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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),! Ky-
oto University,? Indology,® the Gottingen Register of Electronic Texts in In-
dian Languages.? 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,” The Universal Digital Library® and Google Books” 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 project® and the University of Chicago’s
Digital Dictionaries of South Asia project.’

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),

! http://titus.uni-frankfurt.de/

2 ftp:/ /ccftp.kyoto-su.ac.jp/pub/doc/sanskrit/

3 http://indology.info/

* http://www.sub.uni-goettingen.de/ebene 1/fiindolo/gretil.htm
% http://oldsite.library.upenn.edu/etext /sasia/skt-mss,/

5 http://www.ulib.org/

" http://books.google.com/

8 http://www.sanskrit-lexicon.uni-koeln.de/

9 http://dsal.uchicago.edu/dictionaries/list.html#tsanskrit
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phonetics ($iksa), and grammar (vyakarana). By the early fourth century B.C.E.,
Panini, who was born in Salatura, near modern Lahore, had completed the
AstadhayT (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.

Panini’s grammar was complemented by Patanjali’s commentary Mahabhasya
(2nd century B.C.E.), incorporating an earlier commentary of Katyayana (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 Paninian authority, and discuss ways of formally capturing Paninian 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 Panini, 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 Library!® and software for processing Sanskrit.'!

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.'2

0 http://sanskritlibrary.org

" http://sanskrit.inria.fr/, http://sanskrit.uohyd.ernet.in/

2 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: Paninian studies, computational
linguistics, lexicography, philology, and OCR. The first three papers investigate
the overall structure of the Paninian grammatical system. George Cardona from
the University of Pennsylvania, the keynote speaker at the second symposium,
in his paper “On the Structure of Panini’s System,”* demonstrates that Panini
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 Panini’s System,” is authored by Paul Kiparsky
from Stanford University. He defends, in contrast, a description of Paninian
devices layered in four levels of organization beginning with semantics and end-
ing with phonology, interconnected by three interfaces. He argues that Panini
was able to capture essential generalizations about the language from his re-
quirement that the description be as simple as possible. In “Modeling Paninian
Grammar,”! Peter Scharf from Brown University examines how to model var-
ious features of Paninian grammar. He argues that semantics comprise a rich
portion of the grammar, and that Panini 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 Panini’s sutras. First, Anand
Mishra from Heidelberg University, in his paper “Simulating the Paninian Sys-
tem of Sanskrit Grammar”f, emulates the operation of rules in the AstadhayTin
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 Astadhayt: 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 Panini’s Karaka System”* by Girish Nath Jha from
JNU and Sudhir K. Mishra from CDAC Pune, describes the component of this



VIII Foreword

platform that deals with the interface between syntax and semantics, in partic-
ular with Panini’s karaka rules. Then Malcolm Hyman, from the Max Planck
Institute for the History of Science in Berlin, in his paper “From Paninian Sandhi
to Finite State Calculus,”  describes the use of finite state cascading transducers
to produce an efficient implemention of external sandhi consistent with Panini’s
description. Finally, in his paper “SanskritTagger: A Stochastic Lexical and POS
Tagger for Sanskrit,”T Oliver Hellwig, from the Freie Universitit 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 Paninian 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 Panini’s sutras 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 Paninian
System.” T 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 dhatupathas. Then S. Varakhedi from the Sanskrit
Academy in Hyderabad, V. Jaddipal from the Rastriya Sanskrit Vidyapitha 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
Vacaspatyam by Pandit Taranatha Tarkavacaspati.

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



Foreword IX

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
Francois 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.”t 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 Dytitaparvan.”*

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 fiir Kiinstliche 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.”T 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: 7. 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: I. 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 Structure of Panini’s System

George Cardona

Department of Linguistics, University of Pennsylvania
619 Williams Hall, Philadelphia, PA 19104-6305
cardona@sas.upenn.edu

Abstract. Panini 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. Panini’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 Panini’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, Panini, Katyayana, Patafijali, Bhartrhari.

G. Huet, A. Kulkarni, and P. Scharf (Eds.): Sanskrit CL 2007/2008, LNAI 5402, pp. 1-@ 2009.
© Springer-Verlag Berlin Heidelberg 2009



2 G. Cardona

1 Padasamskara and vakyasamskara®

1.1 Introduction

Paniniyas have considered Panini’s system of rules from two points of view, accord-
ing to whether it serves as an explanation (anvakhyana) with (A) syntactic words
(pada)' or (B) utterances as its limit (avadhi: padavadhika, vakyavadhika).

The contrast between these two positions is brought out clearly in the Vr#ti on VP
1.24-26,> which concerns examples such as the following:3

(1) suklari vastram ‘a white garment’

(2) sukla gauh ‘a white cow’

(3) suklah kambalah ‘a white blanket’

4) suklau kambalau ‘two white blankets’

* Tam 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
Panini’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 Panini 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 Panini’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);
‘Panini’, 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 Panini’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.

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

VPVr. 68.5-6: kesamcit padavadhikam anvakhyanam vakyavadhikam ekesam | Bhartrhari
goes on to consider consequences of the first position; see below with note 8. I have used
padasamskara and vakyasariskara, which have currency among Paniniyas; for example,
see notes 30, 31. Bhartrhari himself uses padasamskara (padasamskarahetuh: VPVr.
242 [211.1-2]).

(1), (3)-(5) are cited in the Mahabhasya on A 5.2.94: tad asyasty asminniti matup (see
PWT 241-42 [346]), in the course of a discussion concerning the difference between the use
of terms called gunavacana (‘quality expression’) with reference to things in which quali-
ties reside and to qualities themselves, as in example (5); see notes 4, 6. 1 have substituted
gauh in (2) for Patafijali’s sati ‘piece of cloth, woman’s garment’ in order to simplify the
discussion of derivates.

w
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5) suklah kambalah ‘several white blankets’
6) patasya suklah ‘the white of the cloth’

As can be seen from these examples and as Pataiijali points out (see note 4), sukla- 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 sukla- ‘white’ are used with reference to the things signified by the nomina-
tives vastram, gauh, kambalah, kambalau, and kambalah. In (6), on the other hand,
sukla- (nom. sg. m. suklah) refers to the quality (guna) that is related to a piece of
cloth, referred to by the genitive singular patasya, in which this quality resides
(asrita)® through the relation of inherence (samavaya).” Considered by itself, a term

4 Katyayana and Pataiijali consider the formal differences in (1)-(5)—with sat7 in (2)— during
discussions of several sttras. For example, Bh. 11.394.11, 13-15/IV.161-62 (on A 5.2.94):
drsyate vyatirekah | tadyathda patasya sukla iti | ... evam ca krtva lingavacanani
siddhani bhavanti: suklam vastram sukla sati suklah kambalah suklau kambalau
suklah kambald iti | yad asau dravyam srito bhavati gunas tasya yal lingam vacanam
ca tad gunasyapi bhavati | The discussion concerns whether or not a quality such as white
can be said to exist separately from a thing. Katyayana and Pataiijali 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. 1.228.20-21/11.104 [on A 1.2.52]), this is formulated as follows:
gunavacananam sabdanam asrayato lingavacanani 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,
Nyaya and Mimamsa (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 kumaryau, kumaryah in
addition to a singular kumari ‘young girl’ under the view that according to A 4.1.3: striyam
(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, Katyayana (4.1.3.vt. 6:
gunavacanasya casrayato lingavacanabhavat) invokes this: the property denoted by the
feminine affix nip takes on the gender and number of what the base kumara- signifies.
Respectively neuter singular, feminine singular, and masculine singular, dual and plural; on
the affix in sukla, see note 32.

One way of accounting for the use of a quality word like sukla- to signify such a thing is sug-
gested by Katyayana (5.2.94 vt. 3: gunavacanebhyo matupo luk): in usages such as (1)-(5),
sukla- is treated as a shortening for suklamat- (- suklavat-: A 8.2.9: mad upadhayas ca
mator vo’yavadibhyah, 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 sukla-, now equivalent to suklavat-, signifies some-
thing in which the color white occurs. As Patafijali acknowledges in his discussion of A
2.1.30: trtiya tatkrtarthena gunavacanena (PWT 213 [308]), this is a mechanism account-
ing for the fact that terms such as sukl/a- and krsna- are used to denote things which have the
colors white and black in them, that suklah and krsnah are equivalent to suklagunah °...
which has the quality white in it’, krspagunah ‘... which has the quality black in it’. Bh.
1.385.7-10/11.590-91: iha trtiya tatkrtarthena gunenetiyata siddham | so’yam evar sid-
dhe sati yad vacanagrahanam karoti tasyaitat prayojanam: evam yatha vijiidyeta
gunam uktavata gunavacaneneti | katham punar ayam gunavacanah san dravyava-
canah sampadyate | arabhyate tatra matublopo gunavacanebhyo matupo lug iti | tad
yatha suklagunah suklah krsnagunah krsnah .... Patafijali argues that instead of using
gunavacanena in A 2.1.30, Panini could accomplish the same results with the shorter
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for like sukla- signifies a quality (guna), 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

(@) suklam ‘something white’

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

1.2 Padasamskara

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 suklam, sukla, suklah. As Bhartrhari brings out, however, this is not a
simple task once position (A) is taken strictly.® Under this view, a term like sukla- 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 sukla occur (srutyabhedat
‘because of the identity of the audible terms’), such terms enter into derivation to

dhe sati yad vacanagrahanam karoti tasyaitat prayojanam: evar yathda vijiiayeta
gunam uktavata gunavacaneneti | katham punar ayam gunavacanah san dravyava-
canah sampadyate | arabhyate tatra matublopo gunavacanebhyo matupo lug iti | tad
yatha suklagunah suklah krsnagunah krsnah .... Patafijali argues that instead of using
gunavacanena in A 2.1.30, Panini could accomplish the same results with the shorter for-
mulation using gunena alone, and that this shows that by gunavacanena 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 gunavacana is in-
deed used with reference to terms that signify a thing in which a given quality occurs. The
alternative to Katyayana’s way of accounting for this is simply to accept that by Panini’s
time grammarians had come to consider either that bases like sukla- 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.

In turn, the color is itself the locus of a property, that of being white (suklatva), 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-
samavaya).

VPVr. 68.6-69.2 tatra padavadhike’ nvakhyane srutyabhedad ekapadariipopagrahe
samanyamatre labdhasariskarani padani padantarasambandhapraptasannidhanesv
apy arthesu sannipatitesv api visesesu samanye pratilabdham antarangam samskaram
upadayaiva pravarteran | tatraikavacananto napumsakalingas ca suklasabdo bhin-
nalingasankhyair asrayaih sambaddhah sriiyeta | tadartham visesananarm cajateh (A
1.1.52) ity anena yogena bhaviny dasraye bahirange prakrante gunavacanandarm sab-
danam asrayato lingavacanany anugamyante | vakyavadhike tv anvakhyane nit-
yasamsrstasya — gunasyasrayavisesendatyantam — avivekat — sarvato  vyavacchede
samanyarthatvam eva na vidyate |

=]
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form words® used with reference solely to what is general (samanyamatre),'° that is,
any substance in which the qualities in question reside, so that they can take
designations sukla and so on.!! Accordingly, the meaning signified by sukia or a
comparable term like krsna ‘black’ is not now characterized by any particular gender
or number.'”> Yet in examples such as (1)-(5), the meaning of sukla- is indeed
associated with different genders and numbers, and this has to be accounted for.

If one stays strictly within the confines of position (A), terms like sukla- 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, suklam in (7) can be con-
sidered to be surrounded by brackets showing that it is an independent unit: (suklam).

® The Vriti (68.6-7, see note 8) uses the phrase labdhasariskarani padani ‘words that have
received their samskara’. 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), sukla- is followed by endings
of the first triplet (prathama) 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]): pratipadikarthalingaparimanavacanamatre prathama.

10 ekapadarapopagrahe samanyamatre of the phrase srutyabhedad ekapadariipopagrahe
samanyamadatre labdhasamskarani padani is subject to different interpretations, depending
on how one understands the compound ekapadariipopagraha of ekapadariipopagrahe.
This can be understood as a sasthitatpurusa (ekam padariipam ekapadaripam, eka-
padariipasyopagrahah) containing an action noun upagraha and meaning ‘the grasping
of a single word form’. Under this interpretation, ekapadariipopagrahe of srutyabhedad
is most simply understood as a locative absolute (sati saptami): ‘there being a grasping of a
single word form due to the non-difference in phonic form’. This interpretation is explicitly
adopted by Raghunatha Sarma (VPA 1.14-26 [62.24-26]: suklatvariipasya samanyasya
gune gunini ca yathakramar samavayena svasrayasamavayena ca sattvad iti tadanim
dvayor api suklasabdayor varnanupurvisrutyabhedad ekapadariipatvopagrahe sati
suklatvarapam samanyam asritya labdhasariskaram dvividham api suklapadam 1), who
considers the common property (samanya) in question to be the generic property of being
white (suklatva, see note 7) and the identity of phonic form to hold between the two terms
sukla, one denoting this generic property, the other referring to a white thing. In an alterna-
tive interpretation, ekapadariipopagrahe is a bahuvrihi qualifying samanyamatre. The
constituent upagraha is now an instrument noun denoting a means of grasping and this
noun is coreferential with ekapadariipa (ekapadariipam upagraho yasya tat saman-
yamdtram). ekapadariipopagrahe samanyamatre now refers to something purely general
(samanyamatra) for the grasping of which the single word form serves as a means.
Srivrsabha 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 aha: srutyabhe-
dad iti | atas caikenaiva padariipenopagrahitum sakyate | samanyamatre iti ... (VPP
1.24-26 [69.10-11]). In addition, he takes samanya to refer to white things in general; see
note 11. Whether samanya is considered here to refer to a general group of things sharing a
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: upamanani samanyavacanaih. According to this
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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 sukla- and other operations that apply to form suklam'?
can be qualified as internally conditioned (antaranga). Further, even when the color
spoken of is related to other entities, so that it thereby comes to be juxtaposed with
them (padantarasambandhapraptasannidhanesv api) and the particular white things
are spoken of together with this color (sannipatitesv api visesesu), as in (1)-(5), the
padas of these sentences are considered to have received their grammatical formation
(labdhasamskarani) solely with respect to the common quality (samanyamatre)—a
white color. Moreover, this formation is now considered to be internally conditioned.

sttra, padas which signify things to which something else is compared (upamana) form tat-
purusa compounds with related padas signifying what is common (samanyavacana); a
standard example is sastri-syama-, as in sastrisyama devadatta ‘Devadatta is black as a
knife’, equivalent to sastriva syama devadatta. The constituent syama- of the compound
refers to some black thing, not to the generic property of being black (syamatva), although it
is this property that is common to both the knife and to the woman being compared to it.
Accordingly, the Kasika remarks upamanopameyayoh sadharano dharmah samanyam |
tadvisistopameyavacanair ayam samasah ‘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’ (Kas. 2.1.55).
Jinendrabuddhi appropriately invokes the parallel between the terms samanyavacana- and
gunavacana- (see note 6), remarking (N 2.1.55 [I1.72.26-27: samanyam uktavantah
samanyavacandah yatha gunam uktavanto gunavacand iti | kada ca te samanyavacana
bhavanti | yada samanyam abhidhaya samanyavisiste tadvati dravye vartante | simi-
larly PM 11.72.8-10) that, as gunavacana- is used of terms which first signify a property and
then a thing with that property, so samanyavacana 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.
Srivrsabha uses asrayasamanya ‘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 gunavacana terms like sukl/a 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)— sukla and so on have an undifferentiated status
(abhinnaripata) because they designate any common substrate (asrayasamanyabhid-
hanat) of the color. VPP 1.24-26 (69.5-9): sukladayah sabda gunavrttitve’pi yada
gunopasarjanadravyam matublopat pratipadayanti tadayam upanydsah | tada hy
esam gunopasarjanadravyabhidhanad visesanatvam iti | gunasya svatantryenabhi-
dhane na visesanatvam | tada ca yady api viseso vartate tathapy evam padagatam ar-
tham asritya suklo guno’syastiti vrttisabdapadantarapratipadyavisesasamsparsad
abhinnariuipatd tesu vartate asrayasamanyabhidhanat |
12 To be sure, sukla- in (6) patasya suklah has a fixed gender, masculine, but this refers to the
color white distinct from the cloth which has this color; see note 4.
13 The ending su of the first triplet (see note 9) is introduced after sukla-, because the meaning
in question is characterized by singularity (A 1.4.22: dvyekayor dvivacanaikavacane, PWT
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Therefore, the padas in question would enter into play without giving up this internal
formation.!* Consequently, one would now allow a neuter singular form suklam in
(1)-(5) instead of different forms in accordance with the particular referents.

1.2.2

Obviously, this consequence cannot be accepted. Bhartrhari goes on'> to say
that it is for this reason—that is, to avoid the undesired consequences—that the sttra
A 1.2.52: visesananar cajateh' is formulated. Under the view adopted, this stitra has
the following effect: gender and number (lingavacanani) for terms that signify
qualities and things in which these qualities reside (gunavacananam) are understood’
to be in accordance with the particular locus (asrayatah) 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. Bhartrhari also notes that this applies
once a future locus has come to the fore, which is external: bhaviny asraye bahirange
prakrante. That is, although sukla is first considered independently, without regard to

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]): sukla-s - sukla-am - suklam (A 6.1.107: ami
parvah, 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 Bhartrhari brings up may
well have been adopted by some grammarians much earlier. For, in the Mahabhdsya on A
1.1 1 (Bh. 1.39.17-19/1.129), Patafijali 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 Bhartrhari is consid-
ering.

14 samanye pratilabdham antarangam samskaram upadayaiva pravarteran ‘would enter
into play only after receiving the internally conditioned formation they have gotten with ref-
erence to what is common.’ Srivrsabha (VPP 69.17: upadayaiva iti | aparityajya) glosses
upadayaiva with aparityajya ‘without giving up’.

15 VPVr. 1.24-26 (68.9-69.1): tadartham visesananam cajaterity anena yogena bhaviny
asraye bahirange prakrante gunavacananam sabdanam asrayato lingavacandany anu-
gamyante | In a different context, Bhartrhari (VP 3.14.135: abhede lingasankhyabhyam
yogdc chuklam pata iti | prasakte sastram arabdham siddhaye lingasankhyayoh )
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 sukl/am patah, 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: bhavino ba-
hirangasya vacanad asrayasya ye | lingasankhye gunanam te sitrena pratipadite |l)
says that this sttra 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 /up. The meaning of the derivate has
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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.

1.2.3
Interpreted in this manner, A 1.2.52 serves the same purpose as
®) gunavacananam sabdanam asrayato lingavacanani bhavanti (see note 4)

and Patafijali ends the first part of his discussion on A 1.2.52 by concluding that this
sutra accomplishes the purpose served by (8), which thereby does not have to be for-
mulated.!® The short discussion which leads to this conclusion concerns the purpose
for which A 1.2.52 is stated.!” At issue is the use of terms that signify things qualified
by generic properties (jati) found in all members of a class of things and terms signi-
fying qualities (guna), respectively called jatisabda (‘generic word’) and gunasabda
(‘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 [up (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 varttika, Katyayana appropriately links this rule to the preceding sutra, 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
1.2.51.2° For example, janapadah in

C)) paiicald janapadah ‘the Paficala district’

is singular, but ramaniyah of

the gender and number of the meaning of the base whose affix has been replaced by /up. For
example, paficalah refers to a district (janapada) inhabited (at least originally) by the
Paficalas, and the derivate paificala- denoting this district has the gender and number—
masculine and plural —which hold for the meaning of the base paiicala- that denotes the
Paficala people. [upi is usually interpreted as a locative absolute (/upi 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 prakrtivat ‘as of the base’ (thus, e.g., RA 1.239, PK 1.763, SK 11.377). I accept these
as the most justified interpretations, although the Kasika invokes others, which need not be
considered here.

7 anugamyante; Raghunatha Sarma (VPA 1.24-26 [63.12]) suggests that this means ‘are
taught’ (anusisyante); this detail is of no consequence to the general discussion.

18 Bh. 1.2.52 (1.228.19-21/11.104): na tarhidanim ayam yogo vaktavyah | vaktavyas ca | ki
prayojanam | idam tatra tatrocyate: gunavacandandam sabdananam asrayato
lingavacanani bhavantiti | tad anena kriyate |
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(10)  paiicala ramaniyah ‘The Paficala is pleasant’?!

is plural. Similarly, vrksah ‘tree’ in
(11)  badari vrksah ‘badari tree’

is masculine. Were A 1.2.51 allowed to hold in all cases, one would allow a plural
Jjanapadah also in (9) and a feminine *vyksa in (11).

Katyayana’s first varttika presupposes that the number and gender associated with
the qualifier denoted by ramaniya- of ramaniyah in (10) is not provided for by A
1.2.52, which therefore applies only with respect to generic terms. Accordingly, the
Bhasya then questions why Katyayana’s first varttika says what it does and why
Katyayana does not also say that the sttra is stated so that qualifiers get the gender and
number of bases.?? The reasoning behind Katyayana’s first statement is then brought
out in his second varttika:?? there is no need for this positive provision because, by
virtue of qualifier terms being coreferential (samanadhikaranatvar) with terms denot-
ing qualificands, the required result is established (siddham), so that ramaniya- in (10)
and other terms signifying qualifiers will be treated as having the gender and number
of pariicala- and so on by A 1.2.51, without the need for another rule. Patafijali im-
mediately objects that if this is so, then A 1.2.52 serves no purpose. For, he points
out,?* in usages other than where an affix is replaced by /up (see note 16), a generic
does not take on the gender and number of the particular thing it qualifies.”> For ex-
ample, in

(12)  badari siksmakantakd madhura vrksah ‘The badari is a soft-thorned, sweet tree’
sitksmakantaka (‘with soft thorns’) and madhura (‘sweet’) are feminine, in agreement
with badari, but the generic term vrksah is masculine.?® 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 Patafijali’s estimation A 1.2.52 serves no
purpose whatever. As shown, he considers that this stitra serves the same purpose as
the agreement rule (8).

19Bh. 1.2.52 (1.228.11/11.103): kimartham punar idam ucyate |

20 1.2.52 vt. 1: visesanam vacanam jatinivrttyartham |

21 “The Paficala’ is to be understood in the same way as a phrase like ‘the Panjab’.

2Bh. 1.2.52 (1.228.13-14/11.103):  jatinivrttyartho’yam arambhah | kim ucyate
jatinivrttyartha iti na punar visesananam api yuktavadbhavo yatha syad iti |

231.2.52 vt. 2: samanadhikaranatvat siddham | Bh. 1.228.16/11.103: samanadhikaranatvad
visesananam yuktavadbhavo bhavisyati |

24Bh. 1.2.52 (1.228.16-18/11.103): yady evar nartho’nena | lupo’ nyatrapi jater yuk-
tavadbhavo na bhavati | kvanyatra | badart siksmakantaka madhura vrksa iti |

%5 I have paraphrased jater yuktavadbhavo na reflecting Nagesa’s (Ud. IL.103/1L.64a: ... jater
yuktavadbhavo neti | visesyalingadigrahita nety arthah) apt paraphrase.

26 Patafijali (Bh. 1.228.18-19/11.103-4: kiri punah karanam anyatrapi jater yuktavadbhavo
na bhavati | avistalinga jatir yal lingam upadaya pravartate utpattiprabhrty a
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1.24

The question remains, nevertheless, whether A 1252 indeed can serve no
purpose other than denying for generic entities the properties provided for in the
preceding stitra. Let us consider more carefully on what grounds one can maintain the
assumption made in Katyayana’s second varttika on A 1.2.52 (§1.2.3 with note 23).
The derived base pariicala- of paiicalah in (9), (10) (§1.2.2) is formed with the tad-
dhita affix an introduced after paiicala-am: paiicala-am-a- - paicala-a- - pancal-a-*'
In addition, the taddhita affix in question here has the meaning ‘abode, dwelling place
(nivasa)’, and pancalah is equivalent to the string

(13)  paincalanar nivasah ‘dwelling place of the Paficalas’.

In terms of its semantics, then, paiicala- in (9) and (10) should be singular, since the
derivate in question denotes an abode, a district where the Paficalas 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 Paficalas who inhabit a group of vil-
lages. Now, a qualifying term such as ramaniya can be used coreferentially with
paiicala that results from the derivation noted. These are coreferential in that
ramaniya refers to something pleasing, a district, and paiicala also refers to a district,
which is the meaning of the suffix an that has been deleted. This does not mean,
however, that ramaniya 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.?® On the other hand, if A 1.2.51 serves to transfer gender and number
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.?

vinasan na tal lingarm jahdti |) 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 vrksa 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 bhinnam visesananam
pravrttinimittam tathdpi tena bhinnenapi tatra pravartamananam sa eva lubartho
‘tidistavyaktivacanas tesam abhidheyah | tasmat tadgatenaiva lingasankhyabhidhane
siddhe jatipratisedhartham idam vacanam | (N 1.2.52 [1.356.27-30]).

29 This conclusion assumes that Panini formulated A 1.2.52 with a purpose and that this rule is
immediately connected with the preceding stitra. I have also stressed the fact that A 1.2.51
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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 suklam to occur in construction with sati 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).%

1.3 Vakyasamskara

After outlining position (A) and its difficulty, Bhartrhari goes on (see note 9) to con-
trast what holds under (B) (vakyavadhike tv anvakhyane). Now a quality such as white
is always fused (nityasamsrstasya gunasya) with a particular substrate
(asrayavisesena) such as a piece of cloth. It is thus never the case that a quality oc-
curs apart from such a substrate (atyantam avivekat). 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

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 /up 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 Kaiyata points this out: under the padasamskara view, (8) is to be stated explicitly (vacani-
kam). For, if a pada is formed without regard for any other pada, then the general neuter
(napumsakam lingasarvanama ‘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 suklam patah
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. I1.104/11.64b:
gunavacananam iti | padasamskarapakse vacanikam etat | pade hi padantara-
nirapekse sarmskriyamane napurisakam lingasarvanama praptam ekatvam ca vastvan-
taranirapeksatvat  sannihitam iti  Suklam pata iti prapte bhavino ba-
hirangasyasrayasya sambandhinyau lingasankhye anena pratipadyete | In connection
with the possible singular, Srivrsabha (VPP 1.24-26 [69.12-13) invokes the singularity asso-
ciated with non-differentiation (abhedaikatvasankhya), which is justified because no spe-
cific referent is in play: asrayasamanyariipasya ca lingasarvanamna napurmsakena yogo
vyaktivisesavisayatvat — samstyanadinam  abhinnatvac  cabhedaikatvasankhyeti
tallingasankhye kutah | 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
Srivrsabha 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-
vasamkhya , Histoire Epistémologie Langage 27/1: 127-52 (2005).
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being so, a quality simply does not have the property of being a general meaning
(samanyarthatvam 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.3! Thus, the nominal base sukla- 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 sukla- are now coreferential (samanadhikarana) in that,
for example, sukla- 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 sukla- are corefential.
Accordingly, the latter refers to a thing which has the property of being feminine
(stri), so that it takes the feminine suffix zap.’? 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:*? sukla-s - sukla-am - suklam (see note 13), vastra-s - vastra-am
- vastram,* sukla-s - sukla,> go-s - gau-s,° sukla-au - suklau, kambala-au - kam-
balau,”” sukla-as - suklas, kambala-as - kambalas.’®

1.4 Summary

Although there were doubtless grammarians who, as Bhartrhari 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 Panini’s system does not operate in this
manner. On the contrary, Panini’s grammar sets forth a derivational system in which
padas are formed through introducing affixes after verbal and nominal bases —as well
as feminine derivates with suffixes designated by the abbreviatory terms 77 and ap-

31 Kaiyata points this out also: yada tu vakyasamskaras tadayam anuvada eva | (Pr.

11.104/11.64b).

2 A 4.1.4: ajadyatas tap (PWT 180 [271)): sukla-a - sukla (A 6.1.101: akah savarne
dirghah, PWT 343 [532]).

3 A 1.421-22: bahusu bahuvacanam | dvyekayor dvivacanaikavacane (PWT 152, 157
[234, 241], see note 13).

34 suklam vastram - suklam vastram (A 8.3.23: mé nusvarah, PWT 358 [559]).

35 A 6.1.68: halnyabbhyo dirghat sutisy aprktam hal (PWT 278, 309 [404, 467]).

36 A 7.1.90: goto nit, 7.2.115: aco finiti (PWT 332, 284 [511, 417]); gaus - gau-R - gauh (A
8.2.66: sasajuso ruh, 8.3.15: kharavasanayor visarjaniyah, PWT 353, 357 [551, 557]).

31 A 6.1.104: nad ici, 6.1.88: vrddhir eci (PWT 344, 342 [532, 529]).

3 A 6.1.102: prathamayoh pirvasavarnah (PWT 343 [532]); -as - -aR - -ah (see note 36).
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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 (karmani),* provided also that this is not already signified otherwise.** Thus,

(14)  devadattah suklam gam a nayati ‘Devadatta is leading hither (@ nayati) a white (suk-
lam) cow (gam)’
(15)  devadattena sukla gaur a niyate ‘A white cow is being led hither by Devadatta’

are accounted for as alternative expressions. (15) has the instrumental singular
devadattena, derived from devadatta-a, with the third-triplet ending #a@, introduced to
signify an agent,*' and the third singular passive niyate, which derives from ni-ta, with
the ending fta (- te) signifying an object (karman) of leading.*> 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 (- lat, 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.* In both (14) and (15), the cow is qualified as white; sukia- here is
coreferential (samanadhikarana) 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)*
and su in (15).

The application of affixing rules to introduce endings after the qualifier sukla- in
(14)-(15) thus depends on semantics: the qualifier word is coreferential with the term
that refers to the qualificand. Panini 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 (samanadhi-
karane) with a potentially (sthaniny api) cooccurring pronominal yusmad (2nd p. pr.)
or asmad (1sg p. pr.), respectively, endings of the triplets called madhyama (sip thas
tha, thas atham dhvam) and uttama (mip vas mas, it vahi mahin) are selected, other-
wise endings of the triplet called prathama (tip tas jhi, ta atam jha) are allowed to oc-
cur.®

3 A 2.3.2: karmani dvitiya (PWT 155-56 [240]).

40 A 2.3.1: anabhihite (PWT 155 [240]).

41 A 2.3.18: kartrkaranayos trtiya (PWT 155-56 [240]).

42 The ending itself derives from an abstract L-affix /at; 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: lah
(kartari) karmani ca bhave cakarmakebhyah | lasya | tiptasjhi ... PWT 148 [232]).

B go-am - gam (A 6.1.93: auto’msasoh, PW 342 [530]).

4 sukla-am - suklam (A 6.1.107: ami piirvah, PWT 344 [533]).

4 A1.4.105, 107-8: yusmady upapade samanadhikarane sthaniny api madhyamah | as-
mady uttamah | sese prathamah | (PWT 151 [234]).
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2. Panini’s Derivational System as a Continuum

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. Panini’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 sutras that serve to introduce two L-affixes after verbal
bases in deriving conditionals like

(16)  krsnam namet cet sukham yayat ‘If (cet) one does obeissance (namet ‘should bow’) to
Krsna, one attains (yayar ‘may go to’) happiness (sukham)’

(17)  edhams ced alapsyata odanam apaksyat ‘If he had gotten (alapsyata) firewood (ed-
han), he would have cooked (apaksyat) 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 rule* introduces the L-affix /in after verbal bases whose meanings are re-
lated as cause and effect (hetuhetumatoh). Thus, namet and yayat of (16) derive from
nam-1 and ya-I, with lin after the bases nam ‘bend, bow’ and ya ‘go to, reach’.*’ (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 rules® introduce Irn after verbs: labh-I ... - alapsyata, pac-I -
apaksyat. According to these sutras, this L-affix follows verbs if there is the condition
related to lin (linnimitte)—that is, if the actions in question are related as cause and
effect—provided also that the actions do not actually take place (kriyatipattau).
Clearly, the tatpurusa compound lininimitta (loc. sg. linnimitte) refers to the condition
which determines the occurrence of /in.*°

46 A 3.3.156: hetuhetumator lin (PWT 168 [257]).

47 Details of derivational stages are not important to the present discussion; see PWT 168.

48 A 3.3.139-40: linnimitte Irn kriyatipattau | bhiite ca (PWT 169 [258]).

49 This accords with Panini’s derivational system being formulated from a speaker’s point of
view. In accordance with this also, Patafijali remarks that a meaning should not depend on a
speech form (sabdakrtena ‘produced by a speech unit’); on the contrary, a speech form
should depend on a meaning (arthakrtena): na hi sabdakrtena namarthena bhavitavyam
| arthakrtena nama sabdena bhavitavyam (Bh. 1.362.17-18/11.510, on A 2.1.1; similarly,
Bh. 1.464.15-16/11.822-23, on A 2.3.50, 111.253.13-14/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 syntax>

2.2.1 Declensional and Conjugational Morphology

Just as clearly as verbal affixes occur under conditions that involve related actions in
the Paninian 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)  ramasya pita ‘Rama’s father’.

Nevertheless, here also there is a relation involving two entities, and a sixth-triplet
ending occurs to signify such a relation.’® 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,> as in

(19)  putrena 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.>

2.2.2 Derivational Morphology

2.2.2.1 Krt Affixes. Affixes called krt in Panini’s system, which form what modern
grammars call primary derivates, also are introduced in syntactic derivations. Con-
sider

(20)  devadattah katam akarsit ‘Devadatta (has) made a mat’

(21)  devadattah katam krtavan ‘Devadatta (has) made a mat’

(22)  devadattena kato’kari ‘A mat was made (has been made) by Devadatta’
(23)  devadattena katah krtah ‘A mat was made (has been made) by Devadatta’.

30T use terms like ‘inflectional morphology’ and ‘derivational morphology’ merely as a con-
venient way to discuss data that western grammarians treat within these categories.

SUA 2.3.50: sasthi sese (PWT 166 [251]). How residual relations signified by sixth-triplet
endings are connected with action-participant relations becomes the object of considerable
discussion among Paniniyas; see Panini and Paniniyas on sesa relations (First Kun-
junni Raja Memorial Lecture), Aluva-Kerala: Kunjunni Raja Academy of Indological Re-
search, 2008.

52 A 2.3.19: sahayukte’ pradhane (PWT 164 [249]).

33 One should not be misled by the way in which later Paniniya works such as the Siddhanta-
kaumudi 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 Panini’s system and, de-
spite their organization, they cannot help letting true Paninian procedure show. For
example, although the Siddhantakaumudi 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 (karaka) and take precedence over nominal endings. It is not neces-
sary to consider any details here.
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(20) and (22) contain forms which derive from complexes with the L-affix /un, intro-
duced on condition that an agent is to be signified and the act in question is referred to
the past:>* kr-1 - kr-ti - kr-t - kr-s-t - kar-s-t - akar-s-t - akar-s-it - akarsit, kr-1 - kr-ta -
kr-i-ta - akr-i-ta - akr-i-¢ - akari.>® (21) and (23) contain krtavat- (nom. sg. m.
krtavan) and krta- (krtah), derivates with the krt affixes ktavatu and kta, respectively.
In general, krt affixes signify agents, but kta is introduced to signify an immediate ob-
ject of an action.”® In addition, both these suffixes are introduced if an action is re-
ferred to the past.’’

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 stitra which introduces it.’® For example, mathuravat- and devadattavat- are de-
rivates with the suffix vat#i following padas with seventh- and sixth-triplet endings.
Such padas occur in strings like

(24)  mathura-i iva-s srughna-i prakara-s
(25)  devadatta-as iva-s yajiiadatta-as go-as

which are posited as initial strings to account for the utterances

(26)  mathurayam iva srughne prakarah ‘The city wall in Srughna is like the one in
Mathura’
(27)  devadattasyeva yajiiadattasya gavah ‘Yajfiadatta’s cows are like Devadatta’s’

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

(28)  mathuravat srughne prakarah
(29)  devadattavad yajiiadattasya gavah

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

3 A 3.2.110: lun (PWT 149 [233)]).

3See PWT 157-58 (243), where the derivation of the comparable forms apaksit ‘(has)
cooked’ and apaci ‘was cooked, has been cooked’ are given.

5 A 3.4.67,70: kartari krt | tayor eva krtyaktakhalarthah (PWT 161 [248]).

57 A 3.2.102: nistha (PWT 198 [294]).

8 A 4.1.82: samarthanam prathamad va (PWT 69 [111]).

3 A 5.1.116: tatra tasyeva (PWT 242 [347]). This and the preceding rule are objects of exten-
sive discussion in the Vakyapadiya and elsewhere, but I cannot deal with the issues here.
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triplet ending and is used in construction with iva;>° the meaning conveyed by iva is
then carried by the taddhita suffix.

Derivates with taddhita affixes are themselves derived nominal bases, and a rule
provides for deleting a nominal ending included in such a base:® mathura-i-vat -
mathuravat, devadatta-as-vat - devadattavat®® 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 mathura-i,
devadatta-as take vati expressing the meaning of iva-s, and thereby derive mathuravat
and devadattavat, which then enter into construction with srughna-i prakara-s and ya-
Jjiadatta-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,
S0 are

(30)  rajiah purusah prasade ni vasati
(31)  rajapurusah prasade ni vasati ‘The king’s servant stays in the palace.’

Moreover, Panini no more considers analytic complexes like rajiah purusah and
items like r@japurusah independent entities unrelated to each other than he considers
complexes such as mathurayam iva and items like mathuravat to be independent and
not related with each other.%> On the contrary, the related entities are accounted for by
providing that a pada with a sixth-triplet ending, such as rdjan-as in

(32) rajan-as purusa-s prasada-i ni-s vas-1

%0 A 2.4.71: supo dhatupratipadikayoh (PWT 186, 229 [278, 330]). The seventh-triplet end-
ing ni of mathura-i- is introduced to denote a locus, by A 2.3.36: saptamy adhikarane ca
(PWT 155-56 [240]). Under another interpretation, advanced notably by Nagesa, 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: svaradinipatam
avyayam, PWT 27 [54]) includes derivates in -vat; nominal endings and feminine suffixes
referred to by ap are deleted after avyayas (A 2.4.82: avyayad apsupah, PWT 212 [307]).
iva is included in the set of items, beginning with ca, assigned to the class called nipata (A
1.4.57: cadayo’ 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.

2 The possibility of treating taddhita derivates like paiicala- ‘Paficala district’ (see (9), §1.2.3)
as totally independent lexical items instead of terms derived from paificala- ‘Paficala’ and
similarly considering compounds like r@japurusa- and complexes such as rajiiah purusah
as though they were completely independent of each other was seriously entertained. Thus,
Katyayana brings up the possibility of doing away with the options provided in the
Astadhyayi for deriving nominals with taddhita suffixes and compounds from members of
syntactic strings, and at least one grammar, the Katantra, in fact did without rules of tad-
dhita affixation and composition. For a discussion of these issues, see ‘Theoretical prece-
dents of the Katantra’, 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 purusa-s of the same
string.%® (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 lat is replaced by the ending fip, the suffix §ap follows vas- of
vas-ti, the ending of ni-s is dropped, the penultimate -a- of r@jan- in rajan-as also is
deleted, and phonological rules apply to form rdjiah and purusah from rajn-as and
purusa-s. If, alternatively, composition applies, r@jan-as and purusa-s are combined
to form the derived nominal base {rajan-as-purusa-s}. The endings included in this
base are deleted (A 2.4.71, see note 60): rdjan-as-purusa-s - rajapurusa-.

Now, purusa- in (32) is coreferential with the L-suffix of vas-I 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 #ip and sup are selected (A1.4.22, see note 13).
The compound r@japurusa- 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, rajapurusa- also
is coreferential with the L-suffix of vas-I.

2.2.3 Number in derivates

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

(33) rajioh purusah prasade ni vasati
(34) rajaam purusah prasade ni vasati.

That is, r@japurusah does not specify whether the servant in question is related to one
king (gen. sg. rajiiah), two kings (gen. du. rajiioh) or several kings (gen. pl. rajiam).
The question arises: just how should one consider and account for these facts? In
this context, let us consider two major points of view Bhartrhari deals with, the second
of which has two subtypes. First, (C), any number distinction (sarikhyabhedah) sim-
ply ceases to be (nivartate) in a constituent (avayave) of a derivate (vrttau) such as a
compound or taddhita formation. In a compound like ra@japurusa-, then, the first con-
stitutent (rdja- - rajan-) merely resembles (tadriipe ‘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.®> Alternatively, (D), there comes into play

63 A 2.2.8: sasthi (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: samarthah
padavidhih (PWT 66, 206-7 [109, 301]).

% This is one of a series of differences that set compounds apart from analytic strings, as given
in a slokavarttika cited and illustrated in the Mahabhdasya on A 2.1.1 (1.362.13-
363.6/11.509-12). Pataiijali characterizes these differences as results of the meaning unifica-
tion (ekarthibhavakrtah) involved in the formation of compounds. For example, in rajiiah
purusah, the independently accented padas (r@jiiah puriisah) refer separately to a man and
the king to whom he bears a relation, but r@japurusd- is a distinct base with a single princi-
pal meaning, a man qualified by his relation to a king.

% 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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(upajayate ‘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
(sankhya) has the form of undifferentiated singularity (abhedaikatva- ‘singularity
characterized by nondifference’). That is, the first constituent of a compound such as
rdja-purusa- or a taddhita derivate such as paricala- (§§1.2.3, 1.2.4) or mathuravat-
(§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 abhedaikatvasarnkhya takes the
form of an undivided (avibhaktam) combination of numbers (sarisargariipam
sarnkhyanam).®®  As Helaraja explains, a subordinate significand (upasarjana-
padarthanam ‘of subordinate word meanings’) of a term like rd@ja- in a derivate has a
necessary connection with the quality of number since it is a thing (sattvabhiitatvat
‘because it has the status of a being’). However, in a derivate like ra@japurusa-, 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.®” Bhartrhari himself likens this to the combination of juices of medicinal plants

becomes unnecessary (see note 62). Position (C) is the first one which Bhartrhari brings up
in connection with his discussion of number and derivates, in VP 3.14.99: vacika dyotika
vapi sankhyanam ya vibhaktayah | tadriipe’ vayave vrttau sankhyabhedo nivartate Il At
the end of his comments on this karika, Helaraja brings out the essential point as follows.
The subordinated meaning of a constituent like rdja- in rajapurusa- 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 Panini 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 pratyayalaksanam, PWT 63
[103]). Thus, ra@jan- in the compound is a pada, so that its -n is dropped (A 8.2.7: nalopah
pratipadikantasya, PWT 347 [539]). Helaraja ends by noting the import of this view: a
string like ra@jiah purusah and a derivate like rajapurusa- of rajapurusah 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): pradhanarthasambheddad upsarjanarthasya
bhedabhavan nivartate sankhyavisesa iti tadabhavat svabhaviky evanutpattir vibha-
ktinam | pratyayalaksanartham lug anvakhyayate | ittham sadrsyamatram bhrantam
vretivakyayor na tattvata aikyam vakye sankhyabhedasadbhavad vrttau tadabhavad iti
tatparyarthah | Thus, (C) fits in a scheme that is essentially non-Paninian (cf. note 62).
Accordingly, in his introduction to VP 3.14.100/99, Helaraja characterizes this as ‘the view
of some’: evam tavad upasarjanartho nivrttasankhyabheda ity ekiyarm matam | (VPH
201.6). Moreover, providing for deleting the -n of ra@jan in a compound presupposes that
this is a pada, which goes against considering ra@japurusa a totally independent lexical item.

% VP 3.14.100: abhedaikatvasankhyd va tatranyaivopajayate | samsargaripam
sankhyanam avibhaktar tad ucyate |l

7 VPH 3.14.100/99 (201.9-11): vrttav upasarjanapadarthanam sattvabhiitatvad
avasyakah sankhyayogah | na hy avyayavan nihsankhya upasarjanartho yuktah
sattvamatrasya sampratyayat | na ca viseso’vadharyate | atah samanyasarikhyarapam
sarvasankhyavisesanarm samsargaripar krodikarakam vidyata ity anumiyate |



20 G. Cardona

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.®® Under DI, then, the three possible numbers that
could inhere in the significands of terms such as ra@jaah, rajioh, rajnam, pasicalanam
used in strings like (13) (§1.2.4), (30), (33), (34) come to occur undivided (avib-
hagena) in derivates such as rajapurusa-, paiicala-.%°

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 (abhedaikatvasarnkhyd), under D2 one abstracts from the individual
numbers to a generic property (jati) of being a number (sarnkhyatva) that inheres in
any number. As a consequence of giving up the individual distinctions (bhedanam ...
paritydagat), due to the effect of the generic property having priority (vyapardj jatib-
hagasya ‘because of the generic part’s action’), the undifferentiated entity referred to
as abhedaikatvasankhya now occurs characterized by the removal of individuals
(bhedapohena vartate).”® Helaraja notes how the singularity of nondifferentiation (ab-
hedaikatvam) as now conceived can be considered a number (sankhyatvam ‘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.”!

In sum, under D, the meaning of terms such as the first constituents in the com-
pound rdja-purusa- 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 Distinctions and Derivation. An utterance such as (20) devadattah
katam akarsit (§2.2.2.1) is accounted for in Panini’s system as derived from an initial
string

(35) devadatta-s kata-am kr-1.

The pada kata-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

%8 VP 3.14.101: yathausadhirasah sarve madhuny ahitasaktayah | avibhagena vartante
tam sankhyam tadysim viduh |l

% In his Vaiyakaranabhiisana and its abridgement, Kaundabhatta says that what is called
abhedaikatvasankhya is particular numbers (sankhyavisesanam) residing (avasthanam)
without division (avibhdgena), their being (sattvam) without division: VBh. 56 (272):
sankhyavisesanam avibhdagenavasthanam abhedaikatvasankhya, VBhs. 56 (417):
sankhyavisesanam avibhdagena sattvam abhedaikatvasankhya. In both places, he goes
on to cite VP 3.14.101. In his comments on Bh. 2.1.1, Kaiyata (Pr. I1.509/11.323b) gives the
first definition, then goes on to cite VP 3.14.101-103.

70 VP 3.14.102: bhedanar va parityagat sankhyatma sa tathavidhah | vyaparaj jatibha-
gasya bhedapohena vartate |l 1 abstain from dealing with small, though important, differ-
ences of interpretation that arise from different ways of considering the terms sankhyatma
and tathavidhah.

7L'VPH 3.14.102/101 (202.10-11): yatha hy ekatvam dvitvady apavartayati dvitvam ca trit-
vady evam idam abhedaikatvam sarvam ekatvady apavartayatity asti sankhyatvam |



On the Structure of Panini’s System 21

isolation to introduce an undifferentiated triplet of endings {am aut sas} 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 r@japurusa-, once Panini’s derivational system is brought
into play, a difficulty arises: where in the derivational history is there an undifferenti-
ated sixth triplet of endings {nas os am} 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 (samanyam) is thus justified by identical cogni-
tions (abhinnapratyayavedyam ‘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 (/innigam) there is which
points to its existence (tatsadbhave).

Helaraja poses this problem’® by way of introducing two karikas’* where Bhartrhari
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,” as in the first constituent of raja-purusa-. Fur-
ther, one’s understanding that the referent of such a constituent has some number
(sankhyavattvasampratyayah) itself now is the effect accounted for by the assumed
undifferentiated singularity (abhedaikatvasarnkhyakaryam).”

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

(36) rajan-as purusa-s

in which the the ekavacana ending nias in rdjan-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

72VPH 3.14.103-104/102-103 introduction (202.13-14): nanu cabhinnapratyayavedyam
samanyarm gotvadi | atra cabhedaikatvasya na kiiicit karyam | bheda eva hi
sastrakaryayogina iti kim tatsadbhave lingam ity asarnkyaha |

73 VP 3.14.103-104: agrhitavisesena yatha riipena riipavan | prakhyayate na sukladibhe-
dariipas tu grhyate || bhedariipasamavese tatha saty avivaksite | bhagah prakasitah
kascic chastre’ ngatvena grhyate |l

7 bhedariipasamavese tatha saty avivaksite. Helaraja (202.20) glosses this with
sankhyavisesasamavaye pratipadyatvenaniste ‘when the inherence of a particular number
is not intended as what is to be conveyed’.

S VPH 3.14.104/103 (202.22-23): tatha ca sankhyavattvasampratyaya evatropasar-
Jjanarthasyabhedaikatvasankhyakaryam |
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by a generic property. Such a singular alternates with a plural.’® 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 r@japurusa- is any king as characterized by the property of being a
king.”’

Bhartrhari himself confronts the issue of plural forms being used in compounds
such as gosucara- ‘one that goes around cattle’.’® In the second half of VP 3.14.107

76 For example, one can say sampannd vrihayah or sampanno vrthih (‘The rice is rich, full
grown’), brahmanah piijyah or brahmanah piijyah (‘A brahmana is to be honored’ =
‘Brahmanas are to be honored’). Such usage is accounted for by A 1.2.58: jatyakhyayam
ekasmin bahuvacanam anyatarasyam, according to which a bahuvacana ending optionally
occurs with reference to a single entity, when one conveys a generic meaning (jatyakhya-
yam).

77 Nagesa brings this out in his Uddyota on Pr. 2.1.1 (Ud. 11.511/I1.325a), 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: ...
tatha vrttau rajatvadinaivaikanekavyaktibhanam tatparyavasan na tu kadacid api
tritvacatustvading | He ends his statements on this particular issue by noting pertinently
that nowhere in the Bhasya is the statement found that the singular number of non-
differentiation appears (abhedaikatvasankhya bhasata iti tu bhasye kvapi na drsyate).
Note, however, that Bhartrhari himself appears to consider that position (D) was implicitly
accepted by Katyayana. For he says (VP 3.14.107: alukas caikavadbhavas tasmin sati na
sisyate | sa ca gosucaradinarm dharmo’sti vacanantare |l) 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 (alukah ... ekavadbhavah)
is not explicitly taught (na sisyate). Helaraja introduces this karika noting that Bhartrhari
here speaks of something which shows that Katyayana agrees (VPH 3.14.106/107 [203.14]:
atra varttikakariyam samvadakam aha). In his commentary on the karika, Helaraja then
alludes (203.17-204.3) to what Katyayana and Patafijali say, in the discussion of A 6.3.1:
alug uttarapade (PWT 224 [323]), concerning A 6.3.2: pasicamyah stokadibhyah. This
sttra provides for not deleting a fifth-triplet ending after a set of terms, starting with stoka-
‘little’, as in stokanmukta- ‘freed with little effort’. Patafijali (Bh. II1.141.13-14/IV.582:
ekavac calug bhavatiti vaktavyam | kim prayojanam | stokabhyam muktah stokebhyo
mukta iti vigrhya stokan mukta ity eva yatha syat 1) 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 stokanmukta- alone be al-
lowed, even if a compound stok@anmukta- is considered to correspond to analytic sequences
stokabhyar muktah, stokebhyo muktah, with dual and plural forms. In his second and
third varttikas (6.3.1 vt. 2-3: ekavadvacanam anarthakam | dvibahusv asamasah 1),
Katyayana 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: uktam va l), the reason for this has been stated elsewhere
(3.2.1 vt. 5: anabhidhanat 1): a compound is not formed because it is not used to express the
meanings of analytic sequences with dual and plural forms. Now, Helaraja cites varttikas 2-
3 but not vt. 4, so that he can indeed claim Katyayana’s agreement with the thesis under dis-
cussion, and he does so because Bhartrhari himself assumes this. Although it is impossible
to take up the issue here in detail, I think, nevertheless, that Katyayana does not in fact give
evidence of operating with position (D).

78 A 3.2.16: cares tah (adhikarane 15) introduces fa after car ‘move, go about’ construed
with a cooccurring nominal that denotes a locus. A derivate with this krt 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
gosucara-, where an affix associated with a number other than singular is involved.
Commenting on this, Helaraja” 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 gosucara-, varsasuja- (‘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 gosucara;* 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 varsa@ with a plural ending. All this is due to
the very nature of how words signify (sabdasaktisvabhavyat ‘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 Bhartrhari admits that even a compound
constituent has indeed to be associated with a specific contrastive number. He con-
siders in particular the derivates saurpika- ‘bought with a stirpa (of grain)’, masajata-
(‘born a month earlier’). The first is derived by introducing the taddhita suffix thafi

forms a compound with a pada denoting the locus in question (A 2.2.19: upapadam atin,
PWT 219 [315]). In addition, as provided for in A 6.3.14: tatpuruse krti bahulam (alug
uttarapade 1), the ending of a first-constituent pada is variously exempted from deletion be-
fore a second constituent with a krt affix. gosucara- means ‘rooster’ (kukkuta) according to
Kaiyata (Pr. 11.510/11.324b), who notes that a rooster is spoken of without distinction of
whether it lingers around one, two or many heads of cattle: gosucarah kukkuta ucyate |
ekasyam gavi dvayor bahusu va yas carati sa sarvo’sav avisesenocyate | gosucara- is
one of three compounds Patafijali cites in the Bhasya 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’), gosucara- and
varsasucara- (‘one that goes about during the rainy season’). Kaiyata also glosses
varsasucara- as indragopa-, which refers to a particular insect (cf. HemAbh. 4.275cd: in-
dragopas tv agnirajo vairatas tittibho ‘gnikah ).

7 VPH 3.14.107/106 (204.3-10): kathar tarhi gosucaro varsasujo’ psuyonir iti bahuva-
cananam samasa iti ced aha: sa ceti | so’bhedaikatvakhyo dharmo vacanantare ekava-
canad anyasmin bahuvacane’py atrasti | atra hi nedar vyaktibahutve bahuvacanam
api tu jatyakhyayam ekasmin bahuvacanam iti | tatha caikasyam api yo gavi carati
prani so’'pi gosucara indragopo’bhidhiyate | eko’py capparamanur apchabdena ba-
huvacanantenabhidhiyate | varsaratro’pi cabhinno varsasabdena bahuvacanantena
sabdasaktisvabhavyad ity atrabhedaikatvasankhya vacanabhedapratibandharm na
karoti | tatrapy abhedaikatvasyaiva pratiter ity arthah |

80 Helaraja identifies the animal as the bug called indugopa. Others consider that gosucara
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
2.81

(37) surpa-a-tha

in which the taddhita suffix thafi has the meaning ‘bought’ (see note 81). mdasajata-
is a tatpurusa compound derived by combining a pada consisting of a time word (kala)
followed by a first-triplet ending with a pada in which a sixth-triplet ending follows a
base denoting someone whose age is measured (parimanina ‘who has a measure’) by
the time in question:®?

(38) masa-s jata-as.

Now, although (38) is comparable structurally to (36), it is not appropriate to operate
here with an indeterminate number for the referent of masa-, and the same holds for
the referent of siirpa- in (37). For, the referent of each of these is a contrastive meas-
ure (parimanam): a stirpa 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 (paricchedah): something is bought
with one stirpa as opposed to two or more stirpas; 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 (krite), as signified by masajata- and saur-
pika-, is desired and accepted (istah), but cannot be understood (na gamyate ‘is not
understood’) unless a number difference is accepted (bhedad rte ‘without a differ-
ence’); without this, a defining measure (parimanam) is purposeless (anarthakam).
Hence, Bhartrhari 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 (svabhavatah), on the basis of a number (asritya sankhyam)
which serves as a qualifier (upadhibhiitam) of the referents of sizrpa- and masa-.3

Accordingly, after presenting position (D2) and supporting it with a parallel,
Bhartrhari goes on (VP 3.14.104cd) to remark that in particular instances a part mani-
fested in some way (bhagah prakasitah) is accepted (grhyate ‘is taken, understood’)
as a condition (angatvena) in a rule (sastre). 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 tavaka- ‘pertaining to you, your’, mamaka- ‘pertaining
to me, my’, equivalent to fava ‘your’ and mama ‘my’. These alternate with other
equivalents of genitive pronominal forms: tavakina-, mamakina- and tvadiya-, madiya-.

81 A 5.1.37: tena kritam (PWT 238 [342]). A 5.1.26: siurpad aii anyatarasyam provides that
afi optionally follows a pada whose base is siirpa-; by A 5.1.18: prag vates thani (PWT 235
[338]) the suffix thafi also applies, so that saurpika- (- siirpa-a-tha) and saurpa- (-
sirpa-a-a) are derived as alternates. In both derivates, siirpa- denotes a measure
(parimana) of grain or such.

8 A 2.2.5: kalah parimanina. For a discussion of this rule, see JAOS 111 (1991): 447-48.

83 VP 3.14.126-127: saurpike masajate ca parimanar svabhavatah | upadhibhiitam asri-
tya sankhyam bhedena vartate || vayasvini paricchedah krite capi na gamyate | isto
bhedad rte tatra parimanam 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:
yausmaka-, yausmakina-, yusmadiya- (equivalent to yuvayoh [du.], yusmakam [pl.]),
asmaka-, asmakina-, asmadiya- (equivalent to avayoh, asmakam). Panini accounts for
these by providing that padas consisting of the pronominal bases yusmad and asmad
and sixth-triplet endings are followed by khaii as well as cha and, optionally, an.®®> In
addition, before the affix khafi (tasmin ‘before it’) as well as an, these pronominal
bases are respectively replaced by yusmdaka- and asmaka-; but, if they are singular
(ekavacane ‘signifying one’) they are replaced by rava- and mama-2° In accordance
with such usage, Bhartrhari accepts®’ that a particular number which inheres in the
meaning of a base®® is manifested (vyajyate), even without an ending (vibhaktya vina),
through replacements (a@desaih).®

There are thus facts requiring an adherent of position (D) to accept that distinctions
of contrastive number are not always eliminated in derivates.”® Accordingly, as
Helaraja notes,®' 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
rdjapurusa-, on the other hand, Helaraja goes on to say, there is no cause for under-
standing such a particular meaning (visesavagamananibandhanabhavat). Further, in
the derivational procedure (prakriyayam) intended to explain a derivate, a string (vak-
yasya) with items that are similar to those in a derivate is posited (kalpanat ‘due to a

85 A 4.3.1: yusmadasmador anyatarasyam khaii ca. The taddhita suffix applies by the major
heading A 4.1.83: prag divyato’n (PWT 232 [335]). By A 1.1.74: tyadadini ca (PWT 34
[61]) yusmad and asmad are assigned to the vrddha class, so that cha follows a pada with
one of these bases (A 4.2.114: vrddhac chah, PWT 239 [343]). Affix-initial kh, ch are re-
placed by in, 7y (see PWT 331 [509]).

86 A 4.3.2-3: tasminnani ca yusmakasmakau, tavakamamakav ekavacane.

87 VP 3.14.125: upadhibhiita ya sankhya prakrtau samavasthita | adesaih saiijiiaya vapi
vibhaktya vyajyate vina ll

8 ya sankhya prakrtau samavasthita. Although literally this speaks of a number which is
located (samavasthita) in a base (prakrtau), it is appropriately interpreted to refer to the
contrastive number (bhedasankhya) that inheres (samavetad) as delimiting a base’s meaning
(tadarthasyavacchedakatvena). Thus Helaraja (VPH 3.14 125/124 [211.22-23]): ... ya
prakrtih pratipadikam tadvisaye tadarthasyavacchedakatvena ya bhedasankhya
samaveta ....

8 In VP 3.14.125 (note 87), Bhartrhari says that a contrastive number is manifested not only
by replacements but also by a class name (safijiaya). This concerns terms like kumari- in
compounds, which under a particular interpretation of a Paninian stitra can be considered to
have the class name pragrhya. 1 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
Katyayana is part of a purvapaksa; see note 92 for a brief presentation of the issue.

% 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]), Helaraja 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): ittham ca krtva dvivacanabahuvacanantanam asamasa iti
nedam vacanam sambhavati visesavagame samdsapravrtteh | rajapurusadau tu
visesavagamanibandhanabhavad vrttipadam anvakhyatum prakriyayam sadrsasya
vakyasya kalpanad ekavacanantanam eva tad yuktam iti nyayasiddharthanuvado’yam
atra | yatra tu dvitvadyabhivyaktisambhavas tatra samasaprakrtau prakriyavakye
kumdaryor agaram ity adav upadiyata eva dvivacanaditi na kascid virodhah |
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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)  kumari-os agara-s

posited as the source of the compound kumaryagara- (- kumari-agara-) ‘house of two
girls’ has a dual ending in kumari-os.%*

2.2.3.3 Conclusions. As the compound masajata- is derived from (38) masa-s jata-as
(§2.2.3.2) in accordance with the semantics of the derivate, so also must mathuravat-
be derived from mathura-i, with a singular ending (see (24), §2.2.2.2), since there is a
single city of Mathura. It is important to keep in mind, however, that (26) and (28)
are to be accounted for as equivalent expressions. Panini 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 rajapurusah to be considered an equivalent of
rdajiah purusah, as in (31) and (30) (§2.2.2.3), in Panini’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
rdjapurusa- 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 r@jan- 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 r@jan-as in (32), where it is related to purusa-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 rd@japurusa- as in rajapurusah
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 rajan- is followed by a dual or a plural ending:

40) rajan-os purusa-s prasada-i ni-s vas-1
41)  rajan-am purusa-s prasada-i ni-s vas-1.

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

(42)  yadi tv aryarm na saksyami vinivartayitum vanat | vane tatraiva vatsyami yatharyo
laksmanas tatha ‘If I can’t get the noble (Rama) to leave the forest, I will stay in that
very forest, as will the noble Laksmana’®?

92 Under a particular interpretation of A 1.1.11: idiided dvivacanam pragrhyam (PWT 43
[76]), kumari- in kumari-agara- could be considered to have a pragrhya 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 fatra is coreferential with vane. In Panini’s system, fatra of an utterance
such as

(43)  tatra vane vatsyami ‘1 will stay in that forest’
is derived from fad-i, as in
(44)  tad-ivana-ivas-I

where the pronominal base tad ‘that’ and the nominal vana ‘forest’ are followed by
the singular ending 7ii of the seventh triplet, introduced to signify a locus (see note
60), and vas ‘dwell’ is followed by the L-affix /rt, which signifies an agent and is in-
troduced on condition that the action in question is referred to the future.** Starting
from this string, two options are available. First, affixation and replacement rules can
apply to give

(45)  tasmin vane vatsyami

with the padas fasmin,’® vane,’® and vatsyami.’” Optionally, the taddhita affix tral is
introduced after tad-i*® to form a derived nominal base fad-i-tra, the ending of which
is deleted (see note 60): fad-i-tra ... - tatra.”® 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 karaka; instead, the first-triplet
ending su follows the base (see note 9). Further, fatra is assigned to the avyaya
class,!® so that its ending is dropped (see note 60): tatra-s - tatra. In this manner,
(43) is accounted for as an alternative to (45).10!

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

(46)  tatra vanayor vatsyami
(47) tatra vanesu vatsyami

equivalent to

(48)  tayor vanayor vatsyami

9 Ramayana 2.76.17, The Ayodhyakanda, The Second Book of the Valmiki Ramayana ...,
critically edited by Dr. P. L. Vaidya, Baroda: Oriental Institute, 1962.

9 A 3.3.13: Irt sese ca (PWT 149-50 [233]).

% tad-i - taa-i (A 7.2.102: tyadadinam ah) - ta-i (A 6.1.97: ato gune) - tasmin (A 7.1.15:
nasinyoh smatsminau); see PWT 313, 343, 322 [476, 531, 492].

% yana-i - vane (A 6.1.87: ad gunah, PWT 341-42 [528]).

7T do not consider it necessary to go through all the operations whereby vatsyami is derived
from vas-1.

9% A 5.3.10: saptamyas tral (PWT 244-45 [349)).

% tad-tra - taa-tra - tatra (see note 95). tra is classed as a vibhakti (A 5.3.1: prag diso vib-
haktih, 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:
supah, PWT 39 [67]).

10A 1.1.38: taddhitas casarvavibhaktih (PWT 27 [54]).

1010 fact, one could consider that vane tatraiva is used in (42) because of metrical require-
ments: vane tasminneva would make the pada hypermetric.
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(49)  tesu vanesu vatsyami

speaking of two (vanayoh [loc. du.]) and many (vanesu [loc. pl.]) forests. Neverthe-
less, it is not licit to say that all three utterances (43) and (46)-(47) can be derived in
the Paninian scheme from the same initial string (44). In that string, fad is coreferen-
tial (samanadhikarana) 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 adhikarana class.!??
A 2.3.36 (see note 60) therefore applies to introduce a seventh-triplet ending on con-
dition that an adhikarana is to be signified. Further, this stitra 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 Panini’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-1
(51)  tad-su vana-su vas-I

as distinct sources for the alternants (46), (48) and (47), (49).

That Panini 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 -bhyam.
In western grammars, it is commonplace to see paradigms with one row labelled ‘1. D.
Ab.’ for a single dual form in -bhyam. This is acceptable if one considers paradigms
of forms and describes their syntactic uses. In Panini’s system, however, triplets of
nominal endings are introduced under conditions (see §2.2.1) that require operating
with distinct triplets: third triplet ta bhyam bhis, fourth triplet nie bhyam bhyas, and
fifth triplet nasi bhyam 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.'%

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 atavi-i vas-1

12A 1.4.45: adharo’ dhikaranam (PWT 137-38 [214]).

103n the tradition of Paniniyas and others, two positions are noted in this connection: single
linguistic units are polysemous (anekarthah sabdah) or a difference of form is accepted
due to a difference in meaning (arthabhedac chabdabhedah), so that one operates with
homophonous distinct units relative to different meanings. Panini 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 kr (‘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 atavi (‘forest’) of atavi-i. In accordance with the
Paninian system, (52) is the source of two alternative expressions:

(83)  tasyam atavyar vatsyami ‘1 will stay in that forest’
(54)  tatratavyam vatsyami ‘1 will stay in that forest.”

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

This has formal consequences. To begin with, the ending 7i is replaced by am af-
ter atavi-.' Now, in the Paninian scheme not only is number a meaning that condi-
tions operations but so also is gender. The stem atavi- of atavi-i is associated with
this meaning from the outset. Further, fad used coreferentially with atavi 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 fap is intro-
duced after this stem:'% ta-am - ta-a-am - ta-am.'°® Two simultaneous operations now
apply: the ending -am following the pronominal stem that ends in the feminine suffix
-a receives the initial augment syaf, and the -@ of the stem is replaced by a short
vowel:'%7 ta-am - ta-syaam - tasyam.

The derivate tatra formed from tad-i of (52) by introducing the affix tral also is
coreferential with atavi in (54), so that the referent of this term too is characterized as
feminine. Accordingly, the rule which introduces a feminine suffix fap after a base in
-a (see note 105) must be allowed to apply. Hence, Panini provides that after a mem-
ber of the avyaya class not only nominal endings but also feminine suffixes referred
to by the abbreviation ap are absent (see note 61). In addition, since fad- in (52) re-
fers to something qualified as feminine, once one reaches the state za- in the deriva-
tion of fatra (see §2.2.3.3 with note 99), the condition is met for introducing the femi-
nine suffix fap after ta- of ta-tra. Panini 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 #ral—bases are treated as masculine, so
that a feminine affix does not occur after them. !

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: rier am nadyamnibhyah (PWT 324 [497)). atavi-am - atavyyam (A 6.1.77: iko
yan aci, PWT 78 [125]).

105°A 4.1.4 (see note 32). Although Paniniyas 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.

07 A 3.114: sarvanamnah syad dhrasvas ca (PWT 325 [499]).

108 A 6.3.35: tasiladisv a krtvasucah (PWT 256 [369]).
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3 Lexicon

Panini’s full grammar (sabdanusasana) includes, in addition to the eight chapters of
rules that constitute the Ast@dhyayi, two ancillaries that can be considered types of
lexicons: the dhatupatha and ganapatha. These also include suitras (see PWT 85-135
[132-211]). Now, the gana accompanying A 4.1.4 (see note 32) lists items like aja,
which represent the result of introducing the affix fa@p and replacing contiguous -a-a-
with a single -a- (see PWT 131 [203]). Similarly, the gana accompanying A 3.3.104:
sidbhidadibhyo’n (see PWT 196 [291]) lists derivates bhida and so on, which result
from introducing an to a verbal base, then introducing the feminine suffix tap after
the nominal base thus derived, and replacing -a-@ with -@-: bhid-a - bhid-a-a@ - bhida
(see PWT 203 [298]). The difference between such derivates and those like ta-
(§2.2.4), which are clearly formed in the course of syntactic derivation, can be ac-
counted for in general by distinguishing between qualifiers (visesana) and qualifi-
cands (visesya). 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 sukla as in (2) (§1.1) would now be derived from sukla in the course of syntactic
derivation, but a nominal like atavi as in (52)-(54) (§2.2.4) would not.

One must keep in mind that Panini’s ganapatha 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.'” The same holds for derivates like ta-
tra, with taddhita affixes (§2.2.3.3). On the other hand, taddhita formations like
mathuravat (§2.2.2.2) differ. One can justifiably maintain that vati is introduced after
mathura-i of an initial string (24) mathura-i iva-s srughna-i prakara-s. This is in con-
formity with the fact that Panini 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 mathuvavat 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 Panini’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 (karaka) as well as things related to each other. It is
undeniable that he thereby adopts the viewpoint that the derivational system serves to

199 T 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 (vakyasamskara), not isolated words (pada) that are then strung to-
gether to form utterances (see §§1.2-1.4). Moreover, Panini’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 Paninian
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 Panini names krt, such as the participial suffixes kravatu and kta in
forms like krtavan and krtah of (21) and (23) (§2.2.2.1), are introduced in the course
of syntactic derivation. In addition, ‘secondary derivation affixes’, which Panini 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 ra@japurusa- ‘king’s servant’ are formed
from related padas such as rajan-as purusa-s of initial strings like (32) (§2.2.2.3), and
it is proper to conclude that Panini posited distinct initial strings such as (32) r@jan-as
purusa-s prasada-i ni-s vas-l, (40) rdjan-os purusa-s prasada-i ni-s vas-lI, and (41)
rdjan-am purusa-s prasdada-i ni-s vas-l to account not only for utterances like (30)
rdajiah purusah prasade ni vasati, (33) rajioh purusah prasade ni vasati, (34) rajiam
purusah prasdde ni vasati but also for (31) rd@japurusah prasade ni vasati, in which
the compound ra@japurusah 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 t@ of tasyam in (53) tasyam atavyam vat-
syami (§2.2.4), takes place within the syntactic machinery and not in a totally separate
lexicon.

In sum, Panini 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

[For bibliographic details, see G. Cardona, Panini, A Survey of Research
The Hague-Paris: Mouton. Indian edition: Delhi: Motilal Banarsidass, 1980; re-
printed with corrections and additions, 1997; G. Cardona, Recent Research in
Paninian Studies, second edition, Delhi: Motilal Banarsidass, 2004.]
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Hemacandracharya , Edited ... by Sra Haragovinda Sastra [Vidyabhawan Sanskrit Se-
ries 109], Varanasi: Chowkhamba, 1964)
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Kas Kasikavatti of Vamana and Jayaditya (adhyaya, pada, sttra in Osmania University edi-
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N Jinendrabuddhi’s Kasikavivaranapaiijika, alias Nyasa, on the Kasikavrtti (adhyaya, pada,
siitra, volume, page in edition by Dwarika Das Shastri and Kalika Prasad Shukla)

PM Haradatta’s Padamaiijart on the Kasikavrtti (adhyaya, pada, sutra, volume, page in edi-
tion by Dwarika Das Shastri and Kalika Prasad Shukla)

PK Ramacandra’s Prakriyakaumudi (volume, page of K. P. Trivedi’s edition)

Pr. Kaiyata’s Mahabhasyaradapa (volume, page of Rohtak edition/volume, page, column
of Nirnaya Sagara Press edition)
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and Parame$varananda Sarma Bhaskara)

Ud. Nagesa’s Mahabhasyapradapodyota (volume, page of Rohtak edition/volume, page,
column of Nirnaya Sagara Press edition)

VBh. Kaundabhatta’s Vaiyakaranabhtisana (karika, page in Manudeva Bhattacharya’s edi-
tion)

VBhS Kaundabhatta’s Vaiyakaranabhiisanasara (karika, page in Bala Krishna Pancholi’s
edition)

VP Bhartrhari’s Vakyapadaya (kanda, karika [kanda, samuddesa karika for third kanda] of
W. Rau’s edition, 1977)

VPA Raghunatha Sharma’s Ambakartri commentary on the Vakyapadiya and its commen-
taries

VPH Helaraja’s Prakirnaprakasa on the third kanda of the Vakyapadaya (kanda, samud-
deSa, karika, page, lines in K. A. Subramania Iyer’s edition, preceded by kanda, samud-
desa, karika numbers from Rau’s edition)

VPP Srivrsabha’s paddhati, the Sphutaksara, on the Vakyapadiya and its Vrtti (page, lines
in K. A. Subramania Iyer’s edition)

VPVr. Bhartrhari’s autocommentary (vrtti) on the Vakyapadaya (kanda, karika, page, lines
in K. A. Subramania Iyer’s editions)
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Abstract. The descriptive technique of Panini’s Astadhyayt has deeply
influenced modern linguistic theory and practice. But Panini 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 Panini’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 Astadhyayt merely by the goal of
achieving maximum compression. This finding is itself of considerable
theoretical interest.
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1 Organization of the Grammar

1.1 Introduction

Panini’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 (bhasa) of Panini’s time, and the often unique information it provides
on Vedic, regional and even sociolinguistic usage 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.

Whitney’s attempt to discredit Panini on matters of fact was almost unanimously
repudiated by Sanskritists (Biihler 1894, von Schroeder 1895, Thieme 1935). The
better we come to understand Panini’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 Panini in the first place).

This universal admiration of Panini poses a problem. Why do linguists who
don’t approve of each other nevertheless agree in extolling Panini? Each school
of linguistics seems to fashion its own portrait of Panini. In the following pages
I propose to reconcile the Bloomfieldian portrait of Panini 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 Astadhyayi 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 Panini’s rules. Modern research is complementing this with a recon-
struction of Panini’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 Panini 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 Astadhyay 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



On the Architecture of Panini’s Grammar 35

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. Astadhyayi: a system of about 4000 grammatical rules.

b. Sivasitras: the inventory of phonological segments, partitioned by markers
(anubandhas) to allow classes of segments (pratyaharas) to be designated by
a set of special conventions.

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

d. Ganapatha: 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
Dhatupatha) they have to some extent been modified by later grammarians.

The rules of the Astadhyayr make reference to classes defined on the elements in
the other three components by means of conventions spelled out by rules of the
Astadhyayt 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 Astadhyayi 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

l Assignment of karakas (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) wdnad gramam adydpétyaudand asvapaténa paci
‘When Agvapata came from the forest to the village today, he cooked some
rice.’
(literally:) ‘Having come. .., rice was cooked by A.”

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

(3) vana-NasI gra ma-am adya upa-a-iN-Ktva odana-sU
forest-AblSg village-AccSg today Prep-Prep-go-Abs rice-NomSg
asva-pati-aN-Ta A4-DUpacAS-CiN-ta
A .-descendant-InstrSg Aug-cook-AorPass-3Sg

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

(4) a. Sentence 1:
(1) wvdna ‘forest’: source (apadana)
2) grama ‘village’: goal (karman)
3) adyd ‘today’: temporal location (adhikarana, kale)
4) asvapatd ‘descendant of Asvapati’: agent (kartr)
5) upa-a-iN+Ktva ‘approach, reach’, absolutive
b. Sentence 2:
(1) odand ‘rice’: goal (karman)
(2) asvapatd ‘descendant of Asvapati’: agent (kartr)
(3) DUpacAS+lun ‘cook’, aorist tense

The derivation is initiated by constructing the morphosyntactic analysis (@) on
the basis of the ontology of the events and the speaker’s wish to express certain
features of it (vivaksa). 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 (apadana,).

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 (lun).

e. The suffix Ktva 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, (Bh-c) are definitions.
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The grammar is a device that starts from meaning information such as (&)
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 ([I)) responds to se-
mantic and syntactic factors (levels 1 and 2), but the semantics-to-morphosyntax
mapping (1 — 2 in () 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 Paninian counterpart to
extrinsic ordering. In contrast, the mappings between the other levels are strictly
monotonic. For example, there are no processes which delete karakas or abstract
tenses, or which replace one karaka 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 Paninian
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/phonology mapping, 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 FATAT HHATT
trtiya  karmani (45 kte ca) (6.2.1 prakrtya purvapadam)
third-Nom karman-Loc
‘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 dhi-hata ‘killed by a snake’ (passive, initial accent),
but ratha-yatd ‘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-Ta han-Kta-sU b. ratha-Ta ya-Kta-sU
snake-Instr kill-PP-Nom cart-Instr go-PP-Nom

They are differentiated only at the morphosyntactic level. In (fh), instrumen-
tal case expresses the agent role and the participle suffix -Kta expresses the
goal/patient role. In ([@b), 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 HGH LI AT

kartrkaranayos trtiya
agent-instrument-LocDu third-Nom

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

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

(9) 3.4.72 TEITRH A HATINS I THITAA GRS A [T :

gatyarthakarmakaslisastnsthasavasajanaruhajiryatibhyah
go-meaning-intrans-slisa. . . AblP1

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

(How this works exactly will be explained in section [[Z41])

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
Panini does).

The organization into “levels” described here flows from the strict adherence
to economy. It would be misleading to say that (I) 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, laghava). 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 Aupagavd, formed by the suffix -aN, phonologically -a,
with a diacritic NV which causes vrddhi 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, -alV constitutes a subclass of taddhita suffixes (‘sec-
ondary’ denominal derivational suffixes), which share a number of properties: they
are added to nominal stems (pratipadikas), and they are optional, in the sense that
there is a synonymous analytic expression: Aupagavd 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 (I0) and (ITI).
(10) 3.1.1 yeg =

pratyayah

suffix-Nom
‘(an item introduced in the rules up to the end of 5) is (termed) pratyaya

“Sumx” )

(11) 3.1.2 9%
paras ca

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

(12) 3.1.3 SATeIETAE
adyudattas ca
initial-accent-Nom and
‘and has initial accent’

Rule [I2] 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 SJraTfaafaadTa
nyappratipadikat
Ni-@P-stem-Abl
‘after (an item ending in the feminine suffixes) Ni, aP, or (after) a nominal
stem’

(14) 4.1.76 afgar:
taddhitah
taddhita-NomP1
‘denominal suffixes’

(15) 4.1.82 FHITAT TIHTET
samarthanam prathamad va
semantically-related-GenP]1 first-Abl 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 -aV:
(16) 4.1.83 gTvereqdr S

prag divyato ‘n
up-to divyati-Abl aN-Nom

‘Up to rule 4.4.2, the accented taddhita suffix alV is added after the first
semantically related nominal stem [marked by a pronoun in the genitive

case in each rule].’

The meaning of alV 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 (I7):

(17) 4.1.92 FEATTeTT
tasyapatyam
his descendant
‘(The suffixes alN 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 Astadhyayr 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 (anuvrtti, 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/apavada). 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 -alN. 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 -Nya, e.g. Prajapati — Prajapatyd.
This exception has in turn an exception: a class of compounds in -pati, listed
in the Ganapatha, require not -Nya, but -alN again, e.g. Asvapati — Asvapatd.
Since these rules all come under the sway of (I0)—(I7), they must be grouped
together in their scope. Maximal concision is achieved by grouping together the
two -alN rules, the general case and the exception to the exception, followed by
the -Nya rule, the first-order exception. That way -alV has to be repeated just
once. So in the grammar rule () is immediately followed by:

(20) 4.1.84 FHIATIOTT
asvapatyadibhya$ ca (83 alN) (82 samarthanam ...) ...
‘ Asvapati-etc.-Abl
‘The taddhita suffix -alN is also added after the first syntactically related
stem which belongs to the class Asvapati etc.” [Exception to 4.1.85].
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(21) 4.1.85 feafefaemeaTgarIeOwT:
dityaditiadityapatyuttarapadan nyah (82 samarthanam ...)
diti-aditi-aditya-pati-second-word-Abl nya-Nom

‘The taddhita suffix -Nya 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 -alN and
its properties must be listed twice (Deo 2007).

(22)  -alN
-Nya

-aN

The -aN that is an exception-to-an-exception cannot inherit its properties from
the regular (default) -alN at the top of the hierarchy across the intervening -Nya,
so the fact that the two -aNs 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 Panini, 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 yaN is added to roots to express repetition
(kriyasamabhihara, 3.1.23). With certain roots, yaN is added in an idiomatic
meaning: with roots meaning ‘go’ it denotes a crooked manner, e.g. cankramyate
‘meanders’ (3.1.24), and with roots such as lup ‘cut’, sad ‘sit’ it denotes a sloppy
manner, e.g. sasadyate ‘slouches’. The point is that these special meanings block
the general meaning of the intensive: cankramyate and sasadyate do not mean
‘goes repeatedly’; ‘sits repeatedly’. Such semantic blocking is readily handled
in Panini’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, Ra, ... Ry}, A blocks
each of the rules in R.

So rule A blocks both B and C below:

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 (Z5)),
monophthongization (rule (26])), and contraction (rule (21)), stated directly below:

(24) adya tha apaci odanah — adyehapacyodanah ‘the rice was cooked here to-

day’
(25) 6.1.77 FT Forf=
iko yan aci (72 samhitayam)

tk-Gen yan-Gen ac-Loc
‘i, u, 1, | — y, v, 7, [ before a vowel, in close contact.’
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(26) 6.1.87 SATFT:
ad gunah (77 aci) (72 samhitayam)
a-Abl guna-Nom
‘a (short or long) and a vowel are (together) replaced by guna (a, e, o), in
close contact.’

(27) 6.1.101 3T&: qaur &
akah savarne dirghah (84 ekah purvaparayoh) (72
aK-Gen same-color-Loc long-Nom
samhitayam)

‘aK (a, i, u, 1, [) 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 28], [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 [20]. 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 — @, not a) and over 25 (i+i — %
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 ghgef=
vrddhir eci (87 ad) (72 samhitayam)
a-Abl guna-Nom
‘a (short or long) and e, o, ai, au are (together) replaced by vrddhi (a, ai,
au), in close contact.’

E.g. upetya odanah — upetyaudanah (see [2)). (2]) is in turn blocked by (29):

(29) 6.1.94 ufs TvETH
eni pararipam (91 upasargat, dhatau) (87 at) (72
en-Loc following-form-Nom
samhitayam)

‘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

(510)B
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(30) 6.1.89 THYISY
etyedhatytthsu (88 vrddhih) (87 at) (72 samhitayam)
eti-edhati-uTh-LocPl
‘a (short or long) and e, o, ai, au in (the roots of the verbs) eti-edhati and
in (the replacement) @Th are (together) replaced by vrddhi (a, ai, au), in
close contact.’

E.g. upa-eti — upaiti (*upeti). Finally, (31) blocks (B0):
(31) 6.1.95 HTSTE

omanos ca (94 efii pararupam) (87 at) (72 samhitayam)
om-aN-LocDu and

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

E.g. upa-a-itya — upetya (F*upaitya) (see ([@)).
By a similar reasoning, rule (82) collectively blocks rules ([27) and (24]), the
latter vacuously.

(32) 6.1.97 =7aT O
ato gune (96 apadantat) (72 samhitayam)
aT-Gen guna-Loc
‘Short non-final a followed by guna (a, e or o) are (together) replaced by
the second vowel.’

This gives e.g. grama-am — gramam in (2)).

1.5 Word Integrity

The integrity of words appears not only in word-formation processes (p. [39,
and see also ([37) 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 ¢, 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+1i+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 d-yaj-a indram ‘I sacrificed to Indra’

a-yaj-a-i indra-am
d-yaj-e¢ indra-am (26]) 6.1.87 ad gunah
d-yaj-a indram  (32]) other rules

(35) Wrong derivation:
a-yaj-a-i indra-am
d-yaj-andram  (27) 6.1.101 akah savarne dirghah,
B2) 6.1.97 ato gune
*4-yaj-endram (26) 6.1.87 ad gunah

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 ghrasvadese, when e is shortened it becomes i. (B8]
shows that the e which arises by sandhi (which is part of both words by the
convention 6.1.85 antadivacca) does not shorten:

(36) Right and wrong derivations for ‘he sacrificed here’
atra i-yaj-a
atreyaja (correct output) (Z6) 6.1.87 ad gunah
*atriya ja 7.4.59 hrasvah

Similarly, from pacava idam ‘let us two cook this!” the vowel contraction rule
ad gunah derives pacavedam, where the e does not undergo rule 3.4.93 eta ai,
which turns e into ai in imperative suffixes (as in 1.Du. pacavahai).

(37) Right and wrong derivations for ‘let us two cook this!’
pacava idam
pécavedam (correct output) (26) 6.1.87 ad gunah
*pdcavaidam 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) == fagaq
sarvatra siddhavat

everywhere 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, adesalaksanabhava ‘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
(utsargalaksanapratisedha ‘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 ¢ in that order, rule A
is asiddha if and only if the result is identical to the result of applying A
and B to ¢ simultaneously, and distinct from the result of applying them
to ¢ 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 sthanivat ‘(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 Tripadi ‘Three
Sections’. It is headed by one of the most famous rules of the Astadhyayt:

(40) 8.2.1 ga=TrEEH

purvatrasiddham

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 {0 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. rajan-bhis — rajabhih ‘by the kings’,
the final -n of the underlying stem rajan- is deleted by rule (I).

(41) 8.2.7 FATT: WTfaUladhT-aeT

nalopah pratipadikantasya (8.1.16 padasya)
n-null-Nom stem-end-Gen
‘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. vrksa-bhis —
vrksa-ais (— vrksaih) ‘by the trees’. Because {I)) is in the Tripads section and
rule 7.1.9 is outside the Tripadi section, [@Q) correctly blocks (£Il) from feeding
7.1.9 in rajabhih.
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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 -¢ by -k when an obstruent
follows. If -ta — -va applied first, it would bleed -¢ — -k, yielding the wrong
form *pacva. In order to ensure that the suffix change ‘does not count’ with
respect to -¢ — -k, it is placed after it in the Tripadi. 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 susyusati ‘wants to sew’, the input siv+sa+ti
(underlying sivU+saN+tiP) is subject both to replacement of v by @ (by 6.4.19
chvoh $ud anunasike ca) and to reduplication (copying of the root by 6.1.9
sanyainoh). The siddha-principle tells us (correctly) that the the replacement
of v by u takes effect “before” the copying of the root: siv+sa+ti — syu+sa+ti
— syu+syu+sa+ti (— susyusati by other rules). The reverse procedure would
have resulted in the wrong form: siv+sa+ti — siv+siw+sa+ti (— *sisyusati
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 (B8]) has the correct effect. Reduplication is done
on the base where v has been replaced by 4, and conversely (but irrelevantly,
in this case) the replacement of v by @ is done on the reduplicated form. This
results in the correct output.

2 Syntax

2.1 Panini’s Treatment of Clausal Syntax

Panini 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 Astadhyayi, 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 karakas. Karakas 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 karaka can correspond to several semantic relations and one seman-
tic relation can correspond to several karakas. These correspondences are duly
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stated in the grammar. Karakas 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.

Panini 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, Panini 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 Karakas

Panini’s grammar represents a sentence as a little drama consisting of an action
with different participants, which are classified into role types called karakas.
There are six of them: Agent (kartr), Goal (karman), Recipient (sampradana),
Instrument (karana), Locative (adhikarana), and Source (apadana).) Some kara-
kas correspond to more than one semantic role and some semantic roles cor-
respond to more than one karaka). Thus, in the grammatical derivation, the
karakas 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 paradigmg

2 To make it easier to follow, I omit sandhi here, writing e.g. pacati odanam for pacaty
odanam.
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Sentences
Active:
krsna-h pac-a-ti odan-am
Krishna-Nom cook-3Sg rice-Acc
‘Krishna cooks rice’
krsna-h svap-iti
Krishna-Nom sleep-3Sg
‘Krishna sleeps’

Nominals

krsna-h pac-aka-h odana-sya
Krishna-Nom cook-Ag-Nom rice-Gen
‘Krishna (is) a cooker of rice’

krsna-h svap-itr-)

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

Passive:

krsn-ena  pak-va-h odana-h
Krishna-Ins cook-PP-Nom rice-Nom
‘Rice cooked by Krishna’

krsn-ena  pac-ya-te odana-h
Krishna-Ins cook-Pass-3Sg rice-Nom
‘Rice is cooked by Krishna’

Stative:
krsn-ena  pak-ti-h odana-sya
Krishna-Ins cook-Proc-Nom rice-Gen
‘Krishna’s cooking (of rice)’

krsn-ena  sup-ya-te krsna-sya  svap-na-h

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

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

What is the relation between the active, passive, and stative constructions? And
what is the relation between the structure of sentences and the structure of nom-
inals? Panini’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 Panini’s grammar represents a pure form of lexicalism.

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

(43) a. Every karaka must be “expressed” (abhihita) by a morphological ele-
ment.
b. No karaka can be expressed by more than one morphological element.
c. Every morphological element must express something.

“Expression” (abhidhana) 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 ([@4]), which remains in force until the end of 2.3.
(44) 2.3.1 sratafEa

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 (dhatu) and a list of nominal stems
that are considered to be underived (pratipadika). 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) Instrumental case expresses the Agent and Instrument roles.
Accusative case expresses the Goal/Patient role.

Active verb endings express the Agent role.

Passive verb endings express the Goal/Patient role if the verb has one,
otherwise the Process (bhava).

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 ;gITeaaad &

kartur TIpsitatamam karma
agent-Gen most-aimed-at-Nom karman
‘the primary goal of the kartr ‘agent’ is called karman’.

oo

The word ipsitatama is the superlative of #psita (cf. 1.4.26, 36), which is the past
participle of #ps, the desiderative of ap ‘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 Fw#for fgamar
karmani dvitiya
karman-Loc second-Nom
‘the second (triplet of case endings) expresses karman’.

(48) 3.4.69 T: HHTT T WTT ATRHIT:
lah  karmani ca bhave cakarmakebhyah (67 kartari)
la-Nom karman-Loc and process-Loc and intransitive-AblP1
‘la expresses kartr, karman, or, after (roots) having no karman (intransi-
tives), process.’

Depending on which option is chosen in [8], active or passive sentences are
derived.

(49) 1.4.54 FFa==: Far
svatantrah karta
independent-Nom agent-Nom
‘the independent one is called kartr.’
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The basic expression of kartr is either instrumental case by [§], or verb inflection
by M8]. If the option of expressing the kartr role by the verb endings is chosen,
the kartr itself is inflected in the nominative case by [G0]

(50) 2.3.46 sTfaufeardfagaiATIaTT/T AT
pratipadikarthalingaparimanavacanamatre prathama
stem-meaning-gender-number-only-Loc first-Nom
‘the first case expresses only the gender and number of what the word’s
stem denotes’

E.g. devadattah pacati ‘D. cooks’, sthali pacati ‘the pot cooks’, agnih pacati ‘the
fire cooks’. Katyayana and Patanjali 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 sthalt 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 pacayaty odanam devadatto
yagnadattena ‘D. makes Y. cook rice’, Yajnadatta is independent relative to the
act of cooking even though he is in turn prompted by a causer (hetu), see [B1]:

(51) 1.4.55 oIl aqF

tatprayojako hetus ca
that-prompter-Nom hetu-Nom 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 -
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) krsnah paca ti a¢gnT 0dan am goar ‘Krishna cooks rice’

The three mutually exclusive choices available for verb endings (see [3k,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 karakas then assign the
correct case pattern as follows. By the leading principle (@3] that each karaka
must be expressed, and no karaka 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 ([@3b)). The Agent function of krsna must now be
expressed by the instrumental ending, which is -ena:

(53) krsn ena agenT pacya te coar 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) krsn ena agenT supya te procress ‘Krishna sleeps’ (impers. pass.)

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

(55) krsnah pac aka sgenr odana sya goar ‘Krishna (is) a cooker of rice’

\ |

(56) krsn ena agenT pak va goar odanah ‘Rice (is) cooked by Krishna’

(57) krsn ena agenT pak ti procrss-h odana sya goar ‘The cooking of rice
by Krishna’ ‘ \

(58) krsna 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 Panini’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 Panini 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-a-mi odana-m
I-Nom cook-1Sg rice-Acc
‘T cook rice’

b. aham svap-imi
I-Nom sleep-1Sg
‘T sleep’ (active)

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

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

The verb agrees with the 1Sg pronoun in [59h,b], but not in [E9c,d]. Why? Recall
that the finite verb ending “expresses” one of three things: (1) the Agent, (2)
the Goal, or (8) the Process. So the relational structures of [59] are:

(60) a. aham paca my aggn7 odan am goar, ‘I cook rice’

b. aham svap imi aggnT ‘I sleep’

c. maya sgegNT Pacya te goar odanah ‘Rice is being cooked by me’

]

d. maya agenT supya te procrss ‘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
karaka of a third person nominal, as in [60k], and when it expresses no karaka at
all, but rather “Process”, as in [60b,d]. The verb and the nominal so linked are
designated by Panini as samanadhikarana, “having the same substratum” (let’s
translate it as coindezed, 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+43P gets 1P
agreement, a conjunct nominal of the form 2P+3P gets 2P agreement:

(62) aham krsna-$ ca paca-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 Panini’s coindexing account of agreement is superior
to a subject-based account is seen in relative clauses like [63].

(63) pasya-timam ya-h paca-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. Panini’s rule,
however, covers this situation directly. In [G3], 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. Panini’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 Panini 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, Panini 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)), (G3) must stipulate that agreement takes
place even when the pronoun is present just in the input (sthaniny api).



56 P. Kiparsky

(64) 1.4.105 THILITS HATATTHRL BATTATT THH:
yusmady upapade samanadhikarane sthaniny api
yusmad-Loc adjunct-Loc coindexation-Loc input-Loc even
madhyamah
middle
‘the second set of person endings are added in coindexation with the stem

yusmad ‘you’, even if underlying’

(65) 1.4.107 eTEHITH:
asmady uttamah (105 upapade samanadhikarane sthaniny
asmad-Loc last

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 I I
Sese  prathamah
rest-Loc first
‘elsewhere the first set of person endings (= third person) are added’

Thus, karakas 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 Panini’s system. The antecedent is just the
kartr. Again, the absence of grammatical relations, far from being a liability
of Paninian 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 karakas 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 Aévapata
arrived in the village. Panini 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 FHTAGRGHAT: TaHTA
samanakartrkayoh purvakale (19 ktva) (3.1.91 dhatoh) (3.1.1-2

same-agent-AblPl prior-Loc
pratyayah...)

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

This accounts correctly for the interpretation of the absolutive in sentences such
as (). 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) 3.3.1099-vger FraTam fRama=T

tumunnvulau kriyayam kriyarthayam

tumUN-NvuL-NomDu action-Loc action-purpose-Loc
‘(the krt affixes) tumUN and NvuL 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 krt
suffix), and purpose. We seem to face the problem that the theory apparently
predicts that sentences like [69h,b] are ungrammatical, and [69c] grammatical,
and the facts are exactly the other way around:

(69) a. krsna-h paca-ty odana-m bhok-tum

Krishna-Nom cook-3Sg rice-Acc eat-Inf
‘Krishna cooks rice to eat’

b. krsn-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. *krsn-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 [T0c] is
grammatical is that all roles are apparently properly expressed:

T !
(70) a. krsna-h paca ti agenT odan am goar bhok tum aceNnT,PURPOSE
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‘ 1
b. krsn ena agenT pacya te goar odanah bhok tum age~nT,PURPOSE

1
c. krsn ena agenT pacya te goar odan am goar bhok tum sacenT,PURPOSE

The solution to this problem is a constraint, apparently presupposed by
Panini, 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, [[Qk]
is ungrammatical because the accusative case of odanam has no function (does
not express any role). In the grammatical sentences [f0h,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. krsna-h paca ti agenT odan am goar bhok tum agenNT PURPOSE (en am) goar

b. krsn ena agenT pacya te goar odanah bhok tum aceNnT,PURPOSE (en am) coar

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

(73) a. krsna-h kasthani 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. krsn-ena kasthani bhid-ya-nte odana-m pak-tum
Krishna-Instr firewood-pieces split-Pass-3P1 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 Panini’s rules. Consider the range of elliptic
variants of a sentence such as

(74) aham edh-an ahar-tum gaccha-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) edhan ahartum (‘Where are you going?’) ‘To fetch firewood’.

ahartum gacchami (‘What about the firewood?’) ‘I'm going to fetch (it)’.
edhan (‘What are you going to fetch?’) ‘Firewood’.

ahartum (‘What are you going to do to the firewood?’) ‘Fetch (it)’.

gacchami (‘Are you fetching the firewood?’) ‘T'm going to’.

P o TP

However, one of the logically possible patterns of deletion, [76h], 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. *edhan gacchami ‘T'm going firewood’.
b. edhebhyo (Dative) gacchami ‘T'm going for firewood’.

To account for the ungrammaticality of [76k] and for the grammaticality of [7Gb]
Panini adds a special rule of case assignment to his grammar.

(77) 2.3.14 FRITITIIEEr T AU ST

kriyarthopapadasya ca karmani sthaninah (13
action-meaning-complement-Gen and karman-Loc substitute-Gen
caturthi)

‘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 [76h] is ahartum “to fetch”; it is construed with gacchami
by Panini’s rule for purpose complements (3.3.10). Therefore, 2.3.14 applies to
yield [76b]. In accord with the siddha-principle ([B8), 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 [[0b,c]:

(78) a. krsna-h iccha-ti odana-m bhok-tum
Krishna-Nom want-3Sg rice-Acc eat-Inf
‘Krishna wants to eat rice’
b. *krsn-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. krsn-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 [70kc])



60 P. Kiparsky

For these verbs, Panini provides a specific control rule.

(79) 3.3.158 TSI SY THT

samanakartrkesu tumun (157 iccharthesu)
same-agent-ed-LocPl tumUN-Nom
‘tumUn is added after a root that is construed with a root denoting ‘want’

that has the same agent’

‘ I I
(80) a. krsna-h iccha ti agenT odan am goar bhok tum same—acENT

\ \

b. krsn ena asgenT iSya te prockess odanah bhok tum same—aceENT
\ \

c. krsn ena agenT isya te pProcEss odan am goar bhok tum sayme—AGeENT

]

Note that in [B0b] -te (in its passive function) cannot link odanah, because of
principle [T].

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

(81) a. krsna-h $akno-ti odana-m bhok-tum

Krishna-Nom can-3Sg rice-Acc eat-Inf
‘Krishna can eat rice’

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

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

Panini 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 sak class,
express dhatusambandha “verb union” (Joshi 1971).

(82) 3.4.1 GTEE— THAT:
dhatusambandhe pratyayah
root-connection-Loc  suffix-PINom
‘(words ending in the following) suffixes are connected to verbal roots’

In virtue of this verb union process, combinations like bhoktum Saknoti “can eat”
are treated exactly like a single predicate for purposes of the grammar’s licensing
constraints. The data in [RI] then follows:
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‘ I
(83) a. krsna-h dakno ti agenT odan am goar bhok tum pyArysamMBANDHA

L

b. krsn ena agen~nT $akya te goar odanah bhok tum ppyAirusamMBANDHA

L

c. krsn ena agenT Sakya te goar odan am goar bhok tum pyirysamBANDHA

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

(84) 3.2.124 Fe: TTUTAATTTTHTHATATTIRIIT

latah $atréanacav aprathamasamanadhikarane

IAT-Gen SétR—éénaC—NonDu non-Nominative-coindexed-Loc

‘“When present tense [A T is not coindexed with a nominative, it is replaced
by the participle endings -ana, -a(n)t.

This rule obligatorily turns [RBh] into [RBb], and thus at one stroke accounts for
all the data — for the ungrammaticality of [85h], which could otherwise be parsed
by the system, for the grammaticality of [8Bb], and for the ungrammaticality of
the corresponding passive [85k], which violates [84].

(85) a. *krsna-h pasya-ti Yajnadatt-am gaccha-ti

Krishna-Nom see-3Sg Yajnadatta-Acc go-3Sg
‘Krishna sees Yajnadatta go’

b. krsna-h pasya-ty Yajnadatt-am gacch-ant-am
Krishna-Nom see-3Sg Yajniadatta-Acc go-Part-Acc
‘Krishna sees Yajnadatta goes’

c. *krsn-ena dr$-ya-te Yajnadatta-h gacch-an
Krishna-Instr see-Pass-3Sg Yajnadatta -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 TITT AT TAH
tathayuktam canipsitam (49 kartuh, karma)

so-connected and non-goal-Nom
‘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. visam bhaksayati ‘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. gam payo dogdhi ‘he milks the cow (of)
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milk’, pauravam gam bhiksate ‘he begs Paurava for a cow’, manavakam dharmam
brute ‘he teaches the boy duty’, gargan Satam dandayati ‘he fines the Gargas a
hundred’, ajam gramam nayati ‘he leads the goat to the village’. Joshi suggests
that tathayuktam 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 Ipsitatamam
karma provided that there is another sentence in which it does function as a
karman by rule [6]. Thus, gam payo dogdhi would be licenced by the existence
of both gam dogdhi ‘he milks the cow’ and payo dogdhi ‘he milks milk’, but
in the double-object construction only one of them is ipsita. Ungrammatical
sentences such as *gam dogdhi kumbham ‘he milks the cow the pot’ would be
excluded because the second karman is not tathayukta (cf. *kumbham dogdhi).
Ungrammatical sentences such as *gam dogdhy ajam ‘he milks the cow the goat’
would be excluded because they would have to have two parallel ipsita 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 (87h,b), or a pas-
sivized subject, as in (87c):

(87) a. tam  mantrina hatam Srutva nyavedayan
him-Acc minister-Instr kill-PPP-Acc hear-Abs inform-Impf-3P1 ...
‘after hearing that the king had been killed by his minister, they in-

formed ...’ ($ ‘after hearing the king’) (Mbh. 3.283.4)

b. tam  vai paksapuchavantam eva santam na
him-Acc Part wing-tailed-Acc just being-Acc not
paksapuchavantam iva pasyanti
wing-tailed-Acc as-if see-3P1
‘although he in fact has wings and a tail, people do not see him as
having wings and a tail’ (7 ‘people do not see him’) (SB 7.1.1.20)

c. havyavahanah $rtiyate nigrhito vai purastat
fire-Nom hear-Pass3Sg caught-Nom Prt once
paradarikah

adulterer-Nom
‘fire is heard (said) to have been once caught as an adulterer’ (7 ‘fire

is heard’) (Mbh 2.28.17)

The objects tam in (87h) and in (87b), and the passivized subject havyavaha-
nah in [87k), 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 ([@g]). 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 (B8] through analogy to parallel sentences where the corresponding argument
is in fact legitimately an object, viz. tam srutva ‘having heard him’, tam pasyanti
‘they see him’, havyavahanah sruyate ‘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) mam tu drstva pradhavantam anikam sampraharsitum
me-Acc Part see-Abs rushing-Acc front-Acc cheer-Inf
tyajantu harayas trasam

abandon-Imp3Pl monkey-P1 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 sampraharsitum is mam ‘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 sr&fyd T
akathitam ca (49 kartur Ipsitatamam karma)

unstated-Nom also
‘Also an unexpressed primary goal of the agent is karman’.

I think akathita should be understood literally as asamkirtita ‘not mentioned,
left out’ or avivaksita ‘not intended to be expressed’ in the sentence and that the
rule takes care of “object pro—drop”H 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 asayati ‘he makes D. sit down’. But verbs with implicit
unexpressed karmans are still sakarmaka, e.g. dohayaty asudrena (not *asudram)
‘he makes a non-sudra 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 karakas

The rules assigning karaka designations are headed by (@0), ([@II), which ensure
that any given argument gets only one role (semantic blocking again).

(90) 1.4.1 AT HSTITEHT FIT

a kadarad eka samjna
‘up to kadara-Abl one 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] kadara (the end of 2.2), (only) one
technical term (is to be assigned)’

(91) 1.4.2 fawfays ¢ &Eq

vipratisedhe param karyam
conflict-Loc last to be applied’
‘in case of conflict, the last (rule) is to be applied’

For example, in dhanusa 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 (apadana), and the definition of the instrument role (karana), since it is both
the “fixed point” from which the arrows move off and the “means” for launching
the arrows.

(92) 1.4.24 gIFEITT SHTREH
dhruvam apaye ’padanam
fixed-Nom separation-Loc apadana-Nom

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

(93) 1.4.42 ATIHAH HLH

sadhakatamam karanam
most-effective-means-Nom karana

‘the most effective means is (called) karana (‘instrument’)’

As a result of [@0], [@1] it is only designated as a karana by the later rule 1.4.42,
so that the grammatical sentence dhanusa vidhyati ‘he pierces with a bow’ is
derived and the ungrammatical sentence dhanuso vidhyati ‘he pierces from a
bow’ is not derived.

The heading that introduces the karaka terms is continued through [B51] 1.4.55.

(94) 1.4.23 &

karake
role-Loc

‘to express a role’

The characterization of the karaka roles raises some interesting questions that
semanticists still wrestle with. Let us sample this domain by taking a look at the
discussion around the karaka called apadana ‘source’; introduced by ([@2): The
basic expression for apadana is the ablative case.

(95) 2.3.28 STITETT TFH]
apadane pancami
source-Loc fifth-Nom
‘the fifth case expresses apadana’
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E.g. vanat ‘from the forest’ (see ([@)). Katyayana notes that in cases such as asvat
trastat (dhavatah) patitah ‘he has fallen from a shying (running) horse’, sarthad
gacchato hinah ‘he has strayed from the moving caravan’ the horse and caravan
are not fixed. Patanjali 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 apadanam con-
tinued from (@2))) provide explicitly for this. (@6) and (@).

(96) 1.4.25 =TT ¥aRq:

bhitrarthanam bhayahetuh
fear-protect-meaning-GenP]1 fear-cause

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

E.g. caurebho bibheti ‘he fears thieves’, caurebhyo raksati ‘he protects from thieves’,
and in derivatives such as bhima (by 3.4.74 bhimadayo 'padane). Patanijali retorts
that these verbs denote a mental separation and therefore are already covered by
Panini’s rule. Similarly:

(97) 1.4.26 IOTSITHIE:

parajer asodhah
overcome-Gen unbearable-Nom

‘In connection with paraji “to be overcome”; that which one cannot endure
is (called) apadana.’

E.g. adhyayanat parajayate ‘he is tired of studying’. Patanjali 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 apaye ’padanam.” Katyayana notes that roots denoting disgust,
cessation, and neglect should be specified in the rule: adharmaj jugupsate ‘he is
disgusted by wrong’, dharman muhyati ‘he neglects dharma’, for which Patanjali
proposes the same account.

Going further, Patanjali proposes that the basic rule ([@2)) can handle examples
like yavebhyo ga varayati/nivartayati ‘he wards off/turns away the cows from
the barley’, kupad andham varayati ‘he keeps the blind man away from the well’,
upadhyayad antardhatte ‘he hides from the teacher’, upadhyayad adhite ‘he learns
from his teacher’, srngac charo jayate ‘the arrow is made out of horn’, gomayad
vréciko jayate ‘the scorpion originates from cowdung’, himavato ganga 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 (anga). The rules
in chapters 3 - 5 (a section of about 1800 rules) deal with suffixation, and are
headed by ([) and (). A base of affixation is defined as anga by [08]:

(98) 1.4.13 TEATHAIIHEAGTE TTT SFHA
yasmat pratyayavidhis tadadi pratyaye ’ngam
what-Abl suffix-rule-Nom  that-beginning-Nom suffix-Loc base-Nom
‘whatever an suffix is appended to, together with anything that follows it
before the suffix, is an anga “base”’

Bases are of three categories:

— dhatu ‘(verbal) root’
— pratipadika ‘(nominal) stem’
— pada ‘word’

RoOTS are either basic (defined in [@9]) or derived (defined in [I00]).

(99) 1.3.1 \ATEAT HTaa:
bhiivadayo dhatavah
bhu-beginning-PINom root-PINom
‘bha ete. (the items listed in the dhatupatha) are (termed) dhatu “root”’

(100) 3.1.32 GATEI=AT HTdT:
sanadyanta dhatavah
salN-beginning-ending-PINom root-PINom
‘items ending in san etc. (the suffixes introduced in rules 3.1.5 ff.) are

(termed) dhatu “root”’.

NOMINAL STEMS are also either basic or derived. Basic nominal stems are
defined in [IOT].

(101) 1.2.45 PAFEITIIAHT: ATATTaHT
arthavad adhatur apratyayah pratipadikam
meaning-having-Nom non-root-Nom non-suffix-Nom base
‘an element which has a meaning and is not a dhatu or a pratyaya [and

99

does not end in a pratyayal, is (termed) pratipadika’ “base”’.

The definition excludes not only suffixes, but also suffixed items. Words (padas),
for example, are not pratipadikas, for gopodmany reasons. Suffixes, are pratipadikas,
however, in so far as they fall under [I02].

(102) 1.2.46 FATgaaaTaTS
krttaddhitasamasas ca (45 pratipadikam)
krt-taddhita-compound-PINom and’
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‘elements ending in krt or taddhita suffixes, and compounds, are (termed)
pratipadika’.

Rule ([I02)) actually covers the majority of suffixed nominal forms, excepting
only finished nouns (padas) and feminine stems (although the latter pattern
with pratipadikas as inputs to inflection and secondary derivation, as provided
for by ([I3)) 4.1.1 nyap pratipadikat).

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

(103) 1.4.14 gfas~ 27
sup-tin-antam padam
suP-tiN-ending-Nom word-Nom
‘An element tha ends in suP (a case ending) or #iN (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,
rajapurusa ‘king’s servant’ is derived from rajan-Nas+purusa-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 rajapurusa
‘king’s servant’ the first member rajan-, 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 [T04]:

(104) 1.1.62 FHITATT TCAIARITH
pratyayalope pratyayalaksanam
suffix-deletion-Loc 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:

. [Root + Suffix|geot: desideratives, intensives, causatives.
. [Word + Suffix]reot: denominal verbs.

. [Root + Suffix]gtem: primary (krt) suffixes.

. [Word + Suffix]stem: secondary (taddhita) suffixes.

. [Word + Word|stem: compounding.

. [Root + Suffix]wora: verb inflection.

. [Stem + Suffix]word: noun inflection.

R - ® &0 T o
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3.2 The “Sup” Endings

Nominal stems (pratipadikas) 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 EEEHE

(105) 4.1.2 Singular ~ Dual Plural
(ekavacana) (dvivacana) (bahuvacana)
sU au Jas Nominative (prathama)
am auT Sas Accusative (dvitiya)
Ta bhyam bhis Instrumental (trtiya)
Ne bhyam bhyas Dative (caturthi)
NasI bhyam bhyas Ablative (paricami)
Nas 0S am Genitive (sastht)
Ni 0s suP Locative (saptami)

As usual, pratyaharas 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 (prathama) “first”, (dvitiya) “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 Paninian
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 ([I05]) 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 (I06]):

(106) 7.1.12 eTSTESHTAATEAT:
tanasinasam inatsyah (9 atah) (6.1.4 afigasya)
Ta-NasI-Nas-PlGen ina-at-syaP1Nom
After a base ending in short a, the case endings Ta, NasI, Nas are replaced
(respectively) by ina, at, sya.

E.g. Instr.Sg. Asvapata+a — ([I06) Asvapata+ina — [26] Asvapatena.
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 ®TfaaTwT Sfeast

sthanivad adeso ’nalvidhau

original-like-Nom substitute-Nom 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. gramaya. After -a stems, Dat.Sg.
Neisreplaced by ya by 7.1.13. The replacement then triggers lengthening by [1085].

(108) 7.3.1029fT =T
supi ca (101 atah) (101 dirghah, yani) (6.4.1 angasya)

sUP-Loc and
‘The final a of a nominal stem is lengthened before a case ending that

begins with yaN (a glide, a nasal, jh, or bh).’

But [I0]] 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 pratyahara sup in [I05]. Then how can -ya trigger the desired
lengthening? The answer is that it “inherits” the status of a sup in accord with

().

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 (pdc-a-)
b. The aorist stem ((a-)pak-s-)
c. The perfect stem (pd-pac-)
d. The future stem (pdk-syd-)

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
Panini’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 ‘kse). 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 Panini 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 [RT and IRN, and the marker -R- that they
uniquely share triggers the introduction of stem-marking morpheme -sya after
them. The fact that conditional mood (IRN) 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 [IN, [AN, and [UN and letting the rules responsible for their shared mor-
phology be triggered by the marker -N that all four categories uniquely share.
The fact that future tense (IRT) 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 [AT, T,
LUT, IET, loT, and letting the rules responsible for their shared morphology be
triggered by the marker -7 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 [- affixes under common headings. For example, the three past
tense affixes (aorist (UN, imperfect IAN, and perfect IIT) are assigned under
the heading (II3) 3.2.84 bhiite ‘in reference to past time’, which takes various
nominal affixes under its scope as well

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 (I0)
3.1.1 pratyayah, (II) 3.1.2 paras ca, 3.1.91 dhatoh, which define them as
pratyayas and ensure that they are placed after verbal roots.

5 As predicted by the proposal in the text, the time reference of the latter is always
relative. For example, in the sentence agnistomayajy asya putro bhavita ‘his son will
be someone who has sacrificed the agnistoma’, the past time reference of the suffix
-in in agnistomayajin- must be understood in relation to the future time reference
of bhavita ‘will become’.
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Present tense (lat) is introduced by:

(111) 3.2.123 TFHTT A<
vartamane lat

present-Loc IAT
‘to denote ongoing time, [AT (present tense) is used’

Additional rules are concerned with extended senses of present tense. E.g. (I12)
records that the near future and the near past tend to be treated as ongoing time.

(112) 3.3.131 TAATAATHIA TAATTAET

vartamanasamipye vartamanavad va
present-vicinity-Loc present-like optionally
‘time near the ongoing is optionally (va) denoted the same way as ongoing

time’

In a varttike on (1)) 3.2.123, Katyayana notes that the rule must be augmented
in order to account for the durative present: pravrttasyavirame Sisya bha-
vanty avartamanatvat ‘present tense (bhavanti) 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 ihadhimahe ‘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 (I12), so
Katyayana’s point is that it is not merely allowed but obligatory in these cases.
The three past tenses [UN, IAN, T tenses come under the heading ([I3):

(113) 3.2.84 o
bhiute

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
krt suffixes that locate an eventuality in past time, until it is canceled by (LI
3.2.123 vartamane lat.

The aorist (IUN) is introduced by rule (II4)), as the default past.

(114) 3.2.110Fs
lun (3.2.84 bhiute)
IUN _
‘in reference to past time, [UN (aorist tense) is suffixed to the root’

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

(115) 3.2.111 SATAT TS
anadyatane lan (3.2.84 bhiite)

non-current-Loc [AN
‘in reference to non-recent past time, lar (imperfect tense) is suffixed to

the root’

So is the perfect (1IT), but with a further condition that it must be a hearsay
report.
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(116) 3.2.115 7rer foe
parokse lit (111 anadyatane) (3.2.84 bhite)
non-witnessed-Loc T
‘in reference to non-recent non-witnessed past time, [T (perfect tense) is
suffixed to the root’

Are rules ([14)), (IT5) and ([II0) in a blocking relationship? This is a thorny
question. According to the normal principles of interpretation of Panini’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 Panini’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 (II7), 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 f¥ FS=TeH
puri luh casme (121 vibhasa) (84 bhiute)
pura-Loc [UN and not-sma-Loc
‘in reference to remote past time, in combination with pura, in the absence
of sma, also aorist tense (in addition to present tense or imperfect tense)
is optionally (vibhasa) suffixed to a root’

In post-Paninian 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 B
The generalized tense/mood suffixes are replaced by the specific tN 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 atam jha (Mediopassive 3.p., atmanepada, prathama)

thas atham dhvam (Mediopassive 2.p., atmanepada, madhyama)

iT vahi mahiN (Mediopassive 1.p., atmanepada, 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 (atmanepada). This choice of basic forms allows the
simplest rules for deriving the allomorphs.

The principle that substitutes are treated like the original ((I07) 1.1.56
sthanivad adeéo ‘nalvidhau) is very important here. It dictates that tiN
substitutes inherit the properties of the l-endings they replace. For example, a
tiP that replaces [AT counts as having the marker T. Similarly, the ending NalL
that replaces tiP in the perfect counts as a tiN ending, even though it is not
contained in the list (IIJ]).

3.4 Stem Formation: The vikaranas

3.4.1 The Tense/Mood Stems

Before those l-endings which belong to the sarvadhatuka class, a stem-forming
element (vikarana) is inserted, which together with the root constitutes the anga
of the ending (by (@8])). Which particular vikarana 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 dhatupatha.

The sarvadhatuka 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’, lo¢ ‘imperative’; lan
‘imperfect’, linn (optative in the vidhi ‘hortatory/imperative’ function)
b. Non-present systems: lun ‘aorist’, lut ‘periphrastic (remote) future’,

Irt ‘(near) future’, Irn ‘conditional’

Each set of sarvadhatuka l-endings of the non-present system determines its own
vikarana in a straightforward way:

(121) a. Before lun (aorist) endings: cli
b. Before lut (remote future) endings: tasl
c. Before Irt (future) and lrn (conditional) endings: sya

The aorist vikarana 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 vikaranas 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. krs+SaP+tiP — kdrsati (first class), but krs+Sa+tiP — krsdti (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 — sundti, but su-nu-mas — sunumds.
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 wikarana de-
pends on voice, and in the active, on the verb’s conjugational class. If the [-
endings denote the Goal or the Process, yaK is inserted by [122].

(122) 3.1.67 ATa9TdH T&
sarvadhatuke yak (66 bhavakarmanoh)

sarvadhatuka-Loc yaK-Nom
‘yaK is added before a sarvadhatuka suffix which denotes the Goal or the

Process’.

The marker K on yaK blocks guna on the root by 7.3.84 sarvadhatukardha-
dhatukayoh, in virtue of the prohibition 1.1.5 kniti ca. Thus we get the passive
form bhi-yd-te, not *bhav-yd-te etc.

If the l-endings denote the Agent, one of a set of other vikaranas 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 dhatupatha in ten
groups, each of which constitutes a different class. The default vikarana is SaP,
which is inserted by [123].

(123) 3.1.68 FATT IT
kartari Sap (67 sarvadhatuke)
Agent-Loc SaP-Nom
‘SaP is suffixed to the root before a sarvadhatuka suffix which denotes the
Agent.’

SaP is added to roots of several conjugational classes: the first (the bhu 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
NiC, desideratives (saN), intensives (yalN), and denominal verbs, which all get
the designation dhatu ‘root’ by (I00) 3.1.32 sanadyanta dhatavah.

In roots of the second and third class, SaP is deleted, or, more precisely,
replaced by one of the two null elements luK and Sh. They do not inherit
the properties of SaP, because (I24) 1.1.63 na lumatafgasya stipulates that
deletion effected through replacement by these elements is not subject to (I04),
in effect reinstating the siddha-principle.

(124) 1.1.63 T FHATFH
na lumatangasya (1.1.62 pratyayalope pratyayalaksanam)
not [u-containing-Instr stem-Gen
‘When a suffix is deleted by an element containing lu, the operations it

triggers on an anga (stem) do not apply.’

For example, in i-0-mds ‘we go’, even though () (luK) is a replacement of gaP,
which triggers guna by 7.3.84 sarvadhatukardhahatukayoh, it does not itself
trigger guna.
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Other classes of verbs receive different wikaranas by a set of special rules
(apavadas) which block [123].

The marker P on SaP has several functions. One of its functions is to activate
rule [I25], which blocks it from getting accented by 3.1.3 adyudattas ca (rule

[@2)).
(125) srgaTar giaar

anudattau suppitau

unaccented-DuNom 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 9TaT:
dhatoh (159 antodattah)
root-Gen
‘The final syllable of a root bears an udatta pitch accent.’

Another function of the marker P in SaP is to preclude the assignment of the
marker N to it by [I27].

(127) 1.2.4 ATEETRATIT
sarvadhatukam apit (1 nit)
sarvadhatuka-Nom nonP-it-Nom -
‘a sarvadhatuka which does not have the marker P has the marker NV’

If this redundancy rule were to apply, it would result in an undesired prohibition
of guna by 1.1.5 kniti ca. The marker P blocks it, thus ensuring that forms like
bhi-SaP-tiP — bhdv-a-ti are correctly derived.

The marker S ensures that SaP is classed as sarvadhatuka (3.4.113 tinsit
sarvadhatukam). Another function of the marker S on SaP is to block rule
[I28] from replacing ai by a before it in cases like gai—SaP-tiP — gayali (4
* gati).

(128) 6.1.45 3Ta= 39 sfurfa
ad eca  upadese ’$iti (6.1.8 dhatoh)
aT-Nom eC-Gen basic-form-Loc non-S-it-Loc
‘An underlying root-final eC (a diphthong) is replaced by a, except before
an item with the marker 5.

The abovementioned vikaranas are inserted before sarvadhatuka suffixes rep-
resenting the present system, listed in (I20h). The remaining tense/mood cat-
egories are formed off distinct stems. Let’s take a brief look just at the aorist
verb form apaci in ({2I).

Before the l-endings representing the aorist (I/UN), instead of SaP and the
other wikaranas, the element CLI is inserted before them (independently of
whether they denote Goal, Process, or Agent) by [[29]. In other words, voice
is neutralized in the aorist stem. This is done by rule ([I29)), which blocks (I23)
3.1.68 kartari SaP.
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(129) 3.1.43 e Afs

cli luni
Cli-Nom [UN-Loc _
‘before (the endings replacing) (UN, Cli is inserted’.

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

The verb apaci 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 5o Wra=wwT:
cin bhavakarmanoh (44 cleh)

CiN-Nom Process-Goal-Dul.oc
‘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 foorT =
cino luk
Cin-Gen luk
‘After the aorist suffix Cin, person/number endings are deleted.’

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

3.5 Morphological Lessons of Panini’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 Panini 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.

Panini 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 Panini’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
([I30) which block sIC. The zero ending however is derived from sIC itself by
replacement rules which substitute the null element [uk for it.

3.5.2 The Nature of Sanskrit Allomorphy

Panini’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 d-kar-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. Panini’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 d-kar-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, Panini’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 Panini’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 Astadhyayr and has an intricate structure. As mentioned, one of its most
interesting features is that Panini’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, Panini organizes the section as follows.

(132) Suffix;
Suffixes which block Suffix; in all of its meanings:
Suffix;, with stem classes X3/, Y1/ , ...
Suffix;» with stem classes Xy, Y1 , ...
etc.
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Meaning;, of Suffix;, Suffixy,, Suffixy~, ...

Suffixes which block Suffix; in Meaning,:
Suffixy,, with stem classes X147, Yig/, - -
Suffixi,» with stems Xq47, Yiq7, ...
etc.

Meaningi; of Suffixy, Suffixy/, Suffixy., ...

Suffixes which block Suffix; in Meaningy,:
Suffixy, with stem classes Xy, Y1pr, - - -
etc.

(Repeat for Suffixy, Suffixs, ...)

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 HIT qTAT AT TEHIT:
supo dhatupratipadikayoh (58 luk)
suP-Gen root-stem-DuGen
‘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 [[34] (= [I03).

(134) 1.4.14 gas— 929
sup-tin-antam  padam
suP-tiN-ending-Nom word-Nom
‘An element tha ends in suP or tiN is (termed) pada ‘word’.

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

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
resul‘jﬂing compound. For example, rule [I36] compounds a genitive with its
head

" In this rule, the tradition wrongly continues vibhasa from 2.1.11; for discussion see
Kiparsky 1979, 39, Joshi and Bhate 1984, 95.
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(136) 2.2.8 Y&
sasthi  (2.1.2-4 sup, samasah, saha supa) (2.1.18 va) (2.1.22

sixth-Nom
tatpurusah)

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

yielding such nominal stems as [[a$va+sya][pati+Su]] “horse-lord”, which then
by [[33] lose their internal case endings, and get inflected with external case
endings like any other nominal stem.

Compounds fall under the constraint (I37) which governs all word formation.

(137) 2.1.1 F&¥: q=fafa:
samarthah padavidhih

semantically-related-Nom 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 Patanjali points out, an
external modifier cannot be ordinarily be construed with a member of a com-
pound. For example, the compound rajapurusah is analyzed as rajnah purusah
‘king’s servant’, but the expression rddhasya rajapurusah does not mean ‘servant
of a rich king’; i.e. it cannot have the semantic bracketing ( ( rddhasya rajnah )
purusah ).

Patanjali 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 gurukulam (= kulam guror Devadattasya)

Devadatta-Gen teacher-family-Nom
‘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 (I38]) 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) saktvadhakam apaniyanam
barley-measure-Nom for-sale-GenP1
‘a measure of barley grains for sale’ (Patanjali)

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 Patanjali seems to have a somewhat different
character. It involves compounding of the negation prefix a-.

(140) amasam  haramanam
non-lentil-Acc taking-Nom
‘not taking (even) a lentil’ (Patanjali)

Similarly, a-$abdam kurvan ‘not making (so much as) a sound’ (4p.SS 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) kimgotro nv aham asmiti? saham etan na veda
‘what(Q)-family Part I am-Quote? she I  this not know-1Sg
yadgotras tvam asi

’

what(Rel)-family you  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 amhdr ‘distress (abl sg)’ is syntactically dependent on
urd- ‘distance, relief’ but is not itself part of the compound uru-cdkrih ‘causing

N

relief (nom sg)’.” His analysis posits the mismatch in (I42]).
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(142)
Syntactic structure:
amhor uru cakrih

Morphological structure

But the fact that the complex nominal predicate wru-cdkrih ‘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 bahuvrihi compounds have external complements
that cannot be explained away semantically.

(143) pinabhyam madbhujabhyam
brawny-Instr my-arms-Instr
bhramitagurugadaghatasamctirnitoroh

whirled-heavy-club-crushed-thigh-Gen
whose thighs have been crushed by the strokes of the heavy club whirled

around by my brawny arms (Harsacarita 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 ([II) 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 Astadhyayi 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 anga ‘base’ plus a suffix, in virtue of the heading ([44).

(144) 6.4.1 IFeT

angasya
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
([I43), which shows that vowel sequences can be treated differently at the stem-
suffix juncture in (I45h) and across a word boundary in (I45b).

(145) a. §ri+as — $riyas ‘riches’
b. $ritartha+am — $ryartham ‘for the sake of prosperity’

The -iy- in $riyas replaces -i- by rule 6.4.77 (I44).
(146) 6.4.77 FT FuTqYAT ATTSIST

aci $nu-dhatu-bhruvam y-vor iyan-uvanau (6.4.1
aC-Loc $nu-Root-bhru-PlGen  y-v-DuGen iy-uv-DuNom
angasya)

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

As a rule of the anga section, (I46) is not applicable across word boundaries, as
in (I45b).

From our point of view, rule (I46) would probably be considered “mor-
phophonological”. But many rules of the anga section also deal with “allomor-
phy”. Recall rule ([I07), 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 (I47) replaces the absolutive
suffix Ktva by LyaP after a compound (prefixed) verb, except for the negation
prefix a(n)-.
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(147) 7.1.37 FHTH S9599 =l ]

samase ‘nanpurve ktvo lyap
compound-Loc non-aN-initial-Loc Ktva-Gen LyaP

‘in a compound that does not begin with aN—, Ktva is replaced by LyaP’

The suffix Ktva is defined as a krt suffix (3.4.21). The replacement LyaP is
introduced in (I47), outside of the krt section, so it not a krt¢ suffix. But (I07)
transfers the property of being a krt suffix from Ktva to its replacement LyaP.
The desired effect is that rule (I4]]), which introduces the augment tUK after a
short root before a krt suffix with the marker P, will also apply before LyaP.

(148) 6.1.71 geaex fufq &fa &
hrasvasya piti krti tuk
short-Gen  P-it-Loc krt-Loc tUK
‘t is inserted after a short vowel before a krt suffix marked with P’

E.g. pra-kr-Ktva — pra-kr-LyaP — pra-krt-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 [20) 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 halinyabbhyo dirghat sutisyaprktam 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 3TAT ST
alo  ’ntyasya (50 sthane) (49 sasthi)
aL-Gen last-Gen
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‘(a substitute replaces) the last sound (of a substituend specified in the
genitive)’

(151) 1.1.54 3T<: 90T
adeh parasya (52 alah) (50 sthane)
initial-Gen following-Gen
‘(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, (I47]) samase 'nanpurve ktvo lyap
substitutes LyaP for the entire ending Ktva.

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 5, and “long” substitutes that (contrary to the default)
replace just one sound of the input are marked by N.

To repeat, there is no reason to believe that Panini 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 (I07) and (IB0)-(I5T), 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 (samhita) are termed sandhi rules (from sam-
dha- ‘put together, join’). The most important sandhi rules are in three groups,
each headed by samhitayam ‘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 pada ‘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[I] my view is that Panini 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 Astadhyayi is determined
by a hierarchy of four principles:

(152) Rule A supersedes rule B under the following conditions:

if A follows B in the Astadhyayt (A is para),

if A is applicable whether or not B applies (A is nitya),

if A is conditioned internally to B (A is antaranga),

if the inputs to which A is applicable are a proper subset of the inputs
to which B is applicable (A is apavada).

o o

The principles in ([I52)) are assumed to form a hierarchy of increasing strength, so
that [T52b] takes precedence over [[52h], [[52k] over [[52b], ete. Except for (I52k)
(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 (I52h) 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 [@0]-[21]. As was discussed above, this so-called
ekasamjna-section includes, among many others, the rules that map semantics
to thematic roles (karakas), 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
(@T)) 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 =T BfH:
hujhalbhyo her dhih (101 afigasya)
hu-jhal-P1ADbl hi-Gen dhi-Nom
‘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 F_T(T: HTEETTH
rudadibhyah sarvadhatuke (35 it valadeh)

rud-beginning-PlAbl sarvadhatuka-Loc
‘after the roots rud etc., the augment ¢7 is inserted before sarvadhatuka

endings beginning with a val consonant’

Rule (I54) bleeds ([I53)), therefore precedes it.

When the nitya principle does not give the right results, special countermea-
sures are taken. Consider again the rules (I47) and (I48). At the stage adhi-i-ya
(after Ktva has been replaced by LyaP by (IZ1) 7.1.37 samase 'nanpiurve ktvo
lyap), two rules are potentially applicable: contraction of a pair of like vowels
into a single long vowel by (21) 6.1.101 akah savarne dirghah, and insertion of
the augment -¢ (tUK) at the end a short-vowel root by (I48)) 6.1.71 hrasvasya
piti krti 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, *adhiya, 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 Teaga I IH&:
satvatukor asiddhah
s-quality-tUK-DuLoc not-effected
‘(these rules) are treated as not effected with respect to retroflexion of s
and insertion of the augment ¢-’

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

(156) a. The strong AP: A bahiranga rule is asiddha with respect to an an-
taranga rule (asiddham bahirangam antarange).
b. The weak AP: An antaranga rule takes precedence over a bahiranga
rule (antarangam baliyo bhavati).

The antaranga-paribhasa (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 [I52], the pare principle is today generally agreed
to be restricted to the samgjna 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 ([BF)). We also argued that Panini did not assume the an-
taranga-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 antaranga-principle.

To this argument I would now like to add two new points. The first new point
is that Panini should have adopted a form of the antaranga-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 Panini 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 (satisistasvaro baltyan
bhavati, Patafnjali 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 Daksa, rule 4.1.95 ata i yields Daksi ‘a de-
scendant of Daksa’ (from dak5a+i]\7), with initial accent by rule 6.1.197 nnity
adir nityam, which accents the initial syllable of a word having a suffix with
diacritic N or N. This in turn yields by rule 4.1.101 yaiiifio$ ca the designation
of a remote descendant, Daksayand ‘great-grandson of Ddksa’. 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 kurutdh ‘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: (I1I]) 3.2.123 vartamane lat kr+LAT

Root accent: 3.1.91 dhatoh kr +LAT
Vikarana placement: 3.1.79 tanadikriibhya uh  kr4u+LAT
Suffix accent: (@) 3.1.3 adyudattas ca kr+4+LAT
Inflection: (€8] 1.4.108 Sese prathamah kr+t+tas
Suflix accent: (@) 3.1.3 adyudattah kr4-u+tds

Further rules would then give the correct kurutdh.

This is, in fact, not the Paninian derivation. In his system, for theory-internal
reasons, the wikaranas are added after the person/number endings. In this
case, the generalization that the last-added suffix wins (that is, satisistasvaro
baliyan bhavati) predicts the wrong accentuation:
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(158) Tense assignment: (III]) 3.2.123 vartamane lat kr+LAT

Root accent: 3.1.91 dhatoh kr +LAT
Agreement: (©6) 1.4.108 Sese prathamah kr-+tas
Suffix accent: (@2 3.1.3 adyudattas ca kr+tés
Vikarana placement: 3.1.79 tanadikrnbhya uh  kr+u+tés
Suffix accent: (@) 3.1.3 adyudattas ca  *kr+u+tas

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

To get the correct form kurutdh, the traditional interpretation adds an ad
hoc exception to the general principle that an assigned accent supersedes ear-
lier accents: namely, that vikarana accents (such as that on w in the above
derivation) do not supersede previously assigned accents on personal end-
ings (satisistavikaranasvaro lasarvadhatukasvaram na badhate, Pat. ad
6.1.158 vt. 10). Panini’s treatment of the verb morphology thus complicates the
assignment of word accent. If (unlike Panini) 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 (I47) 7.1.37
samase 'nanpurve ktvo lyap that it has two basic allomorphs, -tva, 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 ((I48) 6.1.71 hrasvasya piti krti tuk).
The allomorphy is illustrated by the simple form and a compounded form of the

root /bhr/ ‘carry’ in (I53).

(159) a. bhr-tva ‘having brought’ (-tva after a simple root)
b. sam-bhi*-tya ‘having brought together’ (-t-ya after a light prefixed root)

In bhr-tvd, the root, being simple, selects the allomorph -tva. In ([53b) sam-
bhi-tya, the prefixed root selects the absolutive allomorph -(%)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 (I53b), a- has no effect on the choice of absolutive
allomorph. For example, d-bhr-tva in (Ih9) 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 Panini) there are no “allomorphy rules” that could, for
example, replace -tvd by -tya after the prefix has been added.
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the allomorph -tva. 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
-tva 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 (I60h) and
([I60b) reflects this intrinsic difference in derivational history.

(160) a. sam-bhr — (sam) (bhf-tya) (suffixation to a prefixed root)
b. bhr-tva — (&) (bhr-tva)  (prefixation to a suffixed stem)

The prosodic structure of the words is the same as far as we can tell, as indicated
in (I60). 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 Panini does not adopt the cyclicity of word phonology, he has to
stipulate in (I47) 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 -¢r 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 -svaj after the prefix pari-, as in parisvajati. 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/ paryasvajat, and in the perfect /pari-sa-svaj-e/ parisasvaje.

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-sthau. The root stha ‘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: stha- — abhi-stha- — (formation of perfect stem) abhi-ta-stha- —
(inflection) abhi-ta-sthau — (postlexical phonology) abhi-ta-sthau.

Because Panini 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 Panini 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 antaranga-principle, if applied word-
internally, would give the wrong result, and where Panini 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 sedusas (Sg.Gen. of sed-vas, Nom. sedivan) ‘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.
Cyeclicity predicts the incorrect form:

(161) sed-vas
sed-ivas  7.2.35 ardhadhatukasyed valadeh
sed-ivas-as 2.3.50 sasthi Sese
sed-iuas-as 6.4.131 vasoh samprasaranam
sed-ius-as 6.1.108 samprasaranac ca
*sed-yus-as 8.3.59 adesapratyayayoh, (23] 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 samprasaranam
sed-us-as 6.1.108 samprasaranac ca
sed-us-as 8.3.59 adesapratyayayoh
— 7.2.35 ardhadhatukasyed valadeh (inapplicable)

It is because of such cases, I think, that Panini 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 -ivans and -us,
which would both combine with the root to give two stems {sed-ivans-, 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 Panini 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 Panini’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



94 P. Kiparsky

(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 antaranga-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 vikaranas 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 Paninian methodology and exemplifies
methods that would achieve a closer model. Two questions essential to deter-
mining a basic framework in which to implement Paninian grammar computa-
tionally are dealt with in some detail: the question of levels and the role of se-
mantics. Panini 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 Panini does not state semantic rules, he
does operate with numerous semantic categories and sometimes utilizes mor-
phophonemic categories to determine such categories.

Keywords: levels, generative grammar, Panini, Patanjali, Astadhyayi, sandhi,
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 Paninian 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 Paninian methodology and exemplifies methods
that would achieve a closer model. Two questions essential to determining a basic
framework in which to implement Paninian grammar computationally are dealt with
in some detail: the question of levels and the role of semantics.

1 Differences among Sanskrit Grammarians and Even Paninians

In attempting to create a computational model of Paninian grammar, the first problem
is to determine which Paninian grammar. The Astadhyayi itself (c. 500 B.C.E.), con-
sisting of nearly 4,000 rules, is known to have undergone modifications. Katyayana’s

G. Huet, A. Kulkarni, and P. Scharf (Eds.): Sanskrit CL 2007/2008, LNAI 5402, pp. 9 2009.
© Springer-Verlag Berlin Heidelberg 2009
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approximately 4,300 vartikas (4th-3rd c. B.C.E.) suggest modifications to 1,245 of
Panini’s rules, usually in the form of additions (upasankhyana). Patafjali’s
Mahabhasya (mid-2nd c. B.C.E.) rejects many additions suggested by Katyayana, sug-
gests other desiderata (isti), and articulates principles presupposed in the grammar.
Many of the modifications Katyayana and Patafijali suggest are found adopted in the
form in which the rules are found in Jayaditya and Vamana’s Kasika, the oldest extant
complete running commentary on the Astadhyayi (7th c. C.E.). Does one wish to
model the Astadhyayi alone? The Astadhyayi and Katyayana’s vartikas? The gram-
mar as known and approved by Patafijali in the Mahabhasya? Or the grammar as
found in the Kasika?

2 Ambiguities in Early Articulations Explicated Differently by
Subsequent Indian Linguists

Articulations of Paninian grammar, especially siitras and vartikas isolated from
commentary, are subject to ambiguities. These ambiguities are resolved in different
ways by different commentators. Commentaries on Pataijali’s Mahabhasya dis-
agree with each other; commentaries on the Kasika disagree with each other; and
Bhattojidiksita’s Siddhantakaumudi (17th c. C.E.) differs in its interpretation of
rules and procedures from Jayaditya and Vamana’s Kasika. 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 (gana)

referred to in various rules, most prominently the list of roots, Dhatupatha, have un-
dergone variation. Three complete commentaries composed in Sanskrit are extant on

the Paninian Dhatupatha, which is known only through these commentaries: the
Ksiratarangini of Ksirasvamin (early twelfth century C.E. Kashmir), the
Dhatupradipa of Maitreyaraksita (mid-twelfth century C.E. Bengal), and the

Madhaviyadhatuvrtti of Sayana (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 Dhatupatha as known to Patafijali? Other lists (gana) 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 nighantus and
kosas, to complete these lists? (see Fig. 2)
Before embarking on a computational implementation of Paninian 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
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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.

e

Fig. 1. Grammar Components

Fig. 2. Implicit Grammar Components

3 Utilization of Contemporary Linguistic Models, in Particular
Those Derived from Paninian Methodology, to Articulate Paninian
Methodology

Indian grammatical commentaries composed in Sanskrit over the last two and half
millennia are not the only sources of Paninian interpretation. Recent work in theo-

retical and computational linguistics has influenced the interpretation of Paninian
grammar.
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3.1 Influence of Paninian Methodology on Contemporary Linguistics Generally

Although often not explicitly acknowledged by the influential linguists indebted to it
nor recognized by historians of linguistics, Paninian 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, Paninian 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 Paninian 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 .

3.2 Influence of Contemporary Linguistic Models on the Interpretation of
Paninian Methodology

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 Paninian grammar. One of the most prominent of
these is the idea that grammar consists of modules in a generative hierarchy, or levels.

4 Levels
4.1 Kiparsky’s Architecture

Clearly influenced by Chomskian generative grammar, Kiparsky and Staal (1969)
proposed that Paninian 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 karakas and abstract tense, (2) morphological spellout rules, and (3) rules of al-
lomorphy and phonology. Rules incorporate conditions at both the levels from which
and to which they map, as well as at prior levels in a unidirectional derivation begin-
ning with semantics and ending with phonology.

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

Fig. 3. Levels according to Kiparsky 2002: 3
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As an example of how derivation is understood to work in the four-level hierarchy,
one may take the derivation of the sentence devadatta odanam pacati (Fig. 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. Paninian 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 karakas, and
3.2.123 assigns abstract tense by introducing the Faffix lat on the condition that pre-
sent time is to be denoted.

L. John Doe[gy,antra) rice'[ipsitatama] COOKS [y artamanal-
John Doe[independem] ICCdesideratum] COOkS[presem]'

1.4.49 karturipsitatamam karma
J 1.4.54 svatantrah karta
3.2.123 vartamane lat

2. Devadattay ar) 0danagy,man) §upacag-+lat.
Devadatta[agem] odanaygirect object] pac+lag.

478 tiptasjhi...idvahimahin

.3.78 Sesatkartari parasmaipadam

.4.108 sese prathamah

4.22 dvyekayor dvivacanaikavacane

.1.68 kartari sap

1.2 svaujasamaut...niyossup

3.2 karmani dvitiya

.3.46 pratipadikarthalingaparimanavacanamatre prathama

3. Devadatta+su odana+am dupacag-+§ap-+tip.
Devadatta+[n0m] odana+[acc] PaCH(35a pre]-

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

4. Devadatta odanam pacati.
Devadatta cooks rice.

Fig. 4. Example of Four-level Derivation

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 /
of the affix Iat that occurs after the verbal root pac. Restrictive rules 1.3.78, 1.4.108
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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 sarvadhatuka by 3.4.113 tinsit
sarvadhatukam), 3.1.68 provides the default verbal stem-forming affix sap to cosig-
nify the agent. Then 4.1.2 provides nominal terminations. Restrictive rules 2.3.2,
2.3.46, and 1.4.22, read in conjunction with 4.1.2 select the appropriate nominal ter-
mination. 2.3.2 selects a second triplet nominal termination (dvitiya) after the stem
odana on condition that the karaka karman, which has not yet been denoted (anabhi-
hite 2.3.1), is to be denoted. 2.3.46 selects a first triplet nominal termination
(prathama) after the stem devadatta on condition that just the stem meaning, gender,
and number are to be denoted. (The karaka kartr has already been denoted by the
verbal termination thus preventing 2.3.18 kartrkaranayos trtiya from applying.)
1.4.22 selects the singular terminations am (2s) and su (1s), respectively in each trip-
let.!

Finally, several rules of allomorphy (of which there are none in the present exam-
ple) and phonology apply to map the abstract morphological level onto the
phonological level.2

4.2 Houben 1999

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
Panini’s grammar as a complete automaton that produces utterances from meanings.

1. Semantics, pragmatics, intentionality (artha, prakarana, vivaksa)
N
S> 2. Abstract syntax ||, <
S 3. Morphological representations &«
S 4. Phonological representations &

Fig. 5. Levels according to Houben 1999: 46

" 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.

% The rule that deletes markers, 1.3.9, is shown here though its application is simultaneous with
the introduction of affixes.
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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 Paninian 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.

4.3 The Purpose of the Science of Language

Houben is correct to reemphasize that it is not the function of the Astadhyayi 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 vartika, commented upon at length
by Patafijali in the Paspasahnika, Katyayana 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.
Katyayana states:

Siddhe sabdarthasambandhe lokato ’rthaprayukte Sabdaprayoge Sastrena dhar-
maniyamah, yatha laukikavaidikesu.®

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.*

4.4  Semantics

While it is obviously correct that the Astadhyayi 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, Patafijali 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.’

K1.6.8.
* Scharf 1995.
3 Arthagatyarthah sabdaprayogah. Artham sampratydyayisyamiti Sabdah prayujyate. K1.105.2.
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Modeling the fact that a speaker selects speech forms to use on the basis of the
meaning he wishes to convey, the Astadhyayi 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 karaka terms, cover symbols (abstract symbols that stand
for subsequent phonological replacements), and speech forms.

44.1 Lexical Organization

The use of words in rules to refer to classes of words rather than just to their own
speech form is discussed in the Mahabhasya under 1 1 68 svam ripam
Sabdasyasabdasafjia. Table 1 summarizes the various modes of reference
along with examples of each. The word agni ‘fire’ in 4.2.33 agner dhak 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
vrksa ‘tree’, etc. in 2.4.12 vibhasa vrksamrga... refers to terms for species of trees.®
The word sva ‘property’, etc. in 3.4.40 sve pusah refers to itself as well as to its
synonyms,” while the word rajan in 2.4.23 sabha rajamanusyapiirva refers to its
synonyms but not to itself. Finally, the word matsya in 4.4.35 paksimatsyamrgan
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.

Table 1. Modes of lexical reference

¢ Speech forms in the Astadhyayi generally refer to themselves:
4.2.33 agner dhak

* But some lexemes refer to the members of a class they denote:
2.4.12 vibhasa vrksamrgatrnadhanyavyafjanapasusakunyasva-
vadavapirvaparadharottaranam

* Some refer to their synonyms as well as themselves:
3.4.40 sve pusah

* Some refer to their synonyms rather than to themselves:
2.4.23 sabha rajamanusyapirva

* Some refer to the members of a class they denote as well as to themselves:
4.4.35 paksimatsyamrgan hanti

6 sit tadvisesanam vrksadyartham. vt. 5, K 1.176.25. The scheme of distinguishing the ways in
which words are used to refer to various classes of words or to themselves proposed in
vartikas 5-8 is not adopted in the Astadhyayi. It nevertheless illustrates these various usages
in the grammatical treatise.

7 pit parydyavacanasya ca svadyartham.
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Table 2. Examples of semantic conditions in the locative

* dese 3.3.78,4.2.52,4.2.67,4.2.119, 5.2.105,
5.2.135,6.3.98,8.4.9
* adese 8.4.24
* janapade 4.2.81
* janapadatadavadhyoh 4.2.124
* padyam 4.2.85
* parvate 4.3.91
* parimane 4.3.153,5.2.39
*  jatau genus (jati) 4.1.161,5.2.133
non-genus (ajati) 5.4.37,6.4.171
species (jati) 6.3.103
ethnicity (jati) 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

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
(desa);® district (janapada);’ river (nadi);'° mountain (parvata);''! measure
(parimana);'? genus,'? species,'* or ethnicity (jati);'> age (vayas);'¢ fish (matsya); and
conscious being (cittavat);'” among others.

4.4.2 Semantic Conditions for Karakas, Cover Symbols, and Phonetics

It is well known that the terms dhruva ‘fixed point’, etc. in rules 1.4.24-55 dhruvamapaye
’padanam, etc., shown in Table 3, serve as semantic conditions for the introduction of
karaka terms, and that terms such as bhiita ‘past’, vartamana ‘present’, and bhavisyat
‘future’, used in the locative in 3.2.84 bhite, 3.2.123 vartamane lat, and 3.3.3
bhavisyati gamyadayah, 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 vakyasya teh pluta udattah, that the string be a sentence (vakya).

8 desa 3.3.78,4.2.52,4.2.67,4.2.119, 5.2.105, 5.2.135, 6.3.98, 8.4.9; adesa 8.4.24.
% 4.281,4.2.124.

104.2.85.

114.3.91.

124.3.153,5.2.39.

13 jati 4.1.161, 5.2.133; ajati 5.4.37, 6.4.171.

146.3.103.

156.2.10.

IGVH}/HS 3.2.10,4.1.20, 5.1.81, 5.2.130, 5.4.141, 6.2.95; avayas 5.1.84.

175.1.89.
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Table 3. Semantic conditions for karaka classification

stutra  karaka term semantic condition

1.4.24 apadana fixed point of departure

1.4.32 sampradana  intended recipient of the object
1.4.42 karana immediately most efficacious
1.4.45 adhikarana substrate

1.4.49 karman most desired to be attained
1.4.54 kartr independent

Table 4. Semantic conditions for /-affixes

3.2.84 bhiite
3.2.110 un

123 vartamane lat

3 bhavisyati gamyadayah
3.3.13 Irt sese ca

Table 5. Semantic conditions for phonetics

8.2.82 vakyasya teh pluta udattah
8.2.83 pratyabhivade ’sadre
8.2.84 diraddhiite ca

etc.

4.43 x-vacana

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),'® a class of words that denote qualities (gunavacana),' a class of
words that denote common properties (samanyavacana),” or distinguishing properties
(visesavacana),”' and a class of words that denote the essence (bhava) of what is
denoted by the stem after which certain affixes forming such words occur
(bhavavacana).”

Table 6. Semantic conditions designated with the term vacana

asattva-vacana 2.3.33, etc.
guna-vacana 2.1.30, etc.
samanya-vacana 3.4.5, etc.

visesa-vacana 8.1.74, etc.
bhava-vacana 2.3.15, etc.

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-

18 2.3.33 karane ca stokalpakrcchrakatipayasyasattvavacanasya.

192.1.30 tiya tatkrtarthena gunpavacanena, 4.1.44 voto gupavacanat, 5.1.124
gunavacanabrahmanadibhyah karmani ca, 5.3.58 ajadi gunavacanad eva, 6.2.24 vispastadini
gunavacanesu, 8.1.12 prakare gunavacanasya.

203.4.5 samuccaye samanyavacanasya, 8.1.73 namantrite samanadhikarane samanyavacanam.

218.1.74 vibhasitam viSesavacane bahuvacanam.

22 The term bhavavacana occurs in three sttras: 23.15 tumarthac ca bhavavacanat, 2.3.54
rujarthanam  bhavavacananam ajvareh, 3.3.11 bhavavacanas ca, and the term
bhavakarmavacana in one: 6.2.150 ano bhavakarmavacanah.
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mon operations. Hence in one rule semantic conditions serve to form classes of inde-
clinables that denote proximity (samipa), flourishing (samrddhi), lack of prosperity
(vyrddhi), absence of an object (arthabhava), going beyond (atyaya), unsuitability for
the moment (asamiprati), the appearance of a sound or word (Sabdapradurbhava), pos-
teriority (pascaf), a meaning of yatha, sequence (anupirvya), simultaneity (yauga-
padya), similarity (sadrsya), success (sampatti), completeness (sakalya), end (anta),
and senses denoted by nominal terminations and other affixes provided by rules 5.3.1-
26 (vibhakti).” In other rules the term vacana designates classes of words that denote
remembrance (abhijiia),** stages of bodily growth (vayas),” haste (ksipra),’® wish
(asamsa),”” boundary (maryada),?® imagination or supposition (sambhavana),” fitness
(paryapti),®® and half (sami).*! In commenting upon several of these rules, the Kasika
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 (nipatana).
Such semantic conditions include master (iSvara),>® virgin (apirva),** momentary
(adyanta),* particular sort or manner (prakara),*® extolled (prakrta),’” and dependent
(tadadhina),®® The term vacana also designates a broad class of semantic conditions
that serve as conditions for the formation of trtiya-tatpurusa compounds. These in-
clude additional significance such as praise or censure (adhikartha).®

232.1.6 avyayam vibhaktisamipasamrddhivyrddhyarthabhavatyayasampratiSabdapradurbhava-
pascadyathanupirvyayaugapadyasadrsyasampattisakalyantavacanesu.

243.2.112 abhijfiavacane Irt.

253.2.129 tacchilyavayovacanasaktisu canas, 5.1.129 pranabhrjjativayovacanodgatradibhyo 'fi
6.3.85 jyotirjanapadaratrinabhinamagotrariipasthanavarnavayovacanabandhusu.

26 3.3.133 ksipravacane Irt.

?73.3.134 asamsavacane lin.

283.3.136 bhavisyati maryadavacane ’varasmin, 8.1.15 dvandvam rahasyamaryadavacana-
vyutkramanayajiapatraprayogabhivyaktisu.

293.3.155 vibhasa dhatau sambhavanavacane ’yadi.

303.4.66 paryaptivacanesv alamarthesu.

31545 na samivacane.

32Under 3.2.112,3.3.133,5.4.5 the Kasika states: vacanagrahanam paryayartham.

332.3.9 yasmad adhikam yasya cesvaravacanam tatra saptami.

34.2.13 kaumarapiirvavacane.

355.1.114 akalikadadyantavacane.

365.3.23 prakaravacane thal, 5.3.69 prakaravacane jatiyar, 5.4.3 sthiladibhyah prakaravacane
kan.

375.4.21 tatprakrtavacane mayat.

385.4.54 tadadhinavacane.

392.1.33 krtyair adhikarthavacane. The Kasika comments, “The expression of additional mean-
ing is the expression of the superimposed meaning connected with praise or censure.” (stuti-
ninda-prayuktam  adhyaropitartha-vacanam  adhikartha-vacanam). In 2346
pratipadikarthalingaparimanavacanamatre prathama, 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 (parimana), gender (linga), and the meaning of the stem
(pratipadikartha).
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4.5 Ontology

In addition to various specific semantic factors that serve as conditions for the classi-
fication of lexical items, and for the introduction of karaka terms, cover symbols, and
speech forms, the Astadhyayi 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 Patafjali’s Mahabhasya analyze such pre-
suppositions, as do the works of later philosophers of language from Bhartrhari (5th
century C.E.) to Kaundabhatta and Nagesa (seventeenth and eighteenth centuries).
Patanjali, 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 dhatu doesn’t ap-

ply to the roots as (class 2), bhii (class 1), and vid (class 4).”?
kam punah kriyam bhavan matvahastibhavatividyatinam dhatusamjia na
prapnotiti. (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.”
kam punah kalam matva bhavan aha kalasya yena samasas tasyaparimanitvad
anirdesa 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 rsabha.”?
kam punar bhavan vikaram matvaha balyrsabhayor na sidhyati.

(5.1.13 K2.342.16)

Examination of the Astadhyayi itself reveals that it presupposes a certain ontology.
Substances (dravya), qualities (guna), and actions (kriyd) are distinguished as are time
(kala), the divisions of time past (bhiita), present (vartamana), and future (bhavisyat),
and the degrees of proximity in time near (dsanna), today (adyatana), and not today
(anadyatana). Number (samkhya) is recognized. Common properties (samanya) are
recognized, as is also essence (bhava). Much of this ontology subsequently appears
as categories in the Vaisesesika system of philosophy

The various ontological categories refered to in the Astadhyayi 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 kimettinavyayaghad amv adravyaprakarse provides a suffix -am
(amu) to a stem ending in a comparative and superlative affix -fara 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 nipata if they do
not denote a substance (sattva).® They are subsequently termed indeclinable

401.4.57 cadayo 'sattve.
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(avyaya).*! Other ontological categories that serve as semantic conditions in the loca-
tive include time (kala),** and essence (bhava).®

4.6 Challenges to Unidirectionality

Although the Astadhyayi 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).

4.6.1 x-arthe

In the level hierarchy articulated by Kiparsky (2002), Panini 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).4 In
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 linarthe let provides that in Vedic the
abstract morphological element Jet occurs in the meaning of the abstract
morphological element /in. 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-

411.1.37 svaradinipatam avyayam.

4223.64,53.15.

433.1.107, 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 Jayaditya to avoid accepting essence as the meaning of the word bhava.
Jayaditya understands the root bhii to refer to generic action (kriyasamanya); hence he takes
the term bhava to refer to the generic action common to the meaning of any root. In the
Kasika under 3.3.18 bhave, he states kriyasamanyavaci bhavatih, following Patanjali's state-
ment krbhvastayah kriyasamanyavacinah (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 bhavavacana
words refered to in 3.3.11 would denote generic action kriyasamanya even if the term bhava
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 bhava determines that it denotes static (literally
‘non-dynamic’) action (aparispandamana-kriya) when it specifies the condition for nominal
affixes. See Rocher 1966.

4 saptamyarthe 1.1.19, caturthyarthe 1.3.55, trtiyarthe 1.4.85, matrarthe 2.1.9, anyapadarthe
2.1.21, carthe 2.2.29, caturthyarthe 2.3.62, linarthe 3.4.7, tumarthe 3.4.9, krtyarthe 3.4.14,
matvarthe 4.4.128, dhatvarthe 5.1.118, vidharthe 5.3.42, jivikarthe 5.3.99, sakyarthe 6.1.81,
tadarthe 6.1.82, nityarthe 6.2.61, atadarthe 6.2.156, atadarthe 6.3.53, isadarthe 6.3.105,
anyadarthe 6.4.60, sakyarthe 7.3.68, upamarthe 8.2.101, krtvo’rthe 8.3.43, adhyarthe 8.3.51.
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Table 7. Semantic conditions designated with the term artha

saptamyarthe 1.1.19

Jivikarthe 5.3.99

caturthyarthe 1.3.55

Sakyarthe 6.1.81

trtiyarthe 1.4.85

tadarthe 6.1.82

matrarthe 2.1.9

nityarthe 6.2.61

anyapadarthe 2.1.21

atadarthe 6.2.156

carthe 2.2.29

atadarthe 6.3.53

caturthyarthe 2.3.62

isadarthe 6.3.105

linarthe 3.4.7

anyadarthe 6.4.60

tumarthe 3.4.9

sakyarthe 7.3.68

krtyarthe 3.4.14

upamarthe 8.2.101

matvarthe 4.4.128

krtvo’rthe 8.3.43

dhatvarthe 5.1.118

adhyarthe 8.3.51.

vidharthe 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 iditau ca saptamyarthe provides that the sounds 7 and i occurring in
the meaning of the seventh vibhakti (Kasika: saptamyarthe vartamanam) in the
Padapatha are termed pragrhya 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 -ni, -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 (Kasika: tumuno ’rthas tumarthah). The rule thereby employs a morphological
element -fum 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 (saptami 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
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to the prior semantic level. As Houben (1999) has reiterated, Panini does not state
rules that operate exclusively on the semantic level. Yet, as I have demonstrated
above, Panini 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.

4.6.2 x-vacana
In two cases of the use of the term vacana the semantic condition that serves to
characterize a set of speech forms is specified by reference to levels
considered to be subsequent to the semantic level in the hierarchy of four levels
proposed by Kiparsky and Staal. In 6.2.150 ano bhavakarmavacanah, the karaka 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 (bhava) or a direct object (karman); and 3. it is preceded by a
compound element denoting a karaka. The fact that a karaka is referred to as the
direct object of the root vac in the term vacana is significant. It indicates that Panini
considered karakas to be denotable just as purely semantic conditions are denotable.
In 2.1.6 avyayam vibhakti-samipa-samrddhi-vyrddhy-arthabhavatyayasamprati-
Sabdapradurbhava-pascad-yathanupiirvya-yaugapadya-sadrsya-sampatti-sakalyanta-
vacanesu, 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 avyayibhava 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 avyayibhava 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.

4.6.3 Avoidance of Circularity

Although the seventh vibhakti arises subsequently to its semantic conditions, yet it
can serve as the criterion to characterize its semantic 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 (karya). If a speech form were new in each instance of
its utterance, it could not form a relation with a meaning and could not convey



110 P.M. Scharf

meaning. Only recognized by the speech community as the 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.®

The fact that speech is abiding is invoked by Katyayana and Patanjali to solve the
problem of circularity in the use of terms such as vrddhi. In the process of the genera-

tion of the speech form marsti (3sa pre) from the root mrj ‘wipe’, the r of the root is
replaced by & in accordance with 7.2.114 murjer vrddhih, utilizing the term vrddhi.*®

The sounds &, ai, and au are termed vrddhi in accordance with 1.1.1 vrddhir ad aic.
The problem is raised that 7.2.114 will be ineffective because the term vrddhi can
only apply to an & that already exists at the time such sounds are termed vrddhi in
1.1.1. Yet the ain marsti doesn’t exist when 1.1.1 applies; it is created by the applica-
tion of the term vrddhi which in turn denotes 2 only by virtue of 1.1.1. Since 1.1.1
terms sounds & that already exist vrddhi, and 7.2.114 creates the 2 in marsti by using
the term vrddhi, the rules are mutually dependent, the grammar involves circularity
and fails.*’

Under 1.1.45 ig yanah samprasaranam, Patafijali discusses a similar situation in the
case of the reference of the term samprasarana to sounds i, u, r, and /. There a con-
cept is introduced that is passed over in the discussion of the term vrddhi under 1.1.1:
the concept of a future term (bhavini samyjfia). The term samprasarana could be used
to refer to the samprasarana sounds i, u, r, and J 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.*® 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
samprasarana under 1.1.45,% in favor of another that is spelled out in greater detail in
the discussion of the term vrddhi under 1.1.1.° Under 1.1.1, Katyayana and Patafijali
conclude that the procedure of the grammar succeeds because speech is abiding
(nitya) (siddham tu nityasabdatvat).’' The speech form marsti already exists, and the
term vrddhi refers to the 2 in it that already exists. The objection is then raised that if
speech forms are abiding and forms such as marsti 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 myryj, without vrddhi,
is correct everywhere; it instructs that the correct form is marj, before affixes not

4 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.

46 The 4is then followed immediately by rin accordance with 1.1.51 uran raparah.

47K1.40.18-21.

BKI1112.9-14.

YKI112.14-17.

0K 1.40.26-1.41.4.

Slvt. 9. K 1.40.26.
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marked with k or . Since speech is abiding, the grammar serves the purpose, not of
generating speech but of restricting usage to correct versus incorrect speech forms >

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. saptami 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
vrddhi and samprasarana must be understood to refer to the sounds 4, ai, and au; and
I, u, r, and ], 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 saptami 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.

4.7 Karakas

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

It is certainly the case that co-occurrence conditions enter into karaka classification
rules, and therefore that the karaka classification is an intermediate stage of derivation

52 vt. 10. kimartham sastram iti cen nivartakatvat siddham. K 1.41.1.
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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 karaka classification constitutes a level in
any psychological or structural sense. Panini may conceive of just two levels: seman-
tic (artha) and phonetic (sabda). Karakas 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
karakas as semantic categories. Kaundabhatta in the Subarthanirnaya of his
Vaiyakarana-bhiisana-sara speaks of basic meanings for karakas. He describes the
rules that do not mention syntactic conditions as circumscribing general semantic do-
mains for them. Yet the fact that Panini 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 Paninian procedure. In Paninian
procedure, karaka 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 karaka 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 karaka classification that results from karaka
rules constitutes a mixture of levels rather then an intermediate level .

4.8 L-Affixes

In their description of levels, Kiparsky and Staal place l-affixes at the same level as
karakas. Kiparsky (2002: 3) describes “Assignment of karakas (Th-roles) and of ab-
stract tense” as the function of the first set of rules mapping the semantic level to the
morphosyntactic level. The treatment of [-affixes by Panini, however, differs mark-
edly from the treatment of karakas. Karakas are semantic objects classified by being
designated by terms (safijia). Section 1.4 classifies semantic objects intended to be
expressed by a speaker in relational categories by calling them by a karaka term.
Speech forms are subsequently introduced under the condition that an item designated
by a karaka term is to be denoted. L-affixes, in contrast, are introduced under seman-
tic and syntactic conditions, just as other affixes are, and then are replaced by mor-
phological elements; they serve therefore as abstract morphological elements them-
selves rather than as morphosyntactic representations.”®  Kiparsky differentiates
abstract morphological representation from morphosyntactic representation. There-
fore, if Faffixes belong to abstract morphological representation and karakas to mor-
phosyntactic representation, it is incorrect to assert that they occupy the same level in
Paninian grammar.

33 Cardona (1997: 496) calls them “abstract affixes”.
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Part of the motivation for assigning Faffixes to the level of morphosyntactic repre-
sentation and their replacements tip, fas, 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 -su, -au, -jas, etc. are
distributed over semantic and syntactic conditions including karaka and number, the
basic verbal terminations -tip, -tas, - jhi, etc. are distributed over the same conditions
karaka and number, and similar conditions such as person (purusa). Kiparsky (2002:
3) calls the rules that achieve this distribution ‘morphological spellout rules’. 3.4.78
tiptasjhi... introduces the basic set of verbal terminations just as 4.1.2 svaujas... intro-
duces the basic set of nominal terminations. These sutras are read in conjunction with
restrictive rules (niyama) that achieve the proper distribution over the conditions of
number (1.4.21-22),%* person (1.4.105-108),% and karaka (pada 2.3 for nominal termi-
nations, and 1.3.13-93 for verbal terminations).

However, the parallelism is incomplete. The verbal terminations introduced by
3.4.78 are not distributed over the conditions of time and mood as the nominal termi-
nations introduced by 4.1.2 are distributed over karakas. On the contrary, it is rather
the Laffixes introduced by 3.2.110 [un, 3.2.111 anadyatane lan, etc. that are distrib-
uted over time and mood. Moreover, [-affixes are distributed over certain karaka
conditions: 3.4.69 lah karmani ca bhave cakarmakebhyah accounts for the distribution
of laffixes over karman or bhava depending upon whether the root after which the I-
affix occurs is transitive (sakarmaka) or intransitive (akarmaka). Verbal terminations,
including the so called basic verbal terminations, are morphophonemic replacements
of the Laffixes. On the grounds of the parallelism between [affixes and basic nomi-
nal terminations, in addition to the fact that they, like the basic nominal terminations
-su, -au, -jas, etc. are initially introduced items rather than replacements, [-affixes,
rather than the so called basic verbal terminations -tip, -tas, -jhi, etc., would properly
be placed at the same level as basic nominal terminations in Kiparsky’s fourfold hier-
archy of levels.

Basic verbal terminations -tip, -tas, -jhi, etc. are therefore simply morphophonemic
modifications of the /in Laffixes, just as, for example, the imperative terminations
-tu, -tam, -antu, etc. are further morphophonemic modifications of the so-called basic
verbal terminations -tip, -tas, -jhi, etc. and just as ina, at, and sya (introduced after a-
final stems by 7.1.12 tanasinasam inatsyah) are morphophonemic modifications of the
basic nominal terminations -£2, -fiasi, and -nas.

4.9 Abstract Morphology Versus Phonology

The claim that the phonological output form resides on a different level from the ab-
stract morphological representation is problematic. The abstract morphological repre-
sentation often appears unchanged as the final phonological output, without having
been subject to any additional rule. Many of the so-called basic verbal terminations,

341.4.21 bahusu bahuvacanam. 1.4.22 dvyekayor dvivacanaikavacane.

35 1.4.105 yusmady upapade samanadhikarane sthaniny api madhyamah. 1.4.106 prahase ca
manyopapade manyater uttama ekavac ca. 1.4.107 asmady uttamah. 1.4.108 Sese prath-
amabh.
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which Kiparsky placed on the level of abstract morphological representation (and
which the last section argued are simply morphophonemic modifications of -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 bhii) before tor th. In the example devadatta odanam
pacati discussed in section IVA above, (see Figure 4) the affix -t/ 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 malabhis (f3s of mala) before ¢, 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 [-affixes. L, with various markers, is
the abstract morphological representation of all verbal terminations. At least one
stage of replacement for /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
bhi). (1) The I of Iot is replaced by jhi by 3.4.78 tiptasjhi... (2) The i of jhi is re-
placed by u by 3.4.86 er uh. (3) The cover symbol jh is replaced by ant after a-final
stems by 7.1.3 jho 'ntah. 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.® The
use of I'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 -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 Panini 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.

The semantic and syntactic levels are properly coalesced in a semantico-syntactic
level and the abstract morphological and the morphophonemic levels are properly

36 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.
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coalesced in a single morphophonemic level. While Panini derives forms through
numerous un-correlated stages of derivation, he makes a clear distinction between the
level of meaning and the level of speech.

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

In describing Paninian procedure, one must be clear about when one is superim-
posing conceptions from contemporary linguistics on Panini. Likewise, in modeling
Paninian procedure one must be clear about when one is introducing contemporary
computational procedures foreign to Panini. In the next section, I describe the organi-
zation of Paninian grammar, purely from a Paninian perspective rather than from the
perspective of modern theoretical linguistics. In the remainder of this paper, I differ-
entiate computational implementations of Paninian grammar that model Paninian pro-
cedure from applications of non-Paninian generative computational techniques to
Sanskrit.

S Sketch of an Overview of Paninian Architecture

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?”

5.1 Introduction of Basic Elements on Semantic Conditions

In general Paninian 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.

38 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.



116 P.M. Scharf

1. Elements listed in the Dhatupatha are termed roots (dhatu) by rule 1.3.1 bhiivadayo
dhatavah.

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 sanadyanta dhatavah.

Nominal bases are likewise introduced in two ways:

1. Any meaningful element other than a root (dhatu), affix (pratyaya), or an element
that terminates in an affix, whether listed or not, is termed a nominal base
(pratipadika) by 1.2.45 arthavad adhatur apratyayah pratipadikam.

2. Derived elements, including both those terminating in affixes termed krt or tad-
dhita and compounds (samasa), are termed nominal base by 1.2.46 krttaddhita-
5amasas ca.

Affixes are introduced by rules in adhyayas 3-5 governed by the heading 3.1.1
pratyayah. These include affixes in the list designated by 3.3.1 unadayo 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 (akrtigana) 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 Dhatupatha 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 dhatu and pratipadika in the ablative
(or occasionally the genitive) case (dhatoh 3.1.7, 3.1.91, pradipadikat 4.1.1). The ab-
lative (or genitive) in such rules indicates that after which affixes are provided.®

39 Concerning the use of the ablative and genitive in such rules, see Scharf, in press.



Modeling Paninian Grammar 117

5.2 Phonological Modification

Once basic elements have been introduced in chapters 3-5 of the Astadhyayi, they are
subject to morphophonemic operations taught in chapters 6-8. Introduced elements
are subject to augmentation, and they (1.1.55 anekal sit 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 sthanivad adeso ’nalvidhau);
others don’t. Some types of affix-deletion ({uk, lup, slu) negate operations condi-
tioned by the affix (1.1.63 na lumatangasya); others (lopa) don’t (1.1.62 pratyayalope
pratyayalaksanam).

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 (ariga) before affixes, on affixes after stems, or at
word (pada), or sentence (vakya) boundaries, or on other entire meaningful units
(sarva). Some take place only word-final (padantasya 8.4.37, 8.4.59) or only not
word-final (apadantasya 8.3.24, 8.3.55). The rules in the section beginning with 6.4.1
angasya and ending at the close of the seventh adhyaya recognize stem-affix bounda-
ries. Rules in the sections beginning with 8.1.16 and 8.3.55 through the end of the
third pada of the eighth adhyaya 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 (samhiti) with no
conditions other than phonetic context. Such rules are relatively few. Augmentation
with ¢ (tuk) and general vowel sandhi rules occur in the section following 6.1.72
samhitayam, and general consonant sandhi rules occur at the end of the last pada of
the eighth adhyaya, beginning with 8.4.40 stoh scuna scuh. The sparsity of rules that
are incognizant of morpheme boundaries testifies to the great extent to which syntac-
ticosemantic conditions pervade morphophonemic operations.

6 Paninian Procedure Versus non-Paninian Generation

In order to illustrate the difference in approach required to create a computational
model of Paninian grammar as opposed to generating speech forms computationally
without regard to Paninian 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.

6.1 Sandhi

Without regard to Paninian procedure, yet producing results consistent with Paninian
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

a 1 U r e ai o au

a y v r e(’) a o(’) av la
a y v r a a a av la
e i v r a a a av 1
0 y i r a a a av la
ar y v T a a a av It
ai y 14 r a a a av le
ai y v r a a a av  lai
au y v r a a a av lo
au y v r a a a av [ au

In contrast, to model Paninian procedure requires creating data structures and a
framework that allow one to approximate the statement of Paninian 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
Paninian 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 ¢ (for comment) contains the number of the Paninian 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.%

Table 9. Paninian Sandhi Rules

<l!--acsandhi vowel sandhi-->

<rule source="([@(f)@(x)])([€(wb)])([@(f)@(x)])" tar-
get="%(fxvarRa($1l))$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-

%0 http://sanskritlibrary.org/encoding/SLP1.pdf
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Table 9. (continued)

get="!(lengthen($1))" c="6.1.101"/>

<rule source="([@(f)])[@(wb)][Q@(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="1!(vfdDiize($1))" c="6.1.88. vIfdDir eci"/>

<rule source="[Q@(a)][@(wb)]([@(ik)])" tar-
get="!(guRate($1))" c="6.1.87. Ad guRaH"/>

<rule source="([@(ik)])" target="%(semivowel($1l))"
rcontext="[@(wb)][@(ac)]" c="6.1.77. iko yaR aci"/>

<rule source="a" target="'" lcontext="[Q@(eN)][Q@(wb)]"
c="6.1.109. eNaH padAntAd ati"/>

<rule source="e" target="ay" rcontext="[@(wb)][@(ac)]"
c="6.1.78. eco 'yavAyAvaH"/>

<rule source="o0" target="av" rcontext="[@(wb)][@(ac)]"
c="6.1.78"/>

<rule source="E" target="Ay" rcontext="[@(wb)][@(ac)]"
c="6.1.78"/>

<rule source="0" target="Av" rcontext="[@(wb)][@(ac)]"
c="6.1.78"/>

<!--end acsandhi vowel sandhi-->

The rule syntax utilizes a number of macros that model Paninian structures. Mac-
ros are used to model Paninian sound classes: varna, varga, guna, vrddhi,
sarprasarana, etc.; to create pratyaharas: ak, an, ik, yan, etc.; and to group sounds
with common phonetic features: aspirated sounds, unaspirated sounds, voiced sounds,
unvoiced sounds, etc. For example, the macros @ (£) and @ (x) in 1.1.9 vt. represent
the varnas r and [ respectively. The macros @ (eN) in 6.1.109 and @ (ac) in 6.1.78
represents the pratyaharas eri (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 vEdDiize, utilize the mappings to facilitate implementation of common
operations, namely, the replacement of a vowel by its corrresponding long vowel,
guna vowel, or vrddhi vowel, respectively. The functions lengthen, vEdDiize,
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 uran raparah, the later two functions
include the provision of r after replacement of the vowel r by its corresponding guna
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 Paninian 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
Panini’s sandhi rules was developed and how a series of stages converts the rules not
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only into executable Perl code, but also into a network, and a finite state transducer.
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.

6.2 Nominal Inflection

Similar to the way in which an external sandhi table can be implemented without re-
gard to Paninian procedure, one could generate nominal declension without regard to
Paninian procedure, yet produce results consistent with Paninian 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 r3jan, 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/vimJan, where Cis any consonant.

Table 10. Nominal Declension Table: deva

singular dual plural
1 devas devau devas
v deva devau devas
2 devam devau devan
3 devena devabhyam devais
4 devaya devabhyam devebhyas
5 devat devabhyam devebhyas
6 devasya devayos devanam
7 deve devayos devesu

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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Table 12. Nominal Declension Table Analysis: rajan
1 rAj-A rAj-AnO rAj-Anas
v rAj-an rAj-AnO rAj-Anas
2 rAj-Anam rAj-AnO | rAj-Yas
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: atman
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 €))
(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/vmJan-final masc. stem = d2 + masc. an-stem endings 3)

(A, AnO, Anas, ..., ani, anos, asti)

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 Paninian 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 rama and dosa 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 Paninian
andhi can be augmented to allow derivation of nominal stems as shown in Table 13.
charf and Hyman implemented Paninian 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.
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Table 14. Paninian Declension Rules

<ruleset name="a-stem derivation">

<rule source="Bis" target="Es" lcontext="#" mor-
phid="3p" ¢c="7.1.9"/>

<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$1l" 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" ¢="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]" ¢="6.1.107"/>

<rule source="#ad$" target="#d" lcontext="[@(ak)]" mor-
phid="[1v2]" ¢="6.1.107, 7.1.25 Kasika karika"/>

<rule source="#" target="_#" lcontext="[Q@(a)]" rcon-

text="[@(ic)]" morphid="[1lv2]" c="6.1.104"/>
<rule source="#" target="_#" lcontext="[Q(dIrGa)]"

rcontext="[@(ic)]" morphid="[1lv2]" ¢="6.1.105"/>
<rule source="#" target="_#" lcontext="[Q(dIrGa)]"

rcontext="as" morphid="[mf][lv]p" c="6.1.105"/>

<rule source="([Q@(ak)])#[@(ac)]" tar-
get="%(lengthen($1))" morphid="[1lv2]p" c="6.1.102"/>

<rule source="_" target="" morphid="[1lv2]" 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>
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While the method adopted succeeds in producing nominal paradigms utilizing rules
that capture what Paninian rules do, it is limited in the extent to which it models
Paninian procedure. Paninian rules form a single cascade and are selected solely by
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 Paninian procedure.

6.3 Verbal Inflection

Verbal inflection can also be implemented by extracting multiple sets of terminations
from various paradigms just as was done for non-Paninian nominal declension. If one
considers a verbal paradigm, such as the present active indicative of the root bhil 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: bhii

singular dual plural
3rd person bhavati bhavatas bhavanti
2nd person bhavasi bhavathas bhavatha
1st person bhavami bhavavas bhavamas

Table 16. Verbal Conjugation Table Analysis: bhii

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)

“)
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conjugation of class 7 D-final present stem with preceding ror z= %)
d1 + [rz][@(vowel)]?D-stem class 7 endings
(RadDi, ndDas, nDanti;, Ratsi, ndDas, ndDa; RaDmi, nDvas, nDmas)
(6)

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
ror s. One would have to segment only ru as the invariant string and infer endings
naddhi, 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 ror s. Consider
then the paradigm of yuj (Table 18). One would have to infer a separate set of end-
ings nakti, nktas, Ajanti, 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 Paninian analysis. Panini 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-Paninian approach requires numerous sets of ter-
minations each proper to one among many very specific stem types (4-6).

Table 19. Paninian basic verbal terminations

active middle
singular | dual plural singular | dual plural
3rd person | tip tas jhi ta atam Jjha
2nd person | sip thas tha thas atham dhvam
Ist person | mip vas mas id vahi mahin

Scharf and Hyman successfully modeled Paninian 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 Paninian Dhatupatha. The latter allows reference to the
original form of the root even when the previous rules have modified the input string.

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

Table 20. Paninian 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>
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solely on the basis of the data meeting the conditions of the rule, just like Paninian
rules. This implementation of verbal conjugation succeeds in achieving the Paninian
generalization of utilizing a single set of basic verbal terminations for all verbal
stems. The implementation of verbal conjugation also surpasses the implementation
of Paninian nominal declension in that the verbal conjugation succeeds in adequately
modeling Paninian 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 (lif) and aorist optative (asir-li) 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 Paninian procedure fairly
closely for the derivation of final forms directly from Paninian basic elements alone.
As in the implementation of Paninian nominal inflection, the implementation of
Paninian 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 Paninian 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.

6.4 Concluding Remarks

Modeling Paninian 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 Paninian
generative procedure illuminates the understanding of Panini’s method. Understand-
ing Panini’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.

References

Bharati, A., Chaitanya, V., Sanga, R.: Natura Language Processing: A Paninian Perspective.
Prentice-Hall of India, New Delhi (1995)

Cardona, G.: Panini: A Survey of Research. Mouton, The Hague (1976)

Chakravarti, P.C.: The Linguistic Speculations of the Hindus. University of Calcutta (1933)

Chomsky, N.: Syntactic Structures. Mouton, The Hague (1957)

Coulson, M.: Teach Y ourself Sanskrit. Hodder and Stoughton, Kent (1976)

D’'Sa, F.X.: Sabdapramanyam in Sabara and Kumarila: Towards a Study of the Mimamsi
Experience of Language. Publications of the De Nobili Research Library, no. 7, Vienna
(1980)

Sastri, G.: The Philosophy of Word and Meaning: Some Indian approaches with specia
reference to the philosophy of Bhartrhari. Calcutta Sanskrit College Research Series 5
(1959); Century Press, Calcutta (reprint, 1983)



126 P.M. Scharf

Houben, J.: ‘Meaning statements’ in Panini’s grammar: on the purpose and context of the
Astadhyayi. Studien zur Indologie und Iranistik 22, 23-54 (1999) [2001]

Huet, G.: A functional toolkit for morphological and phonologica processing, application to a
Sanskrit tagger. Journal of Functional Programming 15(4), 573-614 (2005),
http://yqueminria.fr/~huet/PUBLI C tagger. pdf

Hyman, M.: One word solecisms and the limits of syntax. In: Swiggers, P., Wouters, A. (eds.)
Syntax in Antiquity. Orbis Supplementa, vol. 23, pp. 179-192. International Center of
General Didectology, Louvain (2003)

Hyman, M.: From Paninian Sandhi to Finite State Calculus. In: Proceedings of the First
International Sanskrit Computational Linguistics Symposium, Rocquencourt, France,
October 29-31, pp. 13-21 (2007) (revised as Hyman 2008 in the present volume)

K The Vyakarana-mahabhasya of Patafijali. Kielhorn, L.F (ed.) 3 vols. Third edition revised
and furnished with additional readings references and select critica notes by K. V.
Abhyankar. BORI, Pune (1962, 1965, 1972) (reprint, 1985)

Kiparsky, P.: On the Architecture of Panini’s Grammar. In: The conference on the Architecture
of Grammar at the Centra Institute of English and Foreign Languages in Hyderabad,
January 15-17 (2002), htt p: // www. st anf or d. edu/ ~ki par sky/ (Included in the
present volume)

Kiparsky, P., Staal, JF.. Syntactic and semantic relations in Panini. Foundations of
Language 5, 83-117 (1969)

Rocher, R.: ‘Agent’ et ‘objet’ chez Panini. Journal of the American Oriental Society 84, 44-54
(1964)

Rocher, R.: Bhava ‘état’ et kriya ‘action’ chez Panini. In: Lebrun, Y. (ed.) Recherches
linguistiques en Belgique, pp. 113-120. Universa, Wetteren (1966)

Scharf, P.: Sanskrit Sandhi from Panini to Pascal. In: The 44th Annual Meeting of the
Association for Asian Studies, Washington, D.C, April 2-5 (1992)

Scharf, P.: Early Indian Grammarians on a speaker’s intention. Journa of the American
Oriental Society 115(1), 6676 (1995)

Scharf, P.: The Denotation of Generic Termsin Ancient Indian Philosophy: Grammar, Nyaya,
and Mimamsa. Transactions of the American Philosophical Society, vol. 86, part 3.
American Philosophical Society, Philadelphia (1996)

Scharf, P.: Ramopakhyana-the Story of Rama in the Mahabharata: An Independent-study
Reader in Sanskrit. RoutledgeCurzon, London (2002)

Scharf, P.: Paninian accounts of the Vedic subjunctive: let krnvaite. Indo-Iranian Journal 48(1),
71-96 (2005); paper presented at The 214th Meeting of the American Oriental Society,
San Diego, Cdifornia, March 12-15 (2004),
http://ww. | anguage. br own. edu/ Sanskrit/ Schar f Subj uncti ve. pdf

Scharf, P.: Paninian accounts of the Vedic subjunctive: let krnvaite. Indo-Iranian Journal 51(1),
1-21 (2008) (Corrected version of Scharf 2005)

Scharf, P.: The Natural-language Foundation of Metalinguistic Case-use in the Astadhyayi and
Nirukta. In: Cardona, G., Deshpande, M. (eds.) Proceedings of the 12th World Sanskrit
Conference, Helsinki, Finland, July 13-18, 2003. Motilal Banarsidass, Delhi (in press)

Scharf, P.: Paninian accounts of the class eight presents. Journal of the American Oriental
Society (forthcoming); paper presented at the 13th World Sanskrit Conference, July 10-14,
Edinburgh (2006)



Simulating the Paninian System of
Sanskrit Grammar

Anand Mishra

Ruprecht Karls University, Heidelberg, Germany
amishra@ix.urz.uni-heidelberg.de
http://sanskrit.sai.uni-heidelberg.de
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the grammatical data and simulate the rules of Astadhyayr on com-
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1 A Representation of Astadhyayi

The general grammatical process of Astadhyay1 [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 Panini 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 krt 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 2009.
© 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={a0,i0,u0,...} (1)
M = {bhU a,tip 0,1aT O,...} (2)
and
F=PUM (3)
PAM=¢ (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 pratyaharas.
For example, the attributes hrasva, guna 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 Ar and A, A, being the set of unique keys of the attributes to the elements
of P and A, to elements of M.

A, = {hrasva 0,udAtta 0,it 0,...} (5)
A, = {dhAtu 0,pratyaya 0,zit 9,...} (6)
A=A UA, (7)

Remark 2. Any two of the four sets P, M, A, A, are mutually disjoint.

2 Basic Data Structures

Given the set of fundamental components (F = PUM) and the set of attributes
(A=A, UA,), we now define our data structure for representing the Paninian
process.
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2.1 Sound Set o

Definition 3. A sound set 1 is a collection of elements from sets P, M and A
having ezactly one element from the set P.

wz{ﬂpaui7aj‘ﬂp€P7MiEM7aj€A7i7j20} (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. 22).

2.2 Language Component A\

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

A = [Yo, 1, Y2, ... 1y] such that |A|| >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.

Ezxample 1. We represent the verbal root bhu as a language component .

A = [1)1, 2] where
1 = {bh, bha, dhatu, . . .}
o = {u, bha, dhatu, udatta, dirgha, ac, ...}

Corresponding to the two phonemes bh and @ in bhu, we have an ordered col-
lection of two sound sets 17 and 5. Consider the first one 1: Its first element
bh is from the phoneme set P[] The second element bh tells that the phoneme
of this sound set is a part of the fundamental unit bha. The third element stores
the attribute dhatu (verbal root) to this sound set. Similarly, the second sound
set 19 has phoneme attributes which tell it to be an udatta (high pitched) dirgha
(long) ac (vowel).

Ezample 2. The language component corresponding to the morpheme [AT is
represented as:

A = [¢)] where
¥ = {1 IAT, pratyaya, ait, tit, ...}

! 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 tit says that it has ¢ as it - marker.

Ezxample 3. The morphemes bhu followed by [AT can now be represented to-
gether by the language component

A = 1,2, 93] where
1 = {bh, bha, dhatu, . . .}
o = {u, bha, dhatu, udatta, dirgha, ac, ...}
3 = {1, IAT, pratyaya, ait, tit, . . .}

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
dhatu in A we take the intersection of an identity set ¢« = {dhatu} with each of
1;’s in A and store the index ¢ when the intersection-set is not empty. In this case
we get the index list [1,2]. The list of v;’s corresponding to these indices then
gives the searched morpheme. Thus, the verbal root is given by the language
component [, ¥s).

2.3 Process Strip o

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

o = [(rulep, \p), (ruleg, Ag), . . .] (10)

The rule number corresponds to the Astadhyayt order and binds the process strip
with a function implementing that rule in the actual program. Thus, the process
strip simulates the Paninian process by storing in the language component )\,
the effect of applying the rule rule,.

3 Basic Operations

Having defined our data-structure in Sec. 2l we now introduce the basic opera-
tions on them.

3.1 Attribute Addition

Let o C AU M and 1 be a sound set. Then attribute addition is defined as

hay (¥, ) = Ua (11)

Remark 4. This operation can be applied to a number of sound sets given by
indices [¢,i + 1,...,7] in a given language component A
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haA(A,a,[i,...,j}): [¢1,...,¢iUa,...,ija,...,¢n] (12)

Ezxample 4. Let us consider the language component corresponding to the mor-
pheme $aP. It is represented by

A = [¢p] where

¥ = {a,$aP, pratyaya, $it, pit, . ..}
RULE tin it sarvadhatukam (3.4.113)@ says that affixes in the siglum N and
those having § as it marker are assigned the attribute sarvadhatuka.

We implement this rule by checking if there are sound sets with attributes
pratyaya together with #iN or §it and adding the attribute sarvadhatuka if the
condition is fulfilled. In this case, we get:

A = [¢)] where
¥ = {a,Sap, pratyaya, Sit, pit, sarvadhatuka, . . .}

3.2 Augmentation

Let
>\ = [¢17...7¢i,¢i+13""¢n]

Mo = [k, Yok, U3k, - - - s Umk]

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

h’g(>\a/\k7i) = [wla v 7¢iawlk7¢2kaw3ka .. 'a¢mk7¢i+l7 e 71/)n] (13)

Ezxample 5. Consider the language component A corresponding to the verbal

root bha.
A = [¢1, 2] where
11 = {bh, bha, dhatu, . ..}
o = {u, bha, dhatu, udatta, dirgha, ac, ...}
RULE vartamane lat (3.2.123) says that the morpheme /AT is added after a dhatu
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 dhatu and then append the sound set corresponding to [AT after
the last index. We get,

A = [t1, 2, 93] where
¥y = {bh, bha, dhatu, ...}
o = {u, bha, dhatu, udatta, dirgha, ac, ...}
s = {l, IAT, pratyaya, ait, tit, . ..}

2 Numbers like (3.4.113) correspond to the rule number in Katre’s edition of
Astadhyay1 [3].
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3.3 Substitution

We define substitution in terms of the above two operations.
Let [¢,4 + 1,4 + 2,..., 7] be the indices of sound sets to be replaced in the

language component A\ = [11,. .., %, Yit1, ..., Pn].
Let Ak = [¥1k, Yok, Y3k, - - -, YUmi] be the replacement, then the substitution is
defined as

hs(/\vAk’ [i7 oo ’.ﬂ) = hg(haA<A’ {6}7 [i’ s 7j])a /\kaj) (14)

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

Ezample 6. Consider the language component corresponding to the verbal root
N
A = [¢1, 2] where
1 = {n, niN, dhatu, nit, . ..}
o = {1, piN, dhatu, niit, dirgha, aC, . ..}

RULE nah nah (6.1.065) says that the initial retroflex n of a dhatu is replaced
by dental n.

To implement this rule we first search the sound sets corresponding to dhatu,
check whether the first one has a retroflex n and if the conditions are fulfilled,
add the attribute J 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 sthanivadbhava. We get,

A = [t1, 9, 93] where
1 = {n, niN, dhatu, nit, d, . . .}
o = {n, niN, dhatu, nit, . . .}
s = {4, miN, dhatu, niit, dirgha, ac, ...}

4 Grammatical Process

Having defined our basic data structure in Sec.2land primary operations on them
in Sec. 3l 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 f,, which takes a process
strip o, and adds a new pair (ruleg, Aq) to it where rule, is the number of the
present rule and A, is the new modified language component after application
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of one or more of the three operations defined above on the input language
component \p.
fq(op) = o4 where
op=1[..., (ruley, A\p)]
g =1[..., (ruley, Ap), (Truleg, Ag)]
Ag = ha,hg, hs(Xp,...)

4.2 Structure of a Rule

The general structure of a rule is as follows:

Function f, with input strip: o, =[..., (ruley, \p)]

check applicability conditions
if conditions mot fulfilled then
return unextended o,
else
create new modified ),
return extended oy

Thus, given a particular state (represented by o,) in the process of generation,
the system provides for checking the applicability of a rule f,, 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 oy).

As the rule numbers are also stored, we can implement the rules of tripads
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 bha and generate the final word bhavati meaning “he/she/it
becomes”. We initialize the process strip o¢ by loading the language component
corresponding to the verbal root and adding a00000 as the rule number.

oo = [(a00000, \g)] where
Ao = [toa, top] with
toa = {bh, bha, dhatu, . . .}
Yo» = {u, bha, dhatu, dirgha, udatta, . . .}
RULE vartamane lat (3.2.123) says that the morpheme /AT is added after a dhatu
if the present action is to be expressed.

The application now involves following steps: Look in the last language com-
ponent A of the process-strip o. If there are sound sets ¢ with the identity set
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v = { dhatu } 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 Ag by
attaching the language component corresponding to the morpheme [AT. This is
attached in this case at index 2 as the new morpheme comes after dhatu. Extend
the process strip ¢ accordingly. Thus, we have

faz2123(00) = 01 (15)

o1 = [(a00000, Ag), (@32123, A\1)] where
A1 = [Yoa; Yob, Y1a] With
Yoa = {bh, bha, dhatu, .. .}
Yo» = {u, bha, dhatu, dirgha, udatta, . . .}
¥1q = {1, IAT, pratyaya, ait, tit, . . .}

RULE tip tas jhi sip thas tha mip vas mas ta atam jha thas atham dhvam it vahi
mahin (3.4.078) provides for substitution of [AT.

We take the first suffix ¢iP for replacement. The sound sets to be replaced are
determined by taking intersection with the set {IAT, iIT, lOT, ...} which has
the morphemes having cover term /. In this case it is at the index 3. We replace
this sound set with ¢iP i.e. add the attribute J to the sound set at index 3 and
augment the language component at this index. We get,

fazao7s(01) = 02 (16)

o9 = [...,(a32123, A1), (a34078, \2)]
A2 = [Yoa, Yobs Y1a; Y2a, Vob)
Yoa = {bh, bhi, dhatu, ...}
op = {u, bha, dhatu, dirgha, udatta, . . .}
1o = {1l IAT, pratyaya, ait, tit, 0, . . .}
aq = {1, tiP, pratyaya, sarvadhatuka, pit, . . .}
oy = {4, tiP, pratyaya, sarvadhatuka, pit, . ..}
RULE kartari $ap (3.1.068) says that the morpheme SaP is added after dhatu but
before sarvadhatuka suffix and denotes agent.

Check if sound set with sarvadhatuka follows one with dhatu. If yes then
augment the language component for SaP after dhatu.

faz1068(02) = 03 (17)

o3 =[...,(a34078, \2), (a31068, \3)]

A3 = [Yoa; Yob, V3a; Y1a, Y2a, Yob)
Yoa = {bh, bh, dhatu, ...}
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Yo» = {u, bha, dhatu, dirgha, udatta, . . .}

¥3q = {a, $aP, pratyaya, hrasva, $it, pit, .. .}
1o = {l, IAT, pratyaya, ait, tit, 0, . . .}

g = {1, tiP, pratyaya, sarvadhatuka, pit, . . .}
oy = {4, tiP, pratyaya, sarvadhatuka, pit, . . .}

RULE yasmat pratyaya vidhis tad adi pratyaye angam (1.4.013) makes the part
before the suffix SaP an ariga with respect to it.

fa14013(03) =04 (18)

o4 = ..., (a31068, As), (14013, \s)]

A1 = [Yoa, Yobs V3as Y1a, Y2as Y2b]
Yoa = {bh, bha, dhatu, anga, . . .}
Yo» = {u, bha, dhatu, ariga, dirgha, udatta, . . .}
3, = {a, $aP, pratyaya, hrasva, $it, pit, . . .}
P1a = {I, IAT, pratyaya, ait, tit, o, . ..}
Paq = {1, tiP, pratyaya, sarvadhatuka, pit, . . .}
oy = {1, tiP, pratyaya, sarvadhatuka, pit, . ..}

RULE sarvadhatuka ardhadhatukayoh (7.3.084) says that before sarvadhatuka or
ardhadhatuka replace the iK vowels by guna vowels.
As $aP is sarvadhatuka, we get

far3084(04) = 05 (19)

o5 =[..., (14013, \y), (a73084, A5)]
As = [Y0a; Yobs Vsa, Y3as Yias Y2a, P2b]
Yoa = {bh, bha, dhatu, anga, . . .}
Yo» = {u, bha, dhatu, ariga, dirgha, udatta, d, . . .}
Y5 = {0, bha, dhatu, ariga, . ..}
3q = {a,$aP, pratyaya, hrasva, sit, pit, . ..}
V1o = {I, AT, pratyaya, ait, tit, d, . . .}
Paq = {1, tiP, pratyaya, sarvadhatuka, pit, . . .}
oy = {4, tiP, pratyaya, sarvadhatuka, pit, . ..}

RULE ec ah ay av ay av ah (6.1.078) says that before aC (vowel) e, o, ai, au are
respectively replaced by ay, av, ay, av.

fasr078(05) = 06 (20)
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o6 = ..., (a73084, )s), (aB1078, \o)]

A6 = [Y0a; Yobs Vsa, Y6as Yobs V3as Y1as Y2as Y20
toa = {bh, bhi, dhatuaniga, . ..}
Yo» = {u, bha, dhatu, anga, dirgha, udatta, 9, . . .}
¥5q = {0, bha, dhatu, ariga, 9, . ..}
Yea = {a, av, bha, dhatu, ariga, hrasva, . ..}
Yep = {v, av, bha, dhatu, anga, . ..}
3. = {a, $aP, pratyaya, hrasva, $it, pit, . . .}
1o = {1, IAT, pratyaya, ait, tit, 5, . . .}
aq = {1, tiP, pratyaya, sarvadhatuka, pit, . ..}
Yoy = {4, tiP, pratyaya, sarvadhatuka, pit, . . .}

Finally we collect all ¥;s not having a 4, i.e. which are not already replaced. This
gives us the desired form bhavati.

6 PaSSim (Paninian Sanskrit Simulator)

In the following we give a brief description of PaSSim (Paninian Sanskrit Simu-
lator) we are developing at the University of Heidelbergﬁ

The program aims towards developing a lexicon on Paninian 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 Python™ and consists of the
following modules (see Fig. [II):

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 Paninian formulations.
For example, uN is stored with static attributes dhatu, bhvadi, anit and that
its second phoneme is it - marker etc. Thus, the effect of many definition rules
of AstadhyayT 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 Astadhyay1.

3 http://sanskrit.sai.uni-heidelberg.de
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Fig. 1. PaSSim (Paninian Sanskrit Simulator)

6.3 Templates

This module is to organize the process or prakriya. 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 prakriya texts e.g.
Siddhanta-Kaumudt IIEHE 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 [IZI}E The output string associated
with a word, thus provides the initializing fundamental components and a list

* We would like to acknowledge two texts in Hindi — Vyakaranacandrodaya [5] and
Astadhyay1 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].
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of rules. Grammar applies these rules one after another and outputs the final as
well as intermediate results.

6.5 Display

This module provides HTMIS / BTEX output. It outputs the content according
to the give