Including these pseudo-homonymous words would increase the rate of
homonyms up to ten percent of the total vocabulary.
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nr. of homonyms frequency
2 1949
3 112
more than 3 17

Among these homonyms, many high frequency words are found, for instance,
kesara, m. masc. having the four basic meanings “mane”, “(lotus) fibre”, “(a
plant name, prob.) Mesua ferrea L.” and (infrequent) “name of a mountain”
(but see LiPur, 1, 72, 7 for a reference).

A further, often neglected, difficulty is the almost complete lack of punctuation
marks in Sanskrit texts. Apart from dan. d. as in narrative texts, which often mark
the end of a (complex) narrative substructure, Sanskrit texts do not use any kind
of reliable punctuation. dan. d. as in metrical texts mark the end of a verse that
often, but not regularly, coincides with the end of a syntactic (sub-)structure.
Therefore, dan. d. as may be helpful in generating hypotheses about the syntactic
structure of a text, but cannot be considered as punctuation marks in a strict
sense. This absence of punctuation has a far reaching effect on any tagging
or parsing process applied to a Sanskrit text, since all words necessary for a
complete analysis may not be contained in the text delimited by these marks.
Manual preprocessing of the text (e.g. insertion of a clear punctuation) can
counteract this phenomenon, but is certainly contrary to the notion of natural,
i.e. unpreprocessed text.

Finally, to understand Sanskrit texts correctly, it is often necessary to sup-
plement a great deal of implicit knowledge. This situation occurs in two closely
related areas. First, texts that simulate speech acts, such as dialogues, often make
necessary the addition of central parts of speech. This phenomenon known from
texts in other languages is a still puzzling, yet intensively studied topic in compu-
tational linguistics. Second, scientific texts in Sanskrit such as commentaries or
sūtras frequently use a kind of prose that imitates an oral controversy between
the proponents of differing opinions. Although this kind of prose is probably
derived from real discussions, it uses a highly formalised language (for a descrip-
tion see e.g. [2]). In many cases, “sentences” in this language offer only scant
pieces of information that must be inserted in an implicit “knowledge frame”
supplied by the reader. Consider, for example, the discussion of sāpin. d. ya in the
Parāśarasmr.tit. ı̄kā (on Parāśaradharmasam. hitā, Ācārakān. d. a, 2, 15; [5],
59). After the author has proposed the standard model of this kind of relation,
one that includes three generations projecting into past and future starting from
the yajamāna, an opponent objects that brother, uncle etc. of the yajamāna
are not included in this model, and therefore not related to the yajamāna by
sāpin. d. ya. In the following reply of the author, information which is explicitly
supplied in the text is printed in bold characters:

maivam
This is not like this!
uddeśyadevataikyena kriyaikyasyātra vivaks. itatvāt
Brother, uncle, etc. are included in this model because the identity of
the ritual is expressed by the identity of the gods invoked.
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I am not arguing that these phrases are not well formed. However, their syntax
and pragmatics can only be analysed correctly after the pragmatics of the sur-
rounding text has been analysed and “understood” by the computer. The same
holds for phenomena such as anaphora resolution. In fact, this is a task that,
in my opinion, is far too difficult for any language analysis algorithm currently
available.

2 Implementation of the Tagger

To keep data and algorithms clearly separated, language specific information is
stored in a database, while the tagging routines are implemented in C++ with
heavy use of STL classes. The following section describes these two central com-
ponents of the tagging software.

2.1 The Database

The first main component of the program, a relational database that can be
queried via SQL, stores a dictionary, grammatical information, and a text corpus.
The original dictionary was based on the digitized version of Monier-Williams,
which was parsed using regular expressions to extract lexemes, meanings, and
grammatical categories. These information types were stored in separate tables
in the database. During the last few years, the dictionary has been extended
in the areas of Āyurveda and religious philosophy. It currently contains about
178,000 lexemes (172,000 nouns and 6,000 verbs) with about 185,000 associated
grammatical categories and about 325,000 meanings.

An important issue in the processing of strongly inflectional languages such
as Sanskrit is the correct recognition of inflected forms. Here, I chose a twofold
strategy. Inflected nominal forms are not stored in the database, but are recog-
nized on the fly during the tagging process. For this task, all possible endings
for any nominal grammatical category are stored in a separate table. During
tagging, the last few letters of a given string are compared with these endings.
If an ending matches the last letters of the string, the dictionary is searched for
the first part of the string in the respective grammatical category. If a matching
lexeme could be found in the dictionary, a new candidate is added to the set of
possible solutions. Computationally, this approach speeds up the tagging pro-
cess, because the lookup of the last few letters of a given string in an efficiently
organised small set of endings is much less time consuming than a query from a
database of over four million inflected forms. Although the difference in duration
only amounts to a few milliseconds per operation, the performance loss sums to
several seconds for a phrase of moderate size. Figure 1 sketches an example for
this approach.

In constrast, inflected verbal forms are stored in the database. Currently, the
database contains about 440,000 inflected verbal forms including forms derived
from prefixed verbs. The decision to store the full verbal forms was not only
motivated by the comparatively small number of forms, but also by the frequent
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sanābhyām

ām = acc. sg. of declension type ā fem.

dictionary lookup for (sanābh, ā fem.)
success ⇒ 1st candidate

sanābhyām

yām = loc. sg. of declension type i adj.

dictionary lookup for (sanābh, i adj.)
success ⇒ 2nd candidate

. . .

Fig. 1. Example for the analysis of nominal forms

irregularities and exceptions in the verbal system of Sanskrit. Of course, it is
possible to construct automata generating and accepting correct verbal forms
at runtime. However, it seems to me that such an approach requires more effort
than the design of a simple algorithm that generates correct verbal forms of
the most typical grammatical classes and leaves the rest of the job (including
correction of errors and input of rare or special forms) to the user. As in the
case of nominal forms, the last few letters of possible verbs are checked before
the database is queried.

Apart from the lexical and grammatical information, the database also stores
a corpus of analyzed Sanskrit texts, which is of central importance to the tagging
process. In short, every separable string of an input text is stored as a separate
item in this corpus. After tagging a text, each of its strings is connected with
an ordered list of references to grammatically annotated nouns from the dic-
tionary and/or verbal forms. For example, the string gacchat̄ı́svarātmamāyayā
is analysed and stored as sketched in figure 2. This figure clarifies the first im-
portant area of application of this corpus: every string is resolved into lexemes
or tokens that are connected to the dictionary. The dictionary points, in turn,
to further information about these lexemes as meanings, etc. As these relations
may be inverted, the corpus may be used to retrieve Sanskrit words efficiently
in large amounts of text. Examples are the retrieval by lexeme (“Show all ref-
erences in text X for the word Y!”), by meaning (“Show all references of words

1. √
gam, 3. sg., pr., P.

2. ı̄śvara, comp.

3. ātman, comp.

4. māyā, instr. sg.

dictionary meanings etc.��
��

��
��

��

��������������
��������������
��������������

��

Fig. 2. Analysis and storage of gacchat̄ıśvarātmamāyayā
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having the meaning X!”) or even by semantic concepts. Additionally, the cor-
pus is used to estimate the statistical parameters for the tagging process (see
below). At the moment, the corpus contains about 1,560,000 strings which are
resolved into 2,190,000 tokens. Each of these tokens is connected with a lexeme,
and about 90 percent of them also have a POS annotation. Among other things,
the corpus includes the full analysed text of the Rāmāyan.a, the first Books
of the Mahābhārata, some works of dharma- (e.g. Manusmr.ti) and Purān.a
tradition, philosophical literature of Śaivism and many works on Āyurveda and
Rasaśāstra (alchemy).

2.2 The Tagging Algorithm

The tagging software contains two main modules. In the first module, hypothe-
ses about the analysis of a phrase are generated using sam. dhi resolution and
dictionary lookup. In the case of Sanskrit, the word “phrase” does not mean a
complete, self-contained syntactic structure, which may, e.g., be extracted from
a text with regular punctuation (see 1). Instead, a phrase P is a group of strings
(words separated by blanks) that is terminated by a (double) dan. d. a. Such a
group may coincide with a complete syntactic structure. The hypotheses result-
ing from this first analysis are organised in a frequently complex tree-like or,
more accurately, forest-like structure. The purpose of the second module is to
find the most probable lexical and morphological path through this structure,
given the statistical information extracted from the corpus. This path will con-
stitute the final analysis of the phrase.

A string Si ∈ P of length L is parsed from left to right. At each position j
with 1 ≤ j ≤ L, a maximal number of nmax letters of the string are searched in a
trie T whose nodes are sorted in binary order. T stores sam. dhi rules of the form
R = {sSRC , s1, s2, type}, where sSRC is the result of the sam. dhi between s1 and
s2, and type denotes the area of application of this sam. dhi (word, phrase, both).
In trie terminology, sSRC constitutes the path that leads to the leaves consisting
of the reduced rules R′ = {s1, s2, type}. Multiple leaves may be assigned to a
single path, as, for example, {ā, a, both} and {a, a, both} to the single letter path
ā. nmax denotes the length of the longest sSRC , and is pre-calculated at program
start.

If an extract sijl of Si at position j matches a path sSRC from the trie, l
letters are removed from Si beginning at position j. Si is split into two new
strings ∫i1 and ∫i2 at position j and the sam. dhi replacements s1 and s2 are
affixed respectively prefixed to ∫i1 and ∫i2. In this way, the new strings ∫i1 +
s1 = Si1 and s2 + ∫i2 = Si2 are created. Figure 3 shows an example for this
approach.2 To keep the sam. dhi-rule base simple, the program uses a recursive
strategy for sam. dhi resolution. For example, a string Si1 = xxxd resulting from
the rule R = {dbh, d, bh, both} can be transformed further by application of
R = {d, t,−, phrase} into the form xxxt. After Si1 and Si2 have been created,

2 The expression si71 in figure 3 is not a mistake. Because ch is treated as a single
phoneme, it is replaced with a single letter in the internal representation.
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gacchat ı̄ ti
R = {̄ı, i, i, both}

gacchat.ti (deletion of ı̄)

gacchat + i = gacchati = S1, i + ti = iti = S2

��

��

sijl = si71
��

Fig. 3. sam. dhi resolution for the string gacchat̄ıti

the sam. dhi routine is recursively called for these new strings, which are treated
in the same way as Si. If the running index j reaches the end of a string (j = L),
the program checks if Si is a valid Sanskrit form. The procedures for this check
and the necessary structures of the database were shortly described in section
2.1. If Si is a valid Sanskrit form, the grammatical and lexical analysis of Si are
inserted into the analysis of P .

During sam. dhi resolution and dictionary lookup, each Si ∈ P may have been
resolved into m different subsets {Si11,Si12, . . . ,Si1n1}, . . . , {Sim1, . . . ,Simnm}
due to different sam. dhi resolution (SR). Additionally, each of the substrings Sijk

has at least one grammatical and lexical analysis Aijkl attached to it. Here, j is
the number of the current SR, k is the position of the substring in SRj , and l is
the index of the analysis for substring Sijk . Take, for example, the string S1 =
devadattakr. takriyā. (Parts of) two possible solutions (SR1 and SR2) are shown
in Figures 4 and 5. As indicated by the lines connecting the partial solutions
Aijkl , the second step of the tagging process consists in finding the most probable
path that connects all Si ∈ P . This step is again divided into two substeps. In
the first substep, the most probable lexical path is searched with the help of a
Markov model (MM). This path is fixed as the tokenisation of P . In the second
substep, the most probable syntactical analysis of this path is searched for with
another MM.

A1111: devadatta
[N.N.]

[noun, comp.]

A1112: devadatta
[N.N.]

[noun, voc. sg. m.]

A1113: devadatta
[god-given]

[adj., comp.]

A1121: kr. takriya
[who has done his duty]

[adj., nom. sg. f.]
���������������
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Fig. 4. A possible analysis of the string devadattakr. takriyā
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A1211: devadatta
[N.N.]

[noun, comp.]

A1212: devadatta
[god-given]
[adj., comp.]

A1221: kr. ta
[to do]

[PPP, comp.]

A1222: kr. ta
[the Kr. ta age]
[noun, comp.]

A1223: kr. ta
[name of a man]
[noun, comp.]

A1231: kriyā
[action]

[noun, nom. sg. f.]
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Fig. 5. Another possible analysis of the string devadattakr. takriyā

The first substep, i.e. the tokenisation, can be modelled using a discrete, first-
order Markov chain (see e.g. [6] for a readable introduction). The MM is based
on the concept of conditional probability, which is the probability of event B
given the occurrence of another event A: P (B | A) = P (A∩B)

P (A) . If x[a,b] denotes an
ordered sequence of lexemes with decreasing indices i (a ≥ i ≥ b), the probability
that phrase P of length L is tokenised into lexemes x1, x2, . . . xL is given by

p(x)
︸︷︷︸

P (A∩B)

= p(xL | x[L−1,1])
︸ ︷︷ ︸

P (B|A)

· p(x[L−1,1])
︸ ︷︷ ︸

P (A)

= p(xL | x[L−1,1]) · p(xL−1 | x[L−2,1])
·p(x[L−2,1]) etc. (1)

Under the assumption that the probability of each lexeme depends only on its
direct predecessor (first-order model), the formula is simplified to

p(x) = p(xL | xL−1) · p(xL−1 | xL−2) · . . . · p(x1)
= p(x1)ΠL

i=2p(xi | xi−1) (2)

For reasons of floating point accuracy, equation 2 is transformed into

p(x) = log p(x1) +
L∑

i=2

log p(xi | xi−1) (3)

with log(a · b) = log a+log b. To find the most probable path, a modified form of
the well known Viterbi algorithm is used. This algorithm was actually designed
for HMMs, but can be applied to the given problem due to its similar structure.
Before applying this algorithm to the data, it should be taken into consideration
that any string Si may have been resolved in subsets Six and Siy with different
sizes |Six| �= |Siy|. Therefore, the algorithm cannot be applied naively to the
hypotheses generated in the first step. Instead, for each phrase P that contains
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N strings S1, . . . ,SN a vector of length N is allocated storing the currently
checked index j of its sam. dhi resolutions for every string Si. A vector starting
with 1 2 1 . . . means that the first resolution of S1, the second resolution
of S2, and the first resolution of S3 are checked. Such a combination of the
analyses of successive strings will be called path subset (PS). (Note that the
diagrams which show possible resolutions of devadattakr. takriyā each constitute
one path subset!) If ni denotes the number of SRs for Si, there exist ΠN

i=1ni

different PSs. Next, among all PSs, the PS having the best path regarding
lexical probability is searched with a modified version of the Viterbi algorithm.
Some PSs consist of shorter paths because the strings in these combinations were
split at fewer sam. dhi points. To treat all PS in the same way, they are filled up
with “dummy probabilities” that are calculated as the mean of the probabilities
constituting the best path πopt u ∈ PSu. If lmax is the length of the longest
PS, lu is the length of the current PSu, and p̄(πopt u) is the average transition
probability between all elements constituting the optimal path in PSu, the value∑lmax

r=lmax−lu
log p̄(πopt u) is added to the probability of πopt u.

The most probable path found using this algorithm is considered the tokenisa-
tion of P , which is annotated morphologically in the next step. The POS tagset
used for this annotation contains the 136 items shown in table 1. To understand
the relation between this tagset and the actual morphological analysis of a word,
consider the string gacchati. After the program has fixed the lexeme gam (“to
go”) as its most probable lexical analysis, there are three possible morphological
resolutions: “he/she/it goes” (3rd, sg., pres., P.) and “in the going . . . ” (loc.
sg., masc./neutr., part. pres., P.). The solution “he . . . goes” is mapped to the
POS tag [“present tenses”, 3rd, sg.] while the nominal solutions are mapped
to [“present participles”, loc., sg., masc.] and [“present participles”, loc., sg.,
neutr.], respectively. Note that a good deal of information is lost during this
mapping process since, for example, no distinction is made between different
present tenses. Instead, forms such as gacchati and gacchatu are considered syn-
tactically equivalent and are, therefore, mapped to the same POS tag. This loss
of information reflects the decision between the granularity of the tagset and
the amount of text from which the probabilities of the tags can be estimated –
the more text is available, the finer a granularity can be chosen. The optimal
morphological path is again searched for using a Markov model and a variant of
the Viterbi algorithm. This path is presented to the user as the most probable
resolution of a phrase. It may be either accepted and stored in the database or
(manually) replaced with a better solution.

3 Performance and Improvements

This section gives the results of tagging some short passages of text. The results
are in no way representative. They are only meant to demonstrate the perfor-
mance of the algorithm on different types of Sanskrit text. Three types of errors
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Table 1. Tagset used for POS tagging of Sanskrit text

Verbal forms

Finite verbal forms

present tenses (incl. imperative and opt.) ×9: person, number 9
past tenses ×9: person, number 9
future tenses ×9: person, number 9
other tenses ×9: person, number 9
Infinite verbal forms

absolutive 1
infinitive 1
past participle, gerund ×24: case, nr., gender 24
present participles ×24: case, nr., gender 24
other participles ×24: case, nr., gender 24
Nominal forms

indeclinable 1
nouns in composite words 1
nouns, adjectives ×24: case, nr., gender 24

136

are distinguished. A sam. dhi error (eS) occurs if a string is split at incorrect
splitting points. This error invalidates the results for the whole string. A lexical
error (eL) indicates that a string was split at correct sam. dhi points, but that a
wrong lexeme was activated during tokenisation. A POS error (ePOS) occurs if a
wrong POS tag was assigned to a correct token. In addition, the value rSL gives
the ratio of strings to lexemes, i.e. rSL = nr. of strings

nr. of lexemes . A high value of rSL

indicates that the passage contains few composites. The following five passages
were analysed:

1. Liṅgapurān.a, 2, 20, 1-10: A Purān. ic text treating a Śivaite topic. Easy
verses.

2. Vis.n.usmr.ti, 63, 35-50: An example of the scientific style. Many supplements
are needed to get the full meaning of the passage.

3. Mūlamadhyamakārikā of Nāgārjuna, 12, 1-10: Easy Buddhist prose (from
a linguistic point of view).

4. Gı̄tagovinda of , 1.2-5: Poetry with many unusual words.
5. Kāmasūtra, 2, 1, 1-12: Scientific prose.

The results, which are displayed in Table 2, support the assumptions about the
problems that are encountered in tagging natural Sanskrit text (see section 1).
The tagger performs best on texts that are written in an easy style and come
from “well known” areas of knowledge (1, 3). In contrast, a difficult vocabulary
(5) and demanding syntactical structures (4) introduce a great deal of sam. dhi
(4, 5) and POS (5) errors. The comparatively high number of POS errors in 3
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Table 2. Error rates of the tagger in five short passages – Abbreviations: nr.: number
of the passage, P: number of phrases, S: number of strings, L: number of lexemes

nr. P S L rSL eS eL ePOS corr. phrases
1 22 89 139 0.64 4 6 2 10
2 17 48 88 0.55 2 4 6 5
3 20 135 157 0.86 0 2 9 13
4 8 49 86 0.57 8 4 1 0
5 24 123 167 0.74 8 5 15 10

is primarily caused by confusion between nom. and acc. sg. neuter and could
certainly be reduced by training the tagger with only a few similar texts.

At the moment, three main areas for improving this tagger can be discerned.
First, probability values of rare lexemes and infrequent POS combinations
must be estimated more reliably. Applying the classical forward-backward-re-
estimation actually leads to degradation of the probability values (cmp. [1, 3]).
Although many other methods, such as smoothing probabilities or the use of
neural networks, were proposed, Sanskrit offers a (partial) solution of this prob-
lem that is based on its lexicography. Sanskrit possesses not only a high number
of homonymous, but also of synonymous words. Many of these words are already
integrated in a semantic network (based on the OpenCyc ontology) that is part of
the program database. To estimate probabilities, groups of words are identified
that designate the same sememe with a high degree of probability. For instance,
the group “horse” is constituted by {aśva, turaga, turam. ga, turam. gama, vājin,
haya}, but not hari , which means “Vis.n.u” in most cases. If one of the words that
is included in the group “horse” is met in an unknown context (either lexical
or POS/morphological), the respective probabilities can be estimated from the
values given for other members of the group.

Second, integration of rules can certainly improve analysis. Due to the lack
of punctuation marks (see 1), these rules should not describe well-formed and
complete phrases, but only check the coherence of few members of a phrase P , i.e.
a syntactic substructure delimited by dan. d. as (chunk parsing). Some preliminary
tests using rules that reject paths during POS tagging on the basis of simple
syntactic criteria turned out to be successful.

Third, the strict separation of tokenisation and POS tagging is a constant
source of errors. Consider, for example, the simple sentence brahmā varam. te
dāsyati (“Brahmā will give you a boon.”). Although the POS sequence [dat. sg.]
- [3. sg. fut.] is well established and would always be preferred to the incongruent
[nom. pl.] - [3. sg. fut.], te is interpreted as the nom. pl. masc. of the pronoun tad
due to its enormous frequency during tokenisation. Since the content of the best
lexical path can not be changed during the following POS analysis, the correct
analysis for te (dat. sg. of tvad) will never be activated. Possible workarounds
for this problem are a more flexible POS analysis that takes into account the
first five lexical resolutions or a combination of tokenisation and POS tagging in
one procedure.
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Abstract. The tradition of Sanskrit Grammar has put a constraint: apadaß na 
prayuñjīta (non-inflected form should not be used in the sentence). The present 
paper is an attempt to discuss its salient features, while showing its assumption 
in Pāıini’s model and comparing it with the contemporary theory. A form 
which is suffixed with sup and tiÔ is termed as pada by Pāıini. Every lexical 
item is tagged as dhātu or prātipadika in his system and subsequently affixed 
with the inflections and thus is furnished as a pada, fit to enter into a sentence. 
It seems that the apadam-constraint is an effective tool to eliminate the ill 
formed sequences from the well formed sentences thus contributing to the gen-
erative theory. The case filter principle of the modern universal case theory, 
with some difference, bears striking similarities with the present constraint. It 
reads: every overt NP must be assigned abstract case. However, although very 
effective, it is concerned with NPs alone. The apadam-constraint, although lan-
guage specific, has a wider application being concerned with both NP and VP.  

Keywords: Apada, non-inflected form, pada in the Pāıinian model, Case- Fil-
ter Principle, abstractness, universal application.  

1   Introduction 

The tradition of Sanskrit Grammar reads a constraint apadaß na prayuñjīta which 
means that a non-inflected form should not to be used (in a sentence). Positively it 
means only inflected forms are to be employed in a sentence. Here the word apada is 
regarded as a noun; alternatively it is possible to regard it as an adjective (avidya-
mānaß padaß yasmin tad apadam), meaning ‘that which is devoid of a pada’.  In 
this case it qualifies the substantive sentence (vākya). Thus, the constraint can be 
interpreted in two ways, viz. (i) one should not use a non-inflected form (in a sen-
tence) (ii) one should not employ a sentence devoid of inflected forms. The constraint 
no doubt brings out the notion that a sentence includes only inflected forms. Non–
inflected forms cannot enter into a sentence. The present paper is an attempt to dis-
cuss the salient features of this constraint, while showing its assumption in Pāıini’s 
model and comparing it with the contemporary theory.  

2   Occurrence of the Present Constraint 

The present constraint is handed over from generation to generation in the oral  
tradition of Sanskrit learning. Eminent scholars of Sanskrit Grammar trained in the 



 A Glimpse into the Apadam-Constraint in the Tradition of Sanskrit Grammar 279 

traditional ways like (late) Pandit V.B. Bhagwat (Pune) and Dr. S.D. Joshi (Pune), 
who combine both traditional as well as modern idioms, to name a few, are proofs to 
this. The constraint has been quoted by Nāgeśa in his Paramalaghumañjū˘ā as a 
statement in the Mahābhā˘ya. In the section of Nāmārthavicāra, he says: nanu 

apadaß na prayuñjīta iti bhā˘yād asādhv idam iti cet na.1 
However, the origin of the present constraint is not traced in the Mahābhā˘ya, nor 

in any other written treatises. Nevertheless, it is possible to trace some quotations in 
the Sanskrit literature which implicitly refer to the present constraint; e.g. Sureśvara 
in his Nai˘karmyasiddhi reads: na samasty apadaß vākyaß yat syāt jñānavidhāya-
kam.2 Which means there cannot be a sentence which is devoid of a pada and yet 
expressive of knowledge. 

3   What Is an Apada 

To ascertain the exact import of the constraint and also to decide whether it is a se-
mantic or syntactic one, it is essential, at the outset, to consider the term apada. In the 
plain sense it means non-pada. The term pada is variously treated in Nyāya, Vyā-
karaıa and also in some Poetic treaties. In the tradition of Nyāya it normally refers to 

a meaningful unit. AnnambhaÒÒa in his TarkasaÔgraha defines pada as śaktaß 
padam,3 which means pada is a (linguistic) unit which is competent (of expression). 
Thus, the sequence of phonemes which does not convey any meaning is an apada.  
The position of Nyāya is purely semantic. If viewed from the Naiyāyika’s definition 
of the term pada, the constraint means: ‘a meaningless unit should not be used’, be-
coming a purely semantic one. 

In Vyākaraıa a form which is suffixed with sup and tiÔ is termed as pada by Pāı-
ini (suptiÔantaß padam, P.1.4.14).4 In his system sup is the term for nominal suffixes 
taught in the rule svaujasamauÒ… etc. (P.4.1.2) and tiÔ refers to the verbal endings 

taught in that of his tiptasjhi… etc. (P.3.4.78). In Vyākaraıa, since pada means an 
inflected form either nominal or verbal, apada means a non-inflected form, i.e. a base 
or stem. Pāıini’s concept of pada is morphological. The present constraint, if viewed 

from the Pāıinian terminology of pada, becomes purely a grammatical one. 
The apadam-constraint can be a semantic or syntactic one as shown above. As a 

semantic constraint it will be very basic and general in nature and will hardly require 
any explicit statement. It will not mark any linguistic peculiarity of Sanskrit. On the 
other hand, as a syntactic constraint it plays a particular role for Sanskrit syntax. It 
will mark the indispensability of inflections in the Sanskrit morphology.  
                                                           
1 Bhagwat, V.B. (ed.): Paramalaghumañjū˘ā Part 1. Parāmarśa Prakāśanamālā 4, Pune Uni-

versity, pp.100, Pune (1984). 
2 Jacob, G.A. (ed.): Nai˘karmyasiddhi. BSPS 38, pp. 14, Bombay (1985). 
3 Athalye, Y. V. (ed.): TarkasaÔgraha. BSS 50, pp. 50, Bombay  (1930). 
4 Pāıini extends the term pada further in three aphorisms to refer to a special kind of nominal 

stem, which is to have specific morphophonemic changes. But this definition is not relevant 
for the present constraint. 
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4   The Present Constraint and Pāıini 

Pāıini’s A˘Òādhyāyī (c. 400 BC.) basically deals with the derivational morphology. It 
is a generative grammar that constructs speech forms from basic elements. In the 
Pāıinian system the noun rājapuru˘a is derived as rājan+as +puru˘a+as; or the verb 

bhavati as bhū+a+ti. This system deals with verbal and nominal morphology. Pāı-
ini’s concept of pada is already referred to above. It will be appropriate at this point to 
see how he furnishes basic elements as padas. The basic elements are three, viz. ver-
bal bases, nominal bases and feminine bases. 

4.1.1   Verbal Bases 
In the Pāıinian system a verbal root is termed as dhātu. His rule bhūvādayo dhātava˛ 
(P.1.3.1.) assigns the term dhātu to the primary roots bhū- etc. and another rule 
sanādyantā˛ dhātava˛ (P.3.1.32) assigns the same to the secondary roots furnished 
with suffixes -san etc. This covers the following formations: 1) a causal base ending 
in –ıic, e.g. bhāvay- (<bhū- ‘to cause to be’); 2) a desiderative base ending in -san, 
e.g. bubhū˘a- (<bhū- ‘to desire to be’) (P. 3.1.5); 3) a frequentative base ending  
in -yaÔ and -yaÔluk, e.g. bobhūya- (<bhū- ‘to be intensively’); 4) and various de-
nominative bases ending in -kyac, -kāmyac, -kyaÔ, -kya˘, etc. (P. 3.1.8 etc.), respec-
tive examples: putrīya- (‘to desire a son for oneself’), putrakāmya- (‘to desire a son 
for oneself’), apsarāya- (‘to behave like a nymph’), lohitāya- (‘to become red’).  

4.1.2   Nominal Bases 
In the system of Pāıini a nominal base is termed as prātipadika. His rule arthavad 

adhātur apratyaya˛ prātipadikam (P.1.2.45) assigns this designation to a meaningful 
unit which is not a verbal base, not an affix, nor one ending in an affix, e.g. go 
(‘cow’), aśva (‘horse’) etc. The next rule, kÁttaddhitasamāsāś ca (P.1.2.46), extends 
the term further to apply to the primary derivatives ending in kÁt suffixes, secondary 
derivatives ending in taddhita suffixes and to compounds (samāsa). Respective ex-
amples are as follows: kartÁ (‘maker’) derived from kÁ- with the suffix –tÁc (P. 
3.1.133.); āśvapata (‘descendent of aśvapati’) derived from the nominal stem aśva-
pati with the suffix aı (P. 4.1.84); rājapuru˘a (king’s man) a compound of rājan + 

puru˘a (P. 2.2.8). 

4.1.3   Feminine Bases 
Nominal and verbal terminations (sup and tiÔ) occur after a small class of items other 
than dhātus and prātipadikas, namely, after speech forms terminating in feminine 
suffixes -ī and -ā.  Such speech forms do not receive the designation prātipadika in 
accordance with P. 1.2.45-46 because they terminate in an affix other than one termed 
kÁt or taddhita and they are not compounds (samāsa). These feminine bases are re-
ferred to as simply Ôyanta (ending in ī) and ābanta (ending in ā) bases. 
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4.2   Basic Elements Developed as Padas in the Pāıinian System  

As a next step all the three bases receive inflectional suffixes. Inflections are of two 
kinds, viz. sup and tiÔ. They are technically termed as vibhakti (P.1.4.104). sup-
vibhaktis are the nominal suffixes svaujasamauÒ… etc. coming after prātipadikas and 

feminine Ôyanta, ābanta bases (P. 4.1.1). TiÔ–vibhaktis are the verbal endings tiptas-
jhi…etc. coming after dhātus.  As a second step every lexical item becomes finished 
with either sup or tiÔ-vibhaktis in the Pāıinian system. At this stage they are termed 
as pada-s (inflected forms) according to P. 1.4.14. 

4.3   Avyaya as Pada in the Pāıinian System 

Here it is important to note that even the so–called indeclinable of modern syntax is 
termed as vibhaktyanta pada in Pāıini. Words like ucchai˛ (‘high’), nīcai˛ (‘low’) 
which are classed as indeclinables according to the modern syntax are looked upon as 
prātipadikas as a first step in the Pāıinian system (P.1.2.45). According to P.2.3.46 
they are appended with the nominative case suffix to convey the mere nominal stem 
meaning.5 This nominative case is subsequently zeroed by luk elision according to 
P.2.4.82, and the words become covertly marked for the nominative sup-vibhakti. By 
his rule pratyayalope pratyayalak˘aıam (P.1.1.62), they are treated as vibhaktyanta-s 
and hence receive the status of a pada.  The so-called indeclinable of modern syntax is 
technically termed as avyaya by Pāıini. 

Here it is essential to mention that Pāıini does not indulge himself in giving a 

functional definition of avyaya (like yan na vyeti tad avyayam, etc.). Instead, Pāıini 
has given an enumerative definition of avyaya.6 His five rules beginning with sva-
rādinipātam avyayam P. 1.1.37 enumerate the words which will have the designation 
of avyaya. They include nipātas (particles) like ca (‘and’), upasargas (prepositions) 
like pra, case adverbs like tatra (‘there’), infinitives like kartum (‘to do’), gerunds 
like kÁtvā (‘having done’), and adverbial compounds like adhihari (‘on the Lord 

Hari’). Pāıini recognizes them as subclasses of the broadest avyaya-class. 

4.4   Pada as a Single Class in the Pāıinian System 

The fact that Pāıini regards avyayas to be covertly marked for vibhakti is suggestive 
of his attempt to squeeze all the parts of speech into a single category of pada.  This 
pada is only twofold tiÔanta (finite verb) and subanta (inflected noun). tiÔanta-s in-

clude bhvādi tiÔanta (primary) and sanādi tiÔanta (secondary). subanta-s include 

                                                           
5 P.2.3.46 includes the expression prātipadikārtha. The point in this kind of process is that the 

words like ucchai˛ (‘high’), nīcai˛ (‘low’) which do not possess a gender or number of their 
own, neither being fit to be marked for any specific case meaning, are appended nominative 
in the mere sense of prātipadika and  assume the status of a pada. 

6 His definition of sarvanāman is also of an enumerative kind and not a functional one, cf.  
P. 1.1.27. 
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prātipadika-subanta, kÁt-subanta (primary derivatives), taddhita-subanta (secondary 

derivatives), samāsa-subanta (compounds) and Ôyanta-, ābanta-subanta (feminine 
derivatives). 

Every word, according to Pāıini, has to have a pada-status. His model is designed 
in such a way that out of it every basic element must be derived as pada. It seems that 
Pāıini himself must have presupposed the principle apadaß na prayuñjīta, or some 

commentator on Pāıini has postulated it in order to teach the morphological process 

of Pāıini. Be it as it is, the constraint apadaß na prayuñjīta underlines the technique 

of word derivation used by Pāıini in his A˘Òādhyāyī. 

5   The Present Constraint and Sanskrit Language 

The constraint apadaß na prayuñjīta reflects upon the nature of Sanskrit which is 
highly inflectional; e.g. in a Sanskrit sentence: Devadatta˛ kaÒaß karoti (‘Devadatta 
makes a mat’); Devadatta˛ is the pada being finished with the case inflection -su. 
This single suffix stands for two units of meaning, viz. agent and singular, i.e. it 
marks two categories of case and number. Similarly karoti is the pada finished with 
the verbal inflection -tip, which marks the agent, number, tense and voice simultane-
ously. Thus in Sanskrit, the vibhakti (inflectional part) is always more expressive. 
Besides marking the syntactic categories, the vibhaktis, especially the sup-vibhaktis, 
carry another important function of revealing the kāraka-roles (if it is not expressed 
by a tiÔ suffix) and other structural relations. 

5.1   Kāraka-Roles Exemplified 

Kāraka-s are the specific syntactic-semantic relations that the NPs have with the 
predicate VP. The tradition of Sanskrit grammar specifies six kāraka-roles. They are 
kartÁ (‘agent of the action’) , karman (‘object or goal of the action’), karaıa (‘instru-
ment of the action’), sampradāna (‘beneficiary of the action’), apādāna (‘point of 
separation of the action’), and adhikaraıa (‘substratum of the action’). For instance, 
in the sentence Devadatta˛ kaÒaß karoti (‘Devadatta makes a mat’), Devadatta˛ is 
related with the verb karoti by being an abhihita kartÁ (‘expressed agent’) of the ac-
tivity, kaÒam is related with the verb karoti by being a karman (object) to be obtained 

by the action. Thus Devadatta and kaÒa play the kāraka-roles of kartÁ and karman 
respectively. These roles are to be revealed in a sentence. The sup-suffix is the device 
to reveal them. The twenty-one sup-suffixes are divided in triplets and respectively 
termed as prathamā, dvitīyā, tÁtīyā, caturthī, pañcamī, ˘a˘Òhī, and saptamī. Each 
triplet stands for some specific kāraka-relation in the following way: 

dvitīyā denotes karman 
tÁtīyā denotes karaıa,  
caturthī denotes sampradāna,  
pañcamī denotes apādāna, and  



 A Glimpse into the Apadam-Constraint in the Tradition of Sanskrit Grammar 283 

˘a˘Òhī denotes either kartÁ or karman, P.2.3.65, 

saptamī denotes adhikaraıa.  

As a first step, the semantic object denoted by a noun is assigned a kāraka-term. 
Then to reveal that role an appropriate vibhakti is added. This assignment of vibhakti 
is determined by the kāraka-role and is known as kāraka-vibhakti in the tradition. 

5.2   Other Relations Exemplified 

The tradition of grammar recognizes another type of vibhakti assignment—the upa-
pada-vibhakti—wherein a certain word assigns vibhakti to the nominal stem (prāti-
padika), or feminine-affix ending speech form (P.4.1.1), which is structurally related 
to it, e.g. antarā tvāß māß ca kamaıÛalu˛ (‘the bowl is between thee and me’). 
Here the preposition antarā (‘between’) governs the dvitīyā of the NPs structurally 
related to it. In the upapada-vibhakti there is a structural expectancy. Government is 
the only principle there. Similarly the ˘a˘Òhī vibhakti also stands for relations like 
possessor and possessed, whole and part etc; e.g. rājña˛ puru˘a˛ (‘king’s man’). In 
this way there are two types of vibhakti-assignment in Sanskrit, viz. kāraka and 
akāraka (including ˘a˘Òhī and upapada). The former reveals the kāraka-roles while the 
latter reveals structural relations like noun-noun relations among constituents.7 

6   The Present Constraint and Structure 

The very nucleus notion of a structure is that its constituents are related to each other. 
A sentence is a structure made up of words and phrases that are related to each other. 
Without their mutual relations it will otherwise be a string of words; it would not 
make a sentence. It cannot convey any sense either. It is seen here that vibhakti is 
helpful to reveal this syntactic relation and also to mark various categories of case, 
number, tense and voice. This notion was realized in the early tradition of Sanskrit 
grammar. The apadam-constraint is the systematic outcome of this realization. 

7   Applicability of the Present Constraint  

It is a well known fact that the earlier Vedic language (c.1500 BC - 800 BC) is much 
more archaic in nature, and many of its features are difficult to account for through 
the Pāıinian system. In that language very often some forms are available without 
case terminations, e.g. the locative singular vyoman (instead of vyÓmni or vyÓmani), 
áśman (instead of áśmani).8 This type of expression is more frequent in the Ágveda. 

Naturally the constraint is not obeyed here. Pāıini regards the luk-elision of nominal 
suffixes in case of such Vedic forms (P.7.1.39). They receive the designation pada by 
his rule pratyayalope pratyayalak˘aıam (P.1.1.62).  

                                                           
7 It is possible to regard the sup-vibhakti as fourfold, viz. kāraka, upapada, śe˘a, and prāti-

padikārtha. 
8 Macdonell, A.A.: Vedic Grammar. Para.325, Karl J. Trunbar, Strassburg  (1910). 
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In the case of modern Sanskrit poetry also it is possible that the constraint is ig-
nored especially in the case of many foreign words. The present constraint applies 
much more to the grammatically regular or a standard language.  

8   Generative Aspect of the Present Constraint 

It seems that the apadam-constraint together with the application of Pāıini’s deriva-
tive rules can be an effective tool to eliminate the ill-formed sequences from the well-
formed sentences thus contributing to the generative theory. In Pāıini, every lexical 
item will be tagged and then accordingly affixed with either of the two vibhaktis and 
thus will be furnished as a pada, fit to enter into a sentence. The constraint will work 
here. For example it will reject the sequence Devadatta kaÒa kÁ (‘Devadatta mat 
make’) as not being a sentence since it contains all apadas (bases).While it accepts 
Devadatta˛ kaÒaß karoti (‘Devadatta makes a mat’) as a well-formed sentence since 
it contains all the padas (i.e. inflected forms). 

9   The Apadam-Constraint and Modern Universal Theory 

It will be interesting to see common speculations between the ancient Indian theory 
and the contemporary one.  The case filter principle of modern universal theory, with 
some differences, bears striking similarities with the present constraint. The case filter 
principle reads: “Every overt NP must be assigned abstract case”.9 In plain words it 
means that in a sentence the NP must be marked with some case that is assigned to it; 
one cannot employ any non-case-assigned NP in the sentence. This principle is called 
as filter because it filters out the sequences wherein the NP is employed without any 
case assigned to it. 

9.1   Theta Role 

Yet another important principle related to universal case theory is that of theta role. It 
demands attention while dealing with the case filter condition. The universal theory 
claims that every predicate has argument structure, it is specified for a number of 
arguments it requires; e.g. in the English sentence ‘John killed Bill’, kill is the predi-
cate; it requires at least two arguments. The NPs John and Bill are its arguments, so it 
is a two-way predicate. The arguments are the participants minimally involved in the 
activity or state expressed by the predicates. Thus they are related with the VP. These 
relations are looked upon as theta roles. Liliane Haegemen enumerates nine theta 
roles as agent, patient etc.10 In the above quoted example John has the theta role as 
agent and Bill as that of patient. The theta criterion of the universal theory says that 
every argument must be assigned a theta role. Case is the device to mark the theta role 

                                                           
9 Haegemen, Liliane: Introduction to Government and Binding Theory. pp. 167, Blackwell 

Publisher Ltd, Oxford (1991). 
10 Ibid. pp. 49. 
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of the NP. Hence the case is indispensable. Here Liliane Haegemen tries to explain 
the indispensability of a case in a fine metaphor of the play. She says: 

“The argument NPs must be made visible by means of case in the way that 
the characters playing a part in a performance must be made recognizable by 
their outward appearance. If all actors looked identical we would not be able 
to tell who is playing which part. NPs are licensed by virtue of their case 
properties”.11  

Here the case assignment is via theta role, and it is called as inherent case assign-
ment. It is distinct from the structural case-assignment wherein an NP governs the 
case of another NP which is structurally related to it. It is blind to any theta role, e.g. 
in English the preposition towards governs the accusative, as in the sentence: John 
went towards him. This kind of case assignment is referred to as a structural case 
assignment. The case becomes necessary to mark the theta roles and also the struc-
tural relations. The case filter condition is the outcome of this necessity.  

10   Comparing the Traditional and Modern Approaches  

Certain points of similarity between the apadam-constraint of traditional Sanskrit 
grammarians and the case filter principle of the universal theory have clearly emerged 
from what has preceded. They hardly require any mention. However the major area 
where they differ is the notion of abstractness. The case filter condition requires an 
NP to be assigned an abstract case. It operates on an abstract level. Case is taken to be 
an abstract property; its morphological realization can vary from language to lan-
guage. In an inflectionally rich language like Sanskrit, there will be a full-fledged 
morphological realization of the case. In an analytic language like English, it will be 
less. Thus the abstraction makes the case filter principle applicable universally. On 
the other hand, the traditional apadam-constraint refers to specific terminations 
termed sup and tiÔ in accordance with Pāıini's abbreviatory technique known as 
pratyāhāra. It becomes specific to Sanskrit, and there is hardly any scope to apply it 
to other languages in the literal sense. The case filter principle takes into considera-
tion the NPs. It has nothing to say about VPs. Hence it cannot account for the total 
grammaticality of the sentence. The apadam-constraint applies to both NPs and VPs. 
Strictly speaking all the modern parts of speech are included in these two. Thus 
apadam-costraint becomes a complete principle to check the grammaticality of a 
sentence. 

11   Conclusions 

Apadaß na prayuñjīta is a syntactic constraint handed over by the oral tradition of 

ancient Indian grammarians. It is based on the Pāıinian notion of pada. The constraint 
is useful to check the grammaticality of a sentence. Actually this is the area where the 
interests of contemporary linguistics and ancient Indian grammar intersect each other. 

                                                           
11 Ibid. pp.189. 
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The case filter principle of the modern universal theory runs on almost similar lines. 
However, although very effective, it is concerned with NPs alone. The apadam-
constraint, although language specific, has a wider application being concerned with 
both NPs and VPs.12 An attempt can be made to bring out a common product, obtain-
ing the best of both worlds, which would surely lead to some positive developments, 
not merely theoretical but practical also. 
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Abstract. We are experimenting to examine how AnglaBharati system designed
to translate English to Indian languages could be adapted for translation to San-
skrit. The main contribution of our work is demonstration of machine translation
of English to Sanskrit for simple sentences based on PLIL generated by AnglaB-
harati and As. t.ādhyāyī rules. Presently our translation system caters to affirma-
tive, negative, interrogative, imperative, active and passive voice sentences. In
our study, we have selected a set of nouns and verbs that represent different se-
mantic categories besides a few adverbs and adjectives. We anticipate using a
number of Sanskrit resources on As. t.ādhyāyī and morphological synthesis [[2]].

1 Introduction

Natural language is attributed to human intelligence, and equipping machines with nat-
ural language processing capabilities is one of the difficult tasks. Machine translation
(MT) is one such task that requires inputs from multiple disciplines such as computa-
tional linguistics, psycholinguistics, cybernetics, cognitive science, computer science,
artificial intelligence, etc. It is not enough to build knowledge bases embodying what
is needed for analysis and synthesis of natural languages; we also need to understand
which knowledge needs to be invoked at what stage. Building a fully automatic ma-
chine translation system with human competence is still a distant reality. However, MT
systems with limited capabilities and machine aids for translation have been developed
and are in widespread use. The present work on English to Sanskrit MT is attempt in
this direction. MT has been a subject of investigation right from the time computers
came into existence. As the problem is complex, different approaches have emerged
that could be broadly classified as follows:

Direct substitution: Machine translation can use a method based on dictionary entries,
which means that the words and phrases will be translated as they are by using a dic-
tionary. It needs listing all the words and their clusters. Obviously, this method cannot
cope up with the ambiguities and complexity of natural language.

Rule-based/knowledge-based/transfer-based: Under this category, a wide variety of
systems have been developed. The basic method is to obtain a parse of the source lan-
guage sentence with the help of a grammar and/or knowledge base. Then this parsed
structure is transformed to a target language structure that is used to synthesize the tar-
get language sentence. Rules always suffer from being inadequate, providing limited
coverage and also sometimes inappropriately producing some garbage.

G. Huet, A. Kulkarni, and P. Scharf (Eds.): Sanskrit CL 2007/2008, LNAI 5402, pp. 287–305, 2009.
c© Springer-Verlag Berlin Heidelberg 2009
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Interlingual Machine Translation: In this approach the source language is first trans-
lated into an intermediate language which may be an artificial language embodying all
the information of the source language in disambiguated form. The translation to the
target language is obtained by transforming this intermediate structure into target lan-
guage text. This approach is very attractive for developing a multilingual translation
system with minimal additional effort. However, success of the approach very much
depends upon the ‘goodness’ of the intermediate structure obtained. Several compro-
mises are made to make it a workable model for a group of languages. PLIL (Pseudo
Lingua for Indian languages) is one such intermediate structure that we have used for
translating from English to Indian languages.

Corpus-based Machine Translation (CBMT): Availability of language corpora in
electronic form opened up a variety of applications in NLP. Unilingual corpus is used for
language modeling and probabilistic parsing. Example-based MT (EBMT) and Memory-
based MT (MBMT) use parallel aligned bilingual corpora. Translation is obtained by
matching the stored examples with the input. Statistical machine translation (SMT) also
uses parallel corpora using a statistical modeling of translation at different levels. The
success of these methods is obviously dependent upon availability of representative par-
allel corpora with wide and adequate coverage in the domain of application.

As we do not have parallel corpora for English and Sanskrit languages, using any
corpus-based method was ruled out. The AnglaBharati MT system used a pseudo-
interlingual approach for translation from English to Indian languages, and it was pos-
sible to study English to Sanskrit machine translation with minimal effort. This moti-
vated us to use AnglaBharati system. Here the input English sentence is transformed
to a pseudo-interlingua structure called PLIL (Pseudo Lingua for Indian Languages)
using a pattern-directed rule-base, which is like a context-free grammar (CFG). PLIL
is a structure that has the word order of a group of Indian languages and carries all
the syntactic and semantic information needed for synthesizing the target Indian lan-
guage text belonging to that group. A detailed description of the system can be found
in the technical report [[1]]. We directly use the PLIL obtained while translating a sen-
tence from English to Hindi. Since the system recursively tries to unify all the possible
patterns, at times it may fire multiple rules and yield multiple PLILs. A post editing
is therefore required to choose the most appropriate parsing on the basis of context of
the sentence. Once we get the PLIL, we need to build a text generator for the Sanskrit
language to get the Sanskrit translation. Pān. inian grammar has been used for building
the text generator. The online resources provided by Huet [[2]] are used for generating
the word forms.

1.1 Organization of the Paper

The paper has been organized as follows: Section 2 describes the basic methodology
that we will be using in generating Sanskrit sentences from the PLIL obtained. Section
3 describes how we are generating morphosyntactic representation from the PLIL. Sec-
tion 4 describes the rules for the disambiguation of kārakas and vibhaktis. Section 5
describes the generation of phonological output from the morphosyntactic representa-
tion. Section 6 describes the results obtained by us. Section 7 gives an insight into how
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we can handle complex sentences through our mechanism. Section 8 discusses future
work that is to be done.

2 From Pseudo Lingua Representation of English to Generation
of Sanskrit Sentences

As discussed by Kiparsky [[4]], Pān. inian grammar analyzes the sentences at a hierarchy
of four levels of description, from semantic information to phonological output form.
To understand this hierarchy, consider the English sentence with the output form as
below:

‘A leaf falls from the tree’.
The derivation of the Sanskrit according the hierarchy is as follows:

Semantic information. This level encodes the ontology of the events and the speaker’s
wish to express certain features of it (vivaks. ā). This initial stage includes the following
steps:

1. svatantrah. kartā. 1.4.54 (������ ��	
)
The participant which is independent bears the role of agent (kartā).

2. dhruvam apāye ’pādānam. 1.4.24 (��
��� a�	����	�	��� )
When there is separation, the participant which is fixed bears the source role
(apādāna).

3. vartamāne lat. . 3.2.123 (��
�	�� ��� )
Roots denoting event that is happening in front of us are assigned present tense
(lat.).

Morphosyntactic representation
At this level, the arguments are assigned the thematic roles (kārakas) and the root is
assigned abstract tense, thus we have:

1. vr. ks. a (�� �) ‘tree’: source (apādāna)
2. patra (��) ‘leaf’: subject (kartā)
3. pat (��� ) ‘fall’: present tense (lat.)

Abstract morphological representation
vr. ks. a-ṅasi patra-su pat-tip
�� � -��� �� -�� ��� - ����
‘tree-AblSg leaf-AccSg fall-PrAct3Sg’
Where, the first line shows the morphological representation in Sanskrit, and the second
line shows that in English. ‘AblSg’ is ‘ablative singular’, for which the pratyaya used
in Sanskrit is ṅasi, ‘AccSg’ is ‘nominative singular’, for which the pratyaya used in
Sanskrit is su, ‘PrAct3Sg’ is ‘Present tense, active voice, third person, singular’ for
which the pratyaya used in Sanskrit is tip.

Phonological output form
vr. ks. āt patram patati.1

1 We do not implement interword sandhi.
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�� �	�� ���� ����.
‘A leaf falls from the tree’.

In view of this hierarchy, the basic steps in translating an English sentence to Sanskrit
sentence are:

1. Extract the semantic information of the sentence from the parse tree produced by
the Angla Bharati system.

2. Assign thematic roles to the arguments and thematic roles to the root. (Morphosyn-
tactic representation)

3. Assign pratyayas corresponding to morphosyntactic representation and generate
the phonological output.

However, as discussed by Scharf [[3]], there is an overlap between the levels and we
cannot draw an exact boundary. In our current implementation, however, we go by the
hierarchy, given by Kiparsky. The system can be represented by figure 1.

Fig. 1. System description

Let us explain the procedure through a simple example.

– The English sentence:
He goes to market.

– The PLIL representation produced by AnglaBharati system:
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<aff {sub_np ( he noun masculine singular third [human] [vaha:m
8] [] [] ) } {pp (market noun neuter singular third [place]
[bAjZAra:m 6] [] [] ) ( to prep [ to ] ) } {main_vp_active ( go
verb_2 normal normal masculine singular third [jA] 3 [] []
) } > . sviram

The PLIL representation is in a tree form. The root node is ‘aff’, which corresponds
to affirmative sentences. Depending upon the sentence, various values are given
to this root node, such as: qs - for interrogative sentences, imp - for imperative
sentences, let - for sentences starting with let and aff - for affirmative sentences.

The root node has several children corresponding to phrases in the word. In the
above tree, there are three children - ‘sub_np’, ‘pp’ and ‘main_vp_active’. Some
of the possible values that the children of each node can take are the following:
• ‘sub_np’ corresponding to a subject noun phrase
• ‘pp’ corresponding to a prepositional phrase
• ‘obj_np’ corresponding to a object noun phrase
• ‘main_vp’ corresponding to main verb phrase. To represent the voice, ‘active’

and ‘passive’ are also added to this child.
Let us traverse the children one by one as shown in the PLIL:
• ‘sub_np’: The different attributes that this child has stored are ‘he noun mas-

culine singular third [human] [vaha:m 8] [] []’; this represents how the infor-
mation for the nouns has been coded. The attributes can be characterized as
follows:
1. ‘he’ - corresponds to the root word in English corresponding to the subject.
2. ‘noun’ - is the category of the word.
3. ‘masculine’ - stores the gender of the noun.
4. ‘singular’ - stores the number of the noun.
5. ‘third’ - stores the person information of the noun.
6. ‘[human]’ - stores the semantic category of the noun.
7. ‘[vaha:m 8]’ - it stores the corresponding representation in Hindi. ‘vaha’ is

the Hindi word for ‘he’, ‘m’ stores the gender of ‘vaha’, that is ‘masculine’.
‘8’ is the paradigm number which is passed for the text generator for the
generation of final form.

• ‘pp’: Prepositional phrase will have a preposition in it, which is shown in brack-
ets in PLIL as ‘( to prep [ to ] )’. Other attributes are same as that of ‘sub_np’.

• ‘main_vp_active’: It stores attributes corresponding to a verb. For the exam-
ple, the attributes are
go verb_2 normal normal masculine singular third [jA] 3 [] []
which can be characterized as:
1. ‘go’ - corresponds to the root word in English corresponding to the verb.
2. ‘verb_2’ - It shows the category ‘verb’ as well as the paradigm in English.

Verbs have been characterized in 5 paradigms according to the endings.
For example, for the root verb ‘eat’, the paradigm numbers and the form
of the verb are: verb_1 - eat, verb_2 - eats, verb_3 - ate, verb_4 - eaten
and verb_5 - eating.

3. ‘normal’ - will store if the verb has been used in ‘command’ or in a sen-
tence starting with ‘let’.
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4. ‘normal’ - this is the second ‘normal’; this corresponds to some extra
word(s) used in verb phrase such as ‘has’, ‘have’ etc.

5. ‘masculine singular third’ - will store the ‘gender person number’ infor-
mation (crucial for verb conjugations in Hindi) corresponding to the noun,
depending on which the form of the verb conjugates.

6. ‘[jA] 3’ - it stores the corresponding representation in Hindi. ‘jA’ is the
Hindi word for ‘go’, ‘3’ is the paradigm number which is passed for the
text generator for the generation of final form.

From the above representation, we can clearly see that the lexical database used
has the corresponding entries of Hindi words. We need to substitute correspond-
ing Sanskrit words in the lexical database in place of Hindi words. This database
keeps most of the syntactic, semantic and other information for the need of disam-
biguation. For example, corresponding to ‘he’, the database retains the semantic
information that it represents a ‘human’. Corresponding to ‘market’, the semantic
information of ‘place’ has been retained. This information will be used for San-
skrit text generator too. Since we are working with a small vocabulary, we have
separately enlisted the Sanskrit word corresponding to different English words.

– Transferring the structure to corresponding representation in Sanskrit:
The corresponding structure that we get is:
subject ��� nom sg mas
ppa	�� acc sg neu prep to
verb ��� prim pr ac sg trd
The words written in devanagari are the root words corresponding to Sanskrit. Each
of the line corresponds to a different NP, PP or VP or a separate word. Main rea-
son for this structure is the fact that in Sanskrit, unless a word is indeclinable, it
declines. Thus, in an NP, the adjective will decline in the same way as the corre-
sponding noun and so on. Attempt is to keep most of the information for declining
a particular word within a line, although there are complicacies which will be dis-
cussed. We will be explaining each of the term in next sections.

– From morphosyntactic representation to phonological output:
In AnglaBharati system, all the forms corresponding to a verb or noun have been
stored in form of tables. Sanskrit is a language with a rich morphology. If we con-
sider a simple verb like khād corresponding to English verb ‘to eat’, it can have
many prayogas2 and verb forms3, each of which appear in 10 tenses. Again for
each tense, it can have 9 different output forms corresponding to number and per-
son, which gives around 1000 forms corresponding to the verb khād. These forms
vary depending upon the class in which the verb appears and other phonological
information. So, it is not a good idea to have a table corresponding to endings
and use it to generate the morphology from root word. The approach given in the

2 prayoga designates the type of usage of the verb. It is of three kinds,
• kartr. -prayoga: when the termination on the verb denotes the agent,
• karma-prayoga: when the termination on the verb denotes the karman, and
• bhāva-prayoga: when the verb denotes just the action of the verb, in which case a default

(third person singular) verbal termination is used.
3 These are special suffixes, which change the meaning of the verb. n. ijanta (causative) and

sannata (desiderative) are the examples.
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As. t.ādhyāyı̄ is fairly complex in which you need to go through a large set of rules
each time to generate the phonological output. For the work here, we are using the
online resources (data banks) provided by Huet [[2]]. These are resources for nouns,
verbs and particles, which given the morphosyntactic representation, generate the
final form. We briefly discuss on how we can generate these forms using an algo-
rithm. From the representation above, we get the following output:
sah. āpan. am gacchati. (�� a	���� �� ��)

– Finally a post processing module is used to change the word order if needed.

3 Generating the Morphosyntactic Representation from PLIL

This step needs incorporating the linguistic knowledge of Sanskrit. Firstly, since the
PLIL is in a tree form, we need to parse the tree. A simple java program helps to get the
following information:

– A particular noun, whether is a subject, an object or is used in a prepositional
phrase?

– The adjectives are put in the same phrase (so that they share the same information
as that of noun).

– The preposition used with the noun, which helps in deciding the vibhakti.
– Any other words, which may be helpful in deciding the vibhakti.

Below is the output of the java program for the example under consideration:

sub_np (he noun masculine singular third [human])
pp (market noun neuter singular third [place])
to prep [ to ]
main_vp_active (go verb_2 normal normal masculine singular third)

Thus the java program extracts the information in the sentence, ‘he goes to market’:
‘sub_np’ includes only the word ‘he’, ‘to market’ is a ‘pp’ and ‘go’ is the main verb.
We are left with the following tasks:

1. Translate the English root words corresponding to their Sanskrit equivalents.
2. Generate the mapping for the kāraka in the case of nouns and lakāra in the case of

verbs.
3. Get the gender, number information for nouns and person, number, prayoga, and

vācya information for verbs.

Let us elaborate on each of the aspects here:

3.1 Translating Root Words

For translating root words, we need to expand the lexicon. Since we are only testing
on a small vocabulary, we are just storing the corresponding Sanskrit words. Thus we
have:
he ��� , marketa	�� and go ���
All the adverbs which do not decline are stored with corresponding Sanskrit translation.
The nouns are stored with the corresponding genders and number4 information.

4 Number information is stored only where relevant. There are nouns such as dāra, lājā, gr. ha
which take only plural declensions.
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3.2 kāraka and lakāra Mappings

We first discuss in brief about the kārakas used in Sanskrit. kārakas are related not to
the form of the word but with the meaning, they are needed to describe a particular ac-
tion. There are 6 kārakas, kartā, karma, karan. a, sampradāna, apādāna and adhikaran. a.
To convey the meaning of a kāraka, affixes, termed vibhakti are applied to a nominal
stem. For example, the prathamā vibhakti is used to denote the kartā kāraka, the dvitīyā
vibhakti is used to denote the karma kāraka. Particular vibhaktis are used when some
avyayas occur in the composition, for example the pañcamī vibhakti is applied in com-
position of the word r. te. Based on the semantic information, first we need to determine
the kāraka. After the kāraka is determined, the appropriate vibhakti will be applied to
the stem. In a prepositional phrase, if we encounter some indeclinables (avyayas) for
which a particular vibhakti has been assigned, we will use that particular vibhakti. There
are seven vibhaktis in forming a noun. Let us discuss in brief, how these vibhaktis are
applied:.

prathamā: In Sanskrit, no noun is spoken without a vibhakti. This vibhakti tells the
form of the word. When the vācya of the verb is active (as in the example obtained
by ‘main_vp_active’, this vibhakti is used to denote the subject. Thus, in the above
example, we have ‘��� ’ as root word with ‘prathamā’ as the vibhakti. If the vācya is
passive, then also the PLIL automatically maps the object to ‘sub_np’ and we need not
change the rule. For example, in the sentence ‘The food was eaten by Ram’, ’the food’
is mapped to ‘sub_np’ and is assigned prathamā vibhakti.

dvitīyā: This is employed mainly to denote the karma kāraka. If we get an ‘obj_np’ in
PLIL, it will mostly take this vibhakti. The preposition ‘to’ used in English corresponds
to this vibhakti most of the times.

tr.tīyā: This is mainly used in karan.a as well as kartā. When the vācya is passive, then
tr.tīyā denotes the subject. For example, in the sentence, tvayā khādyate (by you is
eaten), the subject is denoted by applying tr.tīyā to the subject yus.mad (you). (There
is another vācya called bhāva which does not appear in English, for example the sen-
tence tena gamyate. Since gam (to go) is transitive, it does not take passive construct in
English.) Generally tr.tīyā maps to the English preposition ‘by’.

caturthī: This vibhakti is used mainly in sampradāna, that is, if something is given. It
maps to the preposition ‘for’ in general.

pañcamī: This vibhakti is used mainly in apādāna, where there is a sense of separation..
For example, ‘the leaf fell from the tree’, in this sentence that which is still is apādāna
and is denoted by pañcamī. It maps to the preposition ‘from’ in general.

s.as.t.hī: This represents the relation between two nouns, such as in ‘Ram’s brother’, Ram
will have the s.as.t.hī vibhakti. It maps to the preposition ‘of’ in general.

saptamī: It is used to denote the adhikaran.a kāraka as well as in other senses.
There are many exceptions to the default mapping that we have discussed for the vib-
haktis5 which will be discussed in detail in later section.

5 The mapping described is not strictly Pān. inian but in the reference of how it is being imple-
mented. Exceptions are being handled separately.
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There are 10 different lakāras in Sanskrit. For our analysis, we are considering only
the simple sentences and therefore, we come across only five of them. The following
lakāras are considered in our analysis:

1. lat. lakāra: denotes the present tense. We have the following mappings for lat. , where
each mapping is represented by ‘PL’ meaning, it is an extract from the PLIL, then
there is an example for the kind of sentence(s) in which this mapping occurs:

PL: verb_1|2+normal+normal pr\footnote{Extract from PLIL,
already discussed in section 2.} (Ex: he (goes) to market.)

PL: verb_5+normal+is|are pr (Ex: He (is going) to market.)
PL: verb_5+normal+has_been pr (Ex: He (has been going) to market.)
PL: verb_4+normal+is|are_being pr
(Ex: Food (is being eaten) by Ram.)
PL: verb_4+normal+is|are pr (Ex: Food (is eaten) by Ram.)
PL: verb_1+normal+wdoes|wdo pr (Ex: Does he go to market?)

In the above file ‘|’ represents the ‘or’, thus either verb 1 or verb 2 will lead to the
lat. lakāra represented as ‘pr’. ‘+’ is simply used to fill up the gap. In the example
take, we have ‘verb 2 normal normal’, which has been taken here as ‘verb 2+nor-
mal+normal’. We have given an example in the next line of each rule. The bracket
encloses the relevant part.

2. laṅ lakāra: denotes the imperfect tense. We have the following mappings for laṅ:

PL: verb_4+normal+has|have im (Ex: He (has gone} to market.)
PL: verb_3+normal+normal im (Ex: He (went) to market.)
PL: verb_5+normal+was|were im (Ex: He (was going) to market.)
PL: verb_4+normal+had im (Ex: He (had gone) to market.)
PL: verb_4+normal+was|were_being im
Ex: The food (was being eaten) by Ram.

The notations used are same as in lat. . ‘im’ represents the ‘imperfect tense’(laṅ
lakāra).

3. lr. t. lakāra: represents simple future tense. We have the following mapping:

PL: verb_1+normal+will|shall fut (Ex: He (will go) to market.)
PL: verb_5+normal+will_be fut (Ex: He (will be going) to market.)

‘fut’ represents ‘future tense’ (lr. t. lakāra).
4. vidhiliṅ lakāra: represents the optative mood. We have the following mappings:

PL: verb_1+normal+should op (Ex: He (should go) to market.)
PL: verb_1+normal+has_to op (Ex: He (has to go) to market.)
PL: verb_4+normal+should_have op
Ex: He (should have gone) to market.
PL: verb_1+normal+must op (Ex: He (must go) to market.)
PL: verb_1+normal+may op (Ex: He (may go) to market.)

‘op’ represents ‘optative mood’ (vidhiliṅ lakāra).
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5. lot. lakāra: represents the imperative mood. We have the following mappings:

PL: verb_1+let+normal ip (Ex: (Let) him (go) to market.)
PL: verb_1+command+normal ip (Ex: (Go) to market.)

‘op’ represents ‘imperative mood’ (lot. lakāra).

There are other lakāras in Sanskrit but are not used in simple sentences. Above dis-
cussed 5 lakāras are mainly in use. We will discuss others when we will move to com-
plex sentences.

3.3 Getting the Gender, Person Information in Nouns and Person, Number,
Prayoga, vācya Information in Case of Verbs

Let us first see how this information is being extracted for nouns: Sanskrit has three
genders:

1. Masculine (puṁliṅga)
2. Feminine (strīliṅga)
3. Neuter (napuṅsakaliṅga)

The problem in using the gender information from PLIL is that a word having ‘mas-
culine’ gender in English may not have puṁliṅga in Sanskrit. For example, ‘pot’ in
English has ‘neuter’ gender, but its Sanskrit equivalent ghat.a is puṁliṅga. Similarly,
‘story’ in English has ‘neuter’ gender, but its Sanskrit equivalent kathā is strīliṅga. In
Sanskrit, all the three genders decline in a different fashion and therefore it is crucial for
us to have the gender information. On the other hand, the adjectives will take the gender
of the noun. Therefore, while the nouns are stored with the information of gender, the
adjectives are stored without this information. The pronouns have the same root word
(tad for ‘he’, ‘she’ and ‘it’). Therefore, the gender information from PLIL is passed to
decline the form.

As far as the information about number is concerned, Sanskrit has three numbers
(vacana):

1. singular (ekavacana)
2. dual (dvivacana
3. plural (bahuvacana)

Since English has only the singular and plural, dual information has to be extracted
from the PLIL. For example, for the English sentence, ‘he brought two mangoes from
the market’, we will get the number of ‘mangoes’ as plural. We are keeping track of
the adjective ‘two’ which when precedes a noun, makes its number as dvivacana. In
PLIL, ‘you’ always comes with the number ‘plural’, we therefore need to change it to
ekavacana. When it comes to verbs, the information is extracted as follows:
In Sanskrit, there are three persons (purus.a):

1. Third person (prathama purus.a)
2. second person (madhyama purus.a)
3. first person (uttama purus.a)
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The PLIL attaches this information to the verb, but it does not give the second person.
When there is a verb with active voice with ‘you’ as its kartā (in imperative active, for
example, “Go to your teacher tomorrow”) , the PLIL gives the person as ‘third’. We
therefore check specially for the case when the verb in imperative active is correspond-
ing to ‘you’ and change the person to ‘second’. Other instances are fine.

The number information is also given in the PLIL, but as we saw in case of nouns,
there are three number. The information for dual number needs to be extracted. In
nouns, it was not a problem since a noun can have the number as dual only when there
is an adjective ‘two’ preceding it, but verb can have this case whenever there are two
nouns, for example in the sentence ‘Ram and Shyam ate together’, the verb was ana-
lyzed in PLIL as:

{main_vp_active(eat verb_3 normal normal neuter plural third
[KA] 1 [] [])}

Since the PLIL gives it a plural, we need to keep track of the number of nouns joined
by ‘and’. If the number is two, we assign dvivacana, if more than two, we assign bahu-
vacana. In case of ‘you’ being the kartā of the verb with the verb being in active voice,
the PLIL gives its number as plural. We change it to ekavacana.

Regarding the vācya information, it is given in the PLIL as ‘main_vp_active’ and
‘main_vp_passive’ which is simply used as it is. Prayoga information will be dis-
cussed in complex sentences. We are considering in simple sentence only the primitive
prayoga.

4 Disambiguation for kārakas and vibhaktis

As discussed in the section above, the mapping from PLIL to the morphosyntactic rep-
resentation in Sanskrit seems to be fairly simple, but it is not so. When it comes to
assigning kārakas, we need to keep track of many rules given in Pān. ini’s As. t.ādhyāyī.
These rules assign kārakas depending upon the verbs used in the sentence as well as
semantics of noun. There are rules which assign vibhaktis depending on context words.
The rules require to keep track of the verb as well as context words. In the following
description, we give examples of sentences in which mapping from English to Sanskrit
is not straightforward; however, by using certain rules from the As. t.ādhyāyī, we can get
the correct translation. We will look at the rules for some of the kārakas and vibhaktis.6

First, we look at the rules for disambiguation of kāraka.

4.1 Karma kāraka

We look at the following rules:

adhiśīṅsthāsām. karma. 1.4.46 (a��!"�� �#	�	$ ��
)
Translation: That which is the site of the verbs śī ‘to lie down’, sthā ‘to stand’, ās ‘to
sit’, when preceded by the preposition adhi is called karma kāraka.

6 Some of the rules which need a detailed analysis, such as determining karmapravacanı̄ya, are
still not implemented.
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Implication: When the above verbs are translated in Sanskrit with adhi preceding them,
we look for the noun having ‘place’ in its semantics and assign it the ‘karma’ of the
verb.7

Ex: Hari lies down in Vaikuntha. Here ‘lies down’ will be translated śī preceded by
adhi. The word ‘Vaikuntha’ has the semantics ‘place’ and the rule applies. Note that the
preposition ‘in’ maps in general to ‘adhikaran.a’ but the rule maps it to ‘karma’ and we
have the translation harih. vaikun. t.ham adhiśete.

4.2 Sampradāna kāraka

We look at the following rules:
karman. ā yamabhipraiti sa sampradānam. 1.4.32 (��
�	 ���%pr'�� � �(pr�	��� )
Translation: The person whom one wishes to connect with the object of the verb dā (to
give) is called sampradāna.
Implication: All the objects of the verb ‘give’ are given the sampradāna and for the
sentences, ‘he gives alms to the boy’, ‘boy’ gets sampradāna by the rule and we have
the Sanskrit sentence, sah. bālakāya bhiks. ām dadāti.
rucyarthānām. prīyamān. ah. . 1.4.33 ()��#	
�	�� pr"��	��)
Translation: In case of verbs having the signification of the root ruc (to like), the person
or thing that is pleased or satisfied, is called sampradāna.
Implication: The rule is applicable not only to the root ruc but to roots having this sig-
nification. This allows us to have a list of these verbs (can be extracted from word net).
These verbs give the one pleased the sampradāna, thus ‘I like sweat-meat’ is translated
as mahyam modakah. rocate.
ślāghahnuṅsyāśapām. jñīpsyamānah. . 1.4.34 (l	+hn� �� �#	!�	$ j".���	��)
Translation: In case of verbs ślāgh (to praise), hnu (to take away), sthā (to stand), and
śap (to curse), the person whom it is intended, is called sampradāna.
Implication: It again takes care of variety of sentences, for example, ‘he waits for me’,
here ‘wait’ gets translated as sthā and ‘I’ gets the sampradāna. Thus we have the San-
skrit sentence sah. mahyam tis. t.hate. Similarly any sentence, for which any of these
Sanskrit root word is employed, is taken care by this rule.
spr.her īpsitah. . 1.4.36 (��� /�0"�.���)
Translation: In case of verb spr. h (to desire), the thing desired is called sampradāna.
Implication: Consider the sentence, ‘he desires flowers’, the root ‘desire’ helps us to
assign sampradāna to ‘flowers’ giving us the translation sah. pus.pebhyah. spr.hayati.
krudhadruhers. yāsūyārthānām. yam prati kopah. . 1.4.37 (1� ��2 � /�3�	
�4 �	#	
�	$ ��� pr��
�5��)
Translation: In case of verb having the sense of krudh (to be angry), druh (to injure),
īrs. yā (to envy), asūyā (to detract), the person against whom these feelings are directed
is called sampradāna.
Implication: This again refers to a wide variety of sentence. It is dealt with in the same
way as 1.4.34.

7 In Pān. inian grammar, which begins with meaning conditions rather than with a sentence in
another language, it is properly the semantic object, rather than a speech form in English or
Hindi, that is assigned a kāraka term. In the current example, it is the place rather than a word
denoting the place that would be termed karman. Likewise throughout. (Editor’s note).
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4.3 Apādāna kāraka

We look at the following rules:
bhītrārthānām. bhayahetuh. . 1.4.25 (%"�	#	
�	$ %�/��� �)
Translation: In case of words implying ‘fear’ and ‘protection from danger’, that from
which the danger or fear precedes is called apādāna.
Implication: Thus for the sentence ‘he is afraid of the thief’, ‘the thief’ is the one from
which fear precedes and gets the apādāna. Similarly for ‘he protects from the thief’,
‘the thief’ gets the apādāna. Thus the translation being, sah. corāt trāyate| raks.ati.
bhuvah. prabhavah. . 1.4.31 (%� �� pr%��)
Translation: The source of the agent of the verb bhū (to become) is called apādāna.
Implication: It again refers to catch certain structures in the English sentence such as ‘...
from a (place)’ etc. Even if the verb prabhava is used, we can apply this rule. Thus for
the sentence, ‘The Ganges flows from the Himalayas’, we have the translation gaṅgā
himavatah. prabhavati.

Let us look at some of the examples for the disambiguation of vibhakis.

4.4 dvitīyā vibhakti

antarāntaren. a yukte. 2.3.4 (a��0	��0�� �� kt�)
Translation: A word joined with the word antarā or antaren. a takes the second case
affix.
Implication: antaren. a and antarā fall into the category of avyaya in Sanskrit. The word
antaren. a is used for ‘without’ and antarā for ‘between’. Thus for the sentence, ‘There
can be no happiness without Hari’, if we use for ‘without’ the Sanskrit word antaren. a,
the rule applies and we have hari with ‘karma’. For using such rules, we first assign all
the root words and the mapping of kāraka is done later.
karmapravacanīyayukte dvitīyā. 2.3.8 (��
pr�7�"��� kt� �dv�"�	)
Translation: The second case-affix is employed after a word which is joined with a
karmapravacanīya.
Implication: We need to determine whether a word having been assigned the term
karmapravacanīya is joined with a particular word. karmapravacanīya is also defined
in As. t.ādhyāyī. We take a rule for example: tr. tīyārthe. 1.4.85
Translation: The word anu is termed karmapravacanīya when it has the force of the
third case. Now consider the English phrase, ‘the army lying along side the river’, here
‘along side’ has a force of third case and it maps to Sanskrit wrd anu. From the rule,
anu gets the term karmapravacanīya and the river will get the dvitīyā by the rule 2.3.8,
which otherwise could have got tr. tīyā by the force of third case. Thus we have the San-
skrit traslation as nadīm anu avasitā senā.
kālādhvanorattantasam. yoge. 2.3.5 (�	�	9��50tt���$�5��)
Translation: After a word denoting time or length, dvitīyā is employed when denoting
full duration.
Implication: Consider the English sentence, ‘he reads for a month’, ‘a month’ denotes
a full duration and is assigned dvitīyā by the above rule giving us māsam adhīte.
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4.5 tr.tīyā vibhakti

sahayukte’pradhāne. 2.3.19 (�/�� kt��pr�	��)
Translation: When the word saha is joined to a word, the latter takes the third case,
when the sense is that the word in third case is not the principal.
Implication: Consider the English sentence, ‘He went with his brother.’, the preposition
‘with’ is translated as saha in Sanskrit and the rule applies putting ‘brother’ in tr. tīyā
vibhakti and we have the translation, sah. tasya bhrātrā saha agacchat.
yenāṅgavikārah. . 2.3.20 (���	g���	0�)
Translation: By whatsoever limb, being defective, is pointed out the defect of the person,
after that the third case affix is employed.
Implication: Consider an English sentence, ‘He is blind of one eye’, general mapping
gives ‘eye’ the s. as. t.hī, but the rule picks the term ‘blind’ as the defect and gives ‘eye’
the third case affix, giving the translation, sah. aks.n. ā kān. ah. .

4.6 Caturthī vibhakti

namah. svastisvāhāsvadhālam. vas.aṅyogācca. 2.3.16 (��� �������	/	���	�$-
�<y5�	cc)
Translation: The fourth case affix is employed in conjunction with words namah. (salu-
tation), svasti (peace), svāhā, svadhā (used in oblations), alam (sufficient for) and vas̀at.
(a term of oblation).
Implication: This rule is differnt from previously told for this kāraka since deals
with the context words. Thus for ‘salutation to Gods’, the translation would be svasti
prajābhyah. .

4.7 s.as.t.hī vibhakti

adhīgarthadayes̀ām. karman. i. 2.3.52 (a�"�#
���!	$��
��)
Translation: Of the words having the sense of adhi (remembering), daya (to pity) and
of īśa (to rule), the object takes the sixth case affix.
Implication: For the sentences such as ‘he remembers the mother’, the object ‘mother’
will take the s. as. t.hī vibhakti and we will have the form mātuh. smarati.

4.8 Saptamī vibhakti

āyuktakus̀alābhyām cāsevāyām. 2.3.40 (a	�� kt�� !�	?�	�� 7	���	�	�� )
Translation: In conjunction with the words āyukta (engaged), kuśala (skillful), when
meaning entire absorption in an engagement, the saptamī vibhakti is used after a word.
Implication: The saptamī vibhakti will be applied to the nominal stem that comes in
conjunction with these words.

Above discussed are the rules which can be used for kārakas and vibhaktis disam-
biguation for majority of the cases. However, there are other rules for finer distinction.
One can refer to these rules in Pān. ini’s As. t.ādhyāyī [[5]].
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5 From Morphosyntactic Representation to Phonological Output

As discussed in the previous sections, we are able to represent the English sentence
into its morphosyntactic representation in Sanskrit. Now the data resources provided by
Huet are used for generating the final form of each of the word. The resources are in
the form of XML trees. The tree is parsed using a java program. We have characterized
the input of the tree in the following terms with the all possible values that the tree can
take:

1. verb form: It takes the values depending upon the usage of the verb, whether it is
used as causative, primitive or desiderative. The tree has entries corresponding to:
(a) prim - primitive sense, the normal lakāra forms
(b) ca - causative n. ijanta
(c) des - desiderative sananta

2. lakāra: It takes the values corresponding to the tenses. Tree has following eight
lakāras:
pr - present tense, lat. lakāra, im - imperfect tense laṅ lakāra
fut - future tense, lr. t. lakāra, op - optative mood vidhiliṅ lakāra
ip - imperative mood, lot. lakāra, pef - periphrastic future tense lut. lakāra
prf - perfect tense, lit. lakāra, aor - aorist tense, luṅ lakāra We need only the first
five for our analysis.

3. prayoga & pada: It takes the values corresponding to the pada as well as prayoga.
In Sanskrit, the verbs are categorized as to whom the fruit of the action belongs. If
the fruit belongs to the doer, the verb is ātmanepadī, if fruit belongs to another, it
is parasmaipadī and if it can belong to both depending upon the sentence, the verb
is ubhayapadī. The ātmanepadī and parasmaipadī verbs conjugate in a completely
different way and therefore in the tree, each root has been stored according to both
of the forms. We need to input which form we are looking for. Also, if we want
a passive construct, we can give in this input (because all verbs conjugate only
uniquely in passive construct (A single verb has only one set of declensions.).)
Thus, this input accepts the following:
(a) ac - parasmaipada, kartr. prayoga
(b) at - ātmanepada, kartr. prayoga
(c) ps - passive voice, karma prayoga

4. vacana: This can accept one of the inputs for number (Section 3.3)8 item purus.a:
This can accept one of the inputs for person (Section 3.3)9

5. root: accepts the dhātu(should not have the upasarga attached to it.)

Let’s look at an entry corresponding to verb tree.

<?xml><!DOCTYPE forms SYSTEM "flexed.dtd">
<forms><f form="agacCat"><v><cj><prim/></cj><t><cj><im/><ac/></cj>
</t><np><sg/><trd/></np></v><s stem="gam"/></f>

8 ‘sg’ for singular, ‘du’ for dual and ‘pl’ for plural.
9 ‘trd’ for third person, ‘snd’ for second person and ‘fst’ for first person.
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We are looking for the information of ‘form’ corresponding to a particular ‘stem
(root)’. In the tree, we need to give the input of ‘prim’, ‘im’, ‘ac’, ‘sg’, ‘trd’ and
‘stem = "gam"’. The extracted information (section 3) is passed to the XML tree
parser to get the ‘form’ corresponding to a given root.

Similarly, the inputs to a noun tree are characterized as follows:

1. vibhakti: these are discussed previously. Tree has the following vibhakti:
nom - nominative, prathamā, acc - accusative, dvitīyā
ins - instrumental, tr. tīyā, dat - dative, caturthī
abl - ablative, pañcamī, gen - genitive, s. as. t.hī
loc - locative, saptamī, voc - vocative, sambodhana

2. vacana: Same entries as discussed in verb XML tree.
3. liṅga: there are three possible inputs for gender (Section 3.3) 10

4. prātipadika: We will input a particular noun which we need to get the declined form
for.

Now, let us look what a tree for ‘noun’ forms look like:

<?xml><!DOCTYPE forms SYSTEM "flexed.dtd">
<forms><f form="rAmAn"><na><acc/><pl/><mas/></na><s stem="rAma"/></f>

In the tree, we need to give the input of ‘acc’, ‘pl’, ‘mas’ and ‘stem="rAma"’.
In this way, we are able to get the form for a particular noun and a particular verb using
the Angla Bharati system and the data banks provided by Huet. There are certain issues,
however that we must keep track of, which help us to handle the verbs with upasarga
and missing noun in databank:
verbs with upasarga - sopasarga dhātu: In Sanskrit, by using upasarga, a dhātu can
represent various meanings. Foe example, the verb vad - ‘to tell’, when preceded by apa
gives the sense of ‘to blaspheme’ as apavadati, when preceded by vi gives the sense of
‘to quarrel’ as vivadati and so on. Thus if we have a root verb as upasarga+dhātu, we
pass the dhātu to the XML tree and finally, the two parts are joined using a sam. dhi
module.
missing noun - The number of nouns is unlimited, but we can still deal with this in
certain situations. If the semantics of noun is ‘place’, ‘post holder’ etc. where we can
accept the same forms as in Hindi, we pick that form from the PLIL and decline using
the last vowel. That is, we look for a noun having the same last vowel and use its
declined form with changing the initial letters.

6 Results

We have tested our system implementation translating affirmative sentences without
mood, negative sentences, interrogative sentences, modal sentences and passive
constructions. The Sanskrit translations obtained are found to be quite satisfactory.
In some cases, it is possible to produce a more acceptable translation using other
mechanisms. Some examples are given below:

10 ‘mas’ for masculine,‘fem’ for feminine and ‘neu’ for neuter.
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1. He was going to market. ⇒ �� a	���� ‘a�� �� ’ (�� �� a	�"�� )
2. He had gone to market. ⇒ �� a	���� a�� �� (���	�� )

The words shown in brackets give an alternate translation, which is more accept-
able for the words in inverted commas, for example, �� a	���� �� �� a	�"�� is
more acceptable Sanskrit translation for the sentence, ‘he was going to market’ than the
translation �� a	���� a�� �� , which is produced by the system. Since we have not
analyzed the participles, we give a good enough translation. The other sentences with
‘perfect continuous’ aspect also need the use of participles. In the above sentences, we
manually picked up the correct PLIL in case there were many options available. Let’s
look at some other variety of sentences that the program is able to handle.
3. He drank water from the pot. ⇒ �� +�	�� @��� a��A��
4. Ram went to the market with Shyam. ⇒ 0	�� B�	��� �/ a	���� a�� ��
5. He told story among the friends. ⇒ �� ���	�	�� �9�� �#	�� a�#���

Imperative and optative mood has been covered by the system, for which we are
giving a few examples below:
6. He may|(has to)|must go to market. ⇒ �� a	���� �� ���
7. He might have gone to market. ⇒ �� a	���� a�� �� ��	��
8. Go to your teacher tomorrow. ⇒ �� �� )�� v �� 
9. He should have gone to market. ⇒ �� a	���� �� ���
10. Let him go to market. ⇒ �� a	���� �� ��

Thus some of the sentences get translated by adding some extra word. For example,
the sentence ‘He could have gone to market’ got translated as ‘�� a	���� a�� ��
�(%���’. The word ‘��	�� ’ has been added while matching the verb phrase. For the verb
phrase, verb_4 normal could_have, we store the tense information as im+�$%���,
where ‘�$%���’ refers to the extra word to be added in the Sanskrit translation. Other
sentences got translated by using lot. and vidhiliṅ.
Passive constructs were also dealt with nicely by the system, for example:
11. What was eaten by you? ⇒ D��	 ���� aE	dy� ?

7 Handling Complex Sentences

This section deals with the kind of sentences that we have not yet incorporated in the
system. However, we plan to do so using a Pān. inian framework. We discuss the com-
plexities involved that need to be taken care of.

– In Pān. inian grammar, causatives are dealt with by applying the pratyaya n. ic to
a root and then conjugating the derived form. However, in English, verbs such as
‘had’, ‘got’ are used for causative sentences. Therefore, the mapping is not straight-
forward. To take care of these sentences, we need to take clue from PLIL, as shown
in the following example:
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12. English sentence: I got my hair cut.

PLIL:<aff{sub_np( i noundont_care singular first [human][mEM:m 8] []
[] ) } {obj1_np ( my adjective any [poss_case] [apanA/merA] [] [] )
(hairs noun neuter plural third [body_part] [bAla:m 6] [] [] ) }
k1 {main_vp_active ( gotcutverb_3 normal normal dont_care singular
first[katavA] 1 [] [] ) }> .sviram

Sanskrit Translation:a/�� �� ��!	�� a��
�
From the PLIL, the information regarding ‘causative’ use has been encoded as ‘got’
preceded by cut in the first sentence. It can be used to find whether a sentence is in
causative or not. The hint will be passed to morphosyntax to get the verb form as
‘causative (‘ca’ in the XML tree)’.

– In Pān. inian grammar, desideratives are dealt with by applying the pratyaya san.
However, in English, these senteces have the structure of ‘.. want(s) to ‘verb’ ...’.
The verb ‘want’ represents the desire to do the action that ‘verb’ says. The mapping
is not direct here. Below is an example of a desiderative English sentence and what
kind of processing is needed.
13. English sentence: I want to see the garden.

PLIL: <aff {sub_np ( i noun dont_care singular first [human]
[mEM:m 8] [] [] ) } {toinf ( the det[] [anda] [A] ) ( garden noun
neuter singularthird [place] [bAga:m 6] [] [] ) k4 ( see_1
verb_1 non_finite to masculine singular third [xeKa] 11 [] []
) to_in } {main_vp_active (want verb_1 normal normal

dont_care singular first [cAha] 11 [] [] ) } > . sviram

Sanskrit Translation:a/�� udy	��� ���� �	��
In PLIL, the information is given by ‘want’ being analyzed as main verb and ‘see’
being analyzed as the ‘verb’. Thus ‘see’ will be passed to the morphosyntax with
the ‘desiderative’ form. This form is stored in the XML tree in the node ‘verb forms’
as ‘des’, that is how it will be passed.

– Gerunds are indeclinable derivative forms from verb root to signify a ‘preceding
action’. In Sanskrit, these forms are translated using the pratyaya ktvā. However,
which of the actions is preceding needs to be determined. For example, consider the
sentence, ‘having read, he sat on the chair’. In this sentence, action of ‘sitting’ starts
after the action of ‘reading’. However, the mechanism to determine the sequence of
actions from PLIL is not yet incorporated in the system.

– An infinitive expresses a subordinate action which is the goal, purpose or reason
for the main action. In the current implementations, these are being taken care of
by using caturthī vinhakti. For example, if we take the sentence, ‘ram goes home
to drink water’, the phrase ‘to drink’ is the infinitive. This is translated in Sanskrit
using the pratyaya tumun.

8 Conclusion

The current work is in the direction of building an English to Sanskrit Machine Transla-
tion system. Our aim has been to examine how the semantic information can be passed
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through the Pān. inian grammar resulting in appropriate Sanskrit form. We have shown
some of the outputs for the simple sentences taken for translation. The system is at its
base level. We are working on the algorithms for incorporating larger variety of sen-
tences. We need to develop the lexicon appropriately by entering the Sanskrit words in
place of Hindi words. Also, we need to incorporate rules from Pān. inian grammar for
disambiguation. The resources that we are using are prone to errors and we need to
build our own text generator. Work has been going on in this direction and algorithms
have been identified. Also, since we are successful in building a text generator for San-
skrit from PLIL, and PLIL to Hindi text generator already exists. We would also like
to examine Machine Translation from Hindi to Sanskrit language. The study will also
give us direction for translating Hindi to Sanskrit without going through PLIL.
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5. Vasu, S.C.: The as.t.ādhyāyī of Pān. ini. Motilal Banarasi Das 1 (1962)

http://sanskrit.inria.fr/DATA/XML/


Phonological Overgeneration in Paninian System

Malhar Kulkarni�

Indian Institute of Technology, Mumbai, India
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Abstract. In this paper an attempt is made to study the problem of
overgeneration that is caused by the application of the system of P ān. ini
The system of P ān. ini is made up of certain rules stated by him and his
commentators namely, Kātyāyana and Patañjali. These rules are sup-
posed to produce the forms that are used in the language, i.e. Sanskrit.
However, sometimes the technical application of these rules produces
such forms which are not actually used in the language. In fact, some-
times it is beyond human capacities to use such forms. In the present
paper two such cases dealing with the phonological overgeneration are
studied and possible solutions are proposed to avoid the problem.

1 Introduction

It has been demonstrated by Kiparsky and Staal (1988) how Paninian system
functions on four levels, namely, semantic, deep structure, surface and phono-
logical. This system however sometimes over-generates in perhaps, some of these
levels. Of course Pān. ini (P) has no doubt laid down certain constraints with the
help of which the system produces supposedly un-over-generated forms. Prince
and Smolensky (2004), have devoted a section on Panini’s theorem of constraint
ranking (5.3) Of course our judgement regarding the over-generativeness of a rule
in the As.t.ādhyāȳı(A), it must be admitted here, is based entirely upon whatever
evidence in the form of pre-paninian literature available to us.

2 Phonological Over-Generation

This paper is devoted to phonological over-generation that still happens with all
the possible constraints applying. There are two aspects that are studied in this
paper,

(1) Nasalization and (2) Phonetic doubling
� I wish to express gratitude to my students Ms.A.Ajotikar, Ms.T.Aajotikar and

Ms.Sarnaik, at the Abhyankarashastri Pathashala, Pune for helping me type out
the forms in tables presented in this paper. I also wish to express my gratitude to all
the scholars who made suggestions and remarks which helped improve this article
immensely. I wish to thank Prof. Kiparsky for providing me with the details of the
reference of one of his forthcoming publications.
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2.1 Nasalization

8.4.45 states that yar1 occurring at the end of a pada, is optionally, (preferably,
according to Kiparsky 1980:1) substituted by the nasal, if a nasal follows.
(1) etad murārih.

= etan murārih. / etad murārih. . . . 8.4.45

Kātyāyana(K) has added a Vārttika(V) on this rule, to the effect that this
nasalization takes place permanently if the following nasal is a part of a suffix
(2) tad + maya

= tan-maya . . . 8.4.45 + K’s V.
= tanmaya

Environment for nasalization: However, if we look at the way P has stated
this rule, we have to take into account following table which shows clearly all
possible environments in which this rule should apply and the possible results
in the form of substitution of a nasal consonant. The top row and the left col-
umn, in the table, show the possible environment. The bottom row shows the
resultant nasal consonant in place of the consonant written in the same column
in top row. Thus for instance,

[..y ] + [n..] / [m..] / . . . 8.4.45 + K’s V
= [..y#] + [n..] / [m..] /

Table 1. Consonants and their substitutes according to 8.4.45

y v r l ñ m ṅ n. n jh bh gh d.h dh j b g d. d kh ph ch t.h th c t. t k p ś s. s

ṅ

ñ

n.
n

m

y v n. l ñ m ṅ n. n ñ m ṅ n. n ñ m ṅ n. n ṅ m ñ n. n ñ n. n ṅ m ñ n. n

# # * # * * *

Table 1 shows that any consonant mentioned in the top row occurring at the
end of a pada and followed by any of the nasal consonants mentioned in the left
hand column, is substituted by the nasal consonant shown in the bottom row.
# mark is used to show the nasal feature in the bottom row. * shows that these
substitutions are not attested in Sanskrit. The order of sounds followed by P in
his pratyāhāra sūtras is maintained here.

There are certain sounds in this table which are directly not applicable for this
operation as they never occur at the end of a pada in Sanskrit. Such sounds are-
y, l, ṅ, ñ , jh, bh, gh, d.h,dh, kh, ph, ch. Some grammatical entries do end in some

1 These phonemes are- all the stops including the nasals, semi vowels(y, r,l,v) and
sibilants except h.
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of these sounds and hence it can be argued that by applying operations related
to 0 suffix, one can generate padas with these sounds at the end. However, this
argument does not hold valid as in the case of these consonants, the other rules
namely, 8.2.30, 8.2.39 etc. will substitute them with the other consonants.

Thus consider the following example:
(3) gumph . . . Dhātupāt.ha 6.31

gumph + kvip . . . 3.2.178
gu ph + kvip . . . 6.4.24
gu ph + 0 . . . 6.1.67
= guph

guph + su . . . 4.1.1,2
guph + 0 . . . 6.1.68
gub . . . 8.2.39
gub/gup . . . 8.4.56

= gub / gup
In the same way, other consonants will be substituted.

Overgenerated nasalization: Now the rule, applied to all the remaining con-
sonants should also apply to the following example:

(4) catur mukha . . . . . . 8.4.45
catu n. mukha

= catu n.mukha

However, this resultant form is not acceptable in Sanskrit. This is clearly an
overgeneration. 8.4.58 states the substitution of a nasal in place of an anusvāra
when followed by almost same consonants (called as yay by P) mentioned in the
top row of Table 1 above except the last three. The rule can be shown as:
[. . . anusvāra] + [yay . . . ]
= [. . . nasal] + [yay . . . ]

Thus by applying this rule we get forms like kan. tha, àıkita, gum. phita etc.
Consider however, the following example:

(5) kun. d. am rathena
kun. d. am. rathena . . . 8.3.23

kun. d. an. rathena . . . 8.4.58

The resultant form here is not acceptable in Sanskrit. This is again over-
generation.

One may argue about redundancy being the feature of use of the pratyāhāras
in the metalangauge of P. However, the tradition has taken pains in creating a
constraint to check such forms in the form of statements in this regard. Patañjali
(Pa) in the context of the above example says:

rephos.man. ām savarn. ā na santi 2 (the sounds r and the sibilants do not have
any homogenious(nasal)).

There are at least some constraints in the form of statements of the later
commentators to check the overgeneration as shown above. However, in the case
of phonetic doubling mentioned below, we see hardly any constraint to check the
overgeneration.
2 Vyākaran. a Mahābhās.ya of Patañjali, 2001, Vol.1, p 130.
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Table 2. Environment for Phonetic doubling

1 2 3 Consonant Reduplicated 4 Rule of Panini

vowel r/h yar — 8.4.46

— vowel yar No vowel 8.4.47

vowel Yan. may — K & Pa on 8.4.47

vowel may yan. — As above

— Ś ar khay — As above

— khay Ś ar — As above

2.2 Phonetic Doubling

P in his A has dealt with the process of reduplication at three places; (i) 6.1.1-123,
(ii) 8.1.1-15, (iii) 8.4.46-52. (i) deals with the reduplication of verbal roots in the
forms of present as well as perfect tense and also in forming complex verbal roots
such as desiderative and frequentative. In a nutshell, this reduplication applies to
the aṅga in Paninian terminology. (ii) deals with the reduplication of the entire
pada. The last section in the A mentioned above, deals with the reduplication
of the consonants. The paninian tradition has augmented the existing set of
rules laid down by P in this section, in the form of Vārttikas (mainly written
by K) in this regard and the later tradition has interpreted certain statements
of Patañjali in such a manner that the resultant forms can only be termed as
over-generated ones. The later paninian tradition has done this exercise at many
places and has come up with such overgenerated forms. Such extreme cases are
presented in this paper and an attempt is made to study the approach of the
Paninian system to handle this phenomenon.

(6) putrādin̄ı tvam asi pāpe
(Oh! son-eater woman, shame on you!)
puttrādin̄ı sarpin. ı̄
(she-snake is son-eater. )

In this case, t is seen reduplicated alongwith the change in the meaning. This
case is noted by 8.4.48.

Environment for Phonetic doubling: In the same section, some other
phonemes are also noted for their reduplicated occurrence. K and Pa have also
noted down this tendency in some other phonemes. These phonemes are- same
mentioned in fn 2. In the following table 2 they are referred to as yar, as used by
P. In the table 2, these rules are explained with all details, namely environments-
prior and posterior. In table 2, 1 , 2 , 4 refer to the environment for phonetic dou-
bling. The order indicates the positions of these environments and the position
of the phoneme reduplicated. The examples for these two rows are-

(7) haryyanubhavah.
(h a-r-y anubhavah. > phonetic doubling of y)

3 More recently, Kiparsky in a forthcoming article available on his webpage, has dis-
cussed it.
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(8) (a)rāmātt
(rām ā-t-(no vowel) > phonetic doubling of t)

(b) sudhdhyupāsyah.
(s-u-dh-y upasyah > phonetic doubling of y).

K and Pa on the environment for phonetic doubling: While comment-
ing upon 8.4.47, K notes- dvirvacane yan. o mayah. . On this Pa has a two fold
comment. He says-

dvirvacane yan. o maya iti vaktavyam.
Kim udāharan. am yadi yan. a iti
pañcamı̄ maya iti s.as. t.h̄ı
ulkkā valmmikam ity udahāran. am. Atha maya
iti pancamı̄ yan. a iti s.as. t.h̄ı
dadhyyatra madhvvatrety udāharan. am

This means- In the rules dealing with the process of phonetic doubling, the words
yan. o mayah. should be stated. What is the example ? If yan. ah. (yan is y, v, r,
l) is taken to be ablative and mayah. (may is all stops except nasal palatal) is
taken to be genitive, then the examples are –

(9) ulkk ā / valmmikam

and if mayah. is taken to be ablative and yan. ah. is taken to be genitive, then
the examples are-

(10)dadhyyatra / madhvvatra.

Same argument is applied to another statement of K, namely śarah. khayah. 4

which provides us with the following examples-

(11) sthth āl̄ı / sthth ātā

(12) vatssah. / kss ı̄ram / apssarāh.

This way of interpreting the statements of K on the rules of P becomes a
peculiar feature of the system of paninian grammar. Later tradition of paninian
grammar thus by interpreting statements of K and Pa and P have noted down
forms which we here address as overgenerated forms.

We note that this feature is also noted by non-paninian systems such as
Kātantra. A commentary on Prakriyā-Kaumud̄ı namely Prakāśa notes that ac-
cording to Kātantra school the phonetic doubling in a particular case will give
rise to only 32 forms and not more.5

4 This statement means that khay is reduplicated if it occurs after śar and śar is
reduplicated if it occurs after khay. śar stands for all the sibilants except h and khay
stands for all the voiceless stops.

5 PrakriyāKaumud̄ı, 2000, Vol.I, p 158.
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Twice Occurrences of same consonant in Sanskrit. It is noteworthy to
study the structure of the consonant cluster in Sanskrit. A list of such clusters is
available in Coulson Michael, 2003, p 22-24. We concentrate on a cluster of two
consonant of same phonetic value. In other words, we concentrate on the twice
occurrence of the same consonant. In the following table a list of such consonant
clusters is provided. Table 3 shows us that the consonants which can have twice
occurrence without applying the rules of phonetic doubling are-

Table 3. Twice Occurrences of same consonant

Consonant Position Consonant Position

k (i)Final + initial of the next
word

n (i) Final + initial of the next
word

(ii)Prefinal (ii)Pre-final

g Final + initial of the next
word

ṅ Final + initial of the next
word

c Final + initial of the next
word

n. Final + initial of the next
word

j Final + initial of the next
word

ś Final + initial of the next
word

t Final + initial of the next
word

s. Final + initial of the next
word

d Final + initial of the next
word

s Final + initial of the next
word

p Final + initial of the next
word

m Final + initial of the next
word

b Final + initial of the next
word

A careful glance at this table will point out that all these consonants fall in
the domain of the application of the phonetic doubling rules mentioned above in
Table 2. Therefore, if the rule for phonetic doubling is applied to these already
existing two consonants, we get three same consonants occurring one after an-
other. Such a form is noted to exist optionally by P in the case of consonants
except nasals by the 8.4.65.

Generation of Phonetic doubling in later tradition: A 17th century gram-
mar text, Vaiyākaran. a-SiddhāntaKaumud̄ı (VSK) records following cases of pho-
netic doubling-

(13) rāmātt r āmādd./ VSK 206, dvitve rūpacatus. t.ayam. (in the forms rāmāt and

rāmād, after applying the rules of phonetic doubling we get 4 forms).

(14) aidhidhvam / VSK 2258, dhad. hayor vasya masya ca dvitvavikalpāts.od. as.arūpān. i.

(by reduplicating v and m when immediately before dha and d. ha we get 16 forms.)
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(15)sam. skartā / VSK 138, anusvāravatām anusvārasyāpi dvitve dvādasa. (after

reduplicating the anusvāra in the forms already containing it, we get 12 forms).

(16) gavāk / VSK 443

Cases (15) and (16) deserve a special attention as they pose a problem.

2.2.1 Generation of Phonetic Doubling in the Forms of sam. skartā
(15) sam. skart ā This word is formed in the following way6-

sam + kartā
sam + s- kartā . . . 6.1.134
sar + s-kartā . . . 8.3.5
sam. r + s-kartā . . . 8.3.2 / 8.3.4
sam. s + s-kartā . . . 8.3.15

Along with this form there is an optional form that is available in which in
place of m. there occurs an anusvāra. In the following two tables, forms with
m. and anusvāra are presented. In Table 4 and 5, we see phonetic doublings of
s , t , k and more problematically of the anusvāra. This phonetic doubling of
anusvāra is based on the argument of K that ayogavāha7 s are to be included
in the pratyāhāra at. as well as śar by the statement-

ayogavāhānam at.s.un. atvam śars.u jaś tvas.atve. What’s the check in stopping
the generation of phonetic doubling of anusvāra ?

2.2.2 Generation of Phonetic Doubling in the Forms of Gavāk
The Paninian Dhātupāt.ha notes that the root añc is used in two senses viz. gati
(to go) and pūjana (to worship/ respect). In the sense of one who goes to a cow,
following derivations take place according to the rules of A-

In the sense of one who worships a cow, following derivation takes place ac-
cording to the rules of A. In the above tables, the underlined forms are the
forms of a noun derived from a verbal root. Note that the difference in the forms
in these tables is a mere n which has brought about a sea of change in the
meaning as well as the form itself. That is why P has noted them with all their
variations. When we take these 6 forms as the base and start adding the sup
terminations, we get following tables for these two tables. Tables 8 and 9 corre-
spond to Tables 6 and 7 mentioned above. These are the forms in neuter gender.
There are certain specific processes for neuter forms. That is why they are se-
lected here. In these tables, in each slot, there are many optional forms shown.
They result out of the optional application of the rules namely, 6.1.109, 6.1.122
and 6.1.123.

In table 8 onwards, there are 7 rows: one each for the case (vibhakti). The
vocative is not considered here. Needless to say that the 3 columns are for the

6 I have to turn to Devnagari fonts for these two case to stress the amount of problem.
7 The term ayogavāha refers to anusvāra, visarga, jihvāmul ı̄ya and upadhmān̄ıya,

Vyākaran.a Mahābhās.ya of Patañjali, 2001, Vol.1, p 132.
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Table 4. Forms of sam. skartā with a first nasal vowel

numbers, singular, dual and plural respectively. The numbers within the squares
indicate the number of forms in that square. Thus there are 49 forms in this
table.

Thus there are 69 forms in all in the table 9. The final square in table 9 has
got 9 forms. The last 3 forms are a result of the application of the statement
of K8 according to which the 1st class consonant is replaced by the 2nd class
consonant of the same class. Thus we see here k is replaced by kh. These are the

8 cayo dvit ı̄yā śari paus.karasādeh. / on 8.4.48.
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Table 5. Forms of sam. skartā with an anusvāra

forms, we can say on the authority of A and K, which are actually spoken by
people. So far there is no problem. When we apply the rules of phonetic doubling
of certain consonants to these above mentioned Table 8 and 9, we start facing a
problem.
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Table 6. Derivation of Gavāk (one who goes to a cow)

go + añc . . . (in the sense of to go )
go + añc + kvin . . . A. 3.2.59
go + ac . . . A 6.4.24, A.6.1.67
goc / go ac . . . A 6.1.123
goc / gavāc / go ac . . . A.6.1.109,122,123,

Table 7. Derivation of Gavāñc (one who worships a cow)

go + añc . . . (in the sense of to go )
go + añc + kvin . . . A. 3.2.59
go + añc . . . A 6.1.67
goñc / gava añc . . . A 6.1.123
goñc / gavāñc / go añc . . . A.6.1.109,122,123,

Effects of phonetic doubling on forms in Tables 8 and 9. In Table 10 and 11,
the reduplicated forms of the forms mentioned in Table 8 and 9 respectively are
presented.

In the table 10, we note that the phonetic doubling of k, g,ñ, y, m has in-
creased the number of forms (which are indicated in each square). The reasoning
for the phonetic doubling of k, g, ñ is 8.4.47. The reasoning for the phonetic dou-
bling of y and m is the same as mentioned in Table 5 namely, dvirvacane yan. o
mayah. . We also note that there is a phonetic doubling of even a visarga in
certain forms. The reasoning for this phonetic doubling is same as mentioned
after table 5, namely, inclusion of visarga in the pratyāhāra yar. Also there is
nasalization which is marked by a sign on certain forms which has added those
many forms.

We note that in this table the following consonants apart from the ones men-
tioned in Table 7 are reduplicated- ṅ, s. . The reasoning for phonetic doubling of
ṅ is 8.4.47 and for s. is the one mentioned in Table 4. namely, śarah. khayah. . We
also note that in some forms even the visarga is reduplicated like in the previous
table. In both these tables we also note that in some forms three consonants are
simultaneously reduplicated. We also see that nasalization is marked with the
sign in some forms.

Thus if we compare the above tables statistically we come up with the
following picture-

Unduplicated Duplicated + Nasalized
49 (Table 8) 196 (Table 10)
69 (Table 9) 267 (Table 11)

If we are adopting the Paninian framework for generating forms by machine
we will face similar problems if we apply the rules of phonetic doubling.
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Table 8. Declension of Gavāc Table 9. Declension of Gavāñc

3 Proposed Solution

This overgeneration of forms is caused by-
(i) Redundancy of the pratyahara.
(ii) Application of the rules of phonetic doubling mechanically.
(iii) Application of statements and interpretations of later Paninian commen-

tators.
To solve this problem we propose the following -
If we are going to apply the rules of phonetic doubling we must make a rule

that -

1. The visarga should never be reduplicated.
2. An anusvara should never be reduplicated.
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Table 10. Phonetic doubling in the declension of Gavāc

3. The rule of phonetic doubling should not be applied more than once to one
consonant .

4. The rule of phonetic doubling should not be applied to more than one con-
sonant simultaniously.
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Table 11. Phonetic doubling in the declension of Gavāñc

In order to remove the redundency, we have to rely upon the statements of
the later comentators and take note of their statements and modify the rule
accordingly.
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Abstract. Algorithmically determining differential features of gvedic verbs 
and nouns presents a series of issues that brings a fresh perspective on Vedic 
grammatical structures. 

Inflectional categories of the Vedic language are signaled within verbs and 
nouns by so-called cumulative morphs (sets of markers, each set carrying 
several grammatical meanings occurring predominantly at the end of word 
forms). To discover grammatical categories of word forms, they are to be 
analyzed from right to left and focusing on the parts of words carrying only 
grammatical information. An analysis of RV.1.11 shows minimal final parts of 
words signaling verbs as distinct from nouns. 

When homonymous sound combinations occur in verbs and nouns, our 
technique is to proceed more to the left focusing on subsidiary signs 
(submorphs with no autonomous grammatical meaning) in combination with 
inflectional endings. 

Two issues in Vedic philology are briefly discussed: transfer of stems in 
Vedic nouns, and Vedic accentual patterns. 

Keywords: Rigveda, Vedic grammar, Vedic verbal forms, Vedic nominal 
forms, morphs, morphology, text analysis, motif index, mythology.  

1   General Principles 

Processing Vedic texts by computer implies having a clear purpose for which it is 
being done. Indeed, it was initially undertaken by me to improve and complete a 
project that aimed to elaborate an index of mythological motifs of the gveda (for 
details see Oguibénine 1981:117-132). 

My first purpose, properly philological, was to define what could be called a 
mythological motif in the gveda. Having analyzed how frequently certain types of 
utterances appear in the gveda, I drew the conclusion that in the Vedic hymns, any 
utterance with two slots filled with a noun and a verb respectively is the linguistic 
implementation of a mythological motif1. This bipolar structure comprehensively 
reproduces the content of the minimal mythological information provided in the 

                                                           
1 Note that this is a working definition of the mythological motif adopted in order to compile an 

index of mythological motifs of the Ṛgveda. For an explanation of this definition and a 
sample analysis of a hymn (RV 1.49) see Oguibénine 1981: 120-121 sqq. 
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hymns. This definition of the mythological motif is by no means universally valid, nor 
would it be appropriate for every kind of text.  

To apply this concept of the mythological motif, the following two questions are to 
be asked when working with a corpus of mythological data:  

(1) Who is doing what?  

and its counterpart  

(2) What is being done by whom?  

It is understood that both questions involve mythological characters (or actors, or 
agents, according to varying terminology) and their actions. Answers to these 
questions take the form of expressions linking the arguments and the predicates (that 
is, agents, actions, and attributes expressing states, properties, etc.). 

The next problem in terms of computer processing is to make a distinction between 
verbal and nominal forms, i.e., distinguishing two major lexical classes. 

Obviously, to distinguish between inflectional categories signaled by word forms 
in the hymns, it is necessary to isolate the categories' characteristic features in 
changing words while disregarding provisionally lexical meaning. In other words, our 
analysis is guided by considerations of combinations and substitutions of 
characteristic markers of grammatical categories to establish whether a word form 
belongs to either nominal or verbal lexical class. Although at this stage the analysis is 
focused on these two categories only, all types of pronouns are also taken into 
account. 

In the language of the hymns, the categories are signaled by cumulative morphs, 
i.e. by language signs that simultaneously carry several grammatical meanings (for 
the notion "cumulative morphs" see Mel'čuk 1982: 30-31). 

In Vedic, cumulative morphs occur most frequently at the end of word forms. I.e., 
word forms in the hymns are analyzed from right to left to calculate the number of 
graphemes (or phonemes) necessary and sufficient to decide unambiguously whether 
a word form is a noun or verb, but our analysis is focused on the printed text of the 
Aufrecht edition, i.e., on a graphic representation of the gveda.  

As a sample, RV.I.11 is analyzed below and further observations are made. 

Text of RV.1.11: 
1.011.01a índraṃ víśvā avīvdhan samudrávyacasaṃ gíraḥ | 
1.011.01c rathtamaṃ rathnāṃ vjānāṃ sátpatim pátim ||  
1.011.02a sakhyé ta indra vājíno m bhema śavasas pate | 
1.011.02c tvm abhí prá ṇonumo jétāram áparājitam ||  
1.011.03a pūrvr índrasya rātáyo ná ví dasyanty ūtáyaḥ | 
1.011.03c yádī vjasya gómata stotbhyo máṃhate maghám ||  
1.011.04a purm bhindúr yúvā kavír ámitaujā ajāyata | 
1.011.04c índro víśvasya kármaṇo dhart vajr puruṣṭutáḥ ||  
1.011.05a tváṃ valásya gómató 'pāvar adrivo bílam | 
1.011.05c tvṃ dev ábibhyuṣas tujyámānāsa āviṣuḥ ||  
1.011.06a távāháṃ śūra rātíbhiḥ práty āyaṃ síndhum āvádan | 
1.011.06c úpātiṣṭhanta girvaṇo vidúṣ ṭe tásya kārávaḥ ||  
1.011.07a māybhir indra māyínaṃ tváṃ śúṣṇam ávātiraḥ | 
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1.011.07c vidúṣ ṭe tásya médhirās téṣāṃ śrávāṃsy út tira ||  
1.011.08a índram śānam ójasābhí stómā anūṣata | 
1.011.08c sahásraṃ yásya ratáya utá vā sánti bhyasīḥ || 

Let us compare two series of cumulative morphs: (1) verbal endings and (2) 
nominal endings occurring in this hymn. 

Verbal endings in their sandhi forms where applicable (verse numbers in 
parentheses): 

-an (1), -ma (2b), -mo (2c), -nty (3b), -te (3d), -ta (4b),  -r (5b), -uḥ (5d) , -aṃ 
(6b), -´nta (6c), -uṣ (6d) , -ḥ (7b), -uṣ (7c), -a (7d) , -(a)ta (8b), -´nti (8d)2. 

Nominal endings in their sandhi forms and with the final phonemes (graphemes), 
appearing before nominal endings, as, e.g., -śv- before -ā (víśvā, 1a) or -ír- before 
-´aḥ (gíraḥ, 1b); pronouns and their endings are included: 3         

-´ram, -´ v (1a), -´asam, -íra (1b), -mam, -th n m (lc), -´j n m, -´tim, -´tim
(1d); -yé, #ta#3, -jíno (2a), -vasas, -ate (2b), #tv m# (2c); -v r, -´rasya, -táyo
(3a), -taya (3b), -´jasya, -´mata (3c), -t bhyo, -ghám (3d); -r m, -dúr, -úv , -
´vir (4a), -´uj (4b), -´ro, -´vasya, -´rma o (4c), -rt , -r , -utá (4d); #tvám#, -
lásya, -´mató (5a), -ivo, -´lam (5b), #tv m#, -v , -´u as (5c), -´ sa (5d);
#ahám#, -ra, -íbhi (6a), -´dhum (6b), -va o (6c), # e#, #tásya#, -ráva (6d),
- bhir, -ra, -ínam (7a), #tvám#, -´ am (7b), # e#, #tásya#, -´r s (7c), -´ m,
- sy (7d), -´ram, -´nam, -´as (8a), -´m (8b), -´ram, #yásya# (8c), -táya (8c),
-´ (8d).  

In these two series, some sequences are identical. For example, the sequence -´am 
marks the AccSgmn in the nominal endings. But in the verbal form 6b (práty) āyam4, 
it signals the 1SgImpf. Other examples are -ta (4b ajāyata 3SgImpf; 8b anūӧata 
3PlAor and 3c gómata GenSgm) and -ra (7d tira 2SgImp, 6a śūra VocSgm). In 
order to distinguish them by automatic search,  we have to consider the immediately 
preceding phonetic context, i.e. the units (graphemes) to the left. 

Based on this evidence, a simple rule can be formulated: 

(1) Any prepausal sequence -´am and -ám signals a nominal form. 
(2) -(a)ta signals a verbal form, but -´mata- is a marker of a nominal form. 
(3) -(i)ra signals a verbal form, but -ūra is a marker of a nominal form. 

Among the verbal forms, a noteworthy example is the sequence -nti/-nty. Only 
three nouns with a prepausal -nti or -nty sequence (depending on a preconsonantal or 
prevocalic position) occur in the RV: tánti "rope", ránti "joy", śakúnti "bird"; the 
three nouns occur in forms other than their NSg in -nti or -nty (tantáyas1; rántayas1, 
rántayo1; śakunte1 (Voc.), śakúntayaḥ1)5. 

                                                           
2 -´nti : the stem is accented. 
3 The forms between # signs are either hapaxes (see below) or those in which stems and 

declensional endings cannot be separated (i.e., the suppletive pronoun stem). 
4 Cf. the non-preverbated form yam 1SgImpf (RV. 1.125.3, 10.108.10). 
5 The superscript indicates the number of occurrences. 
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Another rule can thus be formulated: 

(4) -nti and -nty sequences signal only verbs. 

The accent is a graphically and phonetically efficacious means of distinguishing 
between the two categories - there are two unaccented verbal forms in RV.1.11 where 
the accent falls on preverbs: the Padapāṭha forms are úpa ati hanta (6 c), áva atiraḥ 
(7b), the exception being sánti (8d)6. 

Thus, to achieve the purpose of distinguishing the forms, it would suffice to give 
such rules as: 

(5) -ma signals a verbal form, if the form is unaccented (see 2b m bhema); 

and similarly for 

(6) -mo, if occurring before a soft (voiced) consonant in the next word form 
(2c ṇonumo jétāram), 

etc. It would then be possible to eliminate wrong attributions of words to one of the 
two lexical classes. 

But the difficulty mentioned above still remains: it is rather statistically normal that 
the last two phonemes of verbal and nominal endings are not a sufficient indication of 
the class. Examples are numerous: -uḥ as a verb ending (5d āviṣuḥ) appears as the 
ending of NSgm of the u-sterns; -ma presumed to signal a verb form characterizes 
NAccSgn of the -man-stems, etc. 

I am aware that the term “category” is a generalization. But this is precisely the 
scope of the project being presented to make it explicit that both practically and 
linguistically it is quite useful to answer the following question: how long do final 
phonemic sequences of Vedic words have to be in order to determine the part of 
speech of the respective words? 

This paper asserts that a new interpretation of the Vedic inflectional system 
different from its usual grammatical analysis should be based on exhaustive evidence 
that should include both standard inflectional units with as many preceding phonemes 
(graphic signs or graphemes) as necessary to distinguish between nominal and verbal 
forms occurring in the gveda. 

2   On Some Related Philological Problems 

We have seen that as far as the lexical classes are concerned, the procedures to 
differentiate them are based on final phonemic (or graphemic) strings. The length of 
these strings varies depending on inflectional endings and the minimal number of the 
preceding signs (graphemes/phonemes). Thus, a characteristic feature of our analysis 
is that it uses the minimal number of inflectional endings carrying grammatical 
information in combination with those parts of word forms that do not carry any 
grammatical information. 

Here, we use a notion of the end of a word that is different from how it is defined 
in usual Vedic grammars. Our approach disregards the problem of morph boundaries 
and looks for relations between morphs that signal lexical classes and preceding 
                                                           
6 On verbal accentuation see Klein1992. 
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phonemes (graphemes) that do not. Final sequences determined by this kind of 
analysis are more informative than grammatical morphs, because they include more 
phonemes. 

In some cases, the parts of speech may be identified by morphs belonging to the 
Vedic grammatical system  [e.g. of such morphs as -sya (InstrSg of the a-stems)]. It 
can be safely said that they are affixed only to nominal a-stems (3a índrasya, 3c 
vjasya, 5a valásya) and appear in pronominal adjectives and pronouns (4c víśvasya, 
6d, 7c tásya, 8c yásya). 

No verbal form has the final sequence -asya, while the verbal form #asya# (for 
example, RV.3.30.17, 6.52.3, etc.) is excluded on two grounds: (1) it is an 
independent morph (ImpvSg of as- "throw"), and (2) it is unaccented; be it noted that 
such cases as 3.24.1 ápāsya "throw it away!" or 3.50.1 sya have to be considered 
separately because in the Padapāṭha they take the forms of ápa asya and  asya 
respectively. Thus, searching for such forms would require a full list of all the 
preverbs. 

It would be pertinent here to point out some special problems of Vedic as well as 
of general linguistics that can be studied in the future either in connection with or on 
the basis of our approach to the Vedic inflectional system. 

1. Although our treatment of the inflectional system in the gveda has been 
elaborated independently, it appears that it basically corresponds to some ideas from 
the grammatical tradition of Ancient India. It is well known, for example, that Indian 
grammarians carefully distinguished between the saṃhitā and the pada shapes of 
textual evidence. This implies special attention given to the synthesis of utterances out 
of a finite number of the primary elements presented by Pāṇini in an abstract form. 
Thieme has stated that the term vyākaraṇa is to be understood as “an instrument by 
which forms are created in various ways” and the term sūtra as “means of sewing 
[together]” (Thieme 1982/1983)7.  

Thus, Pāṇini's usage of terms points in the direction that we have chosen. Both 
antecedent and subsequent positions of phonemes and grammatical elements play a 
prominent role not only in Pāṇini's system, but also in grammatical treatises like the 
Vedic Prātiśākhyas. Two precedents are equally worth mentioning, should there arise 
a rather legitimate question of to what extent our approach (nominal and verbal 
endings by themselves do not help to recognize the parts of speech automatically) is 
credible. These precedents stem from an Ancient Indian linguistic technique. On the 
one hand, Yāska's Nirukta classifies words as nouns, verbs, prefixes, and particles. 
The first two classes are established by definition, the remaining by enumeration 
(Scharfe 1977: 119). This is analogous to our approach: we record grammatical 
sequences (morphs) of the nominal system that are preceded by subgrammatical 
sequences, whereas the verbal system is characterized by either absence or different 
distribution of the same phonemic (graphemic) sequences that belong to the nominal 
system. 

                                                           
7 Note that G. Cardona sees the term vyākaraṇa as an equivalent of the term śabdānuśāsana 

and states that “the object of the action denoted by vy-ā-kṛ is correct speech forms and “a 
grammar (vyākaraṇa, śabdānuśāsana) such as Pāṇini’s is traditionally viewed as a means of 
explaining, making known” (see Cardona 1988: 665-666). 
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On the other hand, although it is true that the Taittirīya Prātiśākhya and the gveda 
Prātiśākhya tend to avoid grammatical expressions and instead provide a reasoning 
which is clearly at odds with the grammatical classification of nouns and verbs, the 
following remark of Scharfe’s renders such a method plausible: "it is unbelievable 
that [the] author [of the Taittirīya Prātiśākhya] was ignorant of this ancient division 
and, therefore, his attitude reveals rather a sophisticated restraint than primitive 
clumsiness!" (Scharfe 1977: 128). It may be said that our approach while disregarding 
the firmly established traditional categorial distinctions views grammatical data on a 
par with subgrammatical data as a manifestation of the differentiating mechanisms in 
language that ultimately pursues its goals by substitutions of identifying units. 

2. Thus, it is important to determine to what levels the identifying units belong. 
They cannot belong to the regular morphology level as neither verbal nor nominal 
morphology of Vedic traditionally operates with concomitance of morphs and 
phonetic environment that defines respective lexical classes and distinguishes 
between them.  

Phonetic environment (called submorphs in some grammatical analyses) is actually 
not used in morphological research much, which is explained by the fact that linguists 
do not believe in interrelations between the smallest fragments of the grammatical 
signifiant and their signifié. However, as shown by Mel'čuk, Jakobson has 
successfully analyzed submorphs in his grammatical studies (for a technical definition 
of the submorph see Mel'čuk 1982: 108-109). Mel'čuk (1983: 65) adds that in a full-
fledged description, the analyst must also take into consideration cases where a part of 
а morph, i.e. an individual phoneme or even a phonemic feature, becomes a meaning 
carrier. E.g., Jakobson observed that in Russian declension, the phoneme /m/ and its 
palatalized variant /m'/ are found in the endings of the three cases Dative, 
Instrumental and Locative and that neither phoneme occurs in the endings of the cases 
that he termed as nonmarginal in contradistinction to the three already mentioned8. 
Accordingly, Vedic sequences used here for defining word categories are composed 
of units that do not belong to either morph. They appear at a juncture of two morphs, 
i.e. they comprise morphs preceded by a unit belonging to another morph so that the 
morphs' boundaries are overlapped. 

Within this interpretation, stem morphs followed by desinence morphs obviously 
take an unorthodox shape, since it is useful for us to list NSg of the Ṛgvedic stems in 
-´an (m.) as -´jā , -´rdhā, -´jmā, -´bhvā, -´kṣā, -ñca, -´śvā, -´rṣā, but also, to give an 
example of irregular inflection, as  #dhar#, #dhas#, #dha#, #dhaḥ#, #dho#.  

Thus we do not say, as usually done, that the stems in -´an (m.) have -´ā in NSg. 
Because it is clear that no verbal form that has the above sequences occurs, isolating 
them appears to be the only economical way to indicate that the words rjan, 
-´mūrdhan, párijman, dvibárhajman, víbhvan, bṛhádukṣan, páñca(n), mātaríśvan, 
vṣan, and sahásraśīrṣan (and compounds that have some of them as their second 
member) are nouns. We may conclude, if tentatively, that subgrammatical sequences 
as listed above eliminate any ambiguity, because the stem type (-´an) is taken into 
account along with as many predesinential phonemes as necessary to define the word 

                                                           
8 Cf. Jakobson 1971:113: "In the system of language we discern two levels: the grammatical 

pattern of meaningful elements and the underlying phonemic pattern of mere discriminatory 
marks". 
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class, which would otherwise not be possible if we indicated that only the morph -´ā 
out of the -´an-stems signaled the NSgm: that is because not only are the vowels -´a 
and -´ā most frequent phonemes in Vedic, but also they most frequently occur in the 
final position in both categories and in too many forms. 

3. The study of subgrammatical units is also of crucial importance to the analysis 
of the Vedic poetic language that, as has been shown by Saussure and some more 
recent authors, recurs to anagrammatic devices and creates meanings in the hymns. 
Taking again RV I.11, it can be observed that in this hymn dedicated to Indra the rate 
of the initial syllable of the god's name ín- is rather high: it occurs not only in the 
name Índra, but also in several nouns that fall into two categories: in the first 
category, the accented syllable -ín- appears within the noun stem (bhíndur, NSgm, 
síndhum, AccSgm); in the second category, the same syllable is the final suffix of the 
stem. It is part of the declensional termination in 1c rathnām GPIm, and precedes the 
case mark of GSgm in 2a vājíno. The usage of -ín- and n corresponds to the overall 
semantic objectives of the hymn, the morphological constraints of Vedic noun 
declension, and stylistic endeavors of Vedic poets9.   

It can also be noted that the quoted words with the sequence -in- are nouns only. 
This is an additional mark of the nominal system as opposed to the verbal system: 
indeed no verbal form in this hymn has the sequence in either within the stem or 
within its inflectional (conjugated) form. See, for example, forms of the root mi- “to 
build” in RV.10.18.13d minotu 3SgImpv and RV.4.56.1 minván 3 PlInj – in both the 
syllable in overlaps the morpheme boundary as it belongs both to the root and to the 
verbal stem-building infix. 

Thus, we can state that the grammatical oppositions that operate here are twofold: 
those that are between the nominal forms: GPlm rathnām vs. IPlm rathíbhis (the 
latter not appearing here), etc.; and those that are between the nominal forms with the 
Inlaut -ín- (-n-)- (rathnām, vājíno, 7a māyínam ) and no verbal forms at all with the 
sequence in.  

Regarding the so-called transfer stems, it is currently said that a form like NSgm 
anarváṇas "irresistible" should normally be anarv. Macdonell's explanation 
(Macdonell 1910: 211) is that "anarváṇas may have started from the Acc anarváṇam 
while the n. anarvám may have been due to the f. (áditir) anarv which appears like 
the f. of the a-declension". 

These pseudo-historical conjectures are based only on analogy and cannot be 
proven; it is more convenient to consider that  

(1) anarváṇa is a -váṇa "stem" with preceding -r- (thus a "stem" in -rváṇa) 
NSgm anarváṇas, AccSgm anarváṇam; 

(2) anarvá (Grassmann, s.v.) is an -a-stem that may, for the sake of our 
description, be considered a "stem" in -arvá (taking into account preceding 
phonemic/graphic units); 

                                                           
9 Considerations of the style of Vedic hymns are given by Elizarenkova 1999: 651: she holds 

that the sequences in and ra are variously implemented in RV.3.40, a hymn to Indra, e.g. 
índra, prá tira, candrsa, índavaḥ, vtrahan, giráḥ. One could add that these sequences 
appear chiefly in nouns, the only exception being tira 2SgImp. 
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(3) anarván is a normal stem in -(r)ván: NSgm anarv, AccSgm anarvṇam, 
AbSgm  anarvṇas, LocSgm anarván. 

Such an explanation is confirmed in many other cases of the "transfer stems". 
Although our approach may appear unorthodox, keen observations by L. Renou 

(1975:50 sqq.) should be mentioned: in his survey of consonant alternations in 
Sanskrit (in particular, the interchange between the gutturals k, g, gh and the palatals 
c, j, h - etymological *jh) he draws attention to the constraints of the system (“en 
raison des appels du système”) noting that the palatal consonants predominantly 
appear before verbal inflectional terminations, while the guttural consonants are used 
before the nominal inflectional terminations. Such observations are worthy of further 
exploration in the light of the analysis proposed above.  
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Abstract. This paper aims to present a way of storing Sanskrit Ver-
bal roots in a proposed Sanskrit WordNet. The synsets of verbal roots
are proposed to be created using all the available dhātupāt.has. While
doing so, it is shown that various formal as well as semantic features
of the verbal roots noted by Pān. ini should be taken into account and
stored. This will serve the purpose of disambiguation. It is also shown
that verbal roots that denote a different meaning when they occur with
upasargas should be stored separately and linked to the synset of the
changed meaning. This feature is peculiar to Sanskrit WordNet. Since,
IIT Bombay has already developed Hindi as well as Marathi WordNets,
information related to storing verbal roots in these two is also presented.

Keywords: Wordnet- Sanskrit, Hindi and Marathi, Dhātupāt.ha, Synset,
Semantic and Lexical Relations, Yaugika and Yogarūd. ha words.

1 Introduction

Wordnets (WN) are accepted worldwide as useful lexical tools for Natural Lan-
guage Processing (NLP). Projects for building WNs of different languages of the
world have been going on for quite some time.1 The scenario for Indian Lan-
guages is also encouraging. Indian Institute of Technology Bombay (IITB) has
successfully created WNs for Hindi and Marathi.2 There have been more than
100,000 hits of the sites for these resources.

The importance of developing a Sanskrit WN (SWN), in the context of Indian
Languages (ILs) cannot be over-emphasised. Languages in India are broadly cat-
egorized into three families, one of which namely, Indo-European, has Sanskrit
as a major language historically. Many modern Indian Languages like Hindi,
Marathi, Bengali, Gujrathi, Panjabi, Oriya, etc. have a substantial number of
borrowed Sanskrit words. Even the grammars of these languages have categories
of words called tadbhava (generated from Sanskrit) and tatsama (similar to San-
skrit). A SWN, it follows, can logically provide a natural platform for integrating
IL WNs. Several institutes and scholars have been trying to undertake the task
of building a SWN with various strategies. Not much of substance, however,
1 http://www.globalwordnet.org/gwa/wordnet table.htm
2 www.cfilt.iitb.ac.in
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is visible on this front. The main issue regarding the structure of a SWN that
comes up at the time of discussion is that while building the SWN, traditional
knowledge bases (śastric knowledge) should be used, and one should not blindly
follow structures of existing WNs which are based on western concepts.

It is this particular aspect that is aimed at studying in the present paper.

2 Main Aim of the Paper

This paper aims to present a way of storing Sanskrit Verbal roots in the proposed
Sanskrit WordNet. The synsets of verbal roots are proposed to be created using
all the available dhātupāt.has. While doing so, it is shown that various formal
as well as semantic features of the verbal roots noted by Pān. ini should be taken
into account and stored. This will serve the purpose of disambiguation.

We believe that theories in the two traditional schools, namely, Vyākaran.a
and Navya-Nyāya can be effectively used for the construction of a SWN. It is
indeed a matter of great privilege for us to have certain theories propounded by
these schools as the base which may not be the case for other Indian Languages.
We also believe that use of the Vaíses.ika ontology as developed by Navya-Nyāya
on the one hand and the kāraka theory as well as the semantic structure theory
developed by the Vyākaran.a school on the other hand would be very useful in
this regard. Since the morphology of Sanskrit is very rich and since the syntax is
said to be embedded in the morphology, there is a large influence of morphology
on any of these theories. We cannot do away with morphological considerations
while building a SWN.

In fact, some attempts have been made so far to propose schemes of Sanskrit
WNs. Anupam proposed a Sanskrit WN which had only 22 synsets. S. Mohanty,
K.P. Das Adhikary, P.K. Santi and G.P. Rout presented a structure of a pro-
posed Sanskrit WN. This was a general structure of limited use. Although it
recognized four types of words in Sanskrit, namely, yaugika, yogarud. ha, rud. ha
and yaugika rud. ha, it focused entirely on nouns. It also suggested using Vaíses.ika
ontology which is well accepted. It did not, however, take into consideration ver-
bal roots, which form the morphological core of the Sanskrit language being the
derivational bases of a large number of Sanskrit nouns. It is believed that an
effective use of verbal roots would lead to the major goal of a WN, namely word
sense disambiguation for Sanskrit in particular, and for other Indian Languages
in general.

We here propose the following:

1. A structure based on the verbal roots: We believe we are well supported
here by the traditional school of Vyākaran.a which says sakalaśabdānām.
dhātumūlatvāt (Parama-Laghu-Mañjūs. ā) (Since all words are derived from
verbal roots). This same text classifies words into derivable (yaugika), con-
ventional or underivable (rūd. ha) etc. elsewhere. This shows that even if the
above mentioned quotation is not considered as a finally accepted view, it
can cetainly be applied to yaugika type of words.
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2. Create synsets of verbal roots and not of verbal forms: this is for obvious rea-
sons, the main among them being the large number of verbal forms which can
be stored and used with the help of a morphological analyser. We have taken
for example all the roots meaning gati (movement) from all the dhātupāt.has.
We note that there are more than 300 verbal roots in Sanskrit noted by all
the dhātupāt.has (a list attached). They all form members of the synsets of
the meaning concept gati/gamana. We propose to have the following features
mentioned in SWN:
(i) Semantic Tree- This is useful in order to understand the semantic and

syntactic structure of the verbal root as well as the nouns that are gen-
erated by it. It will be as illustrated in figure 1.

Fig. 1. Semantic and Syntactic Structure of Verbal Roots

In this, x and y are not the same objects and the roots are called sakar-
maka. Whereever these two are one and the same object, the roots are
called akarmaka. This information is available to us from a semantic tree
bank that will be developed for all the synsets of the verbal roots.

(ii) Upasarga and meaning change- It is said that upasargas change the
meaning of verbal roots.

Upasargen. a dhātvartho balād anyatra n̄ıyate |
prahārāhārasam. hāravihāraparihāravat || (The meaning of a dhātu
is perforce taken elsewhere by an upasarga; just as in the case of
hr. , when preceded by pra, means to strike, when preceded by ā,
means to eat, when preceded by sam, means to kill, when preceded
by vi, means to enjoy, and when preceded by pari, means to solve.)

We propose to link the original synsets of the verbal roots with the other synsets
to which that root will logically belong after it is associated with a particular
upasarga (see table 1). We would also like to store the following information
regarding a verbal root (see figure 2).

1. Svara is useful for Morphological Analysis.
2. Gan.a-vikaran.a is useful in case of a root appearing in more than 2 groups

with 2+ meanings.
3. Pada is helpful in cases like bhuj.
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Table 1. Verbs and Upasargas

verbal sense verbal roots upasarga +
verbal root

changed ver-
bal sense

related verbal
roots

gati gam ava+gam jñāna jñā
adhi+gam budh

hr. sam+hr. hanana han
pra+hr. him. s

Fig. 2. Morphological and Other Information Stored with Verbal Roots

After having discussed various features of verbal roots that can be stored in
Sanskrit Wordnet let us look at how Hindi and Marathi WNs are built and how
verbal roots are treated therein. We have been engaged in building these two
important lexical resources and think that the experience that we gained during
the development of these two resources might help us in understanding the ways
in which verbal roots in the Sanskrit Wordnet would be stored.

3 Hindi and Marathi Wordnets

We have, for long, been engaged in building lexical resources for Indian languages
with focus on Hindi and Marathi (http://www.cfilt.iitb.ac.in). The Hindi and
Marathi wordnets [2] and the HVKB [3] have been given special attention. The
Wordnets more or less follow the design principle(s) of the Princeton Wordnet
[1] for English paying particular attention to language specific phenomena (such
as complex predicates) whenever they arise.

3.1 Hindi and Marathi Wordnets (HWN and MWN)

HWN and MWN have been created with the statistical features shown in table 2
compared with those of other wordnets:
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Table 2. Current Status of Wordnets

Total Number of Synsets Total Unique Words

Hindi Wordnet 28,867 64,725
Marathi Wordnet 11,908 18,093
WordNet (2.1) 117597 155327

GermaNet (2004) 53312 76563
Multi Word Net (1.39) 32,700 58,000

Table 3. Details of Ontology

Part of speech Number of nodes

Noun 151
Verb 39

Adjective 35
Adverb 14

Fig. 3. MWN synset creation

We have incorporated a supporting ontology and have linked the synsets in the
SWN to its nodes. The details of this supporting ontology are as follows: While
HWN had been created from first principles by looking up the various listed
meanings of words in different dictionaries, MWN has been created derivatively
from HWN. That is, the synsets of HWN are adapted to MWN via addition or
deletion of synonyms in the synset.

Figure 3 shows the creation of the synset for the word peR ‘tree’ in MWN
via addition and deletion of synonyms from HWN. The synset in HWN for this
word is {peR, vriksh, paadap, drum, taru, viTap, ruuksh, ruukh, adhrip, taruvar}
‘tree’. MWN deletes {peR, viTap, ruuksh, ruukh, adhrip} and adds {jhaaR} to
it. Thus, the synset for tree in MWN is {jhaaR, vriksh, taruvar, drum, taruu,
paadap} ‘tree’. Hindi and Marathi being close members of the same language
family, many Hindi words have the same meaning in Marathi. This is especially
so for tatsama words, which are directly borrowed from Sanskrit. The semantic
relations are borrowed directly, thus saving time and effort.
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Synsets. The principles of minimality, coverage and replaceability govern the
creation of the synsets:

(i) Minimality: Only the minimal set that uniquely identifies the concept
is used to create the sysnet, e.g.,
{ghar, kamaraa} (room)
ghar–which is ambiguous–is not by itself sufficient to denote the concept of
a room. The addition of kamaraa to the synset brings out this unique sense.
(ii) Coverage: The synset should contain all the words denoting a concept.
The words are listed in order of (decreasing) frequency of their occurrence
in the corpus.
{ghar, kamaraa, kaksh} (room)
(iii) Replaceability: The words forming the synset should be mutually
replaceable in a specific context. Two synonyms may mutually replace each
other in a context C, if the substitution of the one for the other in C does
not alter the meaning of the sentence. Consider,

{svadesh, ghar} (motherland)– {apanaa desh} (the country where one is born)
amerikaa meN do saal bitaane ke baad shyaam svadesh/ ghar lauTaa
America in two years stay after Shyam motherland returned
‘Shyam returned to his motherland after spending two years in America’

The replaceability criterion is observed with respect to synonymy (semantic
properties) and not with respect to the syntactic properties (such as subcatego-
rization). For instance, the two verbs {aanaa, jaananaa} ‘know’ appear in the
same synset for the word ‘know’. In Figure 4, the sentence frames show that
while aanaa ‘know’ assigns dative case to the subject NP, jaananaa ‘know’ as-
signs nominative case. The two verbs {aanaa, jaananaa} ‘know’ denote the same
concept and each may replace the other in this particular semantic context. A
synset in HWN (and in MWN) consists of the following elements.

A. Synset: {vidyaalay, paaThshaalaa, skuul} (school)
B. Gloss which consists of two parts.
a. The text definition that explains the concept denoted by the synset.

vah sthaan jahaaM praathamik yaa maadhyamik star kii aupachaarik
shikshaa dii jaatii hai
‘The place where formal education for primary or secondary level is given’

Fig. 4. Sentence Frame for ‘know’



334 M. Kulkarni and P. Bhattacharyya

Fig. 5. HWN and MWN Sample Entry

Table 4. Criteria for Antonymy

Criterion Examples Gloss

Size (chhoTaa-badzaa, moTaa -patlaa) small-big, thick-thin
Quality (achchhaa-buraa, pyaar-ghriNaa) good-bad, love-hatred
Gender (beTaa-beTii, maataa-pitaa) son-daughter, mother-father
State (shuruu-ant) beginning-end

Personality (raam-raavaN) Rama-Ravana
Direction (puurv-pashchim, aage-piichhe) east-west, front-behind
Action (lenaa-denaa, khariid-bikrii) take-give, buy-sell
Amount (kam-jyaadaa, halkaa-bhaarii) little-much, light-heavy
Place (duur-paas) far-near
Time (din-raat, subaha-shaam) day-night,morning-evening

b. A sample sentence that uses the word in a sentence
is vidyaalay meM pahalii se paanchavii tak kii shikshaa dii jaatii hai
‘Education from first to fifth class is given in this school’

The data is stored in the Devanāgari script in MYSQL database. The part of
speech for each entry is listed in this database. In Figure 4 we provide sample
entries from both HWN and MWN.

Lexical Relations. HWN incorporates commonly used semantic and lexical
relationships along with a few new ones. A brief description follows:

1. Antonymy is a lexical relation indicating opposites. For instance, {moTaa,
sthuulkaay} ‘fat’ → {patlaa, dublaa} ‘thin’
patlaa (thin) is the antonym of moTaa (fat) and vice versa. The HWN also
indicates the criterion under which the antonomy holds. In the above ex-
ample, the antonymy criterion is size. Other criteria are given in Table 4.

2. Gradation is a lexical relation that represents possible intermediate states be-
tween two antonyms. Figure 6 shows the gradation relation among time words.
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Fig. 6. Gradation relation

Fig. 7. Web Interface for Hindi Wordnet

3. Hypernymy and Hyponymy encode lexical relations between a more gen-
eral term and specific instances of it.
{belpatra, belpattii, bilvapatra} ‘a leaf of a tree named bel
→ {pattaa, paat, parN, patra, dal} ‘leaf’

Here, belpatra (a leaf of a tree named bel) is a kind of pattaa (leaf). pattaa
(leaf) is the hypernym of belpatra (a leaf of a tree named bel) and belpatra
(a leaf of a tree named bel) is a hyponym of pattaa (leaf).

4. Meronymy and Holonymy express the part-of relationship and its in-
verse. {jaR, muul, sor} ‘root’ → {peR, vriksh, paadap, drum} ‘tree’ Here,
jaR (root) is the part of peR (tree), implies jaR (root) is the meronym
of peR (tree) and peR (tree) is the holonym of jaR (root).

5. Entailment is a semantic relationship between two verbs. The verb Y is
entailed by X if by doing X you must be doing Y. For instance, snoring
entails sleeping.
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Fig. 8. Web Interface for Marathi Wordnet

{kharraaTaa lenaa, naak bajaanaa} snore → {sonaa} sleep
6. Troponymy is a semantic relation between two verbs when one is a specific

“manner” elaboration of another. For instance,
{dahaaRanaa} ‘to roar’ is the troponym of {bolanaa} ‘to speak’

7. Cross-linkage between different parts of speech: The HWN also links
synsets across different parts of speech. These links have not been taken from
the EWN. Links between nouns and verbs include the following:

(a) Ability link specifies the features inherited by a nominal concept. For
example,
{machlii, macchii, matsya, miin, maahii} ‘fish’ → {tairnaa, pairnaa,
pauMrnaa} ‘swim’

(b) Capability link specifies features acquired by a nominal concept. For
example,
{vyakti, maanas} ’person’ → {tairnaa, pairnaa, pauMrnaa} ‘swim’

(c) Function link specifies function(s) associated with a nominal concept.
For example,
{adhyaapak, shikshak} ‘teacher’ → {paRhanaa, shikshaa denaa} ‘teach’

Links between nouns and adjectives are used to indicate typical properties of
a noun. Example, {sher} ‘tiger’ →{maansaahaarii} ‘carnivorous’. Links between
morphologically derived forms mark the root form from which a particular word
is derived by affixation. For example, {bhaaratiiyataa} ‘Indianness’ is derived
from {bhaaratiiya} ‘Indian’ and is linked to it. Figures 1 and 8 below show
the web interfaces for HWN and MWN, and Figure 3.1 shows the data-entry
interface.
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Fig. 9. HWN Data-entry Interface

4 Conclusion and Future Work

We propose to maintain the core structure of a WN as it is, while building the
Sanksrit WN, in the sense that nodal elements will be synsets which will be linked
with lexical and semantic relations. What we propose to add is the language
specific approach which will include storing information related to morphology.
This way of storing verbal roots will definitely cover almost all the yaugika words,
as well as some of the yogarudha words.
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2. Bhagwat, V.B.: Paramalaghumañjus. ā with Marathi Translation. Dept. of Philoso-
phy, University of Poona, Pune (2000)

3. Chakrabarti, P.D., Bhattacharyya: Creation of English and Hindi verb hierarchies
and their application to Hindi wordnet building and English-Hindi MT. In: Pro-
ceedings of the Second Global Wordnet Conference, Brno, Czech Republic (2004)

4. Fellbaum, C. (ed.): WordNet: An Electronic Lexical Database. MIT Press, Cam-
bridge (1998)

http://www.cse.iitk.ac.in/report-repository/2004/BTP_Anupam.pdf


338 M. Kulkarni and P. Bhattacharyya

5. Mohanty, S., Adhikary, K.D., Santi, P., Rout, G.: Proposed model of Sanskrit word-
net in concept capability of Sanskrit word-net: for convergence of knowledge-base.
In: Convergence 2003 (2003)

6. Palsule, G.B.: The Sanskrit Dhatupathas: A Critical study. University of Poona,
Pune (1961)

7. Palsule, G.B.: A concordance of Sanskrit Dhatupathas. Deccan College, Post Grad-
uate Studies and Research Institute, Pune (1953)



An Effort to Develop a Tagged Lexical Resource
for Sanskrit

S. Varakhedi1, V. Jaddipal2, and V. Sheeba3

1 Sanskrit Academy, Hyderabad, India
shrivara@gmail.com

2 Rastriya Sanskrit Vidyapeetha, Tirupati, India
v.jaddipal@gmail.com

3 University of Hyderabad, Hyderabad, India
v.sheeba@gmail.com

Abstract. In this paper we present our efforts to design and develop
a structured electronic lexical resource by tagging a Traditional San-
skrit dictionary. We narrate how the whole unstructured raw text of
Vācaspatyam an encyclopedic type of Sanskrit Dictionary has been
tagged to form a user friendly e-lexicon with structured and segregated
information through corpus designing methods.
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1 Introduction

It is not unknown to the scholars in the field of computational linguistics that
electronic lexical resources are useful not only for human understanding but also
for the needs of language processing. Many NLP applications like Morphological
Analyzer etc. inevitably require a well-formed lexical resource. Lexical resource
with grammatical and semantic information would be helpful in processing and
translation and in decision making inference engines as well. It is not possible to
do any kind of language processing in syntactic and semantic level without the
structured relevant information regarding the stems of that language. Keeping
this in view we have developed this e-resource for the Sanskrit language.

The Sanskrit language is one of the oldest classical languages of the world. It
has a huge literary treasure related to all branches of sciences useful in all walks
of life. Sanskrit is the first language to have a very precise grammar formalism
authored by Pān. ini two thousand years ago. No other language has such a great
tradition of grammar formalism, which is sound, perfect and very formal in na-
ture. For these reasons Sanskrit gives enormous scope for NLP researchers and
computer scientists to study this language from computational view point. With-
out proper lexical resources, NLP researchers will find themselves handicapped.
This is the meeting point of traditional linguists and computational researchers.
The information available in conventional lexicons is not sufficient for computa-
tional analysis. The way how information is stored becomes more crucial rather
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than how much information is available in the lexicon. Therefore the lexicogra-
pher of an electronic lexicon should be careful while designing the lexicon for
computational processing purpose. In case of Sanskrit the design of e-lexicon
is more complex because the traditionally available lexicons or dictionaries in
Sanskrit have many structural complexities. They are designed and organized
for human understanding but not so well organized for computational processing
purposes. Nevertheless they become important for they carry tremendous and
immeasurable information. Hence restructuring of such available dictionaries in
Sanskrit is the pre-eminent necessity of Sanskrit computational linguistics. In
this direction, our team has opted Vācaspatyam for tagging on an experiment
basis with a goal of developing a multipurpose electronic lexical resource that
could be useful for academic research and computational processing as well. This
work opens up further a new avenue of research in the development of Sanskrit
electronic dictionaries following a similar method.

2 Hard-Book to Soft-Book

This encyclopedic type of lexicon was published in Kolkata in 1884. It is needless
to say that the re-printed editions of this dictionary that are available now
are not at all in readable condition due to old font types, unclear print and
missing characters. Apart from all this, untraced errors in the original print
often mislead the readers. It was felt necessary to have an electronic version of
this gigantic work which runs into about five thousand pages in six big volumes
printed in old kolkata printing halls using small Bengali style devanāgar̄ı fonts.
There are no breaks in words, not even clear breaks in topics and paragraphs. For
each word entry tremendous information is collected. Nevertheless, everything is
unorganised and hence not easily accessible even by eminent scholars. We started
keying in the data into machines in ISCII using gist technology developed by
CDAC Pune. Within a year we got the first raw e-version of the original text
that needed several readings to get the proof corrected.

3 Introduction to the Vācaspatyam

Pandit Tārānātha Tarkavācaspati, with his in-depth erudition and indefatigable
industriousness devoted several years to prepare thie encyclopedic Sanskrit Lex-
icon, consisting of about 5442 printed pages of A4 size. It contains terms along
with their derivations and explanations drawn from almost all the branches
of Sanskrit Literature, such as the Vedās, Vedāṅgās, Purān. ās, Upapurān. ās,
Philosophy, Tantra, Arthaśāstra, Alaṅkāraśāstra, Chandaśāstra, Sanḡıtaśāstra,
Military Science, Pākavidyā, Siks.ā, Kalpa, Hasti Śāstram, Hath. aYoga and
Vāstuśāstra etc. Besides these, the technical words and doctrines of the follow-
ing systems of Philosophy are fully explained: Cārvāka, Mādhyamika, Yogācāra,
Vaibhāśika, Sautrāntika, ārhata, Rāmānuja, Mādhva, Pāśupata, Śaiva, Pratyab-
hijña, Raseśwara, Pān. in̄ıya Vyākaran.a, Nyāya, Vaíses.ika, Mı̄māmsa, Sāńkhya,
Patañjali-YogaŚastra and Vedānta.
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Sanskrit has many Lexicons such as Amarakośa, Vaijayanti, Víswarūpakośa,
Nānārthakośa etc., which serve more like thesaurus than a dictionary. However,
the Vācaspatyam as a lexicon of Sanskrit arranges the words in alphabetical order
and gives grammatical information with word-derivation as per the Pān. inian Sys-
tem. Though the Vācaspatyam is constructed in the style of Śabdakalpadruma
of Radhakantadeva, it excels Śabdakalpadruma in references and size.

This Sanskrit lexicon which is an encyclopedia in nature is a pioneering work
of its kind and ever since its publication has been held in the highest esteem not
only in India but even outside, because it is by far, wider and deeper in scope
than any other contemporary Sanskrit dictionary.

4 Development of E-Vācaspatyam

The Vācaspatyam contains about 46970 unique word entries. Each entry has a
minimum of 2 lines of information and in most of the cases it runs about 10 to 20
lines. Some prominent words may contain very elaborate content upto 20 pages
on their category, meaning, sources, usages and other related information. More
than 200 source books of different disciplines of learning are cited. References of
more than 30 kośās (lexicons) are found. Names of these references and sources
that were cited in short abbreviations are expanded to their full form for the
benefit of the readers.

5 Tagging Scheme for E-Vācaspatyam

As soon as the basic electronic text was ready, we started to tag the text with
meta-tags to identify the structures of the lexicon. The following tagset was
developed for marking.

Tag Description Example
1. <cat> Category of the word a <cat> avyaya </cat>
2. <vp> Vyutpatti i.e., etymology aja <vp> na jāyate </vp>

3. <pr> Prayogah. usage in any standard Sanskrit work
4. <vkr> Vyākaran.a information aja<vkr> na+jan̄i+da </vkr>
5. <ar> Artha i.e., meaning aja <ar> caturmuKa </ar>
6. <vg> Vigraha i.e, explanation given for compound word
7. <akr> Ākāra i.e., source for the word or its etymology, usage etc.
8 <vn> Vivaran.am i.e., narration about the particular concept

This tagset is used to segregate the semantic part of the lexicon. For stylistic
presentation, we have used some other tags (<sl> to indicate Śloka etc.) which
are not listed here. Initially the tagging was done manually with the help of some
scholars. Later, we could find out some heuristics using which 70% of the text
was mechanically tagged. Through this method we saved human labor.

The raw text added with these meta-tags, which contain necessary information
about linguistic features, has become a good resource not only for presentation
but also for better understanding of the original text and the semantics of the
words listed in the lexicon.



342 S. Varakhedi, V. Jaddipal, and V. Sheeba

6 Tree Structure

The following is the tree structure that took shape after tagging using XML.

– Simple structure 1

<word> %stem%
[<cat><gr>|<gr></cat>]

[[<m>[<gr>]?[pr]?[ref]?]+]+
</word>

+ indicates one or more occurances.
? indicates zero or 1 occurances.

Thus the lexicon that was readable only by an intelligent scholar, is made
very simple in structure in order to be understood even by a novice in Sanskrit
and also became usable for computational processing. This structure enabled us
to develop a e-dictionary with different kinds of search options.

7 Complexities in Tagging

There were many instances of structural discrepacies in the text. We note some
variations here such as

– Simple structure 1

<word>\\
<cat>content</cat>\\
[<m>content<m>]+\\
[<ref>content</ref>]+\\

[<ex>content</ex>]+\\
</word>\\

However it sometimes goes as follows.

– Simple structure 2

<word>\\
[<cat>content</cat><gr>content</gr>]

[<m>content<ref>content</ref>[<gr>]?[<eg>]?<m>]+
</word>\\

Further in some places the text has following structure.

– Simple structure 3

<word>\\
<cat>content</cat><gr>

[[<m>]+[<gr>]?[<ref>]?]+
</word>\\
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Further, there are many instances where the meaning of root and suffix is
described separately. However, sometimes either one of them or both may be
missing, leading to the following structure within grammar information.

– Simple structure 4

<word>\\
<gr>root[m]?[suff][m]?|[m]?[suff]</gr>

content
</word>

8 E-Vācaspatyam on CD ROM

The first version of Vācapspatyam CD ROM is ready for public release with 6
kinds of search options. All 42,000+ word entries are indexed alphabetically. By
selecting any word in the word-index, one can access information related to the
selected word. In the second option, the user can enter any string he wants to
search by clicking on soft keyboard designed for Sanskrit alphabets. If the string
is available in key word list, machine displays the relevant information about the
string entered by the user. The third search option helps the user in searching
all related words to a particular concept like wordnet. This option is unique as it
helps the user in getting all the related words while composing poems etc. The
Fourth search option is yet another unique experiment for Sanskrit Manuscript
editors. In this option two entry boxes are given, where the user can specify
the starting and ending letters of the word missing in the manuscripts. The
machine brings all the possible words that begin and end with the specified
letters. This option is found very much useful for the editors, while reading
damaged manuscript with missing letters and words. Another search option is
also given for the user to search for usages and expressions taken from various
texts for a particular string or word. One can even search for all words derived
from a root or a word with any particular suffix. In addition to all these, word-
game enriches the CD with an added value.

We hope that users of this CD-ROM will find it useful for their research and
other applications. We also hope that this becomes a model for tagging of any
Sanskrit or other Indian language lexicons.

9 Technical Information

The CD-R presentation is developed using Visual Basic. The system tools that
are available in VB are used. To avoid problems in font display, the textual output
is shown in Netscape browser (Version 4.5) using DV-TT-yogesh font developed
for ISCII text. This method is a tested one and works in all platforms from
windows-98 to windows-XP and gets rid of broken font display problem while
presenting the text through the browser. At the development stage Perl was
extensively used for tagging manually annotated text and for removing errors.
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10 Further Scope of Research

It is needless to establish that such a work of developing e-lexicon added with
information meta-tags is of high importance in language processing. However,
the traditional Sanskrit lexicons that are rich in content and poor in organi-
zation from computational aspects need to be restructured for computational
purposes. This work poses several challenges for lexicographic science in com-
putational linguistics. There are dozens of such complicated dictionaries like
Śabdakalpadruma and V.S.Apte dictionary for Sanskrit-English and vice-versa.
Our team has started working on both of these dictionaries. We hope we will
come with good results very soon.
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1. Tāranatha Tarka Vācaspati,Vācaspatyam (Reprint). Rashtriya Sanskrit Sansthan,
New Delhi (2000)

2. Descartes, Bunce: Programing the Perl DBI. O’Reilly, Sebastopol (2000)
3. Ray, E.T., McIntosh, J.: XML and PERL. O’Reilly, Sebastopol (2002)
4. Friedl, J.E.F.: Mastering Regular Expressions. O’Reilly, Sebastopol (2002)

11 Appendix I: Sample Snapshot of Tagged Text
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12 Appendix II: Sample Snapshots

Fig. 1. Books: Hard Copy Fig. 2. Mainpage

Fig. 3. Editors help Fig. 4. Synonyms

Fig. 5. word-searching Fig. 6. Search
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Abstract. As almost all texts of interest to scholarly editors exist in
multiple versions, efficient systems of collation are crucial. The first part
of the paper explains desiderata for computer-based collation. The sec-
ond part of the paper argues that the most radical impact of the digital
revolution is to transform scholarly editing from the work of single schol-
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1 Introduction: A Short History

As so often happens when one is asked to give a talk, and then to write it into
a paper: the talk you thought you wanted to give when you were asked, isn’t
quite the talk that you want to give when you come to the moment, and when
you come to write it into a paper, it changes again. When I was first asked to
come to the Brown symposium, and was told what it was about, my head was
full of collation, and so the original topic of the talk was “Towards a scholarly
collation system for the next decades.” This is actually quite an interesting thing
to have in your head, as I hope this paper shows. However, in the months after
I suggested this topic in early 2008, I became increasingly interested in the
environment in which a collation system must exist. However, because scholarly
collation is critical to any scholarly editing system, if it is to be of any use,
scholarly collation will still figure largely.

First, let me establish my credentials, as some-one who might know some things
about using computers to help scholars create useful collations of variant sources.
I have been working on computer-assisted collation systems for over twenty years.

� This paper is based on the talk given at the Second International Sanskrit Com-
putational Linguistics Symposium held at Providence, Rhode Island in May 2008.
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to attend the symposium, and to the National Science Foundation which supported
the symposium.
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It all started in 1985 when Ursula Dronke, then Vigfusson Reader in Old Icelandic
at the University of Oxford, suggested that I might edit the Old Norse poetic nar-
rative sequence Svipdagsmal: there were, she said, a few manuscripts about and
it might be interesting. There turned out to be 44 manuscripts: very interesting
indeed. Right then, I bought my first computer, purely for word-processing the
thesis. However this computer – an Amstrad PCW – also had a Basic interpreter
and I found myself fascinated with programming it. So I attended Susan Hockey’s
courses on computer programming with SNOBOL for the humanities at OUCS,
along the way also making the acquaintance of Lou Burnard. I had already started
making electronic transcripts of the manuscripts, initially to make concordances.
Now I developed a dangerous ambition: to write a computer program to compare
the manuscripts. This became what you might call Collate 0: some 1200 lines of
SNOBOL, later SPITBOL, code. For those who think intelligent life began with
the iPOD, the SNOBOL family were pattern-matching programs specifically de-
signed to process text: rather like PERL, I think.

Collate 0 created an efficient collation of my Icelandic manuscripts. Even better,
I think, I was able to translate the whole collation output into a relational database
and use database tools to help me work out the relations between the manuscripts.
I described this work in two articles published in Literary and Linguistic Comput-
ing in 1989-90 on the collation and analysis of Icelandic manuscripts [1]. Following
on from this, in 1989 Susan Hockey and I won a grant to develop my rather crude
collation program, from something which could only be used by me, on materi-
als which were just-so, only in the basement of the Oxford University Computing
Services building between 3 and 4 am in the morning, to a program which could
be used by any scholar, on any text, anywhere, any time.

So, in 1990, I began writing what became Collate 2 [2]. This was designed
for the Macintosh computer, then running the state-of-the-art System 7. Collate
2 is still, eighteen years later, in continuous use in at least eight major editing
projects. It still runs in Classic mode, only, and I have stopped answering ques-
tions on when there will be a Windows version. However, now that Apple has
stopped all support of Classic, we have to hoard our old computers so that we
can carry on running Collate.

Here is a list, very far from comprehensive, of who is using, or has used,
Collate: the asterisk indicates that the scholar is still using collate.

Prue Shaw: Dante’s Monarchia [3]
Prue Shaw and others: Dante’s Commedia*
INTF-Münster/ITSEE Birmingham: Greek and Latin New Testament* [5][4]
Michael Stone: Armenian texts
Sid Reid: Conrad texts*
Eric Sneddon: Old French texts
Godfried Croenen: Old French Chronicles*
Tommy Wasserman: Gospel of Jude [6]
Wendy Phillips-Rodriguez: Sanskrit*
The author, Barbara Bordalejo, and others: the Canterbury Tales* [7]
Dorothy Severin/Fiona Maguire: the Spanish Cancioneros* [8]
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John Kilcullen: William of Ockham [9]
Michael Bakker and others: Old Church Slavonic texts
I think this shows, rather nicely, that Collate achieved at least part of our

aim: that it became one of that rather select group of humanities computing
programs actually used by someone other than the person who wrote it. Indeed,
even more rarely: it is used by people I have never met.

2 What Scholarly Collation Programs Must Do

After all this time spent making collation programs, what have I learnt? We
have learnt two principles which I think must be fundamental to any good col-
lation program. Collate is built on these two principles, and hence its success.
We have learnt one thing it does not do, which a scholarly collation program
should do. And we have learnt that in a crucial respect the design of Collate was
fundamentally flawed and we must do better.

The first of the two principlies on which Collate is built was rather nicely put
by a student of mine, who said it this way:

Scholarly collation is not Diff.
There are, of course, an immense number of text comparison programs out

there, most of them with the venerable Diff algorithm lurking somewhere deep
within them. Figure one is the result of one of these programs, working on variant
texts of a single line.

Fig. 1. The results of a ’Diff’ comparison of one line of text in two sources

All it does is tell us that there is a difference between these two lines. Well,
thank you very much. Now, there are more sophisticated programs which will
identify differences at the word level. And it is very tempting to think: all we
need do is find one of these, tweak it a bit, and we will get the perfect collation.
I can not say this strongly or loudly enough. Anyone who thinks that there will
ever, ever be a collation program, a kind of superDiff, which will give scholars,
for any text at all, exactly the collation they want is näıve in the extreme. This
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does not stop people trying to write such a program and, even, funders giving
them money to do this. But there never, ever, will be such a program.

There are two reasons for this. First, any kind of automated program can
identify one thing, and one thing only: it can identify differences. Any scholar will
tell you that differences are not variants. Depending on just how you are reading
a text: some differences will be just, well, noise: only a few, perhaps a very few,
are real variants, of real interest to real scholars. We scholars spend years looking
at differences, filtering them according to our interests at the time, developing
a sense of what is significant and what is not. The notion that somehow we can
build this knowledge into some kind of reductive process is absurd.

The second reason is that even if you could, by some miracle, teach a machine
exactly what is significant, what is not, you would still have to teach it to work
out exactly what is the best way of presenting any given sequence of variants, at
any particular moment. Let’s take our sample two lines, to show what a scholarly
collator has to do:

He was agast so , of Nowelys flood
So he was agast of Noes flooδ

Now, our first judgement is going to be: I think the comma in the first line, and
the non-standard d on ‘flood’ in the second line are just ‘noise’. So now I have
these two lines to compare:

He was agast so of Nowelys flood
So he was agast of Noes flood

But, exactly how should I present this? I could present it as a single long phrase
variant:

He was agast so of Nowelys ] So he was agast of Noes

Or I could present it as three variants, as a sequence of addition/omission/
replacement, thus:

He was ] So he added
so ] omitted
Nowelys ] Noes

Or again as three variants, varying this, thus:

He was ] So he
so ] omitted
Nowelys ] Noes

Or, as two variants:

He was agast so] So he was agast
Nowelys ] Noes

For me, the latter is much the best. Now, I could get the computer to generate
any and all of the alternatives. But what I could never, ever, get it to do is decide
which alternative, in every context, is the best.
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When I think back on the decisions I took when designing Collate, the one
decision which I think most absolutely right then, and right now, is this: that
the scholar should at every point have the ability to intervene in the collation
and fix the variation just the way he or she wants it. That is: the scholar can say:
this spelling here is not a real variant, for example the two forms of ‘flood’ in
this example. And the scholar can say: at this point, I want the variation shown
exactly so, for example as a sequence of two variants in this line, not one or
three. These two functions correspond to the ‘regularization’ and ‘set variants’
routines within Collate.

The one reason above all that Collate has achieved the success it has is because
it has this faciltity: it allows the scholar to fix the collation exactly as he or she
wants. This is why it is used by the New Testament group in Münster, probably
the most demanding collators anywhere. It still seems to me that this need is the
most fundamental requirement of any scholarly collation program. Any program
that does not offer this facility is just a dressed-up Diff program, a nice toy
perhaps, but not a serious tool for serious use.

The second of the two principles on which Collate is built is this:
Collation is more than visualisation.
For most collation systems, the aim is to show the variation. Sometimes, they

manage to show the variation in a rather beautiful form. But the problem is
that they show it in one beautiful form only 1. Again, one thing I did right with
Collate, right back in the very beginning, was that I did not design the program
so it could produce just one output. I designed it so that you could generate
what you might call an intelligent output. Essentially, this distinguished all the
different components of an apparatus - the lemma, the variant, the witness sigil,
and much more – and allowed you to specify what might appear before and
after each component, and in what order the various components might appear.
This gave exceptional flexibility to the Collate output. You could use Collate
to generate complex print editions, using (for example) the EDMAC macros
developed by Dominik Wujastyk and John Lavagnino; or you could turn out
the apparatus in HTML, SGML or (lately) XML [11]. This allows you to make
complex electronic editions, such as that in Figure 2.

This figure shows the collation for the fifty-four manuscripts of the first words
of Geoffrey Chaucer’s Miller’s Tale [12]: beside each word and variant is a list of
the manuscripts containing that word and variant. Notice that at this level, all
the information about spelling variation is filtered out. You can see that spelling
variation also, as shown in Figure 3.

Alternatively, you could output the apparatus in a form ready for processing by
an analysis program, to help you discover the relations among the witnesses. We
have had great success in using evolutionary biology software to generate views of
the relations between witnesses, as shown in Figure 4, for Dante’s Monarchia [3].

I believe that a strong reason for Collate’s success has been this flexibility of
output. Put this together: the first thing Collate does well is to allow scholars to

1 For example, the excellent JUXTA program, developed in the University of Virginia
[10]
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Fig. 2. The collation for fifty-four manuscripts of the first words of Geoffrey Chaucer’s
Miller’s Tale

Fig. 3. The collation for fifty-four manuscripts of the first words of Geoffrey Chaucer’s
Miller’s Tale

say: THIS is what the variation is. The second thing Collate does well is to allow
scholars to say: I want the collation output in exactly this form. This is a very
powerful combination, and any successor program that hopes to be as useful as
Collate must include these capacities.

I said that we now know there is one thing Collate does not do, which we now
think a collation program should do. Collate is extremely good at identifying
variants of single words. It is very good in the basic identification of phrase
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Fig. 4. The unrooted phylogram for the witnesses to Dante’s Monarchia, generated
directly from the computer-assisted collation

variants, as a simple matter of saying ‘this phrase in this manuscript corresponds
with that phrase in that manuscript’. Look, for example, at this set of variants:

He was agast so
He was agast
So he was agast
He was so agast
He was agast and feerd
So was he agast

Now, Collate will do an excellent job of letting you see each of these phrases as
variants of one another: in essence, of each phrase being a variant of each other,
thus:

He was agast so ] He was agast; So he was agast; He was so agast; He was
agast and feerd; So was he agast

You can see, immediately, that there is something wrong here. The Collate pre-
sentation makes it look as if each variant is equally different from every other one.
But clearly, this is not the case. You can see that the first, third and fourth differ
only in the postion of the the word ‘so’. Then, you can see that the second differs
from these three by dropping the word ‘so’, while the fifth differs from the second
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Fig. 5. Schema of the variants on this phrase, showing the relative closeness of each
variant

by adding the phrase ‘and feerd’. Finally, the sixth one has the word so in the same
position as the third one, but changes the order ‘he was’ to ‘was he’.

In fact, what we would like to see is something like Figure 5.
But Collate, as it is, just won’t let you do this. A significant by-product of this
is that Collate handles transpositions rather incompletely. Take this variation:

he was ] was he

Collate identifies the phrase variation nicely. But Collate does not tell us what
could be rather crucial information: that both witnesses do have the same two
words, just in a different order.

What I have just described is known in genomic comparison systems as ‘multiple
progressive alignment’: that is, you build up the picture of comparison piece by
piece. 2 I think it is very important that a successor to Collate contains this facility.

3 Towards Collaborative Scholarly Editing

So far, the two good things I have described that Collate does and the one good
thing it does not. I said too that we now realize that in one respect, the design of
Collate is fundamentally flawed. It works like this. When I wrote Collate, I was a
typical lone scholar, making an edition on my own. I found all the manuscripts,
I transcribed them, I collated them, I edited the text. I did it all myself and I
liked it that way. Further, every other editor I knew then worked the same way.
So it is no surprise that the first and all subsequent versions of Collate were built
with the same model in mind: that is, I ran the program on my computer; all
the files were on my computer; everything was under my command.

At the time, I thought this was a virtue. But now, I can see that this is
the biggest single defect of Collate. Quite simply, it was never designed as a

2 See the article by Matthew Spencer and Chris Howe on the use of multiple pro-
gressive alignment in evolutionary biology and its possible application to scholarly
collation [13].
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collaborative tool and it is very awkward to use the program in a collaborative
situation. This did not matter, at all, when scholars did not collaborate. But
the single greatest effect of the digital revolution, in my opinion, is not that it is
giving us wonderful digital libraries, with instant access to everything we want
to see, or that it is giving us wonderful new publication possibilities, or that it
offers all kinds of marvellous tools - databases, analytic programs, and more.
In my opinion, the single greatest effect of the digital revolution is that it it is
empowering a new model of collaboration, and hence new modes of readership
and study, among scholars, and between scholars and readers. Through well-
constructed scholarly networks over the web, scholars and readers may not only
look at materials: they may make them, annotate them, correct them, draw con-
clusions from them and then contribute to others their conclusions. Further, this
may happen near-simultaneously: a library may contribute manuscript images
in the morning; by midday a scholar has identified the text; by mid-afternoon a
knowledgeable reader has transcribed it; in the evening, another scholar has col-
lated this new transcript against other versions of the text, in other manuscripts.
Nor is there any need for the scholars and readers to have any formal affiliation:
they may be working far apart, without any project or other framework beyond
common access to the web, shared interest and expertise.

The relevance of this to any large scale editorial project – indeed, to any
editorial project at all – is obvious. Imagine that all the Sanskrit scholars of
the world work in a single online workspace. In this workspace, some of you
transcribe manuscripts; others of you collate the transcripts; others analyse the
results of the collation. For some time I have been describing, in various articles
and talks, what I have described as ‘distributed, dynamic and collaborative edi-
tions’. The concept is not that there is a single system, a single set of software
tools, which everybody uses. Instead, across the web we have a federation of sep-
arate but co-operating resources, all within different systems, but all interlinked
so that to any user anywhere it appears as if they were all on the one server. To
take the Canterbury Tales as an example: there might be transcriptions of the
different manuscripts of the first line of the Tales available on different servers,
made by different scholars, in New York, in Birmingham, in Utah. I can, any
scholar can, access all these simultaneously: alongside images of the manuscripts,
with collations, analyses, much else. Remarkably, we need very little to make this
work: in fact, all we need are some basic agreements on how we name things, and
on how we pass information between ourselves. We have much of this already, in
the form of various metadata, encoding and web services protocols. We certainly
have all the hardware and software we need, and more than enough people with
all the skills needed to make this happen. I confess I do feel some frustration with
the various funding agencies who could set us well along the way by giving just a
little bit of help. Instead, they appear to be fixated with Grand Single Solutions:
I am thinking of the sort of projects funded by the NSF in America, and eScience
in the UK, and by the Mellon Foundation, which show a predeliction towards
grandiose projects emenating from prestigious institutions, Bamboo and SEASR
being egregious instances of the genre [14][15]. Let me say this clearly, as most



Towards a Scholarly Editing System for the Next Decades 355

scholars seem afraid to say it: projects like these are vast wastes of time, effort
and money. But actually, I don’t think we need this funding – I think the idea
is so good, and so obvious, that it will take off with very little or no funding.

I have, in other places, commented on what seems to me a very strange develop-
ment [17][18][19]. Over the last fifteen years it has actually become harder for an
ordinary scholar to create a high-quality scholarly edition in digital form. Indeed,
it has become so much harder that a number of scholars and editorial projects have
turned away from the digital medium: a development which really ought to alarm
us. The answer to this flight from the digital is rather simple: we should make it
as easy, or even easier, for a scholar to make a high-quality digital edition as it
is to make a print edition. It seems to me quite absurd that, several decades into
the digital revolution and with all the funding and all the effort lavished on it, we
have not reached that point. We know that there are many scholars and readers
with the interest and expertise to contribute greatly to the shared endeavour that
is textual scholarship, in the editing of Sanskrit, of biblical materials, of medieval
vernacular classics, everywhere there is text. The digital world should provide a
space where any scholar with something useful to contribute may do so; where all
may gain from the wealth of information so created.

You may ask: what am I doing to bring about this millennial vision? Sev-
eral things. Firstly, I am a partner in an EU project named INTEREDITION,
founded to bring about the creation of a supra-national infrastructure for digital
textual scholarship [16]. The first workshop of INTEREDITION in September
2008 will address these issues. Even more immediately, the Birmingham and
Münster partners in various New Testament editing projects are setting up what
we call a Virtual Manuscript Room: a shared workspace in which all the many
editors in these projects may work, as I have outlined it here. In our implemen-
tation of the Virtual Manuscript Room, one of the key factors will be a new
version of our Anastasia software, redesigned so that she works directly from
an XML database as the backbone of our live, interactive shared workspace.
The first stage of this project has now received funding from the UK Joint In-
formation Systems Committee [20]. Most immediately of all: since January a
group of Dutch and German scholars have been working with me on what we
call CollateX: the much-wished for successor to Collate.

I am suggesting here the future lies with a network of many servers, all holding
different parts of an edition, with many other servers providing a range of services
to the readers and scholars interested in this edition. Here, as a taste of what
may come, is a tool we are making. We now have many manuscript images on
the web. We now have many transcriptions of these same manuscripts on the
web. The obvious thing to do is to align the text in the image with the text in
the transcript. Here is a case where we have actually done exactly this, in the
online version of Codex Sinaiticus [21], shown in Figure 6.

You can see that clicking on the word in the transcription highlights this
word in the image.

We can imagine a vast number of potential research possibilities coming from
this tool. For example: one could apply OCR software and pattern matching
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Fig. 6. Codex Sinaiticus on the web, showing the alignment of text and transcription

techniques to correlate every letter in the image with those in the manuscript,
to explore questions of the characteristics of different scribal hands. One could
also use automated analysis of the ruling and layout of the manuscript leaves to
explicate its construction.

Perhaps best of all: tools like this will enable other people to do research we
can not even imagine. For myself, I can not think of anything better.

References

1. The Collation and Textual Criticism of Icelandic Manuscripts (1): Collation (2):
Textual Criticism. Literary and Linguistic Computing 4, 99–104, 174–181 (1989)

2. Collate. Computer Program. Release 1.0, April 1991; revised versions 1992-2008.
Oxford: Computers and Manuscripts Project; Leicester: Centre for Technology and
the Arts; Birmingham Institute for Textual Scholarship and Electronic Editing

3. Shaw, P.: Dante’s Monarchia. Scholarly Digital Editions, Birmingham 2005
(accessed September 9, 2008), http://www.sd-editions.com/Monarchia

4. The Institute for New Testament Textual Research, Münster (accessed September
9, 2008), http://www.uni-muenster.de/NTTextforschung/

5. The Institute for Textual Scholarship and Electronic Editing, Birmingham
(accessed September 9, 2008), http://itsee.bham.ac.uk

6. Wasserman, T.: The Epistle of Jude: Its text and transmission. Coniectanea Biblica
New Testament Series - CBNTS 43, Almqvist and Wiksell (2006)

7. The Canterbury Tales Project (accessed September 9, 2008),
http://www.canterburytalesproject.org

8. The Cancioneros Project (accessed September 9, 2008),
http://cancionerovirtual.liv.ac.uk/

9. The William of Ockham Project (accessed September 9, 2008),
http://www.britac.ac.uk/pubs/dialogus/ockdial.html

http://www.sd-editions.com/Monarchia
http://www.uni-muenster.de/NTTextforschung/
http://itsee.bham.ac.uk
http://www.canterburytalesproject.org
http://cancionerovirtual.liv.ac.uk/
http://www.britac.ac.uk/pubs/dialogus/ockdial.html


Towards a Scholarly Editing System for the Next Decades 357

10. The JUXTA project (accessed September 9, 2008),
http://www.juxtasoftware.org/

11. The EDMAC macors (accessed September 9, 2008),
http://www.ucl.ac.uk/~ucgadkw/edmac/

12. Robinson, P.M.W. (ed.): The Miller’s Tale on CD-ROM. Scholarly Digital editions,
Leicester (2004)

13. Spencer, M., Howe, C.: Collating Texts Using Progressive Multiple Alignment.
Computers and the Humanities, 253–270 (2004)

14. The BAMBOO project (accessed September 9, 2008),
http://www.projectbamboo.org/

15. The SEASR project (accessed September 9, 2008), http://seasr.org/
16. The INTEREDITION project (accessed September 9, 2008),

http://interedition.huygensinstituut.nl/

17. Robinson, P.M.W.: Current issues in making digital editions of medieval texts–
or, do electronic scholarly editions have a future? Digital Medievalist 1.1 (2005),
http://www.digitalmedievalist.org/article.cfm?RecID=6

18. Robinson, P.M.W.: Where We Are with Electronic Scholarly Editions, and Where
We Want to Be. Jahrbuch für Computerphilologie (January 2004) (In print in
Jahrbuch für Computerphilologie 2004, 123–143),
http://computerphilologie.uni-muenchen.de/ejournal.html

19. Robinson, P.M.W.: Current Directions in the Making of Digital Editions: towards
interactive editions. Ecdotica 4, 176–191 (2007)

20. The Virtual Manuscript Room (accessed September 9, 2008),
http://www.itsee.bham.ac.uk/projects/vmr/index.htm

21. Codex Sinaiticus on the web (accessed September 9, 2008),
http://www.codex-sinaiticus.net/en/manuscript.aspx

http://www.juxtasoftware.org/
http://www.ucl.ac.uk/~ucgadkw/edmac/
http://www.projectbamboo.org/
http://seasr.org/
http://interedition.huygensinstituut.nl/
http://www.digitalmedievalist.org/article.cfm?RecID=6
http://computerphilologie.uni-muenchen.de/ejournal.html
http://www.itsee.bham.ac.uk/projects/vmr/index.htm
http://www.codex-sinaiticus.net/en/manuscript.aspx


Critical Edition of Sanskrit Texts�

Marc Csernel1 and François Patte2

1 INRIA, Projet AXIS,
Domaine de Voluceau, Rocquencourt BP 105

78153 Le Chesnay Cedex, France
Marc.Csernel@inria.fr
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Abstract. A critical edition takes into account all the different known versions
of the same text in order to show the differences between any two distinct ver-
sions. The construction of a critical edition is a long and, sometimes, tedious
work. Some software that help the philologist in such a task have been available
for a long time for the European languages. However, such software does not
exist yet for the Sanskrit language because of its complex graphical characteris-
tics that imply computationally expensive solutions to problems occurring in text
comparisons.

This paper describes the Sanskrit characteristics that make text comparisons
different from other languages, presents computationally feasible solutions for
the elaboration of the computer assisted critical edition of Sanskrit texts, and
provides, as a byproduct, a distance between two versions of the edited text. Such
a distance can then be used to produce different kinds of classifications between
the texts.

1 Introduction

A critical edition is an edition that takes into account all the different known versions
of the same text. If the text is mainly known through a great number of manuscripts
that include non trivial differences, the critical edition often looks rather daunting for
readers unfamiliar with the subject:

– If the number of texts to compare is small and differences between texts are not too
great, the text looks just like any commentated editions.

– If the text is mainly known through a great number of manuscripts that include
non trivial differences, the critical edition looks often rather daunting for readers
unfamiliar with the subject. The edition is then formed mainly by footnotes that
enlighten the differences between manuscripts, while the main text (that of the edi-
tion) is rather short, sometimes a few lines on a page.
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Note that in either case, the main text is established by the editor through his own
knowledge. More explicitly, the main text can be either a particular manuscript, or a
“main” text, built according to some specific criteria chosen by the editor.

Building a critical edition by comparing texts two by two, especially manuscript
ones, is a task which is certainly long and, sometimes, tedious. This is why, for a long
time, computer programs have been helping philologists in their work (see [1] or [2] for
example), but most of them are dedicated to texts written in Latin (sometimes Greek)
scripts. For example, the Institute for New Testament Textual Research , at Münster
University, provides an interactive critical edition of the Gospels [3].1.

In this paper we focus on the critical edition of manuscripts written in Sanskrit.
Our approach will be based on and illustrated by paragraphs and sentences that are

extracted from a collection of manuscripts of the “Banaras gloss”, kāśikāvr. tti in Sanskrit
(Kāśi is the name of Banaras). The Banaras gloss was written around the 7th century
A.D., and is the most widespread, the most famous, and one of the most pedagogical
commentary on the notorious Pān. ini grammar.

Pān. ini’s grammar is known as the first generative grammar and was written around
the fifth century B.C. as a set of rules. These rules cannot be understood without the
explanation provided by a commentary such as the kāśikāvr. tti. Notice that, since some
manuscripts have been damaged by mildew, insects, rodents. . . , they are not all com-
plete. In particular, they do not include all chapters; generally around fifty different texts
are available for comparison at the same time.

In what follows we will first describe the characteristics of Sanskrit that matter for
text comparison algorithms as well as for their classification. We will also present
briefly the textual features we use to identify and to quantify the differences between
manuscripts of the same Sanskrit text. We will show that such a comparison requires to
use a lemmatized text as the main text.

Roughly speaking, lemmatization is a morpho-linguistic process which makes each
word appear in its base form, generally followed by a suffix indicating its inflected form.
For example walking, consists of the base form walk, followed by the suffix ing which
indicates the continuous form. After a lemmatization each word will, at least, appear as
separated from the others.

The revealed differences, which as a whole, form one of the most important parts of
the critical edition, provide all the information required to build distances between the
manuscripts. Consequently we will build phylogenetic trees assessing filiations between
them, or any kind of classification regrouping the manuscripts into meaningful clusters.
Finally, we will discuss the definition of a method of computation of faithful distances
between any two Sanskrit texts, provided one of them is lemmatized.

2 How to Compare Sanskrit Manuscripts

2.1 Sanskrit and Its Graphical Characteristics

One of the main characteristic of Sanskrit is that it is not linked to a specific script.
A long time ago Sanskrit was mostly written with the Brāhmı̄ script, but nowadays

1 Critical editions of the Gospels have induced a considerable amount of studies.
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Devanāgarı̄ is the most common one. Other scripts may be used, such as Bengali, in
northern India, or Telugu, in southern India. In Europe, an equivalent (but fictive) sit-
uation would be to use either the Latin, Cyrillic, or Greek alphabets to write Latin.
Sanskrit is written mostly with the Devanāgarı̄ script that has a 48 letter alphabet.

Due to the long English presence in India, a tradition of writing Sanskrit with the
Latin alphabet (a transliteration) has been established for a long time by many Euro-
pean scholars such as Franz Bopp in 1816. The modern IAST — International Alpha-
bet of Sanskrit Transliteration — follows the work of Monier-Williams in his 1899
dictionary[4]. All these transliteration schemes were originally carried out to be used
with traditional printing. It was adapted for computers by Frans Velthuis [5], more
specifically to be used with TEX. According to the Velthuis transliteration scheme, each
Sanskrit letter is written using one, two or three Latin characters; notice that according
to most transliteration schemes, upper case and lower case Roman characters have a
very different meaning. In this paper, unless otherwise specified, a letter is a Sankrit let-
ter represented, according to the Velthuis scheme, by one, two or three Latin characters.

In ancient manuscripts, Sanskrit is written without spaces, and from our point of
view, this is an important graphical specificity, because it increases greatly the com-
plexity of text comparison algorithms. One may remark that Sanskrit is not the only
language where spaces are missing in the text: Roman epigraphy and European Middle
Age manuscripts are also good examples of that.

2.2 The Different Comparison Methods

Comparing manuscripts, whatever the language, can be achieved in two ways:

– When building a critical edition, the notion of word is central, and an absolute
precision is required. For example, the critical edition must indicate that the word
gurave is replaced by the word gan. eśāya in some manuscripts, and that the word
śrı̄ is omitted in others.

– When establishing some filiation relations between the manuscripts, or for a clas-
sification purpose, the notion of word can be either ignored, or taken into account.
The only required information is the one needed to build a distance between texts.
Texts can be considered either as letter sequences, or as word sequences.

Considering each text as a letter sequence, Le Pouliquen [6] proposed an approach
that determines the so called “Stemma codicum” (nowadays filiation trees) of a set of
Sanskrit manuscripts. The first step consists in the construction of a distance according
to the Gale and Church algorithm [7]. This algorithm was first developed to provide
sentence alignments in a multi-lingual corpus, for example a text in German and its En-
glish translation. It uses a statistical method based on sentence length. Gale and Church
showed that the correlation between two sentence lengths follows a normal distribution.
Once the distance is computed, a phylogenetic tree is built using the N-J —Neighbour-
Joining— algorithm ([8]).

On the other hand, each critical edition deals with the notion of word. Since elec-
tronic Sanskrit lexicons such as the one built by Huet [9,10] do not cope with grammat-
ical texts, we must find a way to identify each Sanskrit word within a character string,
without the help of either a lexicon or of spaces to separate the words.
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2.3 How Shall We Proceed?

The solution comes from the lemmatization of one of the two texts: the text of the
edition. The lemmatized text is prepared by hand by the editor. We call it a padapāt.ha,
according to a mode of recitation where syllables are separated.

From this lemmatized text, we will build the text of the edition, that we call a
sam. hitapāt.ha, according to a mode of recitation where the text is said continuously.
The transformation of the padapāt.ha into the sam. hitapāt.ha is not straightforward be-
cause of the existence of sandhi rules.

What is called sandhi — from the Sanskrit: liaison — is a set of phonetic rules
which apply to the morpheme junctions inside a word or to the junction of words in
a sentence. Though these rules are perfectly codified in Pān. ini’s grammar, they could
become quite tricky from a computer point of view. For instance, the final syllable as is
mostly changed into o if the next word begins with a voiced letter, but the word tapas
(penance) becomes tapo when it is followed by the word dhana (wealth) to build the
compound tapodhana (one who is rich by his penances), while it remains tapas when
composed with the suffix vin: tapasvin (an ascetic). What is a rule for Pān. ini, becomes
an exception for computer programs and we have to take this fact into account.

A text with separators (such as spaces) between words, can look rather different (the
letter string can change greatly) from a text where no separator are found.

We call the typed the text, corresponding to each manuscript, a mātr. kāpāt.ha. Each
mātr. kāpāt.ha contains the text of a manuscript and some annotation commands.

Table 1. The collation commands

\gap Gap left intentionally by a
scribe

\deleted Text deleted by the scribe

\afterc The text after a scribe’s
correction.

\beforec The text before a scribe’s
correction

\scribeadd Insertion made by the
scribe without the pres-
ence of gap

\eyeskip The scribe copying the
text has skipped his eyes
from one word to the
same word later in the
text.

\doubt Text is not easily readable \inferred Text very difficult to read
\lacuna The text is damaged and

not readable
\illegible Mainly concerns the dele-

ted text
\insertioningap Insertion made by a

scribe in a gap
\foliochange

\ignoredtext This text of the
manuscript, is not
part of the opus

\marginote Insertion made by the
scribe, as his own com-
mentary (but not part of
the text)

\notes Notes made by the
scholar in charge of the
collation
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These commands allow some information from the manuscript to be taken into ac-
count, but this information is not part of the text, such as ink colour, destruction, etc.
They provide a kind of meta-information.

The typing of each mātr. kāpāt.ha is done by scholars working in pair, one reading,
one typing (alternatively). To avoid the typing of a complete text, they copy and modify
the text of the sam. hitapāt.ha according to the manuscript.

– First step: A twofold lexical preprocessing. First the padapāt.ha is transformed
into a virtual sam. hitapāt.ha in order to make a comparison with a mātr. kāpāt.ha
feasible.

The transformation consists in removing all the separations between the words
and then in applying the sandhi. This virtual sam. hitapāt.ha will form the text of the
edition, and will be compared to the mātr. kāpāt.ha. As a sub product of this lexical
treatment, the places where the separation between words occurs will be kept into
a table which will be used in further treatments (see Sec.: 4.4).

On the other hand, the mātr. kāpāt.ha is also processed, the treatment consists
mainly in keeping the collation commands out of the texts to be compared. The list
of the commands can be found in Table 1 (p. 361) with some explanation when
needed. Notice that for practical reasons, these commands cannot, for the time be-
ing, be nested. Out of all these commands just a few have an incidence on the texts
to be compared.

– Second step: An alignment of a mātr. kāpāt.ha and the virtual sam. hitapāt.ha (an
alignment is an explicit one to one correspondence of the letters of the two texts.)
A more precise definition can be found on page 368. The Longest Common Subse-
quence algorithm is applied to these two texts. The aim is to identify, as precisely
as possible, the words in the mātr. kāpāt.ha, using the padapāt.ha as a pattern. Once
the words of the mātr.kāpāt.ha have been determined, we can see those which have
been added, modified or suppressed.

The comparison is done paragraph by paragraph, the different paragraphs being
constructed in each mātr. kāpāt.ha by the scholar who collated them, according to the
paragraph made in the padapāt.ha during its elaboration. In a first stage, the compar-
ison is performed on the basis of a Longest Common Subsequence. Each of the ob-
tained alignments, together with the lemmatized text (i.e. the padapāt.ha), suggests
an identification of the words of the mātr. kāpāt.ha. However, due to the specificities
of Sanskrit, the answer is not straightforward, and a consistent amount of the orig-
inal part of this work concerns this identification process. Surprisingly the different
rules used for this determination are not based on any Sanskrit knowledge, but on com-
mon sense. The result of the application of these rules has been validated by Sanskrit
philologists.

We remark that the kind of results expected for the construction of a critical edition
(what words have been added, suppressed or replaced in the manuscript) is similar to
the formulation of an edit distance, but in terms of words. The results we obtain from
the construction of the critical edition can be transformed into a distance between the
manuscripts.
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3 The Lexical Preprocessing

The goal of this step is to transform both the padapāt.ha and the mātr. kāpāt.ha in or-
der to make them comparable. This treatment will mainly consist in transforming the
padapāt.ha into a sam. hitapāt.ha. The mātr. ikāpāt.ha will be purged of all collation com-
mands, except some of the commands which modify the text to be compared, namely
\scribeadd, \afterc, \inferred. All lexical treatments are build using Flex
[11], a Linux version of Lex [12] which is a free and widely known software.

At the end of the lexical treatment the text corresponding respectively to the
padapāt.ha and the mātr. kāpāt.ha is transmitted to the comparison module with an in-
ternal encoding (see Table 4, p. 366). This allows us to ensure the comparison whatever
the text encoding — unicode instead of Velthuis code for instance — the only condi-
tion is to build a new lexical scheme, which is a perfectly delimited work albeit a bit
time-consuming.
An example of padapāt.ha:

iti+anena krame.na var.naan+upaˆdi"sya+ante .na_kaaram+itam+|

we can see that words are separated by spaces and three different lemmatization signs:
+, , ˆ which have the following meanings:

– +: Indicates a separation between inflected items in a sentence.
– : Indicates a separation between non inflected items of a compound word.
– ˆ: Indicates the presence of a prefix; this sign is not, for the moment, taken into

account for the comparison process. It will be used for a future automatic index
construction.

3.1 The Lexical Preprocessing of the mātr.kāpāt.ha

The main goal of this step is to remove the collation commands in order to keep only
the text of the manuscript for a comparison with the sam. hitapāt.ha. The list of these
commands can be found in Table 1 (p. 361). The tables described hereafter follow more
or less the Lex syntax, with a major exception, for readability reason: the suppression
of the protection character denoted “ \”. We will note briefly some of the main features:

The character “|” means or; a name included within braces, such as {VOWEL}, is
the name of a letter subset defined in Table 2 (p. 364). It can be replaced by any letters
of the subset. The character “/ ” means followed by, but the following element will not
be considered as part of the expression: it will stay within the elements to be further
examined; examples of the use of the character “/ ” will be found hereafter in Table 3
(p. 364).

Note that some possible typographical errors induced us to remove all the spaces from
the mātr. kāpāt.ha before the comparison process. Thus no words of the mātr.kāpāt.ha can
appear separately during that process.

Table 2 provides a definition for the subset definition such as VOWEL A defined in
the third line, which is a subset of the alphabet containing all the vowels except a, in
fact one of the following letters:

aa, i, ii, u, uu, .r, .R, .l, .L, e, ai, o, au
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Table 2. Some lexical definition of letter categories

SOUR k|kh|c|ch|.t|.th|t|th|p|ph|"s|.s|s|.h
NAS n|.n|"n|˜n|m|.m

VOWEL A aa|i|ii|u|uu|.r|.R|.l|.L|e|ai|o|au
VOWEL a|{VOWEL_A}
DIPH e|ai|o|au
CONS k|kh|g|gh|"n|c|ch|j|jh|˜n|.t|.th|.d|.dh|

.n|t|th|d|dh|n|p|ph|b|bh|m|"s|.s|s
SON g|gh|j|jh|.d|.dh|d|dh|b|bh|l|r|y|v|{NAS}|.m|h

GUTT k|kh|g|gh|"n
PALA c|ch|j|jh|˜n
LEMM +|_|ˆ

DENTA t|th|d|dhn
LABIA p|ph|b|bh|m

according to the Velthuis encoding scheme, and VOWEL, next line, defined by any letter
in: a|{VOWEL A} can be any letter in VOWEL A or a. Notice that the subset LEMM
contains the different lemmatization signs found in the padapāt.ha.
Table 3 (p. 364) contains some example of generative sandhi where a new letter (or a
sequence of letters) is inserted within the text. Table 5 (p. 366) contains some examples
of ordinary sandhi where a set of letters is replaced by one or two other letters.
The contents of both preceding tables will be explained in the following section.

3.2 The Lexical Preprocessing of the padapāt.ha

The main goal of this step is to apply the sandhi rules in order to transform the padapāt.ha
into a sam. hitapāt.ha, the other goal is to purge the padapāt.ha of all unwanted characters.
The sandhi (p. 361) are perfectly determined by the grammar of Sanskrit (see for exam-
ple [13]). They induce a special kind of difficulties due to the fact that their construction
can be, in certain cases, a two-step process. During the first step, a sandhi induces the
introduction of a new letter (or a letter sequence). This new letter can induce, in the sec-
ond step, the construction of another sandhi. The details of the lexical transformation
expressed as a Flex expression can be found in Table 3 (p. 364) for the first step, and
in Table 5 (p. 366) for the second one.

Table 3. Some of the generative sandhi

as+/{SON} Add("o"); AddSpace();
as+/{VOWEL A} Add("a"); AddSpace();

as+a Add("o.a");
aas+/{VOWEL} Add("aa"); AddSpace();

as+/(k|p|s|.s|"s) Add("a.h"); AddSpace();
ai/+{VOWEL} Add("aa"); AddSpace();

ai( |ˆ)/{VOWEL} Add("aay");
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Table 3 can be read in the following way: the left part of the table contains a Flex
expression, the right part some procedure calls. The two procedures are Add("xxx"),
which adds the letter sequence xxx to the text of the padapāt.ha, and AddSpace()
which adds a space within the text. When the expression described in the left part is
found within the padapāt.ha, the procedures described in the right part are executed.
The letters belonging to the expression on the left of the sign “/ ” are removed from the
text. The different expressions of the left part are checked according to their appearence.
The tests are done in sequential arrangement.

For example the first three lines of Table 3 state that:

– If a sequence as, followed by a lemmatization sign +, is followed by any letter of
the {SON} subset defined in Table 2, the program puts in the text an o followed
by a space; the letter sequence as+ will be dropped out from the text, but not the
element of {SON}.
Example: If the sequence bahavas+raa"sayas+hataas+| is found in the
padapāt.ha, the sequence as+/{SON}: bahavas+r and raa"sayas+h2 is
found twice.
Therefore, according to the rules defined in the right column of the table, we get
as a result in the sam. hitapāt.ha: bahavo raa"sayo hataah.|, corresponding
to the Sanskrit text: bahavo rāśayo hatāh. |

– If the sequence as+ is followed by a letter which belongs to {VOWEL A}, an a will
be generated and the element belonging to {VOWEL A} will remain.
Example: If the sequence prakalpitas+i.s.taraa"sis+| is found in the
padapāt.ha, we have one sequence as+/{VOWEL A}: prakalpitas+i
and, in this case, the program will return within the sam. hitapāt.ha:
prakalpita i.s.taraa"si.h|. The Sanskrit text: prakalpita is. t.arāśih. |

– If the sequence as is followed by a lemmatization sign + and by the letter a, it will
be replaced by the sequence o.a and no space will be added.
Example: If the sequence yogas+antare.nonayutas+ardhitas+| is
found in the padapāt.ha, the sequence appears twice: yogas+a and yutas+a;
this will be changed into:
yogo.antare.nonayuto.ardhita.h|, corresponding to the Sanskrit text:
yogo’ntaren. onayuto’rdhitah. |

Once Table 3 has been used with the padapāt.ha, Table 5 and Table 4 are used in the
same lexical pass.

Table 4 is really simple: the left part contains a character sequence corresponding to
the Velthuis code, the right part contains a return code followed by an upper case
letter sequence beginning by an L. This letter sequence is the name of an internal code
that corresponds to a devanāgarı̄ letter and will be used for further treatment.

Table 5 is a little bit more complicated in its right part. It contains references to two
variables Alter and Next and each of these variables is affected by a value of the
internal code corresponding to the Velthuis code.

2 The case hataas+| is not one of these for two reasons: 1) aas+ is different from as+,
according to the Velthuis encoding scheme, 2) | is a punctuation mark and does not belong to
the category {SON}, it has its own way of treatment.
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Table 4. Examples of Velthuis characters encoding, with linked internal code

e return LE;
ai return LAI;
aa return LABAR;
k return LK;
"n return LNQU;
˜n return LNTI;
.n return LNPO;

Table 5. Some normal sandhi

.m/{GUTT} Alter = LNQU; return LMPO;

.m/{PALA} Alter = LNTI; return LMPO;

.m/{DENTA} Alter = LN; return LMPO;

.m/{LABIA} Alter = LM; return LMPO;
(a|aa){LEMM}(a|aa) return LABAR;
(a|aa){LEMM}(o|au) return LAU;
.r/{LEMM}({VOWEL}|{DIPH}) return LR;
e{LEMM}a Next = LAVA; return LE;
o{LEMM}a Next = LAVA; return LO;
(k|g)/{LEMM}{SOUR} return LK;
(k|g|c)/{LEMM}({SON1}|{VOWEL}) return LG;
(k|g|c)/{LEMM}{NAS} Alter = LNPO; return LG;
(.t|.d|.s)/{LEMM}{SOUR} return LTPO;
(.t|.d|.s)/{LEMM}{NAS} Alter = LNPO; return LDPO;
(.t|.d|.s)/{LEMM}({SON}|{VOWEL}) return LDPO;
as/+" " Next = LHPO; return LA;

The variable Alter corresponds to an alternate value to the returned code (in other
terms, the code of another possible letter), the variable Next corresponds to the code
letter generated by the sandhi which will always follow the returned letter. If Alter
take a value, the letter is equivalent to the letter returned by the normal process so, the
returned and the Alter value can be exchanged and the distance between the letters
is zero.

The first four lines treat the letter .m — m. , anusvāra — in different contexts: if
this letter is followed by a letter belonging to one of the subsets GUTT, PALA, DENTA,
LABIA, defined in Table 2, there could be, in some manuscript, an alternate letter for
it. This is mainly due to scribe habits and we must make the software aware of this.
For instance the word aṅka can also be written am. ka, in which case we are in the
situation .m/GUTT; according to the instruction: Alter=LNQU; return LMPO;,
while comparing our virtual sam. hitapāt.ha with a mātr. kāpāt.ha, if, at the same place
in two mātr. kāpāt.ha, the comparison software reads a.mka or a"nka, no variant will
be reported and the value of the distance distance between a.mka or a"nka is zero.
A similar situation occurs for the readings pa.n.dita/pa.m.dita (.m/PALA) or
sandhi/sa.mdhi (.m/DENTA) or sambhuu/sa.mbhuu (.m/LABIA).
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The variable Next is used whenever the sandhi rule induces the production of a new
character next to the character (or string) concerned by the sandhi.

For instance, if we have: tanmuule+a.s.tayute, the e before the lemma-
tization sign will remain, but the a will be elided and replaced by an avagraha;
this is the meaning of the rule in line 8: if we have e{LEMM}a then e is kept:
return LE and next to it an avagraha is produced: Next=LAVA; so we get:
tanmuule.a.s.tayute.

The same procedure is done with the last line of the table: if a word is ended by as
and followed by a blank space, as is dropped (meaning of “/ ”), a is returned followed
by a visarga: Next=LHPO.

Line 5 contains the premises of further difficulties: it states that the letter a or aa
followed by a lemmatization sign and the by the letter a or the letter aa (correponding
to the sanskrit letter a and ā in traditional transliteration) will become the LABAR code
(corresponding to the letter aa: ā). Two letters and the lemmatization sign will become a
single letter. Consequently, if a variant occurs which concerns the letter aa the program
will not know if the variant concerns the word of the padapāt.ha before or after the
lemmatization sign.

First example. If we have in the padapāt.ha: "sabda artha.h, it will be-
come "sabdaartha.h in the sam. hitapāt.ha. If we have in the mātr. kāpāt.ha:
sabde.artha.h, the program will have to decide between some of the following
possible solutions:

"sabda has been changed into "sabde and artha.h has been changed in .artha.h
"sabda has been changed into "sabd and artha.h has been changed in e.artha.h
"sabda has been changed into "sabde.a and artha.h has been changed in rtha.h

Second example. If we have the padapāt.ha: asya+artha.h, it will become
asyaartha.h in the sam. hitapāt.ha. If we have in the mātr.kāpāt.ha: asyaa
artha.h, as the program, in the lexical preprocessing, removes the spaces in the
mātr. kāpāt.ha, it will have to decide between some of the following possible solutions:
asya has been changed into asyaa and artha.h stays unchanged.
asya has been changed into asyaa and artha.h has been changed in rtha.h.

Third example. If we have the padapāt.ha:
iti+u kaare.na+a kaara aadaya.h, it will come in the sam. hitapāt.ha as
ityukaare.naakaaraadaya.h.
If we have in the mātr. kāpāt.ha: ityukaare.nekaaraadaya.h, the comparison
can be very confusing because one word is completely missing: the a in a kaara.
This creates a very important problem: we had not imagined at the beginning of our
work that a complete word could disappear if only one letter was missing.

4 Comparing the Sanskrit Manuscripts with the Text of the Edition

In this section we will come to the heart of our research. We compare, sentence by
sentence, the text of each mātr.kāpāt.ha (i.e. a collated manuscript), purged of every
collation commands, with the padapāt.ha transformed into a sam. hitapāt.ha.
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Table 6. Examples of possible alignments

a a a b b b
a a a c b b

a a a b b b
a a a c b b

a a a b b b
a a a c b b

For each comparison we start to align each mātr. kāpāt.ha sentence, word by word,
with those of the sam. hitapāt.ha. This comparison uses the word limits provided by the
lemmatization done in the padapāt.ha. We use a basic tool: the Longest Common Sub-
sequence (LCS) algorithm to begin our alignment process.

In the following, we describe the LCS algorithm by giving an example. Then we
explain why the use of the LCS still raises some problems. We can solve some on these
problems by carefully sailing through the LCS matrix, thanks to the limits provided by
the padapāt.ha.

Even with such a help, and a careful navigation through the solution spaces, we have
to keep track of a various number of possible solutions in order to compute a score
attached to each possible solution. This score allows us to choose the most suitable one.

Roughly speaking, an alignment between two characters string A and B is a one to
one correspondence of the characters of A with the characters of B or with the empty
character denoted “ ”. The alignment process is symmetrical. Generally different pos-
sible alignments exist between two strings. Table 6 give three different possible align-
ments between A = aaabbb and B = aaacbb.

4.1 The Longest Common Subsequence Algorithm

The Longest Common Subsequence (LCS) algorithm is a well-known algorithm3 used
in string sequence comparison (seee for example [14,15]). The goal of this algorithm is
to provide a longest common substring between two character strings.

More precisely, given a sequence X = 〈x1, x2, ..., xm〉, another sequence Z =
〈z1, z2, ..., zn〉 is a subsequence of X if there is a strictly increasing sequence of
indices 〈i1, i2, ...ik〉 such that zj = xij for each j ∈ [1 : k]. For example, if
X = 〈A,B,C,D,A,B,C〉 then Z = 〈B,D,B,C〉 is a subsequence of X .
A common subsequence to sequences X and Y is a subsequence of both X and Y .
Generally there is more than one LCS. We denote |X| the length of X , and X[i] the
ith character of that sequence.

Computing the LCS is equivalent to computing an edit distance between two char-
acter strings. An edit distance between sequencesX and Y is the minimum number of
operations such as suppression, addition and replacement (in term of characters) needed
to change the sequence X into Y . An edit distance that is computed without the re-
placement operation is sometimes called LCS distance by some authors. This function
is a kind of dual length of the length of an LCS between X and Y (see, for more de-
tails, Crochemore [16] Chap.7). The length of a LCS betweenX andY will be denoted
lcs(X,Y ) or simply lcs if there is no ambiguity. The edit distance and the LCS can
be computed efficiently by the dynamic programming algorithm.

3 The Unix diff command is based on this algorithm.
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Table 7. Computation of an LCS matrix T

y a m i m
0 0 0 0 0 0

y 0 1 1 1 1 1
a 0 1 2 2 2 2
m 0 1 2 3 3 3
aa 0 1 2 3 3 3
m 0 1 2 3 3 4

Once the computation of an lcs is achieved, one can compute an alignment of the
two sequences. Most of the time, one considers any of the alignments as equivalent.
It will not be the case here, because the comparison is based on words, not only on
characters.

Example 1. Let us compute the lcs between two (simple) Sanskrit texts:X = yamaan,
Y = yamin. Note that according to the Velthuis transliteration aa is a single letter:
long a (ā). The value of the lcs, here 4, is displayed at the bottom right corner of the
matrix T. The distance between the two sequences is d(X,Y ) = |X| + |Y | − 2 ∗
lcs(X, Y ). In this exemple d(X,Y ) = 5+5− 2 ∗ 4 = 2 (the letter m is suppressed
and the letter aa is added).

The matrix is initialised to zero, and each score is computed by:

T [i, j] =
{
T [i− 1, j − 1] + 1 if X[i] = Y [j],
max{T [i− 1, j], T [i, j − 1]} otherwise.

The score T [i, j] gives the value of the lcs between subsequences X[1 : i] (the
i first characters of the sequence X) and Y [1 : j]. These subsequences are defined
as the first i letters of X and j letters of Y respectively. Each score T [i, j] can be
computed using some adjacent scores as shown in the previous formula. The complexity
of the matrix computation is obviously inO(|X||Y |). In this example, the LCS matrix
generates exactly the two following symmetrical alignments.

Table 8. The two possible alignments

y a m i m y a m i m
y a m aa m y a m aa m

The alignment can be read in the following way: when letters are present in the same
column of the two rows, they belong to the LCS. When a letter l is present with an
opposite “-”, then l can be considered either as added in the line where it appears, or
suppressed from the line where the opposite “-” is present.

Example 2. The comparison between two short sentences, as shown in Figure 1, de-
scribes the way we proceed and what kind of result can be expected. The sentences
compared in this example are:
tasmai śrı̄gurave namas and śrı̄gan. eśāya namah. , which are encoded:

tasmai "srii gurave namas and "sriiga.ne"saaya nama.h
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Fig. 1. A second example

Note that the first sentence (X) belongs to the padapāt.ha, the second (Y ) to a
mātr. kāpāt.ha, and that the character “ ” (underscore) is a lemmatization sign.
The matrix in Figure 1 contains all the possible alignments, one of them being the align-
ment in Table 9. We can see that the string tasmai is missing in the mātr. kāpāt.ha,
that the string "srii is present in both sentences, that gurave is replaced by
ga.ne"saaya, and that the string nama.h is present in both sentences but under
two different aspects: ”nama.h” and ”namas”. The rule that states the equivalence
between character .h and character s is one of the sandhi’s (see: 3.2). The following
alignment is one of the possible results, the separation between words of the padapāt.ha
being represented by double vertical lines.

We can see in this example that the value of the lcs(X,Y ) is 14 and it appears in the
right bottom corner of the table. The distance betweenX and Y expressed in terms of
letters is:

d(X,Y ) = |X| + |Y | − 2 ∗ lcs(X,Y ) = 16 + 19 − 2 ∗ 14 = 7
In terms of words, one word is missing: tasmai; the word gurave can be consid-

ered as replaced by ga.ne"saaya or missing in the padapāt.ha and ga.ne"saaya
added in the mātr. kāpāt.ha. The value of the distance in terms of words will be either
two or three according to the definition of the replacement operation.

During our comparison process, we must keep in mind that our final goal is to provide
a difference between a mātr. kāpāt.ha and the padapāt.ha in terms of words. To appreci-
ate the quality of this difference, an implicit criterion is to say that the fewer words
concerned, the better the criterion, all things being equal, the word boundaries being
provided by the padapāt.ha.

Table 9. The corresponding alignment

t a s m ai "s r ii g u r a v e n a m a s
"s r ii g a .n e "s aa y a n a m a .h
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Table 10. different comparisons

1c1
< "sriigane"saayanama.h
---
> tasmai"sriiguravenama.h

1d0
< tasmai
4c3,5
< gurave
---
> gane
> "
> saaya

Word 1 ’tasmai’ is :
- Missing
Word 2 ’"srii’ is :
- Followed by
Added word(s)
’ga.ne"saaya’
Word 3 ’gurave’ is :
- Missing

diff without space ediff with space Our results without space

Consequently, in what follows we will choose, whenever possible, the solution which
not only minimises the number of words concerned, but also, as far as no other criteria
are involved, minimises the number of letters concerned.

4.2 Why Not Use the Diff Algorithm

The authors very first idea was to use diff in order to obtain the differences between
two sanskrit sequences. It is stated in diff documentation that the inspiration of the
actual version of diff was provided by the paper of Myers ([17])

But the results were quite disapointing. The classical diff command line provided
no useful information at all. The result of the comparison of the two following se-
quences: "srii ga.ne"saaya nama.h and tasmai "srii gurave namas
just said that they were different.

We obtained a slightly better result with Emacs ediff, as shown in Table 10, mid-
dle column: we can see which words are different. But as soon as we wanted to compare
the same sequences without blank, we could not get a better result using ediff than
using diff. This is why we started to implement our own algorithm. Its results appear
in the right column of Table 10. We can see that they are expressed in term of words.

– Concerning diff and Myers’s paper and all the derivated litterature, the emphasis
is lain on the performance, for time as well as for space.

– Concerning our algorithm, no optimization has been applied, the main goal is to use
the padapāt.ha as a template on a mātr. kāpāt.ha to determine, as well as possible, the
end of words. Once we have determined the one to one correspondance between
the words of the mātr. kāpāt.ha and of the padapāt.ha, we are nearly finished and
there only remains to compare two Sanskrit letter strings to see their differences.
Obviously, the added or missing words have to be noted carefully.

4.3 Sailing through the LCS Matrix

The LCS matrix is only a base for further computations. What we need is an alignment
which can provide us with some reasonable results. Each alignment corresponds to a
path within the matrix. A short explanation of the construction of an alignment can be
found in the first chapter of [18] or in [16]

The matrix provides alignments coming from the rightmost lowest corner to the left-
most upper corner (inverse order from the usual reading direction) in the following way:
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Fig. 2. The different alignments within the matrix

1. if T [i, j] < T [i + 1, j + 1] and if X[i] = Y [j] we move (left and up) from
T [i + 1, j + 1] to T [i, j] and in this case, the score, which is decreased by
1, indicates that a (common) letter has been added to the left of the alignment.

A =
(
X[i]
Y [j]

)

.A (the dot indicates the concatenation operation).

2. otherwise, if T [i, j] < T [i, j+1] we move vertically up one row and add

(
X
−

)

at the beginning of the alignment A =

(
X
−

)

.A.

3. otherwise, we move horizontally one column left. In this case, add

( −
X

)

to the

alignment.

Figure 2 (p. 372) presents all the alignments provided by the LCS algorithm in an LCS
matrix. The dark grey line depicts the chosen alignment, and the light grey lines represent
other alignments also provided by the LCS algorithm. The sequenceX belonging to the
padapāt.ha, the alignments are selected in order to maximise the number of consecutive
letters belonging to X . This choice reduces the risk for two parts of the same word in
the padapāt.ha to be identified with two different subsequences of the mātr. kāpāt.ha.

The chosen alignment corresponding to the dark grey line is depicted in Table 11.
It may be pointed out that when the different paths through the matrix form a square

(no common letters can be found betweenX and Y at this place), the number of possi-
ble alignments grows very quickly. IfN is the size of the square, the number of different
alignments generated by each square is:
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(
2N
N

)

=
( 2N ) !

N !N !
To provide a good idea of the possible number of paths, if we have a matrix which

contains two ten by ten squares we get approximately 39 × 109 different possible
alignments. This number expresses how complicated the comparison of Sanskrit texts
is, and excludes any method that would require to examine all the possible alignments
produced by the LCS algorithm.

Table 11. The chosen alignment

v ai d i k aa n aa .m l au k i k aa n aa .m
l au k i k aa n aa .m v ai d i k aa n aa .m

4.4 Optimization: Some Navigation Rules

In order to restrict the number of alignments, we will provide some navigation rules
within the matrix. These navigation rules will greatly limit the number of solutions to
be considered but they are unable to provide a good solution by themselves. Other steps
are necessary to obtain a solution which gives some satisfaction to the philologists.

Let us try to give an idea of the different navigation rules implemented within the
program. They concern the best way to choose a path (corresponding to an alignment)
in the LCS matrix. Though in the preceding paragraph we described, for mathematical
reason, the navigation through the matrix in the upward direction, right to left, we will
now describe this navigation in the usual order, downward, and left right, which is easier
to understand.

As a first remark we must notice that when the different paths form a square which
corresponds to a place where there is no letter in common between the strings X and
Y , we always go down first as in Fig. 2. It induces to write in the alignment the part of
the padapāt.ha corresponding the square first, then write the corresponding part of the
mātr. kāpāt.ha.

But the great question we will always keep in mind during the navigation through
the matrix is: shall we align the soonest or the latest sequence? The answer to this
question will determine the navigation rules4.

Table 12 shows two examples, the left one needs to be aligned the latest in order to
provide the good result, on the contrary, the right one needs to be aligned the soonest.
In each figure, the right path will be displayed in dark grey, the wrong one in light grey.

– On the left example, we see the comparison between two strings, in the
mātr. kāpāt.ha: a˜n and in the padapāt.ha: a.n a˜n. The LCS matrix is displayed
and the corresponding alignments just under. The good solution in the table is the
best according to common sense, it is also the best according to our criterion: the
fewer words concerned, the better the criterion. The conclusion of this align-
ment is: the string .n is missing in the mātr. kāpāt.ha.

4 Our examples are sometimes taken from Sanskrit manuscripts, sometimes built for demonstra-
tion purpose, without any Sanskrit meaning.
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Table 12.

a) Align the latest b) Align the soonest

a .n a ˜n .n a n a
a ˜n .n a

the light grey line (bad)

a .n a ˜n .n a n a
a ˜n .n a

the dark grey line (good)

Table 13.

a) rule 2 b) rule 3
a v i

bh a v i a v i

Align the latest.

a v i
a v i bh a v i

Align the soonest.

– On the right example we see the comparison between two strings, in the
mātr. kāpāt.ha: .na and in the padapāt.ha: .na na. The LCS Matrix is displayed
with its corresponding alignments. The conclusion of this alignment is: the string
na is missing in the mātr. kāpāt.ha.

Our second example, in Table 13 is different with a mātr.kāpāt.ha involving more
letters than the padapāt.ha. Only the good alignments are displayed.
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What kind of conclusion can we draw from these apparently contradictory samples?
This set of rules:

1. By default align the latest.
2. If, while aligning the soonest, we cross one of the padapāt.ha word boundaries, then

align the soonest.
3. If the choice occurs at the end of a padapāt.ha word, then align the latest without

further checking.
4. If, while aligning the soonest, we cross one of the padapāt.ha word boundaries, then

align the soonest.

The limit of words which are determined by the padapāt.ha are the major determinant
of the navigation rules. The rules displayed here are not complete, others exist (not
described here), but they are more or less based on the same principles.

4.5 Improvement of the Initial LCS Alignment by the Use of a Score

As the first author of this paper has absolutely no knowledge of Sanskrit, he was look-
ing for evaluating this result, and he found that our first criterion if fewer words are
concerned, the criterion is better must be followed by another one: the compactness
of the alignment. The following example provides an idea of what we expect:

.r k aa r e e v a a c k aa r y aa .n i

.r aa r y aa .n i

The alignment has been built according to the navigation rules. It can be interpreted
as: the word kāre is replaced by ār, the words eva and ac are missing, the word kāryān. i
is replaced by yān. i.

.r k aa r e e v a a c k aa r y aa .n i

.r aa r y aa .n i

The second alignment is built taking compactness into account, it can be interpreted
as: the words kāre, eva and ac are missing, the word kāryān. i is replaced by āryān. i, (the
letter k is missing), which is obviously the best solution.

4.6 Problems Which Cannot Be Solved by the LCS

The identification of words in the mātr. kāpāt.ha, as implicitly defined from the previous
alignments, is not completely satisfactory. Indeed the maximisation of the lcs cannot
fulfill our purpose, because the value of the lcs is only related to the notion of char-
acter, whereas our aim is to compare the texts word by word. Once the alignment is
obtained, the words of the mātr. kāpāt.ha are not really identified. To improve this align-
ment we propose a procedure which consists in local changes of the alignment to fulfill
the following two rules:

1. Two words cannot be considered as similar if they do not share at least 50% of their
characters (very short words must be considered apart).
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2. Considering that words can be suppressed, added, or replaced in the mātr. kāpāt.ha,
the desired alignment has to minimise the number of those operations.

Notice that the second rule matches exactly the definition of the edit distance, but in
terms of words instead of characters as is usually the case. The results provided by these
two rules were approved by the philologists in charge of the Sanskrit critical edition. To
illustrate our approach let us compare the following two texts: upadi"syate mahaa
.n in the padapāt.ha and a mātr.kāpāt.ha with: upadi.syata.n. The LCS algorithm
provides an alignment with an lcs of 10 that does not fulfill rule number 1.

u p a d i "s y a t e m a h aa .n
u p a d i .s y a t a .n

This involves the following conclusions:

– The string upadi"syate is replaced by upadi.syat
– The word mahaa is replaced by a

The next alignment is not optimal for the LCS criterion, because its lcs is only 9,
but is preferable because the first rule is satisfied:

u p a d i "s y a t e m a h aa .n
u p a d i .s y a t a .n

– the string upadi"syate is replaced by upadi.syata
– the string mahaa is missing

It appears that the improvement of the initial alignment consists in asserting that the
string mahaa is missing instead of stating that the string maha is replaced by a.

4.7 Pending Problems

There are two major lacks in the software:

– If a long text is added to the mātr. kāpāt.ha we are unable to see what are the words
that compose it, because the padapāt.ha is useless in this case.

– More important, we missed an important point at the beginning of the software
conception: if a word is changed or is missing in a text, most probably sandhi will
be changed. But the sandhi rules are applied at the beginning of the process, during
the transformation of the padapāt.ha into the sam. hitapāt.ha, so we may have, in
some cases, to reconsider the sandhis at the end of the process.

5 Displaying the Result

The results of the comparison program are first displayed as a log file as it was the best
way for the necessary program tuning.
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Paragraph 3 is Missing in File Asb2

(P3) Word 6 ’paaraaya.na’ is:
- Substituted with ’paaraya.naa’ in Manuscript ba2

(P3) Word 11 ’saara’ is:
- Substituted with ’saadhu’ in Manuscript aa

(P3) Word 17 ’viv.rta’ is:
- Followed by Added word(s) ’grantha"saa’ in Manuscript A3

(P3) Word 18 ’guu.dha’ is:
- Missing in Manuscript A3

(P3) Word 21 ’viudpanna’ is:
- Substituted with ’vyutpannaa’ in Manuscript A3

(P3) Words 22 to 23 ’ruupa siddhis’ are:
- Missing in Manuscript A3

(P3) Word 32 ’k.rtyam’ is:
- Substituted with ’karyam’ in Manuscript A3
- Substituted with ’kaaryam’ in Manuscripts aa, am4, ba2

After a conversion of these logged information into XML language, from which
we can obtain a HTML file which can provide us an interactive version of the critical
edition. Figure 3 gives an example of such a display.

Fig. 3. Example of interactive display of the results
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6 Conclusion

In this paper we have proposed a method to compare different versions of the same San-
skrit text. The alignments provided by the LCS algorithm between two texts, considered
as a sequence of characters, is not always sufficient, but provides a good initialisation
for further processing that considers each of the two texts as sequences of words.

The critical edition provided by such improved alignments has been submitted to
philologists and has been approved in its essential part. Nevertheless a more intense
use of the software should enable us to improve and justify the setting of our empirical
approach. There is also a serious need to completely rewrite the software to avoid the
different dead end procedures which are still present and make the program mainte-
nance too complicated. We also need to make more experiments for a better tuning.

The program works at a reasonable speed. With a padapāt.ha of approximately 300
lines, and 45 different mātr. kāpāt.ha the time needed for the comparison process is ap-
proximately 25 seconds. It seems to be quite reasonable.

However, the absence of a Sanskrit lexicon constitutes a limit to our approach: in the
case of an addition of long sentences to a manuscript, it is impossible to detect words
which have been added, for we can only consider the addition in terms of sequence of
characters.
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9. Huet, G.: Héritage du sanskrit: Dictionnaire français-sanskrit (2006),
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Abstract. In this paper we investigate the use of computational tools in the tex-
tual analysis of Sanskrit manuscripts. We use the maximum chi-squared method, 
a technique borrowed from molecular biology, to analyse the distribution of 
variants in two different pairs of manuscripts of the Dyūtaparvan. This method 
gives some insight into the process of manuscript copying in the Mahābhārata 
tradition. In particular it provides evidence that at least one of the scribes used 
more than one exemplar to produce his own version of the Mahābhārata. 

Keywords: textual analysis, stemmatics, contamination, chi-squares, change of 
exemplar. 

1   Introduction 

In the last few decades there has been an increasing awareness that computational 
tools can be very helpful in the textual analysis and editing of ancient texts that sur-
vive in a number of witnesses. From the initial stage of cataloguing and collating 
manuscripts through to the final publication of an edition, there are several intermedi-
ate steps where the use of computers can prove extremely helpful; for example, in the 
textual analysis required to establish the relationships between the extant manuscripts. 

More recently, several interdisciplinary projects have used techniques developed in 
the field of evolutionary biology to map the genealogical relationships between manu-
scripts [Barbrook et al. 1998, Howe et al. 2001]. These studies have made use of phy-
logenetic algorithms based on the principles of cladistics and other evolutionary 
methods originally created for the purpose of mapping the relationships between spe-
cies from their DNA sequences. As Macé & Baret [2006: 90] affirm: “The basic hy-
pothesis that makes this common work possible is that the diversity of the stages of a 
text in a manuscript tradition and the differences between biological taxa can be ex-
plained by the evolution of this text or taxa from a single origin”.  

These phylogenetic algorithms have achieved considerable success in mapping 
vertical relationships between manuscripts. However, less attention has been paid to 
mapping horizontal relationships, where the use of more than one exemplar gives rise 
to a contaminated text. 
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Contamination can be regarded in simple terms as falling into two categories, 
simultaneous and successive. The former is where a scribe used two (or more) exem-
plar copies at the same time to make a copy, with readings from each other 
interspersed. Successive contamination occurs when a scribe is copying from one 
manuscript, but at some point he changes exemplar and starts copying from another 
manuscript for a substantial part (or parts) or for the remainder of the text, and thus 
there may be lengthy sections of text that come from a different source. Contamina-
tion can be very difficult to trace, with simultaneous contamination proving particu-
larly difficult for statistical analysis. Successive contamination is more accessible, and 
we used the maximum chi-squared method [Windram et al. 2005] to investigate pos-
sible exemplar change within one section of the Mahābhārata tradition. 

2   Methods 

Computer-based methods were used to analyse data from the Mahābhārata tradition. 
Variant information was obtained for sargas 43-47, 51, 59-61, and 64-65 of the 
Dyūtaparvan, which appears in the Sabhāparvan, the second book of the Mahābhārata. 
Not all of these sargas are consecutive, as we decided to use only the ones that contain 
the most significant narrative facts. We focused on the 31 manuscripts collated in the 
Poona Critical Edition [Sukthankar, 1933] and added the Critical Edition (CE) itself to 
see how the reconstructed text relates to the other witnesses of the tradition. 

Encoding of Text 

The data for the selected sargas were represented as a numerical matrix. The variants 
were encoded using a numerical system, such that at locations where two manuscripts 
have an identical variant they are given an identical number and where two manu-
scripts differ they are given different numbers. In this way a matrix, or NEXUS file 
[Maddison et al, 1977], was created with each row of the matrix representing a manu-
script and each column, or character, representing a variant location (usually a word) 
in the text. The NEXUS file for the Mahābhārata data consisted of a 32 manuscript x 
5235 character matrix. 

Phylogenetic Analysis of All Manuscripts 

The data matrix was analyzed using the Neighbor-joining algorithm of Saitou and Nei 
[1987]. This method creates a distance matrix based on the number of differences be-
tween manuscripts and uses this information to create a tree that best represents the 
distances between all manuscripts. The branch lengths of the trees are proportional to 
the number of differences between texts. Trees were also generated using shorter sec-
tions of the data in order to identify any manuscripts that may change their affiliation 
throughout the text.  

Bootstrap analysis [Felsenstein, 1985] was used to give a measure of statistical 
support for the tree structure generated by Neighbor-joining. Bootstrapping is a re-
sampling technique which uses a large number of replicate data sets, generated from 
the original data set by a random sampling method. A phylogenetic tree is generated 
for each data set and the results are represented as a consensus tree which only shows 
manuscript groupings supported by at least 50% of the individual trees (all figures 
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shown in this paper are bootstrap consensus trees). The bootstrap support value gives 
a measure of the statistical support for a particular grouping. As a guide, in biological 
systems, a group is considered to be well supported if it has a bootstrap support value 
of 70% or over [Hillis and Bull, 1993]. Important bootstrap values are given at the 
appropriate places in the text. 

Analysis of Pairs of Manuscripts 

Data from selected pairs of manuscripts were used for further analysis.  

Maximum Chi-squared Analysis  

This method is based on the chi-squared analysis developed for the detection and map-
ping of the genetic equivalent of contamination, recombination between sequences of 
biological data [Maynard Smith, 1992]. Using the data from the NEXUS file for a se-
lected pair of manuscripts, the program creates a sequence showing the locations where 
there are differences between the two texts. If the two texts are similarly related 
throughout, then it would be expected that the differences between the texts would, on 
average, be fairly evenly distributed along the sequence. However, the observed pat-
tern of differences may change suddenly if one of the texts shifts to another exemplar. 
The program moves an imaginary breakpoint along the sequence of differences, and 
compares the observed number of differences before and after this breakpoint with the 
expected number of differences in the absence of any exemplar change or recombina-
tion, and calculates a chi-squared value for each breakpoint. The chi-squared values are 
plotted against the location of the breakpoint. The maximum chi-squared value, and the 
highest peak of the chart, occurs at the location where there is the greatest discrepancy 
between the observed and expected distribution of differences, and where a change of 
exemplar is most likely to have occurred [Windram et al., 2005]. 

Percentage of Differences Plot 

A window of specified size is moved along the sequence of differences created for the 
chi-squared analysis. The number of locations where there is a difference between the 
two texts is calculated as a percentage of the total number of characters in the window. 
This value is plotted at the midpoint character number (the window size isalways an 
odd number of characters) and the window is then moved on by one character. A win-
dow size of 501 characters proved optimal for the Mahābhārata data. This analysis in-
dicates the direction of change on each side of a breakpoint identified using the maxi-
mum chi-squared method, i.e. whether texts become more or less similar. 

3   Results 

The complete NEXUS file (32mss x 5235chr) prepared for the selected sargas was 
analyzed using the Neighbor-joining algorithm as implemented by PAUP* [Swofford, 
2001] to give an indication of the relationships between the manuscripts in this region 
of the Mahābhārata  (Fig. 1).  

The tree shown is unrooted, as Neighbor-joining makes no assumption about the 
origin of the tradition. It may help to think of it as a tree seen from an aerial 
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Fig. 1. Critical Edition=CE. Eastern group: D=Devanāgarī, B=Bengali, J=Nepālī, V=Maithilī, 
Dn=Vulgate. Kashmirian group: Z=Śāradā, K=D mss of Z. Southern group: T=Telugu, 
G=Grantha, M=Malayālam. Unrooted Neighbor-joining tree of ten sargas of the Dyūtaparvan 
in the thirty-one manuscripts collated for the Critical Edition, and the Critical Edition itself. 

perspective, where it is only possible to see the branches and how are they related to 
each other, but the root of the tree remains out of sight. The manuscripts divide into 
three groups. The major division occurs between the Northern and the Southern fami-
lies of manuscripts (100% bootstrap support). The Southern group consists of all the 
G, M and T manuscripts written in the Grantha, Malayālam and Telugu scripts respec-
tively. However, the Northern recension clearly shows a split into two further groups 
(100% support): the Kashmirian group consisting of both the Śāradā manuscript (Z) 
and the Devanāgarī versions of the Śāradā text (the K manuscripts), and the North-
eastern or Eastern family containing the Devanāgarī (D), Bengali (B), Nepali (J) and 
Maithili (V) manuscripts and the Devanāgarī versions of the Vulgate text (Dn manu-
scripts). Within this Northeastern family, the B and D manuscripts form a separate 
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Fig. 2. Critical Edition=CE. Eastern group: D=Devanāgarī, B=Bengali, J=Nepālī, V=Maithilī, 
Dn=Vulgate. Kashmirian group: Z=Śāradā, K=D mss of Z. Southern group: T=Telugu, 
G=Grantha, M=Malayālam. Unrooted Neighbor-joining tree of section 1 (chr 1-1745).  

 

subgroup (BD) (100% support), in which the manuscripts are not grouping according 
to their Bengali or Devanāgarī script. Manuscript K4 seems out of place in the tree, 
grouping with the Vulgate manuscripts Dn1 and Dn2 (89% support), but according to 
the evidence presented by Sukthankar and Edgerton this manuscript is a hybrid be-
tween a Kashmirian and a Vulgate version.1 In this particular part of the Dyūtaparvan, 
K4 may be closer to its Vulgate than to its Kashmirian source. Manuscript D6 also 
 

                                                           
1 In his Prolegomena, Sukthankar´s description of K4 (which he in fact calls D1) says that it 

was ¨copied from different exemplars; some parvans have the commentary of NīlakaıÒha, 
while others contain some old text tradition¨ (1933: XVIII). In the second volume of the edi-
tion, Edgerton added that the agreements of K4 with other manuscripts of the tradition “seem 
to me to make it quite certain that the ‘old text tradition’ noted by Sukthankar as blended in 
the manuscript with a vulgate source, was no other than the Kashmirian” (1944: XII). 
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Fig. 3. Critical Edition=CE. Eastern group: D=Devanāgarī, B=Bengali, J=Nepālī, V=Maithilī, 
Dn=Vulgate. Kashmirian group: Z=Śāradā, K=D mss of Z. Southern group: T=Telugu, 
G=Grantha, M=Malayālam. Unrooted Neighbor-joining tree of section 2 (chr 1746-3490). 

groups (100% support) with the Vulgate versions and with K4 rather than with the 
other D manuscripts. The text of the Critical Edition (CE) appears to be most closely 
related to the Northern recension. 

In a tradition of this size there is a large number (32 x 31/2 = 496) of possible manu-
script pairs. In order to select the most suitable manuscripts for pairwise analysis, the 
NEXUS file was then split into three sections, each of 1745 chr, and Neighbor-joining 
trees prepared for each section to give an indication of any manuscripts that changed 
their affiliation within the ten selected sargas of the Dyūtaparvan.  
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Fig. 4. Critical Edition=CE. Eastern group: D=Devanāgarī, B=Bengali, J=Nepālī, V=Maithilī, 
Dn=Vulgate. Kashmirian group: Z=Śāradā, K=D mss of Z. Southern group: T=Telugu, 
G=Grantha, M=Malayālam. Unrooted. Neighbor-joining tree of section 3 (chr 3491-5235) 

The Neighbor-joining trees for section 1 (Fig. 2) and section 2 (Fig. 3) show little 
change in the manuscript groupings from that seen in the complete tradition, with 
both manuscripts K4 and D6 grouping with the Vulgate texts (99% support in section 
1; 100% support in section 2).  However, in the tree for section 3 (Fig. 4), manuscript 
D6 shifts its affiliation to join the other members of the BD subgroup (grouping with 
B5, D5, D3 and D4 with 100% support), while K4 remains with the Dn manuscripts 
(100% support). 

This affiliation shift of D6 indicated that it might be a suitable candidate for pair-
wise analysis along with its closest neighbours both before (Dn1) and after (D5) the 
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Fig. 5. Plot of chi-squared values (left) and the percentage of differences (right) against the lo-
cation in the text for the manuscripts D6 and D5. The chart (right) shows the percentage of dif-
ferences in the region of coded text contained in a moving window (of 501 characters) against 
the character number at the mid-point of the window. 

shift. Maximum chi-squared and percentage difference analyses were performed for 
manuscript pairs D6/Dn1 and D6/D5. 

As D6 showed a clear shift of affiliation, it was decided to perform the analysis in 
a way that would enable the statistical significance of the result to be determined. The 
significance threshold corresponding to a conventional false-positive probability of 
0.05 may be determined for 32 manuscripts (31 manuscripts + the CE text) where the 
test manuscript is compared with its nearest neighbour on either side of a possible 
breakpoint. The significance threshold is determined by the formula for the Dunn-
Sidak method, as described in Sokal and Rohlf [1995: 239]. A probability value (P) is 
determined for each pairwise comparison. This indicates the likelihood of obtaining 
this result in the absence of a genuine breakpoint. Any P value higher than the signifi-
cance threshold is statistically insignificant. 

 

Significance threshold = 1 - 0.95(1/64)  = 8.014 x 10-4 (= 0.0008 approx) . (1) 
 

In the chi-squared plot for the manuscript pair D6/D5 (Fig. 5) the highest peak oc-
curs at character 3735, indicating that, statistically, this is the most likely location for 
a breakpoint e.g. a change of exemplar. The probability value P = 1.5 x 10-8, which is 
statistically significant as it falls well beneath the threshold value. The percentage of 
differences plot indicates that the two manuscripts become much more similar in a re-
gion that corresponds with the location of the maximum chi-squared value. These re-
sults taken together would be consistent with manuscript D6 suddenly moving closer 
to manuscript D5 in this region. 

The results for the D6/Dn1 pairwise comparisons are shown in Figure 6. The 
maximum chi-squared peak occurs at character 3757, which corresponds to the region 
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Fig. 6. Plot of chi-squared values (left) and the percentage of differences (right) against the lo-
cation in the text for the manuscripts D6 and Dn1. The chart (right) shows the percentage of 
differences in the region of coded text contained in a moving window (of 501 characters) 
against the character number at the mid-point of the window. 

where the percentage of differences plot indicates that the two manuscripts start to be-
come more different from each other. A probability value of 2.7 x 10-6 indicates that 
the results are statistically significant. 

The results of the D6/D5 and the D6/Dn1 comparisons are complementary and to-
gether clearly show the shift in affiliation of manuscript D6 away from Dn1 and to-
wards D5. The analyses indicate that this shift occurs between characters 3735 and 
3757. These two values are in very good agreement, and indicate that a change of ex-
emplar may have occurred after the end of sarga 51, whose last word is located at 
character 3747. 

However, no data for chapters 52 to 58 were included in the analyses, and sarga 51 
was followed by sargas 59 and 60 in the NEXUS file.2 Thus, if any change of 
exemplar occurred, it could have occurred within the region between the end of sarga 
51 and the beginning of sarga 59. Work is currently in progress to prepare a complete 
and detailed analysis of the whole Dyūtaparvan.  
                                                           
2 In terms of plot, it is important to remember what occurs in sargas 59 and 60. 59: Duryodhana 

orders Vidura to fetch Draupadī, he refuses with dark predictions (ślokas 1-10). 60: Duryod-
hana orders an usher to fetch her; he goes and tells Draupadī (1-5). Draupadī tells him to ask 
in the assembly if Yudhi˘Òhira lost himself before losing her; Yudhi˘Òhira gives no answer 
(5). Duryodhana orders the usher to bring Draupadī (10). Draupadī appears in the hall, clothed 
in one garment (15). Duryodhana tells Du˛śāsana to fetch Draupadī; he goes and drags her by 
the hair into the hall (15-20). She protests that she has her period (25-30). She appears; 
Du˛śāsana insults her (35). Bhī˘ma fails to solve the problem whether she was Yudhi˘Òhira’s 
to stake (40). Draupadī protests (40-45). Description taken from J. A. B. van Buitenen (1975: 
106-109). 
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4   Discussion 

The analyses indicate that there is a change in the relationship between manuscript 
D6 and the Vulgate (Dn) and BD texts in the Dyūtaparvan. The Dn manuscripts are 
known to contain contaminated texts because we know that NīlakaıÒha, when pre-
paring the Vulgate text in the last quarter of the seventeenth century, “had compared 
many copies of the Mahābhārata, collected from different parts of India, with a view 
to determining the ‘best’ readings and even consulted the scholia of old authorities” 
[Sukthankar, 1933: LXV].3 The Vulgate manuscripts are not all dated, but they can 
scarcely be earlier than the beginning of the eighteenth century. Manuscript D6 has 
been dated 1570 AD, and therefore it predates the Vulgate manuscripts. 

Since D6 is an earlier manuscript than any of the Vulgate texts, it is clearly impossi-
ble for the D6 scribe to have switched from a Vulgate to a BD-type exemplar. Instead 
we have a more complex situation where there are a variety of possible scenarios: 

− D6 may be just a copy of another manuscript where the change of exemplar may 
have actually taken place, from an exemplar similar to the one used by NīlakaıÒha 
in the first two analyzed sections of the Dyūtaparvan to a BD-type one.  

− The scribe of D6 himself could have made the change of exemplar 
− The scribe of the Vulgate (e.g. NīlakaıÒha) may have shifted from a D6-type ex-

emplar to other(s) or started introducing a great number of readings that are not 
available in D6.4 

These are by no means all the possibilities, just a few of them to illustrate that the 
change of exemplar could have occurred before D6, in D6 or after D6. The motiva-
tions for such change of exemplar also remain unknown. The scribe may have made a 
conscious choice by picking the text he wanted to copy or he may have been forced to 
do so, e.g. if the manuscript he was copying from was incomplete.  

This means that, according to our evidence, there has been at least one case of suc-
cessive contamination during the Mahabharata manuscript transmission. However, it 
is not possible to know exactly when it occurred. D6 is our only indicator of this 
change of exemplar but being a single manuscript it throws very little light into what 
actually happened.  

This confirms the need to increase the number of manuscripts analyzed. The Criti-
cal Edition of this part of the text was prepared using data from thirty-one manu-
scripts, which was a large number to deal with by manual methods. However, with the 
availability of modern computer based methods for the preparation and analysis of 
textual data, it should be possible to extend the data base to include a far greater num-
ber of the extant manuscripts. The availability of a bigger pool of variant readings 
should facilitate the production of more varied and complete editions. In addition, it 
may also offer some insight into the processes of textual evolution that were at work 
during the development of the Mahābhārata manuscript tradition. 
                                                           
3 In the quotation cursives are ours. 
4 However, the results as they stand at the moment cannot really be interpreted solely as the 

Vulgate manuscripts moving away from D6. This would explain why D6 moves away from 
Dn1 but not why D6 moves towards D5.  
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Abstract. OCRopus is an open source OCR system currently being
developed, intended to be omni-lingual and omni-script. In addition to
modern digital library applications, applications of the system include
capturing and recognizing classical literature, as well as the large body
of research literature about classics. OCRopus advances the state of the
art in a number of ways, including the ability easily to plug in new text
recognition and layout analysis modules, the use of adaptive and user ex-
tensible character recognition, and statistical and trainable layout anal-
ysis. Of particular interest for computational linguistics applications is
the consistent use of probability estimates throughout the system and
the use of weighted finite state transducers to represent both alternative
recognition hypotheses and statistical language models. In this paper, I
first give an overview of these technologies and their relevance to digi-
tal library applications in the humanities, and then focus on the use of
statistical language models and their use for the integration of OCR out-
put with subsequent computational linguistic and information extraction
modules.

1 Introduction

New digitization techniques, cheap storage, cheap imaging equipment, and fast
networking are making large amounts of scholarly literature available in image
format, including literature in, and about, Sanskrit. Unfortunately, much of this
literature remains inaccessible as existing OCR systems cannot cope well with
this type of content, for a variety of reasons.

Large scale scanning efforts, like Google Books and various Million Books
projects, tend to rely on scanning methods that result in fairly low image quality
relative to the kinds of scanning methods that commercial OCR systems tend
to be developed for.

Recognition of Devanagari has been studied, and some academic and com-
mercial systems have been developed, but their performance is not yet at the
level of systems for English. Some of the reasons are the greater complexity of
the Devanagari script, the large numbers of ligatures, and the large and un-
usual vocabulary used in academic and historical texts. In addition, scholarly
and classical uses of Devanagari may use special typographic features not found
in commercial uses of Devanagari.
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In addition, scholarly texts are frequently multi-lingual and multi-script, mix-
ing Devanagari and Latin script, and occasionally using Greek letters and IPA
symbols.

Overall, for classics applications, we can at least distinguish the following
document types:

– original documents. Some documents of scholarly relevance are indeed the
original written records–the first fixation of words into written form by the
original authors; these may be handwritten, severely degraded, and use un-
usual fonts and styles.

– original texts. Many classical texts have been recorded, edited, and reprinted
within the last several centuries, using modern printing techniques and mod-
ern typography. Such texts are of great scholarly interest, as are detailed
comparisons between the different editions. Although the body of such books
primarily consists of the original text, they often also contain scholarly com-
mentary, marginal notes, footnotes, and annotations, requiring multi-script
and multi-language OCR.

– commentaries, analyses, textbooks. These kinds of documents contain a mix
of scholarly writing in modern languages, passages in classical languages,
annotations, footnotes, references, and other content.

– dictionaries, encyclopedias, catalogs. These kinds of documents contain large
amounts of structured information. They are often characterized by non-
standard grammars, complex layouts, and complex mixes of scripts and lan-
guages.

The OCRopus system (Breuel, 2008) is a multi-lingual and multi-script open
source document analysis and OCR system that is actively being developed.
In this paper, I will review some of the directions we are taking in adapting
OCRopus to the needs of digitizing and analyzing scholarly literature, with an
emphasis on Sanskrit.

2 The OCRopus System

Unlike many commercial OCR systems, the OCRopus system uses a strictly
feed-forward architecture (Figure 1). That is, each processing stage receives
some input and computes an output representation that is then used by the
next stage, with no backtracking. From a software engineering point of view,
this greatly reduces coupling between components and makes it much easier to
“plug in” other layout analysis and text recognition modules. From a pattern
recognition point of view, it is not known how to model backtracking correctly
statistically, making it difficult to evaluate, test, or optimize OCR systems based
on backtracking.

The major stages of the OCRopus system are:

– Preprocessing consists of page dewarping and deskewing, noise removal, and
page frame detection.
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Fig. 1. The OCRopus system architecture is strictly feed-forward, with the three major
stages being layout analysis, text line recognition, and statistical language modeling

– Layout analysis performs a separation of text and images on a page, and
divides the text regions into text columns, paragraphs and lines.

– Text line recognition recognizes linear sequences of characters and outputs
the corresponding text and style information, in a format that allows for
both segmentation and recognition alternatives.

– Statistical language modeling selects the best interpretation of the text tak-
ing into account prior knowledge about the vocabulary, orthography, and
grammar of the target language.

OCRopus uses only a small number of data types internally, making it easy
to reuse parts of OCRopus in other systems, and making it easy to incorporate
other systems into OCRopus:

– Images are used for representing input data, as well as page layouts, segmen-
tations, and other spatial data structures.

– Weighted finite state transducers are used for representing the output of text
line recognition (that is, text with associated segmentation and recognition
alternatives), as well as statistical language models.

– The hOCR format is used for representing the final output of the OCR sys-
tem; it encodes OCR information in completely standards-compliant HTML
files. By building upon existing HTML standards, hOCR automatically has
a rich set of representations for typographic phenomena in the world’s major
languages.

OCRopus is primarily a set of C++ libraries implementing a variety of differ-
ent document analysis and OCR-related functions. OCRopus contains a set of
simple standard internal C++ abstract interfaces for major document analysis
and OCR functionality, like isolated character recognition, text line recognition,
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while pages:nextPage() do

pages:getBinary(page_image)

segmenter:segment(page_segmentation,page_image)

regions = RegionExtractor()

regions:setPageLines(page_segmentation)

page = PageNode()

for i = 1,regions:length()-1 do

regions:extract(line_image,page_image,i,1)

lattice = make_FstBuilder()

bpnet_recognizer:recognizeLine(lattice,line_image)

bestpath2(line,lattice,langmod)

page:append(line:utf8())

end

document:append(page)

end

Fig. 2. The top-level driver loop (in Lua) for multi-page, multi-column OCR with
statistical language modeling. Users can easily modify this loop, for example, to use a
different recognizer, to change the way language modeling is handled, to construct a
different output format, or to pre-process pages or lines to remove noise.

segmentation, and layout analysis. In addition, most of the OCRopus function-
ality is available through scripting languages, and major functions are available
as command line programs (Figure 2).

OCRopus can be used in a variety of ways for document analysis and OCR:

– Users can access it through hosted web services, submitting images through
a web browser or command line web client, and obtaining document analysis
and OCR results as web pages or images.

– Users can run OCRopus from the command line or use it from shell scripts.
– Users can customize how OCRopus performs OCR by scripting the OCR

engine in Lua (a widely used, easy-to-use scripting language); in fact, the top-
level driver loops are all written in Lua and can be modified to suit particular
needs (e.g., different image preprocessing, different output formats).

– Users can add C++ functions and components to OCRopus. Components
that conform to the existing OCR-related interfaces can be used as drop-
in replacements for functions like layout analysis and text line recognition.
Pre-existing OCR systems can be integrated into OCRopus in this way.

3 Preprocessing

The OCRopus OCR system has a fully scriptable library of efficient image pro-
cessing and statistical operations, including efficient binary morphology and ge-
ometric transformations. Obvious uses of these tools include noise removal and
other document cleanup.

However, many standard document analysis algorithms can also be formulated
as image processing tasks. For example, layout analysis by smearing, layout
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analysis using the docstrum, and similar high-level operations can be expressed
in terms of binary morphology, distance transforms, marker morphology, and
statistics.

Even simple shape recognition problems, such as finding staffs, bars, circles,
and lines can be expressed using these primitives.

4 Layout Analysis

OCRopus features a number of different layout analysis methods:

– The primary layout analysis method used in OCRopus is based on compu-
tational geometry algorithms for finding whitespace and robust least square
matching.

– We are developing a trainable statistical layout analysis method that will be
included in future versions of OCRopus.

– XY cuts and Voronoi methods are widely used methods from the literature.
In benchmarks, we find that these methods do not genernally perform as
well as the previous two methods, but they may be useful in some specialized
applications.

– Custom “smearing” and morphologically based layout analysis methods can
be explicitly scripted in Lua and used in place of one of the built-in methods.

Two key questions that arise in the context of applications to scholarly San-
skrit literature are how well these algorithms work on Devanagari, and how well
they work on mixed text.

The primary layout method used in OCRopus performs layout analysis in
several steps:

– First, it computes a whitespace cover of the background, by computing all
locally maximal rectangles.

– From this whitespace cover, it selects column separators.
– Then it performs robust least square matching of text lines against the con-

nected components on the page, subject to the constraint that text lines
cannot cross column separators.

– Finally, it performs reading order determination by computing a “text-line-
after” relationship between pairs of text lines and extending that partial
order to a total order via topological sorting.

Generally speaking, OCRopus’s layout analysis methods seem to work quite well
on both types of input (see Figure 3). Text column styling is similar between the
two languages and there is no need to modify the white space cover algorithm.
The fact that Devanagari largely lacks intra-word whitespace actually reduces
the probability of column misdetection.

The constrained text line finder in OCRopus uses a “western style” text line
model based on baselines and descenders; however, this model works well for
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Fig. 3. The result of applying the standard OCRopus page layout analysis tool to
documents consisting of mixed Devanagari and Latin script. Standard OCRopus line
and column finders work well on Devanagari text, as well as mixed Devanagari/Latin
text.

Devanagari, since Devanagari characters effectively have size variations corre-
sponding to descenders and ascenders. However, the statistics for those varia-
tions are somewhat different from those of Latin script, with a larger “x-height”
relative to the size of the descenders and ascenders.

Layout analysis also appears to work well on mixed Latin/Devanagari text
using the current model (see Figure 3). However, in the medium term, it will
be desirable to modify OCRopus text line finding to perform a pre-classification
into Devanagari and Roman characters and to create separate text line mod-
els for the two types of text. The prominent horizontal line running through
most Devanagari characters may provide a convenient, if ad hoc solution to this
classification problem until a more general purpose, trainable pre-classification
mechanism is implemented in OCRopus.

5 Line Recognizers

Although “OCR for classical Sanskrit” might primarily be understood as recog-
nition of Sanskrit texts written in Devanagari, the task is actually considerably
broader. Some historical texts may use different writing systems, since Devana-
gari is not the only script in historical use for Sanskrit. Scholarly writing on
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Sanskrit almost always uses Latin script, and Latin script is also used for writ-
ing Sanskrit itself, including extended passages. Sanskrit written in Devanagari
and Latin scripts also makes use of numerous diacritics that need to be recog-
nized. In addition, IPA may be used for pronunciation, Greek letters may be
used for classical Greek quotations, and Greek letters and other special charac-
ters may be used for indicating footnotes or other references. Text recognition
for literature involving Sanskrit therefore needs to be able to cope with this wide
variety of symbols, as well as mixing them within the same text and even the
same line or sentence.

As indicated above, OCRopus abstracts all actual character recognition in the
form of text line recognizers; that is, text line recognizers for different scripts
are responsible for segmenting the text line into characters, then recognizing
the characters, and then returning a data structure that represents all possi-
ble segmentation- and recognition alternatives for the input line. This approach
allows the same interface to be used between the rest of the system and the char-
acter recognition engine despite the fact that different scripts require different
approaches to word and character segmentation.

5.1 Built-In Line Recognizers

OCRopus already has built-in line recognizers for Latin scripts. These are im-
portant in their own right in OCR systems for recognizing scholarly texts on
Sanskrit, since, in order to recognize Latin script texts, for scholarly texts in
languages like English, German, or French, and for recognizing Romanized De-
vanagari, an OCR system needs a high performance, high accuracy text line
recognizer. By the beta release, OCRopus will have four such recognizers: (1)
the Tesseract recognizer, a shape matching recognizer based on character out-
lines (Smith, 2007), (2) a multilayer perceptron (MLP)-based recognizer that
performs oversegmentation followed by character classification with an MLP,
(3) a shape-based recognizer using a hierarchical database organization and ro-
bust shape matching under transformations, and (4) a Hidden Markov Model
(HMM) recognizer that integrates segmentation and recognition. By the 1.0 re-
lease, OCRopus will likely also incorporate a text line recognizer based on word
shape.

Unlike many other approaches to OCR, these recognizers make few assump-
tions about the character set or fonts they are recognizing; instead, they are
trained on text line input, perform alignment against ground truth data, and
then train individual character shape models automatically. The feature set used
by these recognizers are generic and applicable to many scripts. Language mod-
eling is handled separately (see below). Recognition accuracy of these recognizers
approaches that of commercial OCR systems.

Diacritics are currently handled by treating character+diacritic combinations
as novel characters--an approach that works well for the limited character+
diacritic combinations found in modern European languages. Scholarly literature
has a much large number of possible combinations, for example when diacritics
are used to indicate stress. In addition, some diacritics in scholarly literature
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span multiple characters. Increased use of OCRopus for scholarly literature may
therefore require the development of diacritic recognition and removal prior to
character recognition, with an integration of character recognition results and
diacritics at a later stage.

5.2 External Line Recognizers

As already mentioned above, OCRopus makes it easy to incorporate external
OCR and character recognition engines into the system. This will permit the use
of Devanagari OCR engines that have already been developed within OCRopus
for text line recognition, while still taking advantage of the layout analysis and
statistical language processing facilities of OCRopus.

5.3 Devanagari

It will be desirable to take advantage of the built-in text line recognition meth-
ods in OCRopus for Devanagari recognition. Although the visual appearance of
Devanagari is very different, its basic approach to writing is not all that different
from Latin scripts (in fact, it has been hypothesized that the two writing systems
share a common origin): Devanagari consists of a linear sequence of graphemes.
Each grapheme represents a consonant or vowel, although consonants carry an
implicit vowel. Phenomena like diacritics, word spacing, and kerning are common
to both writing systems.

There are some significant differences to Latin script:

– In printed Latin script, graphemes do not touch each other in clean renditions
of the script; in Devanagari, touching characters are the norm.

– The text line model is different, with character “hanging from” a horizontal
line running through most of the Devanagari text.

– In Latin script, grapheme order corresponds mostly to phoneme order, while
in Devanagari, order is frequently violated. For example, graphemes repre-
senting vowels frequently precede graphemes representing consonants, even
though the vowel phoneme follows the consonant. Unicode encoding follows
phoneme order in many cases, necessitating a transformation of grapheme
to Unicode order.

– Devanagari makes extensive use of ligatures for consonant clusters; this
means that although the basic character set is about the same size as Latin
character sets, there is a much larger set of ligatures that needs to be recog-
nized.

– Devanagari makes extensive use of diacritics; as in Latin script, these can
either be recognized as part of the character itself, resulting in a large char-
acter set, or they can be recognized as separate units and later be combined
with the base character set.

Many of these issues also arise with other writing systems and therefore need
to be addressed within a multi-script, multi-lingual system. For example, Ara-
bic and Urdu both are mostly-touching writing systems and have different text
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line models from Latin script. And Urdu and historic Latin script both make
extensive use of ligatures and diacritics. CJK languages (Chinese, Japanese, and
Korean) require recognizers and classifiers that can cope with character sets
containing tens of thousands of characters.

Our general approach to direct recognition of Devanagari within OCRopus is
to adapt the existing recognizers. The two recognizers most easily adapted are
the HMM recognizer and the MLP recognizer.

In order to enable training, the first step that will be necessary will be to
decide on a set of graphemes for representing Devanagari text lines. Some of the
graphemes will be treated as separate characters, while others may be treated as
diacritics. Then, we need to construct an invertible Unicode-to-grapheme map-
ping; the mapping can be represented and computed out using finite state trans-
ducers, the same technology used for language modeling within the OCRopus
system.

For the HMM recognizer, models are trained using standard methods: the
forward-backward algorithm, the construction of HMM models for each charac-
ter, and forced alignment with ground truth. Alignment has to be carried out
against the grapheme sequence, not the original Unicode character sequence.

An oversegmenting MLP-based recognizer can likewise be trained directly
against the grapheme sequence (where it is important that the graphemes chosen
correspond to the “characters” identified by the segmenter).

In Figure 4, we see that the primary segmenter used within OCRopus for
Latin scripts, a segmenter based on computing near-vertical cuts using a dy-
namic programming algorithm (Breuel, 2001), also yields reasonable grapheme
sequences for Devanagari; the output of this segmenter can then be used as
input for MLP-based grapheme recognition, and the resulting hypothesis graph
can then be transformed into a unicode character sequences using the grapheme-
to-Unicode mapping established previously.

A second segmenter within OCRopus is based on skeletal features and leads
to a much higher degree of oversegmentation; it could potentially be used with
other sets of graphemes.

6 Language Modeling

As already mentioned above, OCRopus relies for both the representation of
segmentation and recognition alternatives, as well as for the representation of
statistical language models, on weighted finite state transducers (Mohri et al.,
2002 WFSTs). WFSTs allow language models and recognition alternatives to
be manipulated algebraically: they can be concatenated, unioned, intersected,
composed, minimized, reversed, complemented, and transformed in a variety of
other ways.

WFSTs can be thought of as directed graphs whose edges are associated
with symbols and weights. The symbols are often Unicode characters, but can
also represent graphemes, phonemes, ligatures, fonts and styles, and even entire
strings.
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Fig. 4. Segmentations of an input string (top) into character parts. Character parts
are indicated by color. Character parts are grouped together into character hypotheses,
which are then recognized by the character shape recognizer. Character parts that span
multiple actual characters frequently lead to recognition errors (undersegmentation).
On the other hand, splitting characters into many small parts results in longer recogni-
tion times (oversegmentation). Two segmentations are shown, obtained using standard
OCRopus segmenters: the first segmentation is based on the curved cut segmenter (a
dynamic programming method), the second segmentation is based on the skeletal seg-
menter. Here, segmenters were used with their default parameter settings (performance
can likely be improved further by adapting parameter settings to Devanagari).

WFSTs are a mature technology used, for example, in speech recognition
(Mohri et al., 2000), information extraction (e.g., Kramer et al., 2007) and sta-
tistical machine translation (e.g., Kumar and Byrne, 2003). WFSTs can be con-
structed manually or learned from training data.

WFSTs can be used to implement the kinds of language processing problems
traditionally encountered in OCR systems:
– Dictionary-based language models are very common in OCR systems; dictio-

naries can be represented efficiently as WFSTs by first constructing a WFST
whose paths correspond to individual words and whose weights correspond
to logarithmic word frequencies, then minimizing that WFST using WFST
minimization algorithms, and finally computing the closure of that WFST.
The resulting WFST is similar to a trie data structure with additional com-
pression of word suffixes.

– WFSTs can be used for training by substituting the recognition language
model in the OCR system with a special language model that accepts only
the actual transcription of the input text; the result of recognition with this
special language model is an input that has been forcibly aligned to the
ground truth. This alignment is then used to extract images for training
HMM or MLP classifiers.

Beyond these traditional uses, there is a wide variety of other potential applica-
tions. For example, WFST-based language models allow us to solve the following
problems:

– For source documents written in multiple languages (e.g., English and San-
skrit), we can take existing language models for English and Sanskrit and
combine them. As part of the combination, we can train or specify the proba-
ble locations and frequencies of transitions between the two language models,
corresponding to, for example, isolated foreign words within one language,
or long quotations.
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– We can represent and learn (from sample data) the correspondence and
statistics of modern dictionary forms and classical spelling variants of words
using WFSTs. The resulting WFST can be used in both directions: it can
be used to map historical documents onto modern orthography, it can be
used for aligning and comparing modern and historical texts, and it can be
applied for using language models developed for one orthography in the OCR
recognition of documents written using the other orthography.

– A WFSTs model can be used for transliterating Devanagari into Latin script,
and the same model can then also potentially be used for the reverse direc-
tion.

– Often, ground truth data for OCR training is not perfectly aligned with the
actual image data due to transcription errors, different source editions, etc.
Instead of using the exact transcription of the ground truth text, we can
transform it into a WFST that can be used instead of ground truth and is
tolerant to misalignment, transcription errors, insertions, and deletions.

– By composing such language models, we can, for example, use a modern
transliterated version of a text using modern orthography as the ground
truth data for training OCRopus on a historical text printed in Devanagari.

– Some source documents, like dictionaries and catalogs, are described by small
grammars. For example, a dictionary entry may have a head word in San-
skrit notated in Devanagari, followed by IPA notation in brackets, followed
by a word class in italic Latin script, followed by a translation in Latin script
alternating with usages examples in Sanskrit, concluding with a list of nu-
merical references. This sequence of script, style, and language changes can
be represented as a WFST, and the WFST can drive not only the recog-
nition of each part of the entry, but also mark the logical function of each
substring.

– Statistical machine translation systems tend to be quite sensitive to OCR
errors. However, most OCR errors are actually not strictly speaking errors,
but instead places where the OCR system itself recognized an ambiguity and
was forced to make a decision. OCRopus represents segmentation and recog-
nition alternatives as WFSTs. By using the WFSTs generated by OCRopus
directly as input to a statistical machine translation system (e.g., Kumar
and Byrne, 2003), the error rate of the overall system can potentially be
greatly reduced. Similar considerations apply to other statistical language
processing steps based on OCR output, such as named entity recognition,
parts of speech tagging, and parsing.

7 Other Applications

The renewed interest in OCR systems was, in part, motivated by the widespread
scanning activities by organizations like Google and the InternetArchive.These ef-
forts tend to be large scale operations with expensive imaging and post-processing
equipment.

Separately from the OCRopus effort, our research group is also developing
portable, low-cost technology for document image capture applications, intended
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to make the ability to capture historical and scholarly literature universally
available, as well as to enable handheld machine translation for both students
and researchers in the field.

We have also developed non-OCR-based image alignment for historical doc-
uments, permitting the automated comparison of low-quality historical docu-
ments, as well as the recovery of annotations and differences between editions.

8 Discussion

This paper has described on-going work in the development of a multi-lingual
OCR system, and how the architecture of the system is supporting multiple
languages, scripts, layouts, and language models.

As a community project, the quickest way of obtaining support for Sanskrit
and Devanagari is through community support. The infrastructure and tools
are already in place for this, and, as we have seen, image pre-processing, layout
analysis, and linguistic post-processing are already in place for this and function
well for Devanagari. Simple Devanagari support will likely appear this year, both
based on the Tesseract recognizer and based on the OCRopus MLP recognizer.
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Abstract. With advances in the field of digitization of printed documents and 
several mass digitization projects underway, information retrieval and document 
search have emerged as key research areas. However, most of the current work 
in these areas is limited to English and a few oriental languages. The lack of effi-
cient solutions for Indic scripts and languages such as Sanskrit has hampered in-
formation extraction from a large body of documents of cultural and historical 
importance. This chapter presents two relevant topics in this area. First, we de-
scribe the use of a script specific Keyword Spotting for Sanskrit documents that 
makes use of domain knowledge of the script. Second, we address the needs of a 
digital library to provide access to a collection of documents from multiple 
scripts. This requires intelligent solutions which scale across different scripts. 
We present a script independent Keyword Spotting approach for this purpose. 
Experimental results illustrate the efficacy of our methods. 

Keywords: Document Analysis, Keyword Spotting, Optical Character Recog-
nition, Document Retrieval, Indic Scripts. 

1   Introduction 

For decades, Optical Character Recognition (OCR) has been considered as the primary 
enabling technology for automatic interpretation of handwritten or machine print 
document images. Given the relatively easy access to large numbers of document im-
ages in English and certain oriental scripts, OCR solutions have primarily focused on 
these scripts. However, the information boom of the last decade has led to a remark-
able growth in the digital collection of documents in non-European and non-oriental 
scripts such as Indic scripts. Unfortunately, the progress in recognition technologies for 
Indic scripts such as Devanagari (used for Sanskrit, Hindi and other languages) has not 
been at par with the growth in the digital document collections. This can be attributed 
to a number of challenges in the form of poor quality documents, complex nature of 
the scripts, and relatively fewer years of research on Indic OCR. 

Fortunately, recent advances in information retrieval have led to the emergence of 
Keyword Spotting as a viable method and an alternative to full OCR. Keyword Spot-
ting essentially finds all occurrences of a typed input word in a set of handwrit-
ten/printed documents. Using this method, it is possible to obtain information 
from documents without relying on robust recognition strategies. Fig. 1 illustrates the 
concept where the boxed word image represents the spotted keyword.  
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Fig. 1. A sample Sanskrit document image with keyword boxed in red 

We present two different approaches to Sanskrit Keyword Spotting. In the first ap-
proach, we describe a Block Adjacency Graph (BAG) based scheme for word recog-
nition. It includes a BAG-based document clean up technique that uses a graph to 
maintain the overall ligature structure while removing noise that does not conform to 
a ligature shape. We use multiple hypotheses generated in the recognition phase to 
determine the similarity between a query word and a document word image. This en-
sures that even if the top choice result of an OCR is not correct, based on the similar-
ity with the query, multiple word hypotheses returned by the OCR are considered. 
The second approach extends the idea of Keyword Spotting to multilingual docu-
ments. We use a moment-based word matching technique which maintains a script 
invariant representation of all word images. Word matching is performed using the 
cosine similarity. We also employ a relevance feedback technique to refine the word 
spotting results. The rest of the chapter is organized as follows: Section 2 describes 
background work in this area. Section 3 explains the proposed methodologies. Section 
4 discusses the scope of the proposed methods. Conclusions are drawn in Section 5.  

2   Related Work 

Existing Keyword Spotting approaches can be broadly classified into two categories 
(Fig. 2): (i) OCR based approaches and (ii) Image feature based approaches. The 
OCR based techniques are suitable only for applications where the documents are of 
good quality and involve relatively small lexicons. Thus, instead of indexing the 
OCR’ed text of images for keyword retrieval, approaches based on indexing interme-
diate OCR likelihood or matching distance have been proposed for retrieving English 
documents [1, 2, 3]. However, such OCR systems are still not available for Sanskrit. 
This is because of several challenges in Sanskrit word recognition including: (i) a 
large number of ligatures resulting from all possible permutations of graphemes, (ii) 
ligature shapes made of complex primitives that cannot be easily segmented using 
conventional approaches. (iii) multiple font styles, and (iv) poor quality documents. 
To the best of our knowledge, our method is the first that uses a recognition-based 
approach for Keyword Spotting in Sanskrit documents. 

 



 Keyword Spotting Techniques for Sanskrit Documents 405 

 
Fig. 2. Classification of existing Keyword Spotting techniques 

In recognition-free Keyword Spotting approaches (Fig. 2), after preprocessing of 
document images and word segmentation, feature vectors are extracted from word 
images and stored in a database. When a user provides a query word, the similarity 
between the query and the word image in the database is computed, and word images 
are returned in decreasing order of similarity [4, 5, 6]. The comparison functions ac-
commodate inexact matches by using Dynamic Time Warping (DTW) or string edit 
distance measures. Some methods use probabilistic similarity metrics or clustering to 
compute the similarity between the query word image and the document word image 
[6, 7]. Global shape features have been found to be not as discriminative as using an 
OCR specific to the script, and are prone to failure in the case of scripts like Devana-
gari that have a large and complex set of ligatures. The extracted global word shape 
features are not very reliable in poor quality Sanskrit documents. 

Manmatha et al. [8] study various types of features for indexing handwritten Eng-
lish documents including profile-based features, gradient features and Gabor-based 
features [7]. Dynamic Time Warping (DTW) is used for finding similarity between 
the query word image and other word images. Though these features work fairly well 
with English documents, they have proved to be inadequate for Sanskrit given the 
complexity of class labels calling for more specific modeling of word images. More-
over, presence of the top horizontal line (head line) or "Shirorekha" renders most of 
the profile-based features ineffective. Also, DTW based approaches are slow. The 
Keyword Spotting method for Sanskrit proposed by Harish et al. [9] uses a Gradient, 
Structural and Concavity (GSC) feature set to measure the image characteristics at lo-
cal, intermediate and large scales. The method specifies a sliding window approach. 
Local image features are computed from every window. However, in the presence of 
noisy word images, feature extraction is fragile. Template-based approaches such as 
these perform image matching in the feature space and hence require an image based 
model of the query word (template). Therefore the method does not scale with a large 
number of query words. 

Keyword Spotting for 
Document Images 

Recognition-free  

Use Image Based Features  
(Profile features, Gabor, 
GSC, DTW matching) 

Recognition Based 

Use OCR Results 
(Lexicon Based, word 

rankings, word recognition 
based) 
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3   Proposed Methodologies 

This section describes two different approaches to Sanskrit Keyword Spotting. The 
first is based on a common framework for both recognition and retrieval of Sanskrit 
documents. A font-independent OCR generates results at the (sub) grapheme level 
(atomic graphs) for a given word image. These results are used by a document re-
trieval system which defines a ‘string edit’ based cost metric to align OCR results 
with an input query word.  The second approach uses a script-independent representa-
tion of word images to match the input query word with every indexed word image 
and retrieves the corresponding documents. The latter approach is recognition free but 
needs a query template consisting of word images of each query word to be searched.  
The following subsections describe these methodologies in detail. 

3.1   Recognition-Based Keyword Spotting 

Our system (Fig. 3) consists of 3 phases: (a) Preprocessing phase, (b) Recognition 
phase and (c) Matching phase. In the preprocessing phase, the horizontal profiles of 
the document image are used to segment the document into line images. The vertical 
profile of each line image is used to extract individual word images. Since the docu-
ment images are often of poor print quality, the extracted word images are noisy. 
Therefore, the word images are cleaned by performing a Block Adjacency Graph 
(BAG) based smoothing procedure before initiating the recognition phase [10].  

 

Fig. 3. System architecture for OCR based Keyword Spotting [10] 

A Block Adjacency Graph (BAG) can be created by classifying runs as merging, 
splitting or continuing runs. BAGs can be constructed using both horizontal runs as 
well as vertical runs. Horizontal runs are classified based on the number of runs pre-
sent above and below a given run.  Runs that have one or no runs above them are la-
beled splitting runs, and runs that have one or no run below are labeled merging runs. 
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The remaining runs are classified as continuing. Adjacent runs which are classified as 
continuing are merged into a single block. A splitting run is added to the block above 
it, and a merging run is added to the block below it. A graph can be constructed by 
connecting the centroid of the neighboring blocks. Information pertaining to the im-
age structure can be inferred from the edges in the graph. An example of BAG con-
struction is shown in Fig. 4. 

 

Fig. 4. BAG construction using horizontal runs for a sample grapheme [10] 

The poor quality of many Sanskrit documents poses a significant challenge to word 
spotting. Noisy pixels on the contour boundaries and holes in the interior make 
feature extraction inaccurate. Image enhancement techniques like morphological op-
erations or filters often cannot discriminate between the noise and natural ligature 
structures like junctions or holes. We perform BAG-based contour smoothing [10] 
which takes into account the junctions and holes that are inherent in ligature shapes. 
In this method, a pixel is modified not only by using structuring elements, but also by 
considering its connectivity to other parts of the ligature. Each pixel of an image can 
be mapped to a block in the BAG structure. If the corresponding BAG has multiple 
edges, it indicates that the block is connected to many other blocks of the graph. This 
implies that the pixel is likely to be a part of a joint that connects two or more parts of 
the image. In our implementation, we compute the average stroke width of the hori-
zontal runs and the average block size. Blocks which have an area smaller than the 
average block size and are connected by only one edge are flagged as noise and re-
moved.  Since merging and splitting runs are grouped into larger adjacent blocks, thin 
sections at the trailing ends of a ligature are retained.  Fig 5 shows an example of how 
noisy pixels are removed using this method.  

In the recognition phase, the cleaned documents are input to a font-independent 
Devanagari OCR [10]. The OCR generates multiple segmentation hypotheses by 
 selecting different combinations of blocks from the BAG. A naive approach is to ex-
haustively segment sub-graphs from the BAG. Such a scheme is computationally 
inefficient, since the number of possible hypotheses grows exponentially. The hy-
potheses search space is pruned by using the following constraints: (i) The primitives 
in the class space are assumed to be joined from left to right or top to bottom, and (ii) 
all of the primitives are assumed to consist of a single connected component. The 
equivalent conditions for sub-graph selection are: (i) A node cannot be selected if it is 
to the right (bottom for descender ligatures) of a node that has not been selected; and 
(ii) sub-graphs representing primitives in our class space cannot have disconnected 
nodes. 
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Fig. 5. Illustration of BAG-based noise removal – Left: (1, 2) sample with noise (3) thin joint 
(4) thin ligature boundary, Right:  result of BAG-based noise removal [10] 

A neural network based classifier is used to output recognition scores correspond-
ing to every segmentation hypothesis. Fig 6 (Left) shows the Devanagari primitives 
classified by our OCR. Fig. 6 (Right) shows a sample segmentation hypotheses lattice 
generated by the sub-graph selection scheme. 

 
Fig. 6. Left: Devanagari OCR class space.  Right: Segmentation hypotheses lattice generation 
using sub-graph selection. 

We make use of the multiple recognition hypotheses provided by the OCR for each 
word in the document image. A similarity metric is designed to obtain the best match 
between the hypotheses and class labels corresponding to the query word. Therefore, 
the task of Keyword Spotting involves finding the best match between the input query 
word and the hypotheses. All the occurrences of the query word in the document are 
found by ranking the candidate words using a cost-based model. This is based on 
‘string edit’ distance and represents the cost of aligning a combination of recognition 
hypotheses for a given word image with the query word. 

40 core components

7 ascenders

5 descenders

40 core components

7 ascenders

5 descenders
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Fig. 7. Hypothesis search for best position of class labels 

Since the hypotheses are associated with classifier scores for class labels for the 
Sanskrit graphemes at each position, our model incorporates both (i) classifier score 
and (ii) class label position within a hypotheses combination. A class label “c” here 
represents the Unicode value of a single Sanskrit grapheme present in the query text. 
The model takes a sequence of the desired class labels (ordering of individual Sanskrit 
graphemes in the query word), generated by transliteration of the queried text. For 
each class label in this sequence, the model finds the best position of occurrence of 
the class label among all the hypotheses corresponding to a single word image of the 
document (Fig. 7). It marks this position as the “BestPos” found and computes the 
difference “MinDiff” between the desired position and the actual position of the class 
label. It also stores the classifier score “CScore” which is the OCR output for this po-
sition of the class label. Thus the model computes the alignment cost. All the words 
are ranked in order of increasing cost and constitute the Keyword Spotting output. 
The overall cost model is as shown below: 
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3.2   Recognition-Free Keyword Spotting 

The recognition-based approach to Keyword Spotting is very promising but has the 
disadvantage of being specific to a single script type.  Digital libraries contain many 
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documents that involve multiple scripts. Our goal is to enable access to these docu-
ments without having to use a script specific solution for every script in the document 
collection. A script invariant representation of document images is needed to achieve 
this goal. Fig. 8 illustrates such a process where the input query gets translated into 
multiple languages and a script independent Keyword Spotting solution searches the 
entire collection for multiple translations and returns the relevant documents from 
each script. 

 

Fig. 8. Script independent Keyword Spotting solution 

We present a script independent solution using image based features which are 
invariant to script type, image scale and translation. Previously proposed structural 
features such as GSC are not suitable as they are dependent on scale. Filter based fea-
tures such as Gabor features have similar issues. Moreover, filter based feature extrac-
tion schemes are computationally expensive. We propose the use of Moment-based 
image features which have been previously used to achieve an invariant representa-
tion of a two-dimensional image pattern [11]. Geometric moments also have the de-
sirable property of being invariant under image translation, scale and stretching and 
shear in either X or Y direction. Mathematically, such affine transformations are of the 
form of X* = aX + b, and Y* = cY + d [12]. 

Geometrical Moments (GM) of order (p + q) for a continuous image function 
f(x,y) are defined as:  

 
The function f(x,y) has only two possible values of 0 and 1, thus 



 Keyword Spotting Techniques for Sanskrit Documents 411 

 
The center of gravity of image has co-ordinates: 

 
If we refer to the center of gravity as origin, we get: 

 
These moments are also referred to as Central Moments and can be expressed as 
combinations of moments of lower order. The variances of the moments are 
defined as: 

 
They are used to normalize the co-ordinates by setting: 

 
Using the normalized values of coordinates as obtained in equation above, the mo-
ment equation is as follows: 

 
This moment equation is invariant under image translations and scale transformations. 
Using this equation, we extract moment features up to the 7th order. A feature vector 
consisting of 30 moment values corresponding to each word image is stored in the 
primary index. The index construction is followed by query template construction. A 
set of query words is chosen and a template is created which maps each query word to 
a query feature vector. A similar feature extraction scheme is employed to generate 
query feature vector from the query word image. 

A standard Vector Space Model is used to represent the query word and all the 
candidate words. The index is maintained in the form of a word-feature matrix, where 
each word image “w” occupies one row of the matrix and all columns in a single row 
correspond to the moment values computed for the given word image. When the user 
enters any query word, a lookup operation is performed in the stored template to ob-
tain the corresponding normalized word image for the input text. Feature extraction is 
performed on the word image to construct the query feature vector “q”. A cosine 
similarity score is computed for this query feature vector and all the rows of the word-
feature matrix. 

The cosine similarity is calculated as follows: 
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Fig. 9. Similarity matching using Cosine similarity 

Fig. 9 describes the overall procedure for similarity matching. Since the word im-
ages present in the document corpus can be of poor print quality and noisy, the mo-
ment features computed may not be effective in assigning a high rank to all relevant 
word images. Also, the presence of higher order moments may be unstable. To over-
come this limitation, we also implement a Relevance Feedback mechanism based on 
Rocchio’s formula. This mechanism re-formulates the query feature vector by adjust-
ing the values of the individual moment orders present in the query vector. The rele-
vance feedback mechanism assumes a user input after the presentation of the initial 
results. A user enters a 1 for a relevant result or a 0 for an irrelevant result. The new 
query vector is computed as follows: 

 
In the above equation, α, β and γ represent term re-weighting constants and R and NR 
represent relevant and non-relevant word images respectively. Fig. 10 describes the 
relevance feedback mechanism. 

 

Fig. 10. Relevance Feedback using Rocchio’s formula 
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Fig. 11. Devanagari Keyword Spotting results for 2 queries (OCR based approach) 

4   Discussion 

The recognition-based strategy is lexicon-free because the segmentation hypotheses 
are generated at the ligature-primitive level. We do not assume any query specific 
template and therefore our method is extensible to multiple queries. To evaluate this 
method, we implement some of the previously reported template-based word spotting 
methods. Three feature extraction schemes are studied:  

− Gabor Features: Arrays of Gabor filters are designed corresponding to different 
scales and orientations. We experimented with 2 scales and 8 orientations [0, 45 
90, 135, 180, −45, −90, −135], making a total of 16 Gabor filters. To extract fea-
tures from every image, we convolve the input image with every Gabor filter and 
generate an output image. A block-based feature extraction mechanism is per-
formed by dividing the output image into 5 vertical zones. For every vertical zone, 
we find the centroid of the image block and compute a weighted Gaussian based 
positive and negative component of the filter output. This yields 2 features per 
image block per filter, resulting in a total of 5*2 = 10 features per filter. By 
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applying all the filters in a similar fashion, we obtain a feature set of 160 features 
per image. 

− Gradient Features: Images are divided in a 3×3 region and the gradient magni-
tude and direction is computed in each block using a Sobel operator. A gradient 
map is computed by applying an empirical threshold on the gradient magnitudes. 
The gradient directions in each cell are quantized into 8 bins: horizontal, vertical, 
and the two diagonals in each direction. Concatenation of the gradient vectors for 
the 9 cells forms a 72-element feature vector. 

− Gradient, Structural and Concavity Features:  As reported in [9], GSC has 512 
features that represent three types of image attributes: (a) 192 gradient features, 
which represent the local edge and curvature information of the image, (b) 192 
structural features, representing short strokes of different angles, and (c) 128 con-
cavity features which reflect holes and concavities that are oriented in different di-
rections. 

 

 

 

 

 

 

 

 

Fig. 12. Sanskrit Keyword Spotting results for a query (Script-independent approach) 

Two templates are designed to test the performance of template-based matching. 
The first template “A” is designed using fonts that are different from fonts seen in the 
document image collection. The second template “B” is constructed by selecting word 
images from the document collection itself. Experimental results show that in both 
cases, the recognition-based approach outperforms the template-based methods. 
Moreover, we observe a large variation in the performance of the template-based 
methods. Template B shows better performance as compared to template A, since the 
query word images in template A have the same font as the document image collec-
tion. Fig 11 shows results for two sample queries obtained using the OCR-based 
 approach described above. However, this is a script specific solution which does not 
generalize over scripts other than Devanagari. An error analysis of this method 
suggests that most of the errors are due to the misclassification of ligatures by the 
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OCR as a result of confusion between classes that are similar in appearance. For in-

stance, in the case of keywords such as  (Toli) and (Sone),  is often 

incorrectly recognized as  . Such confusion is also observed between  and  . 
One possible solution to this problem is to use a confusion matrix for post-processing 
the OCR results and to integrate this with the retrieval mechanism. 

A script independent solution is desirable when dealing with multi-script document 
collections. The solution described in section 3.2 is recognition-free but requires a 
query template for every query into the corpus and is not scalable to multiple queries. 
Moreover, this method suffers from the same drawback of font-dependence as men-
tioned above. Fig. 12 shows the result for a single query on a Sanskrit document using 
the script-independent approach. 

5   Conclusion 

We have described two different approaches for Keyword Spotting in printed Sanskrit 
documents.  The first approach which is script-specific uses Devanagari OCR based 
on Block Adjacency Graph (BAG) representation of word images. The recognition 
phase selectively segments ligatures by extracting sub-graphs from the initial BAG 
representation of the input word image. Multiple segmentation hypotheses are re-
tained in the form of grapheme class labels and scores returned by the OCR. Finally, a 
string edit distance based cost model is used to retrieve the relevant documents by 
computing the alignment cost between the query word and multiple segmentation hy-
potheses for candidate words in the document corpus. The second approach, which is 
script-independent, uses an image moment based Keyword Spotting method to handle 
multi-script document collections.   
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Abstract. Professor Joshi proposes that a phonemic encoding scheme be 
adopted as the standard for machine processing of Sanskrit text.  In the scheme 
he details, each phoneme is represented by a single character code that repre-
sents a single Sanskrit sound.  Graphic units in Devanagari corresponding to 
syllabic units, including consonant plus /a/, are represented as sequences. 
Glyphs corresponding to intial vowels verses dependent vowels are not given 
distinct encodings; rather they are selected based upon context. (P. Scharf) 

1   Var a (Phoneme) and Ak ara (Syllable) 

Sanskrit Grammar has distinguished the terms var a (phoneme) and ak ara (syllable). 
Both these terms are used in the context of spoken languages and can be ex-tended to 
written languages. 

Since the oral tradition in India was of a higher order, the stress on right pronuncia-
tion was laid at most on the spoken language. To represent such speech nuances in 
written language, various cihna (signs) were evolved to strike the equivalence in spo-
ken and written expressions. This extra-ordinary activity is part of the Indian tradition. 

Therefore, the realization of such phonemic system in the context of new technol-
ogy seems to be imperative where writing is talked in the context of speech and 
speech in the context of writing. The attempt is made to identify var amālā compris-
ing of basic speech sound units as vowel phonemes (svara var a) and consonant pho-
nemes (vyañjana var a) (Diagram 1). 

These phonemes (var as) when combined as C...C + V or only V, form complete 
phonetic cluster. The correspondence in spoken and written syllables must be 
preserved through the Phonemic scheme firstly by giving each phoneme a distinct 
identity and secondly by giving each cihna –denoting nuances of speech –a distinct 
identity in the form of standardisation. 

2   Sanskrit Phonology and Orthography 

Presently, Devanagari script is used for writing classical Sanskrit as well as Vedic San-
skrit. This includes the multi-tier usage of diacritic marks of complex composi-tions, 
above, below and at the sides of the base glyphs. Therefore, as compared to modern 
historical derivatives from Sanskrit such as Hindi, Marathi, Nepali etc., the Sanskrit 
 

                                                           
* Deceased. 
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Diagram 1 

 

text demands adequate range of characters as well as exhaustive rendering rules to 
achieve the advanced typographic quality in Classical as well as Vedic Sanskrit text. 

3   Standardisation Principles 

The effective smallest unit of the Sanskrit writing system can be the phoneme (var a). 
The range of phonemes (var amālā) consists of ‘svara var a’ (Vowel Phoneme) and 
‘vyañjana var a’ (Consonant phoneme). While ‘svara var a’ is self-powered and it is 
not dependent on any other element, the ‘vyañjana var a’ however, needs an addition 
of ‘svara var a’ to compose its syllabic entity. While ‘svara var a’ (V) can be written 
down as syllables (‘ak ara’), other syllables are the outcome of the combination of 
‘vyañjana var a’ and ‘Vowel var a’. 

4   Phoneme (Var a) to Syllables (Ak aras) 

As mentioned earlier phonemes are divided into two types: vowel phonemes (svara 
var a) and consonant phonemes (vyañjana var a’). They together broadly constitute 
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the var amālā which has been referred as a var a-samāmnāya. The orthographic 
representation of these var as is done in a systematic way. The combination of conso-
nant phoneme and a vowel phoneme produces a syllable (ak ara). A cluster of glyphs 
emerges as an outcome of this process. 

 
For example, 
 
/k/ + /a/ = /ka/ syllable which is written  ...    + =

/p/ + /a/  = /paa/       + =syllable which is written  
 
Please note that corresponding to each svara phoneme     
there is an ak ara which is its syllabic form. 

 
Vowel phoneme अ  आ इ  ई  etc. 
Vowel syllable अ  आ इ  ई  etc. 

 
This similarity has unfortunately caused the non differentiation between var amālā 
and ak aramālā in the present times. Recently some grammar books in Indian lan-
guages are attempting to explain the difference between var a and ak ara. 

In the written text when the combination of CV occurs, only then the svara var a is 
rendered into a svara mātrā sign. Otherwise the Vowel var a is written in the text as it 
is (as independent vowel). Therefore vowel mātrā is just the rendering form of a 
sound of a svara var a in CV. However in the context of V, VV, VC, VCCC…. The 
svara var a remains as is , ,  

5   Rendering of Ak aras (Syllables) 

k-phoneme + /a/ = k-aksara. + =  
 
The syllables formed by adding vowel phonemes /a/, /ā/, /i/, etc. to the consonant 
phoneme are written by creating ak aras. All svara phonemes are added to one conso-
nant phoneme one by one. This concept is called Bārākha ī (literally “group of 12 
syllables”) in Marathi.    

Thus the concept of extended range of ‘Bārākha ī’ (18 syllables) is achieved in the 
following way. 

 
K(d) + vv1 = K + A =  KA + =

K(d) + vv2 = K + AA =  KAA + =

K(d) + vv3 = K + I = KI  + =

K(d) + vv4 = K + II = KII  + =

K(d) + vv5 = K + U = KU  + =

K(d) + vv6 = K + UU = KUU + =
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K(d) + vv7 = K + Vocalic R = K(Vocalic)R + =

K(d) + vv8 = K + Vocalic RR= K(Vocalic)RR + =

K(d) + vv9 = K + Vocalic L = K(Vocalic)L + =

K(d) + vv10 = K + Vocalic L = K(Vocalic)LL + =

K(d) + vv11 = K + E = KE (Short) + =

K(d) +vv12 = K + EE = KE + =

K(d) + vv13 = K + E = K(Candra}E + =

K(d) + vv14 = K + AE = KAI + =

K(d) + vv15 = K + O = KO (Short) + =

K(d) + vv16 = K + O = KO + =

K(d) + vv17 = K + O = K(Candra)O  + =

K(d) + vv18 = K + AU = KAU + =
 

 
The combination of two forms (C&V) into a syllable, at times creates a new inte-
grated shape or retains partial identity of both the forms. 

Syllables can also be formed by adding vowel phonemes to a sequence of more 
than one consonant phonemes. These syllables are called jo ak aras or sa yuktāk-
aras. For example: 

k-phoneme + y-phoneme + a-phoneme = kya 
+ + =

s-phoneme + t-phoneme + u-phoneme = stu  
+  + =

- -

 

It is important to note that the invariant element in this process is the set of pho-
nemes. The variation occurs in the shape of glyphs written in various Indian scripts. 
For example, the phoneme /k/ and /0/ will result in the glyph shape where graphic 
element is added in front in Devanagari where as in Bengali script, graphic shape 
will be added in front and prior to the base glyph. Therefore this model can be ex-
tended to most of the Indian languages which have phonetic base. To sum up the 
proposed scheme calls for code points for consonant phoneme k as compared to the 
existing Devanagari code which provides code points for the ak ara - glyph ka.  The 
proposed scheme is of additive nature (k + a) as compared to subtractive model. This 
scheme would allow unambiguous representation of the entire repertoire of charac-
ters required for creating the exhaustive Devanagari script syllabic range along with 
its phonetic values. 
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Sample text output (Diagram 2) 

 

6   Considerations: Varnamala 

6.1 Through the var amālā approach the IPA equivalence for Sanskrit text (as well 
as other Indian language text) can be established as one to one correspondence. 
And hence can be mapped very easily. 

6.2 Through the var amālā -Phonemic approach lexical order and sorting operation 
in the areas of dictionary etc. can be done in the logical and more efficient way. 

6.3 The Phonemic scheme will help grammatically in context to Samaas and San-
dhi features in Sanskrit. 

6.4 Under the phonemic scheme the keyboard input procedure will be simplified 
by reducing keys for vowel mātrās. 

6.5 The range of Vedic Sanskrit accent/tonal marks when identified, can be posi-
tioned with vowel var as. 

6.6 The essential Swaraadi Anusvar and Swaraadi Visarga can be added in the 
standardization. 
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6.7 If necessary, svara var a and vyañjana var a bhedaka cihna can be added in ex-
tended Devanagari var amālā. 

6.8 Essential punctuation marks as used in the modern times can also be added if 
necessary. 

7   Conclusion 

7.1 The new scheme of Phonemes (vowels var as and consonants var as) as basic 
characters, is nearer to the linguistic model of Sanskrit and serves all the lin-
guistic needs. 

7.2 The text-processing operations like indexing and sorting which are very impor-
tant for information storage and retrieval on computers can be performed effi-
ciently. 

7.3 Speech synthesis can be facilitated as the nuances of speech are preserved 
through phoneme standardization. 

7.4 An absolute requirement for any script standardization is that it should facili-
tate a computer system to take any valid sequence of underlying character 
codes and algorithmically render the appropriate visual form from a given rep-
ertoire of surface glyphs. In the case of Phonemic scheme, the required charac-
ter shaping rules are well-formulated, and therefore essential rendering engine 
can be built based on this concept. 

7.5 (Alekh 1984 NCST, Vividha 1985 NCST, Vidura 1987 NCST). Text process-
ing applications based on phonemic approach have been successfully imple-
mented in Turnkey jobs and are in use with Sanskrit Institutions like Bharati 
Samskrt Vidya Niketanam, Lonavla and is considered favorably by other San-
skrit Institutions and scholars. Vedic Sanskrit text has been enabled on IndiX 
at C-DAC Mumbai using Phonemic approach (Diagram 2). 
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Supporting References – Note 1 

 

There are 42 phonemes enumerated in these 14 Śivasūtras, wherein there are 9 
Vowels, 1 Mahāprā a, 4 Semi-vowels, 5 Nasals, 20 Consonants and 3 Fricatives. The 
addition of phoneme /a/ (a-kāra) in phonemes other than vowels such as ‘Ha’ etc. is 
only for the convenience of utterance and as such the seeming resemblance of these 
phonemes (such as ‘Ha’ etc.) to syllables can be explained. 

Supporting References – Note 2 
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The concept of vār a and its features such as Svara, Kāla, Sthāna and Prayatna etc. 
have been already identified in Pā inīya Śik ā. The definition of ak ara (with conso-
nant, with nasalization or a pure vowel can be called ak ara) is observed in Uva a's 
commentary on the k Prātiśākhya and in Patañjali’s Mahābhā ya. 

Supporting References – Note 3 

 
 

 

In Vedalak a am various types of Var akramas are documented for Ghanapā has. 
In the example above, the detailed phonetic profile of consonant phoneme /t/ and 
vowel phoneme /i/ is self explanatory and vivid. The terms such as takāra, ikāra are 
used to indicate the concept of var a. In the Uccāra akalpa – section of Taittirīya 
Prātiśākhya the formation of articulate sounds and their production is described in 
detailed way. 
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	Pāṇini's Treatment of Clausal Syntax
	Linking and Kārakas
	Logical and Grammatical Subject
	Non-thematic Objects
	Semantic Competition among $kārakas$

	Morphology
	Categories and Word-Formation Processes
	The ``Sup'' Endings
	Verb Inflection
	Stem Formation: The $vikaraṇas$
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	tṛtīyā vibhakti
	Caturthī vibhakti
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