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Chapter 1

Motivation

1.1 TImportance of Astadhyayi

Grammar plays an important role in the study of any language. It helps in
the choice of the correct form of words. Panini a great Indian grammarian
compiled Astadhyayl, a Sanskrit treatise on grammar, circa 4 century
BC. Several Grammars for Sanskrit were available prior to Panini. Panini
built upon this knowledge of his precursors and compiled them in the
form of Astadhyayi. The simplicity, thoroughness and the sheer scope
of this work, according to Kornai (2008), would place Panini among
the greatest landmarks of all intellectual history even if we disregarded
the key methodological advances he made. Astadhyayi is an extant and
almost full fledged grammar covering the then prevalent Sanskrit. To our
knowledge this is the only grammar of any natural language with such a
wide coverage. The way Panini analysed Sanskrit has attracted several
linguists towards it and we see the influence of Panini’s grammar since the
development stages of the Western linguistics. We mention below a few

quotes or the works that motivated us to choose our current topic of research.
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Staal (1994)[page:2917] says that
“Panini, then, was not an ancient and nebulous precursor of a
science in which everything has since been done better, but a
distant colleague of genius from whom linguists are still able to
learn”.

Leonard Bloomfield described Panini’s Astadhyay1 as “One of the greatest

monuments of human intelligence”.

Ferdinand de Saussure who is considered to be the father of modern
structural linguistics was influenced by Panini and Bhartrhari. No wonder
then that the western linguistics is influenced by Panini’s grammar during

its development stage.

The organisation of sutras, use of ‘pratyaharas’, use of ‘anubandhas’,
use of ‘anuvrtti’, use of his meta-language and the ordering of rules have

attracted the linguists as well as computer scientists.

Cardona (1969) observes that
“Patanjali explains, the ordering of sounds and the placing of
anubandhas are both intended for the formation of pratyaharas
to be used in rules. This point is repeated by various commen-
tators but with one addition; they specifically mention brevity
(laghava)”.

Kiparsky (2007)[page:1] states that
“Completeness and Economy are rightly considered the two

main goals of Panini’s grammar”.
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The computer scientists were attracted on the one hand by this algorithmic
style, and various methodologies used in Panini, and on the other hand

looked at the Astadhyayt as a tool for information processing.

Gérard Huet in his inaugural speech at 1% International Sanskrit Computa-
tional Linguistics Symposium (2007) said that
“Not only Panini was by far the first linguist in recorded history,
but we claim he was the first informaticien, 24 centuries before
computers came into existence”.
Bharati and Kulkarni (2010) discuss a set of sitras from Astadhyay1 which

deal with various aspects of the information coding in sanskrit.

Petersen (2004), a German scholar was intrigued by the arrangement
of sounds in the Siva satras and provided a mathematical tool to decide if
a set of partial ordered sets can be arranged in a linear order, and if yes,
provide the linear order as well. She also proved mathematically that the
repetition of the sound ‘4’ in the pratyaharas is optimal, and further tried to

provide Sivasiitras for the German sounds as well.

Joshi (2009) says that
“Panini has intutively used Calculus. Bhattojidikshita com-
posed the book Siddhantakaumudi based on the Astadhyayt
which is a generative grammar also known as prakriya. When
we deal with the prakriya part, it involves various stages. At
every stage some transformation, either on the stem of the suf-
fix, takes place and this type of procedure is very similar to an

algorithm”.



Several researchers have looked at the algorithmic aspect of Panini and

tried to develop simulators that will follow Astadhyayt sitra order.

Goyal et al. (2009) developed an Astadhyay1 simulator. In that they discuss
the sutras pirvatrasiddham (A8.2.1), asiddhavadatrabhat (A6.4.22) and
satvatukorasiddhah (A6.1.86) to know how these play a major role in
ordering of the siitras and how Panini dealt with the conflict resolution
techniques especially utsarga and apavada in Astadhyayi. This simulator

triggers the rules and resolve the conflicts between the stitras automatically.

Subbanna and Varakhedi (2010) have developed a computational model of
Astadhyay1 based on the principle of asiddhatva. A mathematical concept
called ‘filter’ is newly introduced to deal with all the usages of asiddhatva.
Further, they have discussed about the computational aspects and conflict

resolution techniques in Astadhyayi.

Hyman (2009) observes that the Paninian siitras for external sandhi
can be modeled using a finite state grammar. Hyman designed an XML
format in which Scharf coded all the sandhi sutras. This XML formalism
has been chosen to express the rules in a machine readable form. Hyman
wrote a rule compiler, which translates the rules that are encoded in the
XML formalism and converts these into some rewrite rules and those are
compiled automatically into a Finite State Transducer (FST) by using some

algorithms.

Some other efforts towards computerisation of Astadhyayr are by



Dhaval Patel' and Swami Taralabalu.?

The syntax of Panini’s stitras was found to have striking similarity to
the Backus Naur Form (BNF) that is used to describe the syntax of pro-
gramming languages. BNF and chomsky’s hierarchy of formal languages

and grammar provided another dimension to look at Panini’s Astadhyayi.

Bhate and Kak (1992) examined the context sensitive grammar for

some rules in Astadhyay1 such as iko ‘yanaci (A6.1.74).

Staal (1965) observes that context free rules were clearly insufficient
for Panini’s purpose. According to him, Panini’s Astadhyay1 is a mixture of

context free and context sensitive rules.

Goal of research

Most of these works focussed on the sandhi formation and inflectional
morphology. Sanskrit is also rich in derivational morphology and as such
for any meaningful computational work, we need a generator that handles
derivational morphology. Three important derivational processes that gener-
ate new nominal stems are krt, taddhita and samasa operations. We decided
to work on samasa. We have a keen interest in understanding the concept of
compounds at both prakriya as well as arthika level. For the usage, prakriya
part is very useful and arthika level helps us to know the concepts like vrtti

and meaning compatibility (samarthya).

Thttp://www.sanskritworld.in/sanskrittool
Zhttp://www.taralabalu.org/panini/



Compounds play a vital role in any language. Sanskrit is no exception
to it. Compounds provide a compact way of expressing the thoughts. For
the languages that are rich in compound formation, compound analysis and
generation becomes an important and essential component of any Natural
Language Processing system. The reason is, in Sanskrit every sentence
consists of one or more compounds. For example: look at the following

Sloka from Kalidasa’s Raghuvamsa

vagarthaviva samprktau vagarthapratipattaye

jagatah pitarau vande parvatiparamesvarau

It contains seven words out of which four are compounds. We should know
the meaning of the compounds in order to understand the meaning of the
Sloka. This is not an isolated instance of a §loka with several compounds.
The analysis of a sample corpus of 400 thousand words show that every fifth

word in the corpus is a compound.?

In Indian grammatical tradition, there is an abundant discussion of
compounds both at the level of prakriya ‘the compound formation involv-
ing morphology and phonology’, and also at the level of artha ‘meaning
analysis’. In recent years, many scholars have worked on compounds on

both of these aspects.

The samarthahnika of Joshi (1968) gives a detailed account of the

discussion involved in the Indian tradition on the semantic compatibility of

3This estimate is based on the corpus developed by the Sanskrit Consortium for the
project on ‘Development of tools for Analysis of Sanskrit texts and Sanskrit-Hindi Machine
Translation System’ funded by Deity, Government of India.
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components and the compositionality of the meaning of a compound from
its components. Further, he discusses the mutual compatibiity of meaning
of components and how the principle of gamakatva helps in understanding
the meaning of compounds that violate the mutual meaning compatibility

(asamartha padavidhi).

Pataskar (1996) has discussed the use of the Dvandva compounds in

Panini sutras in relation to their case endings.

Bhandare (1995) has discussed the structural and semantic aspects of
dvandva compound. He discusses the complete process of dvandva
compound formation and observes that unlike other compounds Dvandva

compounds enjoy some free word order among its components.

Mahavir (1986) talks about the process of generating a compound
from its paraphrase (vigrahavakya). He has discussed various transforma-
tions that take place on the vigrahavakya to get a compound form. Further,

he discusses nityasamasas and morphophonemic rules in great detail.

The semantic classification of compounds given by Panini is not only
restricted to Sanskrit language per say, but is universal. For example the
Cambridge grammar of the English Language uses this classification to

describe compounds in English.

Compounds are always binary with an exception of conjunctive (Dvandva)
and some exocentric (Bahuvrthi) compounds. Individual components of

the compounds can themselves be compounds, thus allowing a recursion
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in the formation of compounds. For understanding such compounds the

underlying constituency structure is important.

Gillon (2009) proposes an extended phrase structure syntax to repre-
sent the underlying constituent structure of the compounds. He examined
the analysis of the non constituent compounds and exocentric compounds
with the help of constituency grammar. He suggested a tagging scheme for
compounds using context free rules, wherein he specifies the vibhakti and
identifies the head of the compound and also provides the category of the

compound.

Kumar (2012) has described the computational analysis of Sanskrit
compounds in his doctoral dissertation. While this system uses Panini’s
rules for identification of the type and analysis of exceptional compounds,
the frequent compound type identification and analysis is done using the

statistical properties of the corpus.

Goyal and Huet (2013) describes various morphological phenomena

involved in the generation and analysis of avyayibhava compounds.

We were fascinated by all this literature and decided to look at the process of

compound formation in detail. The main reasons for choosing the domain

of ‘compounds’ are:

(a) There is a well laid down procedure for compound formation, with sev-
eral examples worked out to all minute details.

(b) The sutras related to the compound formation are of considerable and

managable size (around 400 in number).



(c) While most of these sutras are vidhi siitras, among them there are

nisedha and adhikara sutras as well.

The main goal of our research is to generate Sanskrit compounds auto-
matically from a given analytical paraphrase. This process starts with an
alaukikavigraha (analytical paraphrase) and undergoes a series of transfor-
mations, resulting into a compound. Then the question rises: up to what
extent can the compounds be generated automatically? For that we decided
to build a computational model for compound generation, and study those
cases where the machine needs some extra linguistic information for pro-

cessing.

The organisation of thesis

In the first chapter we survey the literature of earlier works with focus on
the compounds and computational treatment of Astadhyayi, and state the

goal of our research work.

As we are aware Panini does not describe the compound formation pro-
cedure as such at one place. But later grammarians examined the rules and
came up with an order of the operations to form a compound. In the second
chapter we describe various steps involved in the entire compound forma-

tion following Paninian tradition.

In the third chapter we discuss the issues related to the order of vari-
ous steps involved in compound formation, especially with reference to the
deletion of suffixes and addition of samasanta sufffix. We discuss what the
commentators like Patafijali, NageSa and DikSita have to say on these issues,

and explain with examples why Patafijali’s treatment is better.



In the fourth chapter, we give the classification of all compound related
sttras based on the type of information each siitra needs. We noted down the
kind of information each siitra needs for implementation. We observe that
in some cases this information is just phonetic or morphological. But there
are some siitras, though less, which need semantic information of the lexical
items such as the meaning, the class property, its relation to other word, and
so on. In some small number of cases even pragmatic information such as
whether the compound is being used to indicate a particular sense or not
is needed. This study helps in developing the strategy for computational

modeling of the siitras, and the organisation of lexicon.

In the fifth chapter we study various semantic information needed for the
compound formation, and the aim of this study is to arrive at a structured
lexicon with all the needed semantic features associated with it. We look at
the Amarakos$a, and the Nyaya - VaiSesika ontology, and the earlier work of
Nair (2011) who enriched Amarakos$a with the Nyaya - VaiSesika ontology,
and suggest some ammendments in the structure in order to make it useful

for our task.

The sixth chapter gives a detail description of the implementation of the
compound generation module wise. We have implemented the compound
generator using the lexical analyser ‘Lex’ and a parser generator ‘Yacc’.
Some of the modules were written as rewrite rules in Yacc, and most of
the others are implemented using a lexer. Each module implemented with a
lexer is thus a finite state automaton. We have discussed the cases where we
had to deviate from Panini’s representation in order to ‘transcode’ them in
programming environments of Lex and Yacc. In some cases we had to split

a rule into many, in some other cases the rules were better represented as a
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function than just pattern matching.

The seventh chapter contains the conclusion part in which we have dis-
cussed the limitations and future directions for improving the Sanskrit com-

pound generator.

This implementation has provided us clues for enriching the lexicon. The
lexical analyser is sufficient to model the computational complexity of the
rules. While implementing these rules we observed that most of the rules fall
under the category of regular grammar. In our implementation we observed
that most of the rules require a sequence of phonemes. We implemented
those rules in Lex (Lexical Analyser). For other rules additional linguistic
conditions such as morphological analysis, lexical meaning etc were needed
and in some cases extra-linguistic conditions were required. Such rules are
implemented using a C code to handle the additional linguistic conditions
and an user interface to get the extra linguistic information from the user.
There are around 90 rules which require additional information apart from
the given input string. For the remaining rules pattern matching is enough

to generate the compound.

The second part of the dissertation contains complete code of the imple-

mentation.
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Chapter 2

Compound Formation : Paninian

Procedure

Compounds being an important part of the language, Panini deals with
them very thoroughly handling the exceptional cases in great detail. Out of
around 4000 sutras in Astadhyayt a little more than 400 sutras deal with
the compound formation. In the first chapter of Astadhyayi sutras from
A1.4.61 to A1.4.79 assign a label ‘gati’ to certain words during compound
formation. Similarly siitras in the 3¢ chapter are related to the formation
of krt derivates. Based on some conditions that some of these terms occur
as upapadas during the formation of an upapada compound. Since krt
formation itself is vast topic. We have not included formation of upapada
compounds in our scope of work. Sutras starting from A2.1.1 to A2.2.29
are related to the formation of a compound (vidhayaka sitras). Sutras from
A2.2.30 to A2.2.38 are related to the change of word order (pitrvanipata)
in the compound formation process. In the 5" chapter siitras from A5.4.68

to A5.4.160 introduce special suffixes related to the compounds called

12



samasanta pratyayas. The 3" section of the 6" chapter has several siitras
that deal with the various stages of compound formation. Sitras from
A6.3.1 to A6.3.24 prohibit the deletion of the case suffix, The siitras which
transform the first constituent and second constituent of a compound start

from 1°* and 3"¢ section of the 6" chapter.

The most relevant paper for our work is by Mahavir (1986). In this
paper he discusses the treatment of compounds in Panini. In the first
section he discusses the mutual compatibility (samarthya) between the
constituents of the compound. He gives the justification for the order in
which Panini deals with different compound types. He observes that if
Avyayibhava class were placed after Tatpurusa or Bahuvrihi then it would
cease to be an exception of either Tatpurusa or Bahuvrthi and would result

in the generation of non-existent irregular forms.

In the second section he talks about the various transformations a vigra-

havakya undergoes resulting into a compound form.

These transformations correspond to various operations such as

(a) “Fixation of the order of the constituents.

(b) Assignment of the pratipadika (nominal stem) designation to this string.
(¢) Morpho-phonemic changes in purvapada and uttarapada.

(d) Change of gender and number in certain types, and

(e) Change or retainment of original accent”.

We describe below the steps involved in compound formation process

followed in the Paninian tradition.
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1. ‘Analytical Paraphrase’ (Alaukikavigraha)
Assume that a speaker wants to express the concept ‘a person who
is a servant of a king’. Then he has three basic conceptual elements
viz. a person, a king and the servant-master relation between them.
Now this servant-master relation (sevya-sevaka bhava) in Sanskrit
is expressed by sasthi vibhakti (6" case suffix). So the concept is

represented in the form of a linguistic expression as

rajan + nas purusa + su

where the words rdjan and purusa denote the objects ‘a king’ and ‘a
person’, and the suffix rias represents the relation between these two
elements, and ‘su’ is the singular nominal case suffix. This repre-
sentation is called an alaukikavigraha and is the starting point of the
derivation of a compound. This alaukikavigraha is the paraphrase of
the compound showing the linguistic analysis and thus is the analytic
paraphrase of the compound.

2. (a) Samasa designation: In the above example, since the compo-
nents rajan and purusa have mutual meaning compatibility, if
the speaker has an intention to form a compound, Paninian sitra
sasthi P2.2.8 sanctions the formation of such a compound. Such
an alaukikavigraha then gets a Samasa designation. The com-
pound formation is purely under the dictum of the desire of a
speaker (vaktrvivaksadhinam). In the derivation process, corre-
sponding to an alaukikavigraha the speaker has an option to pro-

duce either a sentential expression or a compound expression.! Of

'Strictly speaking, there are certain compounds which are termed as nityasamasas

14



course, only if the language and hence the grammar allows such
formation, a speaker can form a compound. The choice is gov-
erned by a condition that a compound may be formed only if the
components involved are mutually compatible.? In other words,
there should be some rule in the grammar, which guarantees the
formation of a compound with given components and meanings.
(b) Introduction of samdasanta pratyayas:
There are certain suffixes which are added to the compound
at the end. These are called samasanta pratyayas. These
are added at the end of an alaukikavigraha and are treated as
a part of a compound. For example the sutra avyayibhave
Saratprabhrtibhyah (A5.4.107) adds a tac suffix if the compound
is of type Avyayibhava and one of the word from the list starts

with Sarad. Thus

sarad + nas upa — Sarad + nas upa tac.
3. Declaring the string to be a nominal stem (pratipadikasamjia)
At this point, now the stage is set to generate a new nominal stem (
pratipadikam) from this expression and thus the whole expression is
designated with a label pratipadikam?.
4. Deciding the word order (upasarjanasamjiia)

The head (visesya) of a compound more-or-less depends on the type

(avigrahah asvapadavigraho va nityasamasah - PMa (I:568)) which do not have a sentential
paraphrase or do not have a paraphrase in terms of its own constituents. Such compounds
are governed by the siitras falling in the range A2.1.5 to A2.1.10 and A2.2.17 to A2.2.20.
Barring these, all the compounds can optionally be expressed as a sentential paraphrase as
well.

2samarthah padavidhih (A2.1.1)

3 krttaddhitasamasasca (A1.2.46)
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of a compound. The Tatpurusa (endocentric) compound has second
component as the head while the Avyayibhava has the first component
as the head. In case of Bahuvrihi (exo-centric) the head is the one
which this Bahuvrihi compound modifies and in case of conjunctive
compounds, both the words together are heads. However there are
many exceptions to this general observation. So the semantic criterion
for head does not help us in deciding the word order. Panini uses a
special mechanism to mark the order of words in a compound. In
Panini’s grammar he labels the component which occupies the first
place by the term upasarjana. The designator of a word in nominative
case in the rule that decides the compound type is the one which gets
the designation upasarjana. For example consider the input
sarad+ nas upa

The siitra* which sanctions compound formation for this input con-
sists of two words. Among these the word avyayam in the sutra is
in nominative. Hence that word in the alaukikavigraha which is an
avyaya gets a designation upasarjana. In the above example upa is an
avyaya, and therefore upa gets a designation upasarjana.

5. Change of word order (pirvanipatah)
The consequence of assigning a label upasarjana is to place the word
having been designated as upasarjana in the 1% place. This action
is termed as purvanipatah. In the above example, ‘upa’ which got
upasarjanasamjfia occupies the first place. This changes the order of
the input string to

upa sarad + nas.

*avyayam vibhaktisamipasamrddhivyrddhyarthabhavatyayasampratisabdapradurbhava-
pascadyathanupirvyayaugapadyasadrsyasampattisakalyantavacanesu (A2.1.6)

16



6. Deletion and Non-deletion of case suffixes (Subluk and aluk karya)
There are certain exceptional cases, when the case suffix of the in-
volved words does not get elided®. For example in the following case

yudh +ni © sthira + su
ni is retained. But in the case of
rajan+nas purusa+su
nas is deleted. In either case the case suffix of the second word is
deleted, This will result in the above cases becoming
yudh +ni sthira and rajan purusa.

7. Transformation of the first component
In certain cases, the first component undergoes certain transforma-
tions in the presence of the second component. For example pada
changes to pad’ if it is followed by either @ji|ati|ga or upahata.

pada + ati — pad + ati

8. Transformation of the second component
In certain cases, the second component also undergoes certain
changes in the presence of the first component. For example sthira
changes to sthira® in the presence of yudhi.

yudhi + sthira — yudhi sthira

9. Padakarya
Each of the components thus transformed obligatorily undergo certain
operations which are independent of the other words in the context.

For example in the case of rd@jan ‘n’ gets deleted.’

Saluguttarapade (A6.3.1)
®haladantatsaptamyah samjiiayam (A6.3.9)
"padasya padajyatigopahatesu (A6.3.52)

8 gaviyudhibhyam sthirah (A8.3.95)
nalopah pratipadikantasya (A8.2.7)

17



10. Joining of the words (sandhikarya)
The two components thus transformed, now are joined together with
a sandhi operation. For example

rama alaya — ramalaya

11. Deciding the gender of a derived nominal stem (liriganirdharanam)
Such a stem is now all set to undergo word formation rules. But before
that, this stem should get the proper gender. Gender of a nominal lex-
icon is the property of the lexical item'?. An Avyayibhava compound
is always in neuter gender!!. While in the case of Tatpurusa (endo-
centric) and Dvandva (conjunctive) compounds!? the gender of the
compound is same as the second component. In the case of Bahuvrthi
(exocentric), the gender is same as that of the word it modifies. There
are of course a few exceptional cases which are dealt with special
rules by Panini.

12. Deciding the number
The number of the resulting compound depends on its constituents. In
the case of Tatpurusa the number depends on the primary component
and in Bahuvrthi it depends on the referent of the resulting compound.
Avyayibhava compound has singular number and in the case of iter-
ataradvandva, the number of the resulting compound depends on the
nature and number of the components involved. In samaharadvandva
the number will be singular.

13. Deciding the svara (accent)

A compound is characterized by a single accent. Usually the fi-

19ekam dvikam trikam catha catuskam paficakam tatha

namartha iti sarve’mi paksah $astre niriipitah - VBhs(namarthanirnayah 216 (1)
"ayyayibhavasca (A2.4.18)
2paravallingam dvandvatatpurusayoh (A2.4.26)
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nal vowel in a compound is udatta (high pitch)!®>. Tatpurusa and
Avyayibhava compounds have a high pitch at the end (antodatta).
Bahuvrihi, and Dvandva compounds will have the same accent as that
of the piirvapada'®. These are the general rules and there are some
exceptions to them.

14. Word Formation

The final step is the word formation, with appropriate vibhakti.

Bsamasasya (A6.1.223)

Ybahuvrihau prakrtya piirvapadam (A6.2.1)
rajanyabahuvacanadvandvandhakavrsnisu (A6.2.34)
sankhya (A6.2.35)
acaryopasarjanasyantevasi (A6.2.36)
kartakaujapadayasca (A6.2.37)
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Chapter 3

Theoretical Issues in Compound

Formation

In the previous chapter we saw various steps involved in the process of
compound formation. There are differences of opinion regarding the order
in which these steps are to be carried out. In this chapter, we discuss the
issues related to the order of various steps involved, and the consequences

thereof.

Typical process of compound formation dealt with by the teachers is
sketched below. Paniniyavyakaranodaharanakosa shows this process for
thousands of compounds. The generation process of the compound starts
with alaukikavigraha, which gets the designation ‘samasa’ followed by an-
other designation ‘pratipadika’. Then aluk related operations are performed.
This is followed by the elision of suffixes. Then the word order related
operations viz. designation of upasarjanasamjiia followed by purvanipata

take place. Additional suffix called samasanta sufffix is added at this point.
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Alaukikavigrahah

‘ Samasasafijia designation \

]

‘ Pratipadikasafijia designation ‘

Subluk Component 1 |

,

| Subluk Component2 |

| Upasarjanasafijfia designation |

Parvanipatah

L

‘ Samasantapratyayah ‘
v
‘ Plrvapada/Uttarapada karyam ‘

Padakaryam
Sandhikaryam

Vibhaktikaryam ‘ Linga evam vacana nirdharanam |

i

Figure 3.1: Process of Compound Generation (1)

This is then followed by purvapadakarya, uttarapadakarya, sandhikarya and
finally the gender is decided and appropriate vibhakti is added to get the

compound word. This process is shown as a flow chart in Figure 3.1

There are differences of opinion with this order, especially with reference

to the deletion of suffixes and addition of samasanta sufffix.

e When should vibhakti suffix (sup) be elided?
Should it be elided before the designation of upasarjana samjfia or

after?
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e At what stage should the samasanta suffix be added ?
Should we add this suffix at the starting point of the samasa prakriya

or after deciding the word order of the components ?

Let us see what the commentators have to say on the samasanta suffix and
the arguments in favour and against the deletion of nominal suffix (subluk)

before and after the assignment of upasarjanasamjia.

3.1 When should subluk take place?

If one applies the subluk before assigning the upasarjana samjfia then it
creates a problem. The case suffix is the basis of information for deciding
upasarjana samjiia. Hence once this is deleted, there is no way to decide

which of the components will get an upasarjanasamjia.

We illustrate this with an example. Consider the alaukikavigraha rajan +
nas purusa + su. The word rajan + nas gets the designation upasarjana. The
governing sutra is sasthi (A2.2.8). The sutra prathama nirdistam samasa up-
asarjanam (A1.2.43) says that in the samasavidhayakasutra (Asiitra which
dictates the type of the resulting compound), the word which is in nomina-
tive case will get designated as upasarjana. Now in the sutra sasthi (A2.2.8),
there is only one word, and it is in nominative. Hence the word in genitive

case in the alaukikavigraha viz. rajan gets designated as upasarjana.

Now if the case suffix is deleted first, then in the absence of the genitive
suffix, it is not possible to designate rajan an upasarjana samjia. This is the
objection. In response, some argue that with the help of a siitra pratyayalope

pratyayalakshanam (A1.1.62)(an operation conditioned by an affix applies
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even if the affix has been replaced by zero'), we can designate it as upasar-
jana even after the subluk. There is no badhyabadhakabhava between the

two operations - subluk and upasarjana.

However, as is evident from this discussion even if there is no badhya-
badhakabhava, in order to designate upasarjana samjiia after the dele-
tion of case suffixes, one needs to invoke another sutra pratyayalope
pratyayalakshanam (A1.1.62). This is a gaurava (prolixity). If we designate
the word with an upasarjanasamjia based on the case suffix and then we
delete it, we need not invoke pratyayalope pratyayalakshanam (A1.1.62).

This brings in laghava (brevity).

3.2 Meaning of the sutra samasantah (A5.4.68)

Panini has introduced 21 suffixes called samasanta suffixes in the
Astadhyayi from 5.4.68 to 5.4.160. They are: (1) dac (2) a (3) ac (4)
ahnadesa (5) tac (6) sac (7) sa (8) ap (9) ac (10) asic (11) anic(12) ic (13)
jhu (14) anan (15) nin (16) it (17) lopa (18) datr (19) lopa (20) hrt (21) kap

The sutra samasantah (AS5.4.68) says that “The tadditha affix intro-
duced, henceforth, occur at the end (anta) of a nominal stem termed

compound (samasa)’?

. Patafijali interprets the word samasa in the sitra
samasantah (AS5.4.68) as an analytical paraphrase (alaukikavigrahah) and
Bhattoji Diksita interprets the word samasa as an analytical paraphrase as

well as an uttarapada.

'The Astadhyayr of Panini Vol. I Ramanath Sharma, Page No.63, 2000
2The Astadhyayr of Panini Vol. IV Ramanath Sharma, Page No.704, 2000
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3.3 At what stage should the samasanta suffix
be added?

We present below the interpretation offered by Bhattoji, followed by

Patafijali and Nagesa Bhatta.

3

Bhattoji Diksita in his book Praudhamanorama’ writes
Samasanta iti |Samasasya samasarthottarapadasya
va caramavayava ityarthah |tenopasaradamityatra

“navyayibhavat” (A2.4.83) ityam, dvipurityadau ‘“dvigoh”
(A4.1.21) iti nip ca sidhyati |
According to Diksita the samasanta suffix can become a part of either the
analytical paraphrase or an uttarapada. According to him, there are cases
in which one needs to treat the samasanta suffix as a part of the complete
paraphrase and cases where one needs to consider the samasanta suffix as a

part of an uttarapada. We explain both these cases with an example each.

Example 1:

alaukikavigrahah : upa + su Sarad + nas

samasanta pratyayah : [upa + su Sarad + nas [t]a[c] ]

where [t] and [c] are ‘it’ markers, and the whole expression gets the
samasasamjia.

pratipadikasamjiia : ‘upa + su Sarad + nas a’ , now it gets
pratipadikasamjia

upasarjanasamjia : upa + su Sarad +nas a, upa gets upasarjana samjfia

3PMa A5.4.68 (1.577-578)
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purvanipatah : upa +su Sarad + nas a

subluk : upa Sarad a

sandhikaryam : upaSarada

linganirdharanam : upaSarada , neuter gender

vibhaktikaryam : upasarada + su — upasSaradam, due to the replacement

of ‘a’ by ‘am’.

Now instead, if the samasanta suffix is added to the uttarapada the situation

will be

alaukikavigrahah : [upa + su Sarad + nas]

samasanta pratyayah : [upa + su (Sarad + nas] [t]a[c]) where [t] and [c]
are ‘it’ markers. upa + su Sarad + nas gets samasasamjia and tac is not part
of the samasasamjfia. But Sarad + nas tac is an uttarapada. We have marked
the expression that gets samasasamjfia by [ | and an expression in () is the
uttarapada. Note here that ‘a’ of the samasanta suffix is now part of the
uttarapada but not of the samasa.

pratipadikasamjiia : [upa + su (Sarad + nas] a)

upasarjanasamjna : [upa + su (Sarad +nas] a)

purvanipatah : [upa +su (Sarad + nas] a)

subluk : [upa (Sarad] a)

sandhikaryam : [upa(Sarad] a)

linganirdharanam : [upa (Sarad] a), neuter gender

vibhaktikaryam : [upa(Sarad] a)

Thus here ‘a’ of [t]a[c] is part of uttarapada but is not a part of the

samasa. And hence the replacement of ‘a’ by ‘am’ is prohibited.
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Now we look at another example, which Bhattoji Diksita used to show the

necessity of considering samasanta suffix as a part of uttarapada.

Example 2:

alaukikavigrahah : [dvi + os pur + 0s]

samasanta pratyayah : [dvi + os (pur + o0s] a ), As in the previous case,
we mark the boundaries of samasa samjfia by [ ] and of uttarapada by ().
pratipadikasamjiia : [dvi + os (pur + os] a)

upasarjanasamjna : [dvi + os (pur + os] a )

purvanipatah : [dvi + os (pur + os]a )

subluk : [dvi (pur] a)

sandhikaryam :[dvi(pur] a )

linganirdharanam : [dvi(pur] a ), feminine gender

vibhaktikaryam : [dvi(pur] a )— dvipura + nip — dvipurl.

In this example the samasanta suffix ‘a’ is a part of an uttarapada.
Hence by the vartika ‘akarantottarapado dviguh striyam bhasyatah iti
vaktavyam’ the feminine suffix will be added to the entire compound. The
vartika says that in a dvigu compound if the uttarapada is a pratipadika
ending in ‘a’, then the feminine suffix nip is added to the compound. On the
other hand if we add the samasanta suffix to the entire compound then the
uttarapada ‘pur’ does not end in ‘a’. So there is no scope for the addition of

feminine suffix.

From these two examples, it is obvious that in one example, to arrive at
the desired form one needs to accept that the samasanta suffix as a part of

the alaukikavigraha while in the other, as a part of the uttarapada. But if
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we look at Patafjali’s commentary, then it is obvious that he subscribes
to only the first view viz. that the samasanta suffix is a part of complete

alaukikavigraha, and not the uttarapada.

The discussion on the status of samasanta pratyayas in Mahabhasya appears
under the commentary of the siitra ‘gostriyorupasarjanasya’ (A1.2.48).
In the case of a compound formation ‘bahu + jas kumari + jas’ there is
a scope to introduce a samasanta suffix ‘kap’. There is also a possibility
of shortening of the vowel 1 in kumari. In the desired form there is no
shortening of the vowel 1. So Patafijali discusses which siitra prohibits the

shortening of the vowel 1, and why.

First Pataijali rules out the possibility that the shortening of the vowel 1
is prohibited due to the vartika ‘kapi ca’. In fact he questions the very
necessity of this vartika and claims that this vartika is not needed and the
sitra ‘na kapi’ (A7.4.14) should operate. In such cases the objection that
‘na kapi’ (A7.4.14) is applicable only to prohibit the results of ‘ke’nah’
(A7.4.13) is ruled out by him and he interprets ‘na kapi’ (A7.4.14) to

prohibit vowel shortenings in all the cases in the presence of a ‘kap’ suffix.

Now the question is when both the vowel shortening as well as introduction
of samasanta suffix ‘kap’ are possible, which operation takes prcedence?
An operation being conditioned by an inside cause or word-internal is
antaranga and an operation having an outside cause or word-external is
bahiranga. The operation of vowel shortening requires the pratipadikam
to be feminine. Since this condition is word-internal, this is an antaranga

operation. The addition of samasanta suffix ‘kap’ takes place provided the
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compound is of type Bahuvrihi and the second component of compound
ends in either ‘T or ‘G4’ (which is designated as nadi). This is a bahiranga
operation. Following the paribhasa asiddham bahirangamantarange the
vowel shortening should take place first. But Patafjali calls addition of
‘kap’ as an antarangatarah, and hence the samasanta suffix is added first,

and then the stitra ‘na kapi’ (A7.4.14) will prohibit the vowel shortening.

Pataiijali further says that the words that are to be compounded will wait
for the samasanta suffix because it is a part of the compound.*
Similarly, in the commentary on Praudhamanorama, we note the following

observation under the commentary on samasantah (A5.4.68).

evaincalaukikavigrahavakye samasasarmjia  samakalameva

samasanta iti siddhantah’ |

Nagesa reinforces® the interpretation of Bhasyakara Patafijali that in siitras
‘samasantah’ (A5.4.68) and ‘antah’ (A6.2.92), the samasanta suffix is
added at the end of an analytical paraphrase and becomes a part of the

compound and then the entire string gets the designation samasa.

So, based on the above discussions we can say that the samasanta
suffix is a part of an analytical paraphrase (alaukikavigraha) only, and
the alaukikavigraha along with the samasanta suffix gets the designation

samasa. Diksita’s view on samasanta suffix as a part of an uttarapada is not

“tadarthyattacchabdyarh  bhavisyati. yesam  padanam  samasah na
tavattesamanyadbhavati kapam tavat pratiksate |[MBh A1.2.48 (1.57)

SPMa A5.4.68 (1.578)

samasasabdena tadarthamuttarapadarn laksyata iti bhava iti kascit ||vastutastu
samasartharh vigrahavakyarm laksyata iti bhasyasayastathaivanyatra drstatvat MBh A1.2.48
(L57)||
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acceptable. The reason is there is no such evidence (pramana) that tells us
the word samasa in samasanta as a uttarapada. Diksita has extended the
meaning of the word samasa in samasanta as a uttarapada by laksana to
explain the correct forms such as dvipuri, dvidhuri. But Bhasyakara does
not give this explanation. Then the question may arise how does he handle
the cases like dvipurt etc. Patafijali rejects the vartika ‘akarantottarapado
dviguh striyam bhasyatah iti vaktavyam’’, because in the siitra ‘dvigoh’
(A4.1.21) he says that the feminine suffix is added to the entire dvigu
compound which ends in ‘a’. So, there is no need to add the ‘a’ suffix to
uttarapada based on the vartika. Therefore, the samasanta suffix becomes a

part of the analytical paraphrase only.

In the implementation of the compounds we follow the Bhasyakara’s

interpretation i.e the samasanta suffix is a part of the analytical paraphrase.

Now the generation process of the compounds which is inferred from
the traditional commentators like Patafijali, Nagesa etc, starts with the
alaukikavigraha, and then samasanta suffix is added (additional suffixes),
and it gets the designation samasa, such a samasa gets the designation
pratipadika samjna, after that aluk (in the case of aluk compounds), up-
asarjana samjiia, purvanipata, subluk, transformation of the components
(purvapadakarya and uttarapadakarya, sandhikarya, linganirdharanam and
finally vibhaktikaryam) are carried out to get the compound word.

Figure 3.2 shows the process of the generation of the compounds, imple-

mented by us.

"MBh A2.4.30 (11.486)
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Alaukikavigrahah

‘ Samasasaifijia and Samasantapratyayah

l

| Pratipadikasafifia |

ifia ]

| Upasarjanasa

Subluk Component 1 l

'

Subluk Component 2

‘ Plrvapada/Uttarapada karyam \

Padakaryam
Sandhikaryam
+
Vibhaktikaryam L—-.. I Linga and vacana nirdharanam |

Figure 3.2: Process of Compound Generation (2)
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Chapter 4

Analysis and Classification of

Sutras

Astadhyayt has around 400 sitras that deal with the compound formation.
As we noticed in previous chapters, the compound formation process is
completely algorithmic. So the questions that arose in our mind were
1. Is it possible to automate the process of compound formation?
2. If yes, how many sitras are completely formal, and how many of them
can’t be automated?
3. In case of siitras which can’t be automated, what kind of information
is needed for processing?
In order to answer these questions, we classified the siitras based on the
operation they correspond to in the compound formation. Then, we looked
at each sutra and analysed them to find out what kind of information is

needed by the sitra for its application.

While classifying the sutras according to their function, we observed
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the following:

(a)

(b)

(©

1. Most of the sttras are conditional expressions specifying certain ac-
tion if a certain condition is satisfied. For example:
padasya padajyatigopahatesu A6.3.52
This sutra says if the first constituent is pada and the second con-

stituent is either ati, ga or upahata then pada changes to pad.

2. There are some siitras which require a rich structure involving deeper

analysis than just the sequence of phonemes. We could classify them
in four types.
The morphological analysis of a word
Some sitras require morphological information of components, for
example whether the component is a word in a feminine gender with
a suffix nip, or whether it is a primary derivative with a ‘kta’ or ‘lyap’
and so on. For example the rule ‘svayam ktena’ A2.1.25 says that if the
first word is ‘svayam’ and the second word ends in a primary derivative

suffix ‘kta’ then a compound may be formed.

The semantic category of a word

Many sutras need semantic information to form a compound. For
example: The sitra ‘ktenahoratravayavah’ A2.1.45 says that if the
first constituent is a word denoting part of either day or night and if
it is followed by a word with primary derivative suffix ‘kfa’ then a
compound may be formed. Here the information that the word is a part

of day/night is semantic in nature.

Some sttras require pragmatic information. For example the siitra
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(d)

‘sastya akrose’ A6.3.21 says that in a sasthi tatpurusa compound if a
word which is in genetive case indicates the sense akrosa (censure) then
the non-elision of case suffix is ordained. As is evident, the information
whether the word is being used with certain emotions can not even be
associated with a lexicon and needs to be obtained only through the

context. Hence this type of information is pragmatic by nature.

Finally Panini has listed a set of compounds which are exceptional
cases. There are a few of such lists such as ‘istadguprabrtini ca’
A2.1.17, ‘mayaravyamsakadayasca’ A2.1.72 etc. These lists are called

ganapathas.

Thus we observed that for computational implementation of the
sutras, we need

e A list of ganapathas,

e A lexicon tagged with semantic information, and

e A morpholocal analyser to analyse the components.

The suatras which need pragmatic information are difficult to process

automatically.

We have classified all the compound related siitras based on the type of

information each sitra needs. Following tables list all the sutras, grouped

under the operation they correspond to. Agianst each siitra we have noted

down what kind of information each sutra needs.

In this chapter we discuss the semantic and pragmatic information needed

for the implementation.
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samasavidhayakakarya

Input needed for implementation

sutras

ganapathah

tisthadguprabhrtini ca 2.1.16

yajakadibhisca 2.2.9

saptamiSaundaih 2.1.40

patresamitadayasca 2.1.48

upamitam vyaghradibhih

samanyaprayoge 2.1.56

Srenyadayah krtadibhih 2.1.59

kumara Sramanadibhih 2.1.70

mayuravyamsakadayasca 2.1.72

saksatprabhrtini ca 1.4.74

uryadicvidacasca 1.4.60

Semantic category

samkhya

aksaSalakasamkhyah parina 2.1.10

sankhya vamsyena 2.1.18

sankhyapurvo dviguh 2.1.51

gunavacana

trttya tatkrtarthena gunavacanena

2.1.29

nadivacakah

nadibhiSca 2.1.19

vyafijana

annena vyafijjanam 2.1.33

bhaksya

bhaksyena misrikaranam 2.1.34

darartha

stokantikadurarthakrcchrani ktena

2.1.38
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purana/guna/avyaya

purana-guna-suhitartha-sadavyaya-

tavya-samanadhikaranena 2.2.11

parimana kalah parimanina 2.2.5
safjiia safijiayam 2.1.44

anyapadarthe ca safjjfiayam 2.1.20
ahoratravayava ktenahoratravayavah 2.1.45
dik/sankhya/sainjna diksankhye safijiayam 2.1.50
. katarakatamau jatipariprasne 2.1.63
Ja potayuvati 2.1.65

krtyatulyakhya ajatya 2.1.68
praSamsavacana prasamsavacanaisca 2.1.66
varna varno varnena 2.1.69
catuspad catuspado garbhinya 2.1.71

sankhya evam avyaya

sankhyavyayasanna-duradhika-

sankhyah sankhyeye 2.2.25
dik dinnamanyantarale 2.2.26
prani/turya/senanga dvandvasca pranitiryasenanganam
242
carana anuvade carananam 2.4.3
jati/aprani jatirapraninam 2.4.6
nadi/desa/gramah visistalingo nadideso’gramah 2.4.7
ksudrajantava ksudrajantavah 2.4.8
adhvaryukratuh adhvaryukraturanapumsakam 2.4.4
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vrksa/mrga/trna/dhanya/vyafjana

vibhasa vrksa-mrga-trna-dhanya-
vyaiijana-pasusakunyas$vavadava-

purvaparadharottaranam 2.4.12

ayamah yasya cayamah 2.1.15

sadrSya yatha’sadrsye 2.1.7
khatva ksepe 2.1.25

ksepa ksepe 2.1.47
kim ksepe 2.1.64

atyantasamyoga atyantasamyoge ca 2.1.28

adhikarthavacana krtyairadhikarthavacane 2.1.32

rna krtyairrnpe 2.1.43

upamana upamanani samanyavacanaih
2.1.55
ktena ca pujayam 2.2.12

puja sanmahatparamottamotkrstah
pujyamanaih 2.1.61
vrndarakanagakufijaraih
pijyamanam 2.1.62
adhikaranavacina ca 2.2.13

adhikaranavaci
vipratisiddham canadhikaranavaci
24.13

ekadest purva-paradharottaram-

ekadesinaikadhikarane 2.2.1
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Semanticosynatic information is needed

karma karmani ca 2.2.14

trjakabhyam kartari 2.2.15
kartari

kartari ca 2.2.16
kartrkarane kartrkarane krta bahulam 2.1.31

Pragmatics

kutsitani kutsanaih 2.1.53
kutsita

papanake kutsitaih 2.1.54

No extra semantic information needed for implementation

saha supa 2.1.4

svayam ktena 2.1.24

sami 2.1.26

kalah 2.1.27

paficami bhayena 2.1.36

apetapodha-mukta-patitapatrastairalpasah 2.1.37

sastht 2.2.8

nityam kridajivikayoh 2.2.17

na nirdharane 2.2.10

ardham napumsakam 2.2.2

dvitiya-trttya-caturtha-turyanyanyatarasyam 2.2.3

praptapanne ca dvitiyaya 2.2.4

siddhasuskapakvabandhaisca 2.1.41

dhvanksena ksepe 2.1.42

tatra 2.1.46

ktena nafiviSistenanan 2.1.60
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yuvakhalatipalitavalinajaratibhih 2.1.67

kugatipradayah 2.2.18

tatropapadam saptamistham 3.1.92

upapadamatin 2.2.19

amaivavyayena 2.2.20

trttyaprabhrtinyanyatarasyam 2.2.21

ktvaca 2.2.22

anekamanyapadarthe 2.2.24

tatra tenedamiti sartipe 2.2.27

tena saheti tulyayoge 2.2.28

carthe dvandvah 2.2.29

yesam ca virodhah §asvatikah 2.4.9

taddhitarthottarapadasamahare ca 2.1.52

Isadakrta 2.2.7

laksanenabhipratt abhimukhye 2.1.13

yavadavadharane 2.1.8

suppratina matrarthe 2.1.9

anuryatsamaya 2.1.14

adhyayanato’viprakrstakhyayam 2.4.5
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samasantah

Input needed for implementation sutras
avyayibhave  Saratprabhrtibhyah
5.4.107

ganapathah
padasyalopo’hastyadibhyah
5.4.138
kumbhapadisu ca 5.4.139
dvidandyadibhyasca 5.4.128
urah prabhrtibhyah kap 5.4.151

Semantic category
o naditantryoh svange 5.4.159

svangavact
bahuvrihau sakthyaksnoh
svangatsac 5.4.113

pranivact upamanadapranisu 5.4.97

janapadavacit brahmano janapadakhyayam
5.4.104

sankhyeyavaci bahuvrihau sankhyeye
dajabahuganat 5.4.73

safjjfiavact afinasikayah safijiadyam nasam
casthalat 5.4.118

sankhyavaci tatpurusasyanguleh
sankhyavyayadeh 5.4.86

ksepavacit kimah ksepe 5.4.70

jati evam safjiavact

ano’$mayassarasam jatisamjfiayoh

5.4.94
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safjhavact
agrakhyayamurasah 5.4.93
striyam safijiayam 5.4.143
karmavyatiharah ickarmavyatihare 5.4.127
ayamavaci anugavamayame 5.4.83
upamana upamanacca 5.4.137
sankhya sankhya supurvasya 5.4.140
vayah vayasi dantasya datr 5.4.141
parvata trikakutparvate 5.4.147
Pragmatics
puja na pijanat 5.4.69
adarS§anam aksno’darSanat 5.4.76
vandanam vandite bhratuh 5.4.157
mitra/amitra suhrd durhrdau  mitramitrayoh
5.4.150
avastha kakudasyavasthayam lopah 5.4.146
lubdhayogah daksinerma lubdhayoge 5.4.126

No extra semantic information needed for implementation

uttaramrgapiirvacca sakthnah 5.4.98

anasca 5.4.108

napumsakadanyatarasyam 5.4.109

nadipaurnamasyagrahayanibhyah 5.4.110

jhayah 5.4.111

gireSca senakasya 5.4.112
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ahassarvaikade$a sankhyatapunyacca ratreh 5.4.87

rajahah sakhibhyastac 5.4.91

gramakautabhyam ca taksnah 5.4.95

ateh Sunah 5.4.96

navodvigoh 5.4.99

kharyah pracam 5.4.101

dvitribhyamanjaleh 5.4.102

kumahadbhyamanyatarasyam 5.4.105

nadyrtasca 5.4.153

angulerdaruni 5.4.114

dvitribhyam sa mardhnah 5.4.115

antarbahirbhyam ca lomnah 5.4.117

upasargacca 5.4.119

supratasus$vasudiva 5.4.120

nafi duhsubhyo halisakthyoranyatarasyam 5.4.121

nityamasicprajamedhasoh 5.4.122

dharmadanickevalat 5.4.124

jambhasuharitatrnasomebhyah 5.4.125

prasambhyam janunorjiiuh 5.4.129

urdhvadvibhasa 5.4.130

dhanusasca 5.4.131

jayayanin 5.4.134

gandhasyedutpitisusurabhibhyah 5.4.135

vibhasa §yavarokabhyam 5.4.144
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agranta-Suddha-Subhra-vrsa-varahebhyasca 5.4.145

udvidbhyam kakudasya 5.4.148

purnadvibhasa 5.4.149

inah striyam 5.4.152

iyasaSca 5.4.156

nispravanisca 5.4.160

dvandvaccudasahantatsamahare 5.4.106

rkpurabdhuh pathamanakse 5.4.74

acpratyanvavapurvatsamalomnah 5.4.75

acaturavicatura 5.4.77

brahmahastibhyam varcasah 5.4.78

avasamandhebhyastamasah 5.4.79

anvavataptadrahasah 5.4.81

praterurasah saptamisthat 5.4.82

dvistavatristava vedih 5.4.84

gorataddhitaluki 5.4.92

alpakhyayam 5.4.136

upasargadadhvanah 5.4.85

nafastatpurusat 5.4.71

patho vibhasa 5.4.72

Sesadvibhasa 5.4.154
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purvanipatah

Input needed for implementation sutras

rajadantadisu param 2.2.31

va”hitagnyadisu 2.2.37

ganapathah
kadarah karmadharaye 2.2.38

upamitam vyaghradibhih

samanyaprayoge 2.1.56

Semantic category

viSesanavacit saptamivi§esane bahuvrihau

2.2.35

upamanavacakah upamanani samanyavacanaih

2.1.55

No extra semantic information needed for implementation

upasarjanam purvam 2.2.30

dvandve ghi 2.2.32

ajadyadantam 2.2.33

alpactaram 2.2.34

nistha 2.2.36

purvakalaika-sarva-jarat-purana-nava-kevalah samanadhikaranena 2.1.49

purvapara-prathama-carama-jaghanyasamana-madhya-madhyamottama-virasca 2.1.58

yuva-khalati-palita-valina-jaratibhih 2.1.67
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aluk samasah

Input needed for implementation sutras
Pragmatics
akrosa sasthyah akrose 6.3.21
Semantic category

haladantatsaptamyah
safjfiayam 6.3.9

samflavact manasah samfiayam 6.3.4
vaiyakaranakhyayam
caturthyah 6.3.7
parasya ca 6.3.8

karavact karanamni ca pracam haladau
6.3.10

svangavaci amiurdhamastakat
svangadakame 6.3.12

puranavaci atmanasca 6.3.6

kalavacit Sayavasavasisvakalat 6.3.18

kala ghakalatanesu  kalanamnah
6.3.17

vidyavaci/yonivact rto vidya-yoni-
sambandhebhyah 6.3.23
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No extra semantic information needed for implentation

paiicamyah stokadibhyah 6.3.2

ojah saho’mbhas-tamasas-trtryayah 6.3.3

ajfiayini ca 6.3.5

madhyad gurau 6.3.11

bandhe ca vibhasa 6.3.13

pravrtcharatkaladivam je 6.3.15

vibhasa vrkshaSaravarat 6.3.16

sthe ca bhasayam 6.3.20

putre’nyatarasyam 6.3.22

nensiddhabadhnatisu ca 6.3.19

vibhasa svasrpatyoh 6.3.24

tatpuruse krti bahulam 6.3.14
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purvapadakarya

Input needed for implementation

sutras

vrddhi

idvrddhau 6.3.28

vrddhinimittasya ca taddhi-

tasyaraktavikare 6.3.39

Semantic category

devatavaci

ananrto dvandve 6.3.25

devatadvandve ca 6.3.26

1dagneh somavarunayoh

6.3.27

divo dyava 6.3.29

usasosasah 6.3.31

safijfia/pliranavaci

svangavaci

svangaccetah 6.3.40

jativact

jatesca 6.3.41

kalavaci

avyayibhave cakale 6.3.81

purana/priyadi

striyah pumvat
bhasitapumskadantin
samanadhikarane
striyamappuranipriyadisu

6.3.34
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No extra semantic information needed for implementation

vopasarjanasya 6.3.82

vibhasa catvarimsatprabhrtau sarvesam 6.3.49

trestrayah 6.3.48

dvyastanah samkhyayamabahuvrihyasityoh 6.3.47

pumvatkarmadharaya-jatiya-desiyesu 6.3.42

anmahatah samanadhikaranajatiyayoh 6.3.46

divasasca prthivyam 6.3.30

matarapitaravudicam 6.3.32

tasiladisvakrtvasucah 6.3.35

kyanmaninoSca 6.3.36

na kopadhayah 6.3.37
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uttarapadakarya

Input needed for implementation sutras

ganapathah ksubhnadisu ca 8.4.39

Semantic category

safjiavact purvapadatsafijfiayamagah 8.4.3

sankhya na sankhyadeh samahare 5.4.89

No extra semantic information needed for implementation

ahno’hna etebhyah 5.4.88

uttamaikabhyam ca 5.4.90

upasargacca 5.4.119

ahno’dantat 8.4.7

upasargad bahulam 8.4.28

puragamisSraka-sidhraka-sarika-kotaragrebhyah 8.4.4

pranirantahSareksu-plaksamra-karsya-khadira-piyiksabhyo’ samjfiayamapi 8.4.6

jyotirayusah stomah 8.3.83
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samasasraya prakaranam

Input needed for implementation sutras

ganapathah vanagiryoh safijiayam
kotarakimSulukadinam

6.3.117

matau bahvaco’najiradinam

6.3.119

Saradinam ca 6.3.120

Semantic category

rk vacakah rcah Se 6.3.55
udakasyodah safjjfiayam
6.3.57

safjjiavact nyapoh

safjfiachandasorbahulam

6.3.63

purayitavyavacit ekahaladau
plrayitavye’nyatarasyam

6.3.59

granthavacit granthantadhike ca 6.3.79
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anumeyah dvitiye canupakhye 6.3.80

caranavaci carane brahmacarini 6.3.86

trne ca jatau 6.3.103

jativact
kustumburuni jatih 6.1.143

rsivacakah mitre carsau 6.3.130

Morph analysis is needed

ghariipa-kalpa-celad-bruva-gotra-mata-hatesu nyo’nekaco hrasvah 6.3.43

ugitasca 6.3.45

hrdayasya hrllekhayadanlasesu 6.3.50

va Sokasyafrogesu 6.3.51

iko hrasvo’nyo galavasya 6.3.61

syanah samprasaranam putrapatyostatpuruse 6.3.13

ratreh krti vibhasa 6.3.72

tirthe ye 6.3.87

vibhasodare 6.3.88

drgadrSavatusu 6.3.89
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No extra semantic information needed for implementation

nadyah Sesasyanyatarasyam 6.3.44

himakasihatisu ca 6.3.54

va ghosamisrasabdesu 6.3.56

pesamvasavahanadhisu ca 6.3.58

manthaudana-saktu-bindu-vajrabhara-hara-vivadhagahesu ca 6.3.60

padasya padajyatigopahatesu 6.3.52

istakestkamalanam citatulabharisu 6.3.65

kare satyagadasya 6.3.70

samanasya cchandasyamurdhaprabhrtyudarkesu 6.3.84

Jyotirjanapada 6.3.85

idankimoriskt 6.3.90

asasthyatrtiya 6.3.99

koh kattatpuruse’ci 6.3.101

rathavadayosSca 6.3.102

ka pathyaksayoh 6.3.104

1sadarthe 6.3.105

vibhasa puruse 6.3.106

kavam cosne 6.3.107

karne laksanasya 6.3.115

nahivrtivrsivyadhirucisahitanisu kvau 6.3.116

vale 6.3.118

iko vahe’piloh 6.3.121

upasargasya ghaflyamanusye bahulam 6.3.122

ikah kase 6.3.123

citeh kapi 6.3.127
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aparasparah kriyasatatye 6.1.144

gospadam sevitasevitapramanesu 6.1.145

aspadam pratisthayam 6.1.146

ascaryamanitye 6.1.147

varcaske’vaskarah 6.1.148

apaskaro rathangam 6.1.149

viskirah Sakunau va 6.1.150

pratiskasasca kaseh 6.1.152

praskanvahariScandravrsi 6.1.153

maskaramaskarinau venuparivrajakayoh 6.1.154

kastirajastunde nagare 6.1.155

karaskaro vrksah 6.1.156
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linganirdharanakarya

Input needed for implementation sutras
ardharcah pumsi ca 2.4.31
ganapathah
na dadhipayaadini 2.4.14
gavasvaprabhrtini ca 2.4.11
Semantic category
jativact jatyakhyayam-ekasmin-
bahuvacanam-anyatarasyam
1.2.48
niravasitah Sudranamaniravasitanam 2.4.10
vrksa/mrga/trna/dhanya vibhasa vrksa-mrga-trna-dhanya-
vyafjana-pasuSakunyasvavadava-
purvaparadharottaranam 2.4.12
vipratisiddham canadhikaranavaci
adhikaranavaci

2.4.13

adhikaranaitavattve ca 2.4.15

prani/tirya/senanga dvandvaSca pranitliryasenanganam
242

carana anuvade carananam 2.4.3

adhvaryukratu adhvaryukraturanapumsakam 2.4.4

viprakrstakhyaya adhyayayanato’viprakrstakhyayam
245

jati/pranivact jatirapraninam 2.4.6

nadi/desa/gramah visistalingonadideso’gramah 2.4.7
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ksudrajantavah ksudrajantavah 2.4.8

naksatra vacakah phalguniprosthapadanafica naksatre

1.2.60

No extra semantic information needed for implementation

paravallingam dvandvatatpurusayoh 2.4.26

purvavadasvavadavau 2.4.27

ratrahnahah pumsi 2.4.29

apatham napumsakam 2.4.30

asmado dvayosca 1.2.49

sa napumsakam 2.5.17

upajiiopakramam tadadyacikhyasayam 2.4.11

sabha raja’manusyapurva 2.4.23

vibhasa samipe 2.4.1

asalaca2.4.24

vibhasa senasuracchayasalanisanam 2.4.25

chaya bahulye 2.4.22

yesam ca virodhah §asvatikah 2.4.9
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vacananirdharanakarya

Input needed for implementation

sutras

ganapathah na dadhipayaadini 2.4.14
Semantic category
jati vact jatyakhyayam-ekasmin-
bahuvacanam-anyatarasyam
1.2.48
vipratisiddham canadhikaranavaci
adhikaranavaci

2.4.13

prani tiryasenanganah

dvandva$ca pranitiryasenanganam

242

carana anuvade carananam 2.4.3
adhvaryukratu adhvaryukraturanapumsakam 2.4.4
viprakrstakhyaya adhyayayanato’viprakrstakhyayam

245

jati evam prani vact

jatirapraninam 2.4.6

nadi deSa evam gramah

visistalingonadideso’gramah 2.4.7

naksatra vacakah

phalguniprosthapadanafica naksatre

1.2.60

Pragmatics

niravasitah

sudranamaniravasitanam 2.4.10
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gatikarya

Input needed for implementation sutras
Semantics
anukaranavaci anukaranam canitiparam 1.4.61
adara/anadara adaranadarayoh sadasati 1.4.62
bhusane bhusane’lam 1.4.63
aparigraha antaraparigrahe 1.4.64
Sraddha/pratighata kanemanasi Sraddhapratighate
1.4.65
anupadesa ado’nupadese 1.4.69
antardhi tiro’ntardhau 1.4.70
upayamana nityam haste panavupayamane
1.4.77
bandhana pradhvam bandhane 1.4.78
aupamya Jivikopanisadavaupamye 1.4.79

No extra semantic information needed for implementation

purovyayam 1.4.66

astam ca 1.4.67

accha gatyarthavadesu 1.4.68

vibhasa kriii 1.4.72

upaje’nvaje 1.4.73

anatyadhana urasimanasi 1.4.75

madhye pade nivecane ca 1.4.76
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Chapter 5

Semantic and Pragmatic
Information Needed for

Compound Generation

In the previous chapter we noted down various kind of extra linguistic in-
formation needed for the implementation of siitras. This extra linguistic in-
formation falls under two different categories viz semantic and pragamatic.
The semantic type of information is the one which can be associated with
the lexicon and is context independent, while the pragmatic information is
context dependent. To give an example, “a component in the sense of dis-
tance (durartha)” is a semantic condition, whereas “referent of a component
is respectable” is a pragmatic condition because the referent depends on the

context.

In order to provide the necessary semantic information with lexicon, we

noticed that Panini uses several semantic features. Those are
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nadivaci, deSavaci, gramavaci, vidyavaci, yonivaci, devatavaci,
vyafijanavaci, bhaksyavaci, parvatavaci, rsivaci, naksatravaci, sankhyavaci,
sankhyeyavaci, piranavaci, catuspadvaci, varnavaci, ksudrajantu,
vrksavaci, trnavaci, dhanyavaci, rnavaci, janapadavaci, granthavaci,

jati, gunavact, durarthavact, parimanavaci, dikvact, kalavaci.

These features fall under the following sub-categories
(a) Meaning

(b) Synonym / antonym

(c) Part-whole relation

(d) Modifier-modified relation

(e) Generic property / Universal it belongs to

There have been several efforts to classify the objects in the real world
based on the metaphysical properties of these objects. This classification is
known as ontological classification. Some of the important efforts in this

direction in the West are Roget’s thesaurus, CYC' and SUMO?.

In India the importance of such a classification had been recognized long-
back by the VaiSesikas. This classification is only a top level classification
classifying the objects into seven classes viz dravya, guna, karma, samanya
viSesa, samavaya and abhava and each of these are further subclassified.
However this classification needs to be further extended so as to classify
all the real objects showing the hierarchical classification. But in order to
extend the VaiSesika classification, we need to understand the concept of

generic property / universal (jati).

Thttp://www.cyc.com/
Zhttp://www.adampease.org/OP/
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The sutra ‘samana prasavatmika jatih N2.2.71° about jati says that
Universal is that which produces the same conception. Cowhood is an
universal which resides in all cows. Assuming that if a person sees a cow
somewhere then he acquires a general form of cows. This general form
enables him to recognise individual cows, anywhere in the world. Any
general form such as an X-ness can’t be considered to be a jati. Because

this will lead to multiple inheritance.

Udayana, the great Naiyayika, has discussed about the six impediments
(jatibadhakas) in Nyayasiddhantamuktavali to decide whether a given

general property is an universal or not.

The six impediments are described in Muktavali as

“vyakterabhedastulyatvam sankaro ‘tha‘navasthitih

rupahanirasambandho jatibadhakasamgrahah”

Vyakteh abhedah (Oneness of the individual), tulyatvam (Identity),
sankarah (cross-division), anavasthitih (Infinite Regression), rupahanih (Vi-
olation of Nature) and asambandhah (Non relation) are the six impediments
(jatibadhakah).

Vyakteh abhedah (Oneness of the individual) : When there is a single en-
tity of that kind, then the property of resident in only that object can’t be an
Universal. For example in Nyaya-VaiSesika system akasa is only one hence
akasatva cannot be a jati.

Tulyatvam (Identity) : If two general properties occur in the same individ-

uals, then these two properties are equivalent and hence only one among
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these two will be considered to be a jati. For example ghata and kalasa refer
to the same set of objects. Hence only one of them will be a jati.

Sankara (Cross-division) : Physicalness (bhiitatva) and mortality
(mirtatva) are not universals because they involve cross-division. Bhutatva
is the universal property that exists in five elements.The five elements are
prthvt (earth), jala (water), tejas (fire) and vayu (air) and akasa. The first
four also have murtatva (mortality). Apart from these four elements, the
manas (mind) is also mirta and hence it has mirtatva. Now the question
is whether the general properties mirtatva and bhiitatva both represent a
genre / class character (jati) or not? Udayana puts a constraint that among
the genre there should not be a sankara. In other words a padartha should
not have two generic properties residing in them. The four elements prthvi
(earth), jala (water), tejas (fire) and vayu (air) have two universals (bhiitatva
and mirtatva) in them and this leads to sankara, and hence both murtatva
and bhiutatva can’t be considered to be jatis simultaneously. This condition
is an essential characterisation of single inheritance in the Western termi-
nology.

Anavasthitih (Infinite regress): A universal shouldn’t contain another uni-
versal, as it may lead to anavasthitih (Infinite regress).

Rupahanih (Violation of Nature) : Differentials, cannot have an universal,
like differential-ness (viSesatva). If we consider viSesatva as an identity or
universal, then mutual difference would be there.

Asambandhah (Non relation): Inherence cannot have a universal, like
inherence-ness (samavayatva). Inherence is a relation which holds univer-
sal in a particular. Assume that if inherence-ness is regarded as a universal,

then inhering in inherence (samavaya) will lead to infinite regress.
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So an abstract property of an object can be a jati provided it does not fall
under any of these impediments. Any generic property that has any one of

the above faults (jatibadhakas) will then be termed as an upadhi.

The Nyaya-Vaisesika school of philosophy in Indian tradition has dealt
with the ontological classification of the real objects which is accepted to all
the branches in Indian knowledge system. All the words in the AmarakoSa
were classified following and extending this scheme further by Nair (2011).
To this classification, she also added various other properties, called as
upadhis a word may have other than its ontological status. For example to
be an eatable, or to be drinkable are the special properties which can not
be classified under the ontology without violating the essential property of
single inheritance. We examined all the semantic conditions found in all
the sitras related to compound generation. Some ontological categories
(jatis as well as upadhis) which are used by Panini were missing in the
tables developed by Nair, since these were basically prepared using the
lexicon from Amarako$a. We added these missing categories to the table
of ontological classification® (Figure 5.1) and the missing properties to the
table of upadhis (Figure 5.2). The lexicon enriched with the ontological and
special properties belonging to the upadhi chart is used for the compound

generation.

3The words which have “*’ sign in the figures (5.1 and 5.2) indicate that these are newly
introduced by us over and above Sivaja’s classification
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5.1 List of jatis needed for Compound

Generation

nadivaci
nadibhisca 2.1.19

viSistalingonadideSo’gramah 2.4.7

desavaci

viSistalingonadideSo’gramah 2.4.7

gramavacith

viSistalingonadideso’gramah 2.4.7

devatavacl

ananrto dvandve 6.3.25
devatadvandve ca 6.3.26
idagneh somavarunayoh 6.3.27
divo dyava 6.3.29

usasosasah 6.3.31

rsi

mitre carsau 6.3.130

naksatravaci

phalguniprosthapadanafica naksatre 1.2.60
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sankhyavaci

aksasalakasamkhyah parina 2.1.10

sankhya vamsyena 2.1.18

sankhyapurvo dviguh 2.1.51
sankhyavyayasanna-diradhika-sankhyah sankhyeye 2.2.25
tatpurusasyanguleh sankhyavyayadeh 5.4.86

sankhya supurvasya 5.4.140

na sankhyadeh samahare 5.4.89

sankhyeyavaci

bahuvrihau sankhyeye dajabahuganat 5.4.73

purana

atmanasca 6.3.6
purana-guna-suhitartha-sadavyaya-tavya-samanadhikaranena 2.2.11

striyah pumvat bhasitapumskadanun samanadhikarane

striyamappuranipriyadisu 6.3.34

catuspadvact

catuspado garbhinya 2.1.71

varnavaci

varno varnena 2.1.69
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ksudrajantu

ksudrajantavah 2.4.8
vrksavacl
vibhasa vrksa-mrga-trna-dhanya-vyafijana-pasSusakunyasvavadava-

purvaparadharottaranam 2.4.12

trnavact
vibhasa vrksa-mrga-trna-dhanya-vyafijana-pasusakunya$vavadava-

purvaparadharottaranam 2.4.12

janapada

brahmano janapadakhyayam 5.4.104

grantha

granthantadhike ca 6.3.79

kala
ktenahoratravayavah 2.1.45
Sayavasavasisvakalat 6.3.18

avyayibhave cakale 6.3.81

svanga
amurdhamastakat svangadakame 6.3.12

svangaccetah 6.3.40
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naditantryoh svange 5.4.159
bahuvrihau sakthyaksnoh svangatsac 5.4.113

jati

katarakatamau jatipariprasne 2.1.63

potayuvati... 2.1.65

krtyatulyakhya ajatya 2.1.68

jatirapraninam 2.4.6
jatyakhyayam-ekasmin-bahuvacanam-anyatarasyam 1.2.48
ano’$mayassarasam jatisamjfiayoh 5.4.94

jatesca 6.3.41

trne ca jatau 6.3.103

kustumburuni jatih 6.1.143
jatyakhyayam-ekasmin-bahuvacanam-anyatarasyam 1.2.48

jatirapraninam 2.4.6

gunavaci

trttya tatkrtarthena gunavacanena 2.1.29

durartha

stokantikadurarthakrcchrani ktena 2.1.38

parimana

kalah parimanina 2.2.5

dik

dinnamanyantarale 2.2.26

65



prani
dvandvasca pranitiryasenanganam 2.4.2

upamanadapranisu 5.4.97

carana

anuvade carananam 2.4.3

ayamavaci

anugavamayame 5.4.83

rk vacakah

rcah Se 6.3.55

purayitavya vaci

ekahaladau piirayitavye’nyatarasyam 6.3.59
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Figure 5.1: Ontological classification

5.2 List of Upadhis needed for Compound

Generation
vidyavaci

rto vidyayonisambandhebhyah 6.3.23

yonivaci

rto vidyayonisambandhebhyah 6.3.23

dhanyavaci

vibhasa vrksa-mrga-trna-dhanya-vyafijana-pasSusakunyasvavadava-
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purvaparadharottaranam 2.4.12

vyaifijanavaci
annena vyafijanam 2.1.33
vibhasa vrksa-mrga-trna-dhanya-vyafijana-pasusakunyasvavadava-

purvaparadharottaranam 2.4.12

bhaksyavact

bhaksyena miSrikaranam 2.1.34

vayas

vayasi dantasya datr 5.4.141

rna

krtyairrne 2.1.43

niravasitah

Sudranamaniravasitanam 2.4.10
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5.3 Pragmatics

There are several cases we encountered in the derivation process which
required context dependent information, which can’t be available through a
lexicon. For example if the resulting compound denotes a name samfia or
not. This is purely context dependent and we need to get this information
from the user who desires to make a compound. Various categorial infor-
mation that is context dependent needed for compound generation is listed

below, along with the list of relevant sutras which need this information.
samjhavacl

haladantatsaptamyah samjfiayam 6.3.9
manasah samfiayam 6.3.4
vaiyakaranakhyayam caturthyah 6.3.7
parasya ca 6.3.8

samjfiayam 2.1.44

anyapadarthe ca samjiayam 2.1.20
va samjiiayam 5.4.133

na samjhayam 5.4.155
agrakhyayamurasah 5.4.93

striyam samjiiayam 5.4.143
purvapadatsamjiiayamagah 8.4.3
samjiiayam kanthoSinaresu 2.4.20
udakasyodah samjhayam 6.3.57

nyapoh samjfiachandasorbahulam 6.3.63
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sahasya sah samjhayam 6.3.78
astanah samjfiayam 6.3.125

nare samjiiayam 6.3.129

karavacit

karanamni ca pracam haladau 6.3.10

prasamsavacana

prasamsavacanaiSca 2.1.66

adhvaryukratuh

adhvaryukraturanapumsakam 2.4.4

sadrsye

yatha’sadrsye 2.1.7

ksepe

khatva ksepe 2.1.25
ksepe 2.1.47

kim ksepe 2.1.64
kimah ksepe 5.4.70

atyantasamyoge

atyantasamyoge ca 2.1.28

adhikarthavacana

krtyairadhikarthavacane 2.1.32

71



upamanavacakah
upamanani samanyavacanaih 2.1.55

upamanacca 5.4.137

puja
ktena ca pujayam 2.2.12
na pujanat 5.4.69

pujyamana
sanmahatparamottamotkrstah pujyamanaih 2.1.61

vrndarakanagakufjaraih ptjyamanam 2.1.62

adhikaranavaci
adhikaranavacina ca 2.2.13
vipratisiddham canadhikaranavaci 2.4.13

adhikaranaitavattve ca 2.4.15

ekadesi

purva-paradharottaram-ekadesinaikadhikarane 2.2.1

karmavyatiharah

ickarmavyatihare 5.4.127

adarS§anam

aksno’darSanat 5.4.76
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vandanam

vandite bhratuh 5.4.157

lubdhayogah
daksinerma lubdhayoge 5.4.126

viSesanavaci

saptamiviSesane bahuvrihau 2.2.35

anumeyah

dvitiye canupakhye 6.3.80

viprakrstakhya
adhyayayanato’viprakrstakhyayam 2.4.5

avastha

kakudasyavasthayam lopah 5.4.146

mitra

suhrd durhrdau mitramitrayoh 5.4.150

amitra

suhrd durhrdau mitramitrayoh 5.4.150

akrose

sastyah akroSe 6.3.21
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Chapter 6

Implementation Details

In the second chapter we saw the steps involved in the compound word
/stem generation. The process starts with an alaukikavigraha (analytical
paraphrase) and undergoes a series of transformations, resulting into a
compound. Each transformation corresponds to a well defined operation
in the process. Now we describe each module. We give below the output
of each module the range of sitras that correspond to this operation, the
linguistic resources needed for their implementation. The output of the

previous module is the input for the successive module.

6.1 Description of modules and their implemen-

tation

A) Module: Designating a samjiia alaukikavigraha

Input: A string in either of the following forms

stem ‘+’ sup stem ‘+’ sup
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avyaya stem ‘+’ sup

stem ‘+’ sup avyaya

Output: Designation of the samjiia alaukikavigraha.
At this stage the input string is tokenized into steml, stem2, supl, sup2,
avyaya etc as the case may be. Every stem acquires the semantic features
such as gender, meaning, gana, jati and upadhi.
Resources: A structured lexicon with the following information for each
stem/pratipadikam: lingam, meaning, gana, jati, upadhi, vacanam
Paninian sutra: saha supa (A2.1.4)
This step may well be implemented as a context free grammar rewrite rule
in say, Yacc, with a lexer to tokenize the input. The lexer returns a feature
structure from the lexicon along with each token identified. The grammar
1s written as
alaukikavigrahah : stem ‘+’ sup stem ‘+’ sup
lavyaya stem ‘+’ sup
|stem ‘+” sup avyaya

)

B) Module: Designating a samjiia samasa for the analytical paraphrase
Output: Designation of the samasasamjia for the alaukikavigraha
Paninian sutra: prakkadaratsamasah (A2.1.3)

This also can be implemented simply by a context free rewriting rule that

assigns a new designation as

samasa : alaukikavigrahah

75



C) Module: Introduction of the samasanta suffixes

The introduction of samasanta suffix is under specific conditions. As we
saw in the previous chapter, these conditions are either simple conditions
on the input string comprising of alaukikavigraha or may need some
morphological, semantic or pragmatic information. Further, among all the
sutras at the most one sutra is applicable. So we decided to implement this
module as a lexer which has a powerful regular expression matching which
can take care of the conditions on the input string. Other conditions on
morphology, semantics and pragmatics are implemented as an Ansi C code.
At this stage a samasanta suffix is added to the alaukika vigraha.

Output: alaukikavigraha samasantasuffix.

Paninian sutra: The sitras from A5.4.68 to A5.4.160 are related to this

samasanta module.

D) Module: Designating pratipadikasamjia to the compound
Output: Designation of the pratipadikasamjna for the compound.
Paninian sutra: krttaddhitasamasasca (A1.2.46)
This again is just assignment of a pratipadikasamjna which can be imple-
mented naturally as a rewrite rule as

pratipadikam : samasa

]

E) Module: Designating upasarjana samjna to decide the word order
Output: index of the stem getting an upsarjana designation.
Paninian sutras: prathamanirdistam samasa upasarjanam (A1.2.43), and

all samasavidhayaka sitras.
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In this Module, the order of the components in the compounded form is
decided. The relevant sitras are ‘prathamanirdistam samasa upasarjanam’
(A1.2.43) and ‘upasarjanam pirvam’ (A2.2.30). By the first sitra first the
word that takes the position is assigned an upasarjanasamjfia and later it is
moved to the first place. The upasarjanasamjfia is assigned to the word
referred to by the nominative case ending term in the sitra. In case of
Bahuvrihi and Dvandva, there is a problem in assigning upasarjanasamjia.
The governing sitra in Bahuvrihi is ‘anekamanyapadarthe’ A2.2.24. Here
the word in nominative case is ‘anekam’ which refers to all the words
together (undergoing the compound formation). And thus, all the words
(which are in nominative case) in Bahuvrihi gets upasarjanasamjfia. In the
case of Dvandva, the governing rule is ‘carthe dvandvah’ A2.2.29. In this
sttra there is no such word which ends in nominative case as in other gov-
erning sutras. Hence, there is no scope of upasarjanasamjfa in this com-
pound type. In such cases Panini gives rules to decide the first component

(purvanipata).

In case of tatpurusa compounds one siitra deserves special treatment. The
sutra is ‘kugatipradayah’ A2.2.18. Here in this sutra Panini makes use of
a special technical term ‘gati’. This sutra says in an alaukikavigraha, the
component with gatisamjia gets an upasarjana samjiia. Hence the algorithm
for deciding the position of the component assuming first place is as follows.

1. If the samasaprakara is Tatpurusa and the samasavidhayaka sutra is
‘kugatipradayah’ A2.2.18 then get the position of the component
with gati samjfia assign upasarjanasamjiia to the component with gati
samjfia

2. In all other cases of tatpurusa, and in the case of Avyayibhava
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get the position of a component qualifying the upasarjanasamjfia.

. In case of Bahuvrihi

(1) If there is a term in 7" case, it gets the 1 position.

(2) If there is viSesana-viSesyabhava, the component which is
viesana gets the 1 position.

. In case of Dvandva

(1) If a word, which has the designation ‘ghi’ gets the 15 position.

(2) If a word, which starts with a vowel and ends in ‘a’ then it gets
the 1% position.

(3) If a word which contains less number of vowels will get the 1%
position.

(4) The compounds which contain words from specific gana like

rajadantadi are treated as exceptions.
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‘ Samasaprakarah ‘

Tatpurusah Avyayibhavah Bahuvrihih

‘ Assign upasarjanasafijiia ‘ Decide the position of the
component undergoing

- Samasa . NO plrvanipatah
< Vidhayakam:
" kugatipradayah -

Assign gatisafijfia
Assign upasarjanasafijfia

jia

‘ Assign upasarjanasa

Positon of the
component undergoing
Parvanipatah =
Position of upasarjanasafijfia

Figure 6.1: Deciding the position of the component

F) Module:Piirvanipata

Output: The alaukikavigraha in desired word order.

If an upasarjanasamjiia has been assigned, it gets the 1% position by
‘upasarjanam pirvam’ (A2.2.30). In the absence of upasarjanasamjfia the

word marked as pirvanipata assumes the 1! position.

G) Module: Aluk (Non-elision of the Vibhakti)

Output: The suffix of the 15 component is retained if certain conditions
are satisfied.

Paninian sutra: The sitras from A6.3.1 to A6.3.25 are related to this Aluk
Module.
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H) Module: Subluk (Elision of the vibhaktis)

Output: If either no sutra related to aluk is applicable, or if aluk related
sttra is optionally applicable, then the deletion of the case suffixes takes
place.

Paninian sutra: supo dhatupratipadikayoh (A2.4.71)

This is achieved just by assigning a null value to the suffix.

I) Module: Transformation of the first component

In certain cases the first component undergoes certain transformations in
the presence of the second component.

Paninian stitras: This module deals with the sttras starting from the 1%
and 3"¢ quarter of the 6" chapter

These are implemented using a lexer with pattern matching for the condition
on the 2% component and Ansi C functions for morphological, semantic or

pragmatic conditions on the 2"? component.

J) Module: Transformation of the second component

In some cases the second constituent undergoes certain transformations in
the presence of the first component

Paninian siitras: This module deals with some sitras in the 8"chapter’s
4*" pada

of the Astadhyay1. These sutras belong to the tripadi section of Astadhyay1i.
The rules in this section behave in a different way than those in the
rest part of the Astadhyayi. The main guiding sitra for this section is
‘pirvatrasiddham’ (A8.2.1). This says that a sutra in this section is
invisible to all the sutras preceding it. In other words, these sitras are to be

operated sequentially. Now a lexer allows application of only one sitra. If
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any other sitra is applied on the output, we need to call the lexer again and
this time we also have to remember the previous siitra number. In the case
of compound generation we observed that on a given string only one siitra
will be applicable and hence we could again implement these sutras using

lexer.

K) Module: Padakarya
In this module a special sutra that tranforms a pada is implemented using
lex.

Paninian sutra: nalopah pratipadikantasya (A8.2.7)

L) Module: Sandhikarya
Here the two constituents are now joined following the sandhi operation.
We used the existing sandhi module that was developed by the University

of Hyderabad' for this compound generation.

6.2 Scope of Generator

We have implemented the modules upto sandhi. After this there are
other operations such as deciding the gender (Linganirdharanakarya),
deciding the number (Sankhya), deciding the accent (Svara) which are not
implemented. To implement the linganirdharanakarya module we require
a morphological analyser which can analyse the words with feminine
ending suffixes and identify the feminine suffix. Because, the current
implementation of the compound generator takes the alaukikavigrahavakya
as the input where the derivation of the pratipadika is not mentioned. In

some cases such as ‘sabha’, when it forms a compound with ‘yama’, sabha

"http://sanskrit.uohyd.ac.in/scl
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looses its feminine suffix. So in order to delete this feminine suffix, we
need to know the pratipadika prior to the addition of feminine suffix. So
treating gender as a semantic condition at input is not enough. Since such
an analyser is not in place, we decided to limit ourselves to the formation

of the pratipadikam.

6.3 Some specific issues

1. Order of implementation of rules

While some of the modules were written as rewrite rules, most of
the others are implemented using a lexer. Each module implemented
with a lexer is thus a finite state automaton. When we decided to use
the lexer such as flex (fast lexical analyser for GNU linux), we had
to take into account the conflict resolution strategy used in flex. The
conflict resolution in flex works as below.

1) In case of more than one applicable rules, the one with largest
matching string is tried.

ii) In case of two rules with same length of matching expression, the

earlier rule is tried.

Panini typically states the general rule (utsarga) first and then he
states the exception (apavada). In case the exceptional rule involves
some extra conditions then we can follow the given sequence of the
rules. But in cases where the exception is stated for specific words,
then we cannot write the exception rule after the general rule, in

lex. Because in that case, since the length of the matching string is
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same, the earlier rule, i.e, the general rule will be tried and not the
exceptional one. In such cases we have inverted the order of rules. In
all other cases the order of the order in Astadhyayi is followed. Here

is an example:

The sitra ‘ateh sSunah 5.4.96° says that if the first word is ati
and second word is §van then an additional suffix ‘tac’ is added to
the entire string. The second sitra ‘na pijanat 5.4.69° says that if
the first word is either su or ati and if it is in the sense of puja and is
followed by any word then the suffix ‘tac’ is not added. If we write
these rules in Lex as per Astadhyayi then 5.4.69 takes place first and

it does not allow the other rule 5.4.96 for the ‘tac’ operation by 5.4.96.

6.4 Evaluation

There is no such book apart from Paniniyavyakaranodaharanakosa which
deals with the entire process of compounds. So this is the only authenticated
and manually tested data. Hence this is a gold data for our purpose. We
have tested around 500 examples from this book and compared the output
generated by our Sanskrit Compound Generator with it. The final results
match. However, there are differences in the prakriya part. The reasons
for the differences are already discussed in the 3" chapter. So we did not
compare the prakriya. We limited ourselves to 500 examples. Because, for
most of the examples, a morphological analyser dealing with the feminine
suffixes, or secondary derivative suffixes (taddhitas) was needed. In the
absence of such an analyser, we could cross check our generator with only

a limited cases.
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Chapter 7

Conclusion

The present work is an attempt on building an Automatic Sanskrit Com-
pound Generator. While implementing these rules we observed that most of
the rules fall under the category of regular grammar. In our implementation
we observed that most of the rules require a sequence of phonemes. We im-
plemented those rules in Lex (Lexical Analyser). For other rules additional
linguistic conditions such as morphological analysis, lexical meaning etc
were needed and in some cases extra-linguistic conditions were required.
Such rules are implemented using a C code to handle the additional linguis-
tic conditions and an user interface to get the extra linguistic information
from the user. There are around 90 rules which require additional infor-
mation apart from the given input string. For the remaining rules pattern

matching is enough to generate the compound.
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Limitations of Sanskrit Compound Generator

The current implementation has following limitations.

e The input for the generator should be an analytical paraphrase.

e This system handles only binary compounds. Thus the generation of
Dvandva with more than two components and bahupada Bahuvrihi
are not being handled in the current implementation.

e Morphological analyser is required to deal with feminine suffixes, and
secondary derivative suffixes (taddhitas). Hence such cases where this
information is needed are also out of scope of these current implemen-
tation.

e In case of upapadatatpurusa, we still do not have a morpho-
logical analyser that generates the krdanta forms required in the
upapadatatpurusa compounds and hence our compound generation in
such cases start with the form. For example we start with

kumbha + nas kara
and not
kumbha + nas kr + an

e We also do not deal with the accents.

e This generator produces the final output in the form of pratipadika
and not a finished subanta. Since to generate a subanta, we need the
feminine forms in certain cases and we still do not have a feminine

form generator.
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Future directions

e The above mentioned limitations need to be overcome.

e The current lexical analyser uses pattern matching only on a string.
However, a lexical analyser with pattern matching on records having
different fields such as the phonemic sequence, meaning, morpholog-
ical analysis, genre, gender etc will be more appropriate to implement
the rules in a natural way. This implementation has also given us con-
fidence that we can, on similar lines, develop a generator for other

derived forms such as krt and taddhita.
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Abbreviations

A: Panini’s Astadhyayi. See Pande.

MBh: Patafjali’s Mahabhasya. See Bhargava Shastri.
PBs: Paribhasendusekharah. See Ganesha Shastri.
PMa: Praudhamanorama. See Sadasivasarma Shastri.

VBhs: Bhusanasarah. See Gangadhar Bapurao kale.
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