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0.2 Note

+ Terms like sambandha, Astadhyayi, karaka, adhikarana, etc., are used in Roman
script without mentioning their first case-suffixe. Word-endings with vowel and
stripratyaya kept as it is like Astadhyayi, karta etc. Word-endings with conso-
nants like karakam kept as karaka. The words which have a popular usage like
‘Sanskrit’, “The Vedas’, “The Upanishads, ‘Devanagari’ etc., are retained in En-
glish language according to their practice with capitalising the first letter in a
sentence, headings, and propor noun. To denote the plural form, ‘s’ is added
after the term. (To keep either a pratipadika or a nominative case is an unsolved
problem, which causes a non-uniformity in entire text. Hence the Sanskrit terms
are used niether in pratipadika-form nor in the nominative form with the case
marker.)

« Terms without change denote “Tagset of Dependency Relation’, like karanam,

sampradanam etc.

‘He’ is used in general to denote he or she wherever it is not used for a transla-

tion.

« Compound words with Sanskrit and English joined with a hyphen like karaka-
role, Padi-information etc.

« The term padi is used to differentiate atmanepadi, parasmaipadi and ubhayapadi

from the terms pada (word), pada-formation etc.

Sanskrit terms like pratipadika, vibhakti, upasarga etc., are translated at its first
occurence. e.g case marker (vibhakti)

« Sttra number is given in adhyaya, pada, stutra format. For example the sa-
tra dhruvamapaye’padanam(1.4.24) denotes first adhyaya, fourth pada, twenty-
fourth satra of Astadhyayi. English Translation taken from the sitel kept inside

the quotaion mark.

! https://www.sanskritdictionary.com
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Chapter 1

Introduction

Sanskrit language has a rich tradition of grammar. Panini’s grammar is known for its
almost exhaustive coverage of the then prevalent Sanskrit language and is still very

easily accessible with several scholars having expertise with this grammar.

1.1 Motivation and Goal of Research

Panini’s grammar is compared with a computer programme for its computational as-
pect. It provides the essential grammatical rules to generate a sentence from its mean-
ing structure based on this grammar.

Goal of the present research is to develop a sentence generator for Sanskrit based

on Astadhyayi, using the available morphological generator.

1.2 Why Sanskrit Generator?

The question has to be answered why a Sanskrit generator is necessary before differ-

entiating the morphological generator and a sentence generator.

1.2.1 As a part of Grammar Assistance

For a classical language like Sanskrit which is for most of the people a second language
and not the mother tongue, there is a need for computational aid. This need arises for

the following reasons—

Memorization: In a Gurukula, a student memorizes Astadhyayi and all the nominal
and verbal forms with its derivation (prakriya). This system is not followed being
not possible to follow for a student studying in a primary or secondary level school.

Because in modern education system Sanskrit is just one subject along with several



1.2. WHY SANSKRIT GENERATOR?

other modern subjects. So it becomes impossible to memorise all the Sabdarﬁpavaliﬂ].
Sanskrit is an inflectional language. That means the case suffixes (vibhaktipratyayas)
get attached to the stem (pratipadika) and during the attachment some phonological
changes also take place. Thus for a new learner, it becomes difficult to memorize the

forms.

Grammar: Without grammar a student can’t understand the vocabulary in Sanskrit
and he cannot form correct forms of words without applying the exceptional rules.
e.g:- Devena, Ramena. All the akaranta nominals take the forms like Deva, hence the
instrumental case will be Devena. But in the case of Rama, it becomes Ramena by the
rule rasabhyam no nah samanapade(8.4.1). Further, in case of feminine forms the suffix
takes totally different form as Ramayah.

There are a set of words in whose presence a nominal stem gets a specific case
marker. For example, in the presence of saha, the accompanying noun gets instru-
mental case suffix. The noun denoting the body part causing the deformity also gets
an instrumental case suffix as in aksna kanah (blind with eyes). Most of these rules

being language specific, the learner has to remember all the relevant grammar rules.

Gender: Sanskrit nouns have genders and unlike the other languages such as Dra-
vidian where the gender depends on the animacy, sex, number, etc., in Sanskrit the
gender is an integral part of the pratipadika. That means one has to ‘remember’ the
gender of each pratipadika. The gender has no relation to the meaning/denotation
of the word. Remembering the gender of the word is important in Sanskrit. Based
on masculine gender (pullinga), feminine gender (strilinga) and neuter gender (na-
pumsakalinga) pratipadika changes. For example wife in Sanskrit can be either a patni

in feminine gender or dara in masculine gender or kalatra in neuter gender.

Padi-information: Atmanepadi, parasmaipadi and ubhayapadi are the three types of
verb forms. After adding a prefix (upasarga) to a root (dhatu), sometimes atmanepadi
changes to parasmaipadi and vice versa. Remembering the padi-information of the

verb becomes important to generate the correct verb forms with and without prefixes.

Rapacandrika, Dhaturapavali, Sabdamanjari, Siddharipa etc., are some of the other texts taught in a
prakriya-tradition to memorise all the nominal and verbal forms.
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For example—gam is a parasmaipadidhatu, when it is used with the prefix sam becomes
atmanepadi; yuyam sar'lgacchadhvam.E

Atmanepadi and parasmaipadi are used in a sentences to denote special usages.
For instance a sentence like Raja rajyam bhunakti, the verb used in parasmaipadi is in
the sense ‘to protect’ (raksa) and the same verb used in a sentence Raja annam bhurikte
in atmanepadi denotes the meaning ‘to eat’ (bhuj).E A user should be aware of these
usages. A speaker, by mistake, if uses a wrong padi, the sentence may not convey the

desired meaning.

Special Usages: Sanskrit has special usages such as passive (karmani) with transitive
verbs (sakarmakadhatu) and bhave (impersonal passive) with intransitive verbs (akar-
makadhatu). Since the modern Indian languages do not have such usages, the learners
find it difficult to write/speak sentences with these usages.

While the general rules for assigning the case suffix (vibhaktipratyaya) to a noun
representing a specific karaka-role are very few in number, there are several special
and exceptional rules. These rules are about fifty. So a learner needs to remember all
these rules.

Even if a person has passive control, due to the above mentioned problems, a
speaker either shys away from speaking Sanskrit or ends up in speaking wrong San-
skrit.

Finally, the influence of mother tongue on Sanskrit speaking also results in wrong/
nativized Sanskrit. And a speaker who does not want to adulterate Sanskrit with the
influence of his native language would like to have some assistance, and if it were by a
mechanical device such as a computer, it would be advantageous. Also, the drastic shift
of technology from books to digital format and use of computer-aided programmes
forces a learner to use computational tools. Computational tools play a major role in

all fields of knowledge and study of language is not an exception.

samo gamyrcchipracchisvaratyartisruvidibhyah(1.3.29) “After the verbs gam ‘to go’, rcch ‘become hard’,
pracch ‘to ask’, svar ‘to find fault, r ‘to go’, $ru ‘to hear’, and vid ‘to know’ when used intransitively and
preceded by sam the atmanepadi-suffix is used”

3 bhujo’navane(1.3.66)
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1.2.2 As a part of NLP tools

Generator is an essential component of any Machine Translation (MT) system. It is

also needed in systems such as—

Information Summarisation: Information Summarisation or Automatic Summarisa-
tion is the process of shortening the document with the help of a software, in order to
create a summary with the major points of the original document. ‘Document sum-
marisation tries to create a representative summary or abstract of the entire document,
by finding the most informative sentences’ Advantage of information summarisation
helps a user to know the content without reading the entire document and which saves
a lot of time. Search engines are based on information summarisation systems. For
another example, ‘computer-based patient record systems may already have simple
report generation facilities built in, which can be used to assist the healthcare profes-

sional’ [Cawsey et al| (1997)].

Question Answering: Question Answering is an automatic process capable of un-
derstanding questions formulated in a natural language and responding exactly with
the requested information. “This system should be able to determine the information-
need expressed in a question, locate the required information, extract it, and then gen-
erate an answer and present it according to the requirements expressed in the ques-
tion”. This system should allow a comfortable and appropriate interaction by users
[Moll4-Aliod and Vicedd (2010)].

With these above mentioned grammar assistance problems in mind, and also the
possible usages in computational linguistics like information summarisation and ques-
tion answering we decided to develop a software that can assist a human, in correct

sentence generation.

1.3 Can Computer Assist in Composition?

From 1990 onwards various researches are ongoing in the field of Natural Language

Generation (NLG) or Sentence Generation, Speech Analysis, Text to Speech (TTS),

* https://en.wikipedia.org/wiki/Automatic_summarization
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1.3. CAN COMPUTER ASSIST IN COMPOSITION?

Speech to Text (STT), Sentence Analysis, etc. Railway ticket vending machine, Auto-
mated Teller Machine (ATM), etc., are the result of these background systems, which
help a human being direct. There are tools which assist the language learner to analyse
and to generate a word or sentence. Following are some of the efforts done in different

areas—

1.3.1 Grammar Assistance in Other Languages

WAG Sentence Generation System: Workbench for Analysis and Generation (WAG)
Sentence Generation System includes various tools for developing Systemic resources
like grammars, semantics, lexicons, etc. It generates single sentences from a semantic
input from a user or output of a multi-sentential text generation system. This system
mainly focuses on multi-sentential concerns and does not worry about the sentential
issues [O’Donnell (1997)]. In terms of speaker and listener, this system talks about
generator and analyser of a sentence. Advantage of this system is that it integrates
with more ease into a system intended for dialogic interaction, such as a tutoring

system.

Poem Machine: “Poem Machine is an interactive online tool for co-authoring Finnish
poetry with a computationally creative agent” [Hdmaéldinen (2018)]. In the field of
computational creativity, the discourse has moved lately more and more towards human-
computer co-creativity. The interest does not lie anymore on how a computer can gen-
erate creative artifacts on its own, but rather how such systems can be used together
with human creativity to assist a person in a creative task. Poem Machine can suggest
phonetically similar words for words the user drags into the rhymer tool. The main
target group for the system is primary school children, and its use as a part of teaching

is currently under study.

Advertisement Slogan Generator: It focuses on domain specific automatic genera-
tion of Japanese advertisement slogans. “The system could be regarded as the world’s
first practical system that can generate advertisement slogans. There have been many
works published for automatic sentence generation of a variety of domains” [[wama

and Kang (2018)]. However, there would be still no single method available at present
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that can generate sentences for all of the domains. Each domain requires a specific

generation method.

Going Dutch: Creating Simple NLG: This is a simple NLG system developed for
Dutch. For each sentence, the Simple NLG input was written manually and the result-
ing realization was compared with the target sentence. The aim of this task is to show
to what extent the work on text generation can done by computer [Jong and Theune

(2018)].

Mlustration of Word Usage: This work is carried out by Leela Raj Kuchibbotla, in the
University of Hyderabad for the English language. According to the author’s state-
ment, deviating from the traditional NLG, given a word the system generates a variety
of sentences illustrating the usage of that word in the English language. The system
can be useful in creating an electronic dictionary, computer-aided instructions, and
electronic manuals and the generated sentence can be a basis for more sophisticated
NLG systems incorporating semantics, pragmatics, and world knowledge [Kuchib-

botld (1995)].

1.3.2 Review of Available Tools in Sanskrit

In order to develop Sanskrit Sentence Generator, first, we review the work in the area

of Sanskrit Computational Linguistics (SCL).

Astadhyayi-Simulator: It is an attempt to discover programming concepts, tech-
niques, and paradigms employed by Panini in his Astadhyayi, similar to a computer
programming language. As it is named as Prakriyasandarsini, it shows the prakriya
of the pada-formation. How are the rules triggered? and if more than one rule is
triggered then how is the conflict resolved? etc., are implemented in such a way that
helps a user to understand the word generation process in Astadhyayi with the help
of a computer. Presently it works only for the akarantapullinga-nominals, showing
the step by step sutras starting from pratipadikasamjiia up to the pada-formation. It
takes a pratipadika as an input and pada as a generated output. Important features of

this system are:-
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1. “Interpretation of sitras using the metalanguage described by Panini in the
Astadhyayi

2. Faithful representation of sitras

3. Automatic triggering of rules

4. Automatic conflict resolution
In the current implementation, the rules are represented using manually coded pat-
terns. It will be interesting to see if the machine can interpret the rules automatically
based on the vibhaktis and the meta rules” [Goyal et al. (2009)]. The tool is available
under Samsédhaniﬂ.

Many researchers have worked in this direction. Anand Mishra, Shidhar Sub-
banna, Peter Scharf and Dhaval Patel have done important contributions [Mishra (2007),

Scharf (2007), Subbanna and Varakhedi (2007), and Patel and Katuri (2016)].

Verb-Generator: Verb-Generator is a combined effort by Dhaval Patel and Sivaku-
mari Katuri [Patel and Katuri (2016)]. It generates conjugational forms in kartrvacya,
karmavacya, bhavavacya and karmakartrvacya, showing the sutras applied in each
stage of formation of the verb. The generated words facilitate a comparative study
of dhatus mentioned in the texts like Madhaviyadhatuvrtti, Ksiratarangini and Dha-

tupradipa.E

Samasa-Generator: Samastapadavyutpadika or Compound-Generator generates a
Sanskrit compound from an alaukikavigraha. It provides an interface to test example
covering all the examples listed in the samasaprakarana of Siddhantakaumudi. A de-
tailed process with samasavidhayakasutra is generated in every stage of samasa with
interactive questions to generate the desired pratipadika of the samastapada. This tool
is developed by Pavankumar Satuluri [Satuluri (2015)] in the Department of Sanskrit
Studies, University of Hyderabad. Limitation mentioned by the developer is as fol-
lows: it handles only the binary compounds from an input with analytical paraphrase
and user interactive or semi-automatic mode of generation. It does not deal with the

svaraprakarana.ﬁ

> http://sanskrit.uohyd.ac.in/scl
® https://www.sanskritworld.in/sanskrittool/Sanskritverb/tiGanta.html
7 http://sanskrit.uohyd.ac.in/scl
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1.3. CAN COMPUTER ASSIST IN COMPOSITION?

The Sanskrit Heritage Site: The Sanskrit Heritage Site provides tools for the com-
puter processing of Sanskrit. Various tools include Stemmer, Grammar, Sandhi, Reader,
and Corpus. These tools use the finite-state methods to provide efficient lexicon rep-
resentation, morphology generation, and segmentation by sandhi-recognition. The
Sanskrit Heritage Site is developed and maintained by Gérard Huet. Segmenter on
this site is a commendable effort for its efficiency among presently available Sanskrit

computational tools. All the tools are available on thisf site.

Ganakastadhyayi: This software helps to search the sitras of Astadhyayi with its
padapatha and anuvrtti. It provides the process of generating various nominal declen-
sions and verbal conjugations following the satras of Astadhyayi. Features include
Dhatupatha, Ganapatha with its display in Devanagari and Roman scripts. It also
shows the Siddhantakaumudi and Laghusiddhantakaumudi texts with its translation

in French and is a notable effort done by the developer Shivamurthy Swamiji.2

Sanskrit Library: The Sanskrit Library is a non-profit organization which provides
digitized primary texts and computerized research in Sanskrit. These tools include
tools for encoding, inflectional morphology, and metrical analysis. These are the com-

bined efforts of Peter Scharf and Hayman.@

JNU: There are various Computational tools developed by School of Sanskrit and
Indic Studies, Jawaharlal Nehru University. It includes tools for language process-
ing, lexical resources, e-learning and text corpora for Sanskrit and other Indian lan-

guagesd

Digital Corpus of Sanskrit (DCS): DCSH s a platform to provide a corpus of San-
skrit texts with resolved Sandhis and full morphological and lexical analysis. It aims
at text-historical research in Sanskrit linguistics and philology. Advantage to a re-
searcher/user is that this site facilitates to search lexical units (words) and their collo-

cations in a huge corpus, word retrieval from the dictionary through a simple query or

8 http://sanskrit.inria.fr/

% http://www.taralabalu.org/panini/

1 https://sanskritlibrary.org/

T http://sanskrit.jnu.ac.in/index. jsp

2 http://www.sanskrit-linguistics.org/dcs/index.phg
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1.4. MORPHOLOGICAL GENERATOR AND A SENTENCE GENERATOR

a dictionary page, statistical evaluation based on historical principles of lexical unit;

its complete set of occurrences, and interlinear lexical and morphological analysis etc.

Samsadhani: Samsadhani is a collective name for the Computational tools for San-
skrit, developed by the Department of Sanskrit Studies, University of Hyderabad. It in-
cludes Morphological Analyzer, Sandhi-Splitter, Sandhi-Analyser, Transliterator, Nyay-
acitradipika, Morphological Generator, and Compound Generator. Major contribution
in the field of Sanskrit computational linguistics done by Samsadhani is its Sanskrit-
Hindi Accessor cum Machine Translator system also known as ‘Anusarakam Anuva-
dakam ca’. The Morphological Generator which presently generates different forms
of noun, verb, selected krt and taddhita-forms are being used by the Sanskrit Sentence

Generator (SSG).E

1.4 Difference between a Morphological Generator and
a Sentence Generator

Why a Sentence Generator is required if there is already a morphological generator? It
is a basic question that has to be answered related to the Sanskrit Sentence Generator.

This is welknown that morphological generator is the base for sentence generator.
But both have different functions. A Morphological Generator is limited to word level
and it does not have relational information with other entities like in a sentence. But

a Sentence Generator has to focus on the following factors—

Number and person: The verb form reflects the number (vacana) and person (purusa)
of the noun with which it agrees.

« sah gramam gacchati

« tau gramam gacchatah

« te gramam gacchanti
According to person and the use of conjunts in a sentence the declension of the verb
changes.

« sah ca aham ca gramam gacchavah

B http://sanskrit.uohyd.ac.in/scl
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« aham ca tvam ca gramam gacchavah

« sah ca tvam ca gramam gacchathah

Voice: According to kartari prayoga (active voice), karmani prayoga (passive voice),
and bhave prayoga (passive impersonal) the case markers of a noun and hence the
declension of the verbal root changes and the verbal root mutually gets different case
markers. Sanskrit also allows sentences where the non-finite verbal forms (krdanta)
act as a finite verb as in the following sentences.

« manusyah kukkuram vyaghram krtavan. (ktavatu)

« manusyena kukkurah vyaghrah krtah. (kta)

In such cases also, the inflectional suffix of the krdanta should agree in number

and person with that of the noun in the nominative case.

Word order: Most of the Sanskrit sentences are flexible in word order. In the case of
viSesanavisesyabhava, uddesyavidheyabhava, and special indeclinables like kim word
order is important.

1. sah kim khadati? (kim is a karaka)

2. kim sah khadati? (kim may be a karaka or yes/no)

3. sah khadati kim? (kim only a yes/no)
Similarly another special usage is use of tatra before bhavat for respect as in—

« kva tatrabhavati Sakuntala?

« adistah asmi tatrabhavata kasyapena.

Concord of qualifier and qualified: The qualifier (adjective) gets the same gender,

number and case marker as that of the qualiﬁed.E

Upapada and karmapravacaniya: With the set of words named upapada and karma-
pravacaniya, the nominal stem gets special case marker. For example in a sentence
gramam paritah vrksah santi, the accusative case marker assigned to grama by the
accompanying upapada viz. paritah. In a sentence like japam anu pravarsat the word

japa gets accusative by the karmapravacaniya-word anu.

1 yallingam yadvacanam ya ca vibhaktirvisesyasya.
tallingam tadvacanam sa ca vibhaktirvisesanasyapi.
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Special karaka-role assignement: The participants of an action are termed karakas.
The definitions of these karakas are provided by Panini which are semantic in nature.
However, the exceptional cases make them syntactico-semantic. For example, in the
presence of the prefix adhi with the verbs $in, stha and as, the locus instead of getting
the default adhikarana-role gets a karma (goal)-role and subsequently accusative case
marker, as in sah gramam adhitisthati (He inhabits/governs the village) where grama

gets a karma-role, and is not an adhikarar‘lan.l.E

Constrain rules: Short forms of asmad and tvad, i.e. ma, me, nau, nah, tva, te, vam
and vah are never used at the beginning of a sentence and immediately before the
particle ca, va, eva and hald

A vakya (sentence) is not only a bunch of words but each component fulfills a
relation or expectancy with its chief qualificand (mukhyavisesya). Panini not only
gives rules for generating a pada, but also gives rules to form sentences by putting
these smaller word units to become part of a meaningful bigger unit. His ultimate aim
is not to construct correct words but a sentence.

In this perspective Sentence Generator is different than a Morphological Generator

and becomes necessary.

1.5 The Organisation of the Thesis

This thesis has the following structure.

The first chapter discusses the necessity of a morphological generator and sentence
generator, and about the problems faced by a learner while learning Sanskrit gram-
mar. As a part of NLP and Computational Linguistics, applications based on NLG
such as ATM, Text to Speech, Speech to Text, etc., are discussed following some of
the grammar assistance tools available for other languages. Also, a review of San-
skrit computational linguistics tools available, and relation and difference between a
morphological generator and a sentence generator are discussed in this chapter.

The second chapter discusses the architecture and the software of the SSG. Dif-

ferent approaches of NLG namely rule-based, statistical, hybrid, Big-Data, approach

15 adhisinstha”sam karma(1.4.46)
18 anudattam sarvamapadadau(8.1.18), yusmadasmadoh sasthicaturthidvitiyasthayorvannavau(8.1.20), na
cavahahaivayukte(8.1.24)

11
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infusing NLG and NLU adopted for SSG are discussed here. Four levels of Astadhyayi
to transform the thoughts in the minds of a speaker into a language string suggested by
[Bharati et al| (1994) and Kiparsky (2009)], three mappings between these levels, and
input and output specification for the system are the other topics which are discussed
here.

“The grammar analyses sentences at a hierarchy of four levels of description, which
are traversed by three mappings in the direction from semantics to phonology”. The
third chapter gives complete details of the second mapping of morphological spell
out rules namely karaka to vibhakti mapping. For generating the substantial forms,
the case marker corresponding to the karaka-role becomes necessary. Implementa-
tion of this major task is explained in the subtopics such as assigning case marker for
karaka-relation, handling adjectives, and handling finite verbs with the satras in the
Astadhyayi.

In the fourth chapter, a sample grammar rule for various upapadas explaining
the information flow and morpho-syntactic classification are discussed. The focus of
the chapter is on the semantic classification of the upapadas which have an impor-
tance in analysis and generation of a sentence. Relations like the reference point for
direction, a reference point for comparison, locus showing the domain, association,
dis-association, possessor-possessee, etc., are the semantic classification of upapadas
mentioned in this chapter, which becomes an integral part of machine translation.

Testing, evaluation, and interface used for input to the generator are the topics
covered in the fifth chapter.

Chapter six discusses the usefulness of Sanskrit Sentence Generator as a module
for MT involving Sanskrit as a target language, voice-converter, and mutual improve-
ment of Sanskrit Parser and Generator. It concludes with the limitations as well as the
usefulness of this endeavor in the field of Machine Translations and the work to be

implemented.
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Chapter 2

Sentence Generator: Architecture

Language distinguishes a human being from all other living beings. Language is a
means of communication. Communication is a two way process where a speaker
transforms his thoughts into a language string and the listener when receives this
language string in the form of sound waves, deciphers the encoded information into
thoughts. The former process is termed generation and the latter on analysis.

An imitation to these combined human activities leads to Natural Language Gen-
eration (NLG) and Natural Language Understanding (NLU) in the field of Natural Lan-
guage Processing (NLP) and Computational Linguistics.

NLG is the process of generating meaningfull sentences/text from information pro-
vided in a logical meaning representation. It may be thought of as the reverse of NLU.

Panini’s grammar provides the essential grammatical rules to generate a sentence
from its meaning structure, which is an abstract representation of the verbal import
(sabdabodha). It is the intermediate representation from which, using Panini’s rules,
the desired sentence can be generated. At the same time, this meaning structure also

represents the dependency parse of the generated sentence.

2.1 Text Generation by Human and a Computer

There is lack of information in the fundamental problems people struggle with when
generating language and text generation by computers. For example, to generate a
sentence like Ramena saha Sita vanam gacchati, the user can not get any kind of infor-
mation as to what exactly the relation between Sita and Rama is. Similarly from the
point of view of generation, one can not expect from a user to provide the name of the

relation!! as saharthah.

In the case of upapada, sutras like sahayukte’pradhane(2.3.19) helps to assign a case marker, but not
describe the name of the relation.



2.2. NLG: DIFFERENT APPROACHES

Human factor is unavoidable in text generation by human being or text generation
by computer. Once this problem is minimised concept dictionaryE can be developed.
These concepts then can be mapped to the lexical terms of any language. A generator
for any language is tuned to perform best for that language and hence is tightly cou-
pled with the lexical terms and the grammar of that language. This also demands an

interface between the concepts and the lexical terms [Kulkarni (2019)].

2.2 NLG: Different Approaches

In the late nineties of the last millennium, several NLG systems were developed which
were general purpose [Dale (2000)]. These are developed using different approaches
namely template-based, rule-based, hybrid, statistics-based and trainable NLG or BIG-

data, etc. Each has its advantages and disadvantages.

Template-based Approach: A template-based generation is delimited in its scope by
the set of templates. A programme that sends individualised bulk emails is an example
of template-based generation. Words fill in slots used in Railway announcement, di-
alogues interface of ATM vending machines, natural sounding output used in Metros
using text to speech technology is also based on template-based sentence generation.
Advantage of template generation is that it is simple, easy to develop, domain-specific,
good quality in output and it requires less linguistic expertise. The disadvantage is that
it lacks generality and variety, there is difficulty in maintenance and to add new words,

and growth is restricted to the domain.

Rule-based Approach: A rule-based system can generate sentences without any re-
striction, provided the rules are complete. But developers with linguistic sophistica-
tion are required to develop and maintain the generators. Rule-based systems can
produce more varied text than template based system. Advantage of the rule-based
system is that it handles the problem very easily compared to other models without a

huge amount of corpus.

2 http://www.unlweb.net/wiki/UNL_Dictionary
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Hybrid Approach: There have been efforts to mix the use of rule-based and template
based generation. A hybrid case-based generator requires a small annotated corpus
and its rule-based adaptation ensures the adapted sentences grammatically correct
in generation. This approach is more accurate than statistical ones. A system like
SEGUE [Pan and Shaw (2004)], a hybrid system that combines both case-based rea-
soning (CBR) and rule-based approaches for NLG. “The basic advantage of a CBR is a

machine learning paradigm that reuses prior solutions to solve new problems”.

Statistics-based Approach: Recently statistics-based generation systems have achieved
some good success [Vicente et al| (2017)]. Initial generation can be imperfect for this
approach. The main disadvantage of these generators is that they require a large cor-
pus to train the machine. Without enough training instances, machine’s performance

degrades.

BIG data: The recent trend in NLG, as with all other NLP systems is to use machine

learning algorithms with BIG data.

Approach Infusing NLG with NLU: Most of the recent researches focus on depen-
dency analysis and generating the sentence, using the same dependency tree. Lan-
guage generation and analysis require a considerable amount of knowledge, including
domain knowledge and linguistic knowledge at various levels. Thus, NLU and NLG are
not simply ‘reversible’ except at a very abstract level, which helps analysis and gen-
eration to find out what kinds of performance are possible and where the difficulties
are. Generation and parsing thus use the same tree representations and tree-building
actions throughout. i

With the availability of a full-fledged generative grammar for Sanskrit in the form
of Astadhyayi, it is appropriate to use a rule-based approach for building the genera-
tion module. Without appealing to the ‘world knowledge’ﬁ, using Panini’s rules, the
desired sentence can be generated. A lot of work in the area of Sanskrit Computa-

tional linguistics has taken place in the last decade, some of which is related to the

“A system that which takes raw text as input, performs NLU analysis, and then performs the NLG
task of transforming the intermediate representation into English language texts is an example to this
approach”

satras like bhitrarthanam bhayahetuh(1.4.25), duraddhite ca(8.2.84) etc., are exceptional which requires
world knowledge.
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word generators. So we decided to use the existing word generators and build a sen-
tence generator, modeling only the sutras that correspond to the assignment of case

markers.

2.2.1 Rule-based Approach

Within a rule-based approach itself, two methods can be seen in the field of Sanskrit
computational linguistics.

1. Generation simulating the Astadhyayi

2. Generation using existing Word-Generators
Though the Astadhyayi is compared to a computer programme, and some notable ef-
forts in the direction of simulation of Astadhyayi [Patel and Katuri (2016), Goyal et al.
(2009), and Mishra (2007)], understanding the structure and organisation of Astad-
hyayi [Subbanna and Varakhedi (2007), and Scharf (2007)] exist, but still we do not
have an implementation that can generate a word from the root and suffix.

Using existing word generators to develop a sentence generator is comparatively
easier. Further, such a sentence generator would produce an useful product that can
be plugged-in in several other real-time products. Also, building a sentence genera-
tor using existing word generator will provide us a general architecture for building
generators which can be used for other inflectionally rich languages such as Indian

languages.

2.3 NLG: Input and Output

The effectiveness of the rule-based NLG depends on the efficiency of input knowledge
representation often from non-linguistic input data, which will be reflected in the ef-
fectiveness of language generation also. So, the problem of NLG is twofold; selecting a
Knowledge Representation (KR) as input and transforming the information to Natural
language (NL) as an output. Technically it is described as ‘what to say’ and ‘how to

say’ in the field of NLG.

The above transfer can be looked at from the point of view of information.
The speaker wants to convey some information to the hearer. Having

decided on the information he wants to convey, he must decide how to
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code it in language. An utterance is the only thing actually received by
the hearer, using which he gets the information. It follows, therefore, that
the information is contained in the utterance, and the hearer must extract

it by decoding it [Bharati et al| (1994)].

2.3.1 Input

The input to the generator is the thoughts in the minds of a speaker, typically repre-
sented following some kind of knowledge representation in a non-linguistic form. It
is possible that this knowledge representation is generated automatically. For exam-
ple, in the question answering system, based on the question of the user, computer
generates a schemate that represents the knowledge to be conveyed to the user. This
schemate thus is the input for the system. Alternately, if a user wants to generate a
sentence corresponding to the thoughts in his minds, the thoughts are represented in
a knowledge representation schemate.

Thus NLG may receive input either from some machine or from a user using some
suitable Graphical User Interface (GUI). We have decided to develop the generator

from the representation of sabdabodha (verbal import).

2.3.2 Output

The output is the grammatically correct sentence in a linguistic form.

2.4 SSG: Architecture

Panini has given a grammar which is generative in nature. He presents a system of
grammar that provides a step by step procedure to transform thoughts in the minds of
a speaker into a language string. Broadly one may imagine three mappings in the di-
rection from semantics to phonology [Bharati et al! (1994) and Kiparsky (2009)]. These

levels are represented pictorially as in Figure .1
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Semantic Level

Karaka-Level

Surface Level
Uttered Sentence

[ ]
[ )
[ ]

Figure 2.1: Levels in the Paninian model

2.4.1 Semantic Level

This level corresponds to the thoughts in the mind of a speaker. The information is
still at the conceptual level, where the speaker has identified the concept and has con-
cretised them in his mind. The speaker, let us assume, for example, has witnessed an
event where a person is leaving a place and is going towards some destination. For
our communication, let us assume that the speaker has identified the traveling person
as person#108, the destination as place#2019, and the action as move-travel#09. Also,
the speaker has decided to focus on that part of the activity of going where the per-
son#108 is independent in performing this activity, and that the goal of this activity
is place#2019. This establishes the semantic relations between person#108 and move-
travel#09 as well as between place#2019 and move-travel#09. Let us call these relations

sem-rel#1 and sem-rel#2 respectively. This information at the conceptual level may be

sem-rel#1

person#108 place#2019

Figure 2.2: Conceptual representation of a thought

represented as in Figure 2.4,
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2.4.2 Karaka-Level

In order to convey this, now the speaker chooses the lexical items that are appro-
priate in the context from among all the synonyms that represent each of these con-
cepts. For example, for the person#108, the speaker chooses a lexical term, say Rama,
among the synonymous words {ayodhya-pati, dasarathanandana, sita-pati, kausalya-
nandana, janaki-pati, dasa-ratha-putra, Rama, ...}. Similarly corresponding to the other
two concepts, the speaker chooses the lexical terms say vana and gam respectively.
With the verb gam is associated the pada and gana information along with its mean-
ing.

Having selected the lexical items to designate the concepts, now the speaker chooses
appropriate karaka-labels corresponding to the semantics associated with the chosen
relations. He also makes a choice of the voice in which to present the sentence. Let
us assume that the speaker in our case decides to narrate the incidence in the active
voice. The sttras from Astadhyayi now come into play. The semantic roles sem-rel#1
and sem-rel#2 are mapped to karta and karma, following the Paninian satras—

« svatantrah karta(1.4.54); which assigns a karta role to Rama.

o karturipsitatamam karma(1.4.49); which assigns a karma role to vana.

Let us further assume that the speaker wants to convey the information as it is hap-
pening i.e., in the present tense (vartamana-kala). Thus at the end of this level, the

available information is as shown in Figure .3.

gam, present tense

arma

vana, neut, sg

Figure 2.3: Representation in abstract grammatical terms

This information is alternately represented in simple text format as shown below.

word index | stem features role

1 Rama pum eka karta 3
2 vana napum eka karma 3
3 gam parasmaipada bhvadi | vartamana | kartari
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The first field represents the word index which is used to refer to a word while
marking the roles. The second field is the stem (with gender in case of nouns), the
third field provides morphological features such as number, tense, etc. and the fourth
field provides the role label and the index of the word with respect to which the
role is marked. If this information is converted to verbal form, what we get the tra-
ditional $abdabodha such as eka-vana-abhinna-karmaka,-eka-rama-abhinna-kartrka,-

uttaradesa-samyoganukula-vartamanakalika-vyaparah.

2.4.3 Vibhakti-Level

Now the sttras from vibhakti-section of Panini’s Astadhyayi come into play. Vana
which is a karma, gets accusative (dvitiya) case marker due to the satra karmani dvitiya
(anabhihite)(2.3.2). Since the sentence is desired to be in active voice, karta is abhi-
hita (expressed), and hence it will get nominative (prathama) case due to the sitra
- pratipadikartha-linga-parimana-vacana-matre prathama(2.3.46). The verb gets a lat
lakara due to vartamana-kala (present tense) by the sttra -vartamane lat(3.2.123). 1t
also inherits the purusa (person) and vacana (number) from the karta Rama, since the
speaker has chosen an active voice. Thus at this level, now, the information available

for each word is as follows.

word index | stem morphological features
1 Rama pum eka prathama

2 vana napum eka dvitiya

3 gam parasmaipada bhvadi | lat prathama eka

2.4.4 Surface Level

With this information, now each pada is formed using the available word generator.
Sandhi at the sentence level is optional. If the speaker intends, then the sandhi-rules
come into play and a sentence with sandhi is formed. Thus we get either Ramah vanam

gacchati or optionally Ramo vanangacchati as an output.
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word index | stem features role

1 Rama pum | eka karta 3
2 vana napum | eka karma 3
3 gamy vartamana | kartari

Table 2.1: Input to Sentence Generator

2.5 SSG: Input and Output

In the above architecture, there are three modules:

1. A module that maps the semantic information in the form of abstract concepts
and abstract semantic relations into the linguistic elements viz. the nominal/verbal
stem and syntactico-semantic relations. We have not implemented this module
yet. However we have conceptualised it as follows.

A user interface is planned, to model this part, through which the speaker selects
the proper lexical terms as well as declares his intention selecting the syntactico-
semantic relations and the voice. The gender associated with the nominal stem is
provided by the interface, and the user does not have to bother about it. The user
only provides the nominal stem, chooses the number and its role with respect
to the verb. In the case of verbs, the user selects the verb based on its meaning,
and the information of pada and gana is automatically picked by the interface,
coding this information in the form of a subscript. The user also chooses appro-
priate relations between the words. The user interface takes care of exceptional
cases hiding the language specific information from the user. The output of this

module, for the example sentence under discussion, is as shown in the Table P.1]

2. A module that maps the syntactico-semantic relations to the morpho-syntactic
categories such as case marker and position (in the case of upapadas, for exam-
ple)

The next chapter will describe the second module in detail that maps the syntactico-
semantic relations into morpho-syntactic categories. The input to the generator
is a set of quadruplets as shown in the Table R.1|. The first element provides the
index, the second the stem, the third the morphological features and the last

on the relation and the index of the second relata (viz. anuyogin). The current
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version recognises only following expressions for stem-feature combinations,

*

where “?” represents optionality, “* is the kleene operator for zero or more oc-
currences.
1 {Noun}{Gender}{Vacana}?
2 {Noun}Htaddhita}?{Gender}{Vacana}?
3 {Upasarga}*{Verb{Sanadi_suffix{{Krt_suffix}{Vacana}?
4 {Upasarga}*{Verb{Sanadi_suffix}{prayoga}{lakara}
Vacana is not specified if it has an adjectival relation with other words. This
representation is the same as the internal representation of the output of the
Samse'ldhaniE parser. We call this representation, an intermediate form, or the
meaning structure. It represents the verbal import of the sentence in abstract
form, hiding the details of which linguistic unit codes what information.
3. A module that composes a surface form/word form from the morphological in-
formation.
The third module corresponds to the word generation. Given the morphological in-
formation, this module produces the correct form of the word. For this module, the
word-generator developed in-housefl, which is also a part of Samsadhani tools is being
used. We decided to produce the output in unsandhied form. Hence, for this example,

the output would be Ramah vanam gacchati.

Conclusion

In this chapter we have discussed various NLG approaches and its input and output
specification, SSG architecture consisting four levels from semantics to surface-level
with its three mappings, internal representationf of the input in the prescribed format
and the output generated by the system. Thus this chapter becomes a basis to ex-
plain the second mapping from karaka-level to vibhakti-level namely morphological

spellout module which is the core of the SSG.

http://sanskrit.uohyd.ac.in/scl

http://sanskrit.uohyd.ac.in/scl

In NLU the input to the system always be a linguistic information, but in the case of NLG it will be a
non-linguistic information.
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Chapter 3

Karaka to Vibhakti Mapping

“The rules of the Astadhyayi fall into three broad classes, each of which effects a map-
ping between what we could see as different levels of representation. Thus, the gram-
mar analyzes sentences at a hierarchy of four levels of description, which are traversed
by three mappings in the direction from semantics to phonology”. [Kiparsky (2009)]

Section discusses four levels of sentence generation from semantic to surface
level and section .5 explains its three mappings, namely—

1. Assignment of karakas and abstract tense

2. Morphological spellout rules

3. Allomorphy and phonology

The focus of this chapter is on the second module viz. morphological spellout rules.

The thoughts in the mind of a speaker which are semantic in nature are first trans-
formed into syntactico-semantic relations. Rules for these transformations are pro-
vided by Panini in his Astadhyayi under the adhikara of anabhihite(2.3.1). These sitras
map these syntactico-semantic relations to the corresponding abstract morphological
information such as vibhakti. Abstract tense is replaced with the case marker by the
sutras vartamane lat(3.2.123) etc. Finally the rules for pada-formation come into play

to generate the words. In this chapter we discuss the implementation of all these rules.

3.1 Morphological Spellout Module

There are four major tasks that are carried out in this module.
1. Assigning case marker to the substantive based on its syntactico-semantic role,
In Panini’s grammar we come across 3 different types of case marker assignment.
They are
(a) Case marking for a karaka-relation,

(b) Case marking in the presence of certain words called upapadas,
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(c) Case marking expressing the noun-noun relations
All these sutras are found in the third section of the second chapter of Astad-
hyayi from 2.3.1 till 2.3.50.
2. Inheriting morphological features of the adjectives from their heads
3. Assigning morphological features for finite verbs such as person and number,
and
4. Assigning lakara corresponding to the tense, aspect and modality of the verb.

Now we explain each of these steps below.

3.1.1 Assigning Case Marker

For generating the substantial forms, we need the case marker corresponding to the
karaka-role. Panini assigns the vibhakti if it is not alread expressed by other means
such as verbal suffix or krdanta-suffix. The adhikarasitra here is anabhihite(2.3.1). The
vibhakti for six karakas is given by—
o kartrkaranayostrtiya(2.3.18)
“In denoting the agent (svatantrah karta(1.4.54)), or the instrument (sadhakata-
mam karanam(1.4.42)), the third case-marker (trtiyavibhakti) is used”.
 karmani dvitiya(2.3.2)
“When the object is not denoted by the termination of the verb i.e. when the
verb does not agree with it, the second case-marker (dvitiya vibhakti) is attached
to the word”.
o caturthi sampradane(2.3.13)
“In denoting the sampradanakaraka (karmana yamabhipraiti sa sampradanam
(1.4.32)), the fourth case-marker (caturthi vibhakti ) of the Dative is used after
the noun”.
« apadane paficami(2.3.28)
“When the apadanakaraka (dhruvamapaye’padanam(1.4.24)), is denoted, the fifth
case-marker ( paficami vibhakti) is used”.
« saptamyadhikarane ca(2.3.36)
“The seventh case-marker (saptami vibhakti) is used when the sense is that of lo-
cation (adharo’dhikaranam(1.4.45)), as well as after the words meaning ‘distant’

)

and ‘near’”.
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These are the default vibhaktis. When the karta (karma) is expressed by the ver-
bal suffix, then karta (karma) gets the nominative case suffix by pratipadikarthalinga-
parimanavacanamatre prathama(2.3.46).

However, there are some problems, from the user’s perspective, in the selection of
a karaka. Under the adhikara of karake(1.4.23) Panini provides semantic definitions of
karakas. Each of these definitions is followed by a list of exceptional cases through
which Panini extends the scope of the semantic definitions of the karaka. These ex-

tensions are of two types.

1. Where the associated semantics is totally different from normal expectations.
For example, In the presence of the prefix adhi with the verbs $in, stha and as, the
locus instead of getting the default adhikaranam-role, gets a karma (goal)-role, as
in sah gramam adhitisthati (He inhabits/governs the village) where grama gets
a karma-role, and is not an adhikaranam. Now this is an exception to the rule,
and only the native speaker of Sanskrit might be aware of this phenomenon. The
user, based on his semantic knowledge, would consider grama a locus, and the
generator then will fail to generate the correct form. In such cases, we propose

an user interface that alerts the user to provide correct karaka-assignment.

2. Another problem is with cases of exceptions under apadana and sampradana.
For a verbal root bhi to mean to be afraid of, according to Panini’s grammar, the
source of fear is termed apadana. But this is not obvious to a user who has not
studied Panini’s grammar. He may treat it as a cause. Similarly, in the case of
motion verb gam, the destination, according to the Panini’s grammar is a karma,
but due to the influence of native language such as Marathi or Malayalam, the
speaker may think it as an adhikaranam. In such cases as well, we propose an

user interface that alerts the user to provide correct karaka-assignment.

Another case is of the relation between two nouns such as part and whole, kinship
relations, or relation showing the possession, as in vrksasya sakha (the branches of a
tree), Dasarathasya putrah (son of Dasharatha) and Ramasya pustakam (Rama’s book).
In all these cases Sanskrit uses a genitive case. Panini does not discuss the semantics
associated with all such cases, neither he proposes any semantic role in such cases.

He deals with all such cases by a single rule sasthi sSese(2.3.50) assigning a genitive
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case in all the residual cases. While for analysis purpose, it is sufficient to mark it
as a generic relation, for the generation purpose, the user would like to specify the
semantics associated with it as part-and-whole-relation, or kinship, etc.

But in the corrent implementation, our generator expects sasthi (genitive) as the
relation. Here also, an user interface should allow the user to provide fine grain se-
mantic relations such as avayava-avayavi, or janya-janaka or sva-svamibhava etc. and
then this interface should map all these relations internally to genitive (sasthi) before
calling the generator. As of now we have not implemented any user interface and
hence expects from user the correct relations.

One more set of relations between nouns is due to the upapadas (accompanying
words). In the presence of an upapada, the accompanying word gets a specific case
marker. For example, in the presence of saha, the accompanying word gets an instru-
mental case. This is again language specific, and hence non-native speakers of Sanskrit
may go wrong in speaking sentences that involve upapadas. We discuss handling of

upapadas in the next chapter.

Handling Causatives: In Sanskrit a causatives suffix (nic) is added to the verbal root
to change the sentence from non-causative to causative. In kartari nic prayoga, the
prayojakakarta being expressed by the verbal suffix gets nominative case. If the verb is
transitive, the karma gets dvitiya vibhakti by anabhihite karmani dvitiya. The prayo-
jyakarma however behaves in a different way with different verbs. Next, in the case of
karmani nic prayoga, karma being abhihita gets nominative case and prayojakakarta
gets instrumental case. Now when the verb is dvikarmaka, which of the two karmas
is expressed and which is unexpressed is decided on the basis of the verbal root. In
the case of verbal roots duh, yac, pac, dand, rudhi, pracchi, chi, bru, sasu, ji, math,
mus mukhyakarma gets accusative case gaunakarma gets nominal case. In the case
of verbal roots ni, hr, krs, vah gaunakarma gets accusative case and mukhyakarma
gets nominal case ) Following Panini’s grammar, we have classified the verbs into
semantic classes as below.
« akarmaka (intransitive)

« sakarmaka (transitive)

pradhanakarmanyakhyeye ladinahurdvikarmanam . apradhane duhadinam ...(akathitam ca (Mahab-
hasyam))

26



3.1. MORPHOLOGICAL SPELLOUT MODULE

— verbs in the sense of to motion, knowledge or information, eating and the

verbs which have literary work as their object
« verbs in the sense of motion

« dvikarmaka (ditransitive)-type 1
« dvikarmaka (ditransitive)-type 2
This list then takes care of the proper vibhakti assignment in all the type of causatives.

See Appendix]1 for the summary of all rules.

3.1.2 Handling Adjectives

Consider the following input to the system, which has visesana in it.

word index | stem features role

1 vira visesanam 2
2 Rama pum | eka karta 3

3 vana napum | eka karma 3

4 gamy vartamana | kartari

Table 3.1: Example with adjective

Note here that no morphological features have been provided for the visesana. In
order to generate the correct word form of the word vira, we need its gender, number,
and case (linga, vacana, vibhakti). Only information available to the generator from
the user is that vira is a viSesana of the second word. The required information is in-
herited from the parent node i.e. the visesya. If the adjective is a derived participle
form of a verb, which itself may have karaka expectancies, we provide the necessary
verbal root and the participle suffix also as input parameters for generation. For ex-
ample, in Table p.1|, vyadharn is an adjective of pandavanikarh, and the stem and the
features for it are provided as vi+vah1 and bhutakarma respectively. For example, the
sutra gatibuddhipratyavasanarthasabdakarmakarmakanamani karta sa nau(1.4.52) as-
signs a karma role and hence accusative case suffix to the prayojya-karta, if the verb
has one of the following meaning - motion, eating, knowledge or information related,

or it is a verb with literary work as a karma or it is an intransitive verb.

3.1.3 Handling Finite Verbs

In the case of verb form generation, the verb form generator needs the information of
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padi,

gana,
purusa,
vacana, and

lakara.

to generate the verb form.

Panini has given sutras to assign lakaras for different tense and mood. They are

lui(3.2.110)

“The affix lun (Aorist) comes after the verb in the sense of past time”.
anadyatane lan(3.2.111)

“The affix lan (Aorist) comes after a verbal root used in the sense of past before
the commencement of the current day”.

abhijiavacane Irt(3.2.112)

“When a word implying ‘recollection’ is in connection with it, a verb takes the
affix Irt (2nd Future) in the sense of the past before the commencement of the
present day”.

parokse lit(3.2.115)

“The affix lit (Perfect Tense) comes after the verb in the sense of the past before
the commencement of the current dayand unperceived by the narrator”.
vartamane lat(3.2.123)

“The affix lat (Present Tense) comes after a verb when denoting a present action”.
latah Satrsanacavaprathamasamanadhikarane(3.2.124)

“The affixes Satr and $anac are substitutes of lat (Present Tense) when agreeing
with what does not end with the 1st (Nominative Case) case-affix”.

Irt Sese ca(3.3.13)

“The affix Irt (2nd Future) is used after a verb in the remaining cases where
futurity pure and simple is indicated and also where there is construction with
it another verb denoting an action performed for the sake of the future action”.
Irtah sad va(3.3.14)

“The affixes called sat i.e. $atr and $anac are optionally the substitutes of Irt (2nd

»

Future)
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« anadyatane lut(3.3.15)
“The affix lut (1st Future) comes after a verbal root in the sense of what will
happen but not in the course of the current day”.
o ksipravacane Irt(3.3.133)
“When the word ksipra ‘quickly’ or its synonym is in construction with the verb,
the future affix Irt (2nd Future) is used after the root when ‘hope’ is expressed
in a conditional form”.
« asamsavacane lin(3.3.134)
“The affix of the Potential is used in denoting Futurity after a root, when the
upapada in composition with it is a word expressing ‘hope’”.
o hetuhetumatorlin(3.3.156)
“The affix lin (Benedictive) is optionally used after those verbs which express
the condition and its consequence”.
o lot ca(3.3.162)
“The affix lot (Imperative) is used after a root in the sense of commanding etc”.
o asisi linlotau(3.3.173)
“The affixes lin (Benedictive) and lot (Imperative) come after a verb by which
‘benediction’ is intended”.
These sutras are implemented as a hash data structure that maps the tense and mood
to the lakara. The voice determines the person and number of the verbal form. If the
voice is kartari (karmani), then the person and number information is inherited from
the karta(karma). In the case of impersonal passive (bhave), the person and number are
assigned the values third (prathama-purusa) and singular (eka-vacana) respectively. A
note on the information of purusa is in order. As we notice, the information of person
is not provided with a noun stem in the input. Then from where does the machine get
this information? Here we use Panini’s sttras:
« yusmadyupapade samanadhikarane sthaninyapi madhyamah(1.4.105)
“When the pronoun yusmad ‘thou’ is understood, and also when the same is
expressed, the attendant word is in agreement with the verb, then there is the
verbal termination called the middle (second person)”.
« asmadyuttamah(1.4.107)

“When the pronoun asmad T, is understood and also when expressed, the at-
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tendant word is in agreement with the verb, then there is the verbal termination
called the Highest or first person”.

« Sese prathamah(1.4.108)

“In the other cases, viz. where ‘thou’ or ‘T’ are not the attendant words in agree-
ment with the verb, there is the verbal termination called the Lowest (third per-
son)”.

Next comes the information about padi and gana. We notice that, though the ma-
jority of the verbs belong to a single gana, there are several dhatus which belong to
more than one gana. For example the very first dhatu in the dhatupatha viz bhu be-
longs to two different ganas viz bhvadi and curadi. It is the meaning which distin-
guishes one from the other. Bhu in bhvadigana is in the sense of sattayam (to exist)
and the one in the curadigana is in the sense of praptau (to acquire). A detailed study
of the verbs belonging to different ganas is carried out by [Shailaja (2014)]. She has
indexed these dhatus for distinction. The verb generator of Samsadhani uses these
indices to distinguish between these verbs. The speaker, on the other hand, would not
be knowing these indices. So we provide a user interface to the user wherein the user
can select the dhatu, gana and its meaning, and the interface assigns a unique desired
index automatically.

If a verb has ubhayapadi both the parasmaipadi and atmanepadi forms would be
generated. Otherwise only the form with associated padi would be generated. Certain
verbs use different padis to designate different meanings. For example, the verb bhuj
has two meanings viz. to eat and to rule or to govern. In the sense of to eat, the verb has
only atmanepadi-forms and in the sense of to govern, it has only parasmaipadi-forms.
In such cases, the user interface is desirable to hide all these complexities from the

user.

30



Chapter 4

Handling Upapadas

Upapada is defined as samipastham padam (A word standing near or accompanying
other) and the case marker (vibhakti) which is used in connection with the upapada is
known as upapadavibhakti. It denotes a non-thematic relation in a sentence.?

For example, Panini in the rule saha yukte’pradhane(2.3.19) states “when the word
saha, is joined to a word the latter takes the third case”. It means the word saha always

expects a third case word. e.g.

3. Skt: Ramena saha Sita vanam gacchati
Gloss: Rama {inst.} with Sita{nom.} forest{acc.} goes.

Eng: Sita goes to the forest with Rama.

Classification of Upapadas

Upapadas may be classified in two different ways.
+ Based on their morpho-syntactic properties

« Based on the semantics they express

4.1 Morpho-syntactic Level Classification

Based on the case marker upapadas govern, upapadas may be classified into six classes

as follows with example and respective satras—

upapadam asritya jayamana vibhaktih upapadavibhaktih
karaka and karaketara relations roughly translated as thematic and non-thematic relations but they are
not the same. See [Bharati and Kulkarnj (2011) and Ramakrishanamacharyulu (2009)]
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4.1.1 Upapadadvitiya

4. Skt: gramam abhitah vrksah santi.
Gloss: village{acc.} both the side{loc.} tree{nom.} be

Eng: There are trees on both side of the village.

The word abhitah assigns an accusative case (dvitlyavibhakti) to the word which
it accompanies. In this example, grama gets the accusative case marker. In the same
manner, the words paritah, samaya, nikasa, etc., assign an accusative case marker.
Following Panini’s sttras provide the list of such words.

« antarantarenayukte(2.3.4)

“A word joined with (or governed by) the word antara or antarena takes the
accusative case marker”.

« abhitahparitahsamayanikasahapratiyogesu ca drsyate. (Varttikam)

“Words accompanying abhitah, paritah, samaya, nikasa, ha, prati, also gets the
accusative case marker”.

« ubhasarvatasoh karya dhiguparyadisu trisu

dvitiyamreditantesu tato’nyatrapi drSyate. (karika on 2.3.2) “Words accompany-
ing ubhayatah, sarvatah, dhik, uparyupari, adhyadhi, adho’dhah get accusative
case marker”.

« enapa dvitiya(2.3.31)

“With a word ending with the affix enap (enabanyatarasyamadure’paricamyah
(5.3.35)), the accusative case marker is used, as well as the sixth (sasthyatasartha-
pratyayena (2.3.30))”.

« prthagvinananabhistrtiyanyatarasyam(2.3.32)

“When joined with the words prthak ‘without’, vina ‘without’ and nana ‘with-
out’, the third case-affix is used, optionally (as well as the fifth and the second

with the satras apadane paricami(2.3.28), and enapa dvitiya(2.3.31)).

4.1.2 Upapadatrtiya

5. Skt: Ramah kesaih prasitah asti
Gloss: Rama{nom.} hair{inst.} engrossed{nom.}

Eng: Rama is engrossed with hairs.
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Here the word prasitah governs the case marker of kesa and assigns third case (trtiyavib-
hakti) and seventh case optionally. Following siitras were reffered for making a list of
similar upapadas.
« tulyarthairatulopamabhyam trtiyanyatarasyam(2.3.72)
“The third or the sixth case-affix (sasthi Sese(2.3.50)) may optionally be employed,
when the word is joined with another word meaning ‘like to or resemblance’,
excepting tula and upama’.
« prthagvinananabhistrtiyanyatarasyam(2.3.32)
“When joined with the words prthak ‘without’, vina ‘without’ and nana ‘with-
out’, the third case-affix is used, optionally (as well as the fifth and the second)”.
« prasitotsukabhyam trtiya ca(2.3.44)
“In conjunction with the words prasita and utsuka ‘greatly desirous of’, the third
case-affix is used after the word, as well as the seventh”.
« sahayukte apradhane(2.3.19)
“When the word saha ‘with’, is joined to a word the latter takes the third case,
when the sense is that the word in the third case is not the principal but the

accompaniment of the principal thing”.

4.1.3 Upapadacaturthi

6. Skt: Gurave namah
Gloss: Teacher{dat.} salutations{ind.}

Eng: Saluations to the Teacher

Here the word namah has an expectency of dative case (caturthivibhakti). Following
sutras were referred for making a list of similar upapadas which governs the dative
case marker.
o caturthi casisyayusyamadrabhadrakusalasukharthahitaih(2.3.73)
The fourth as well as the sixth-case-affix may be used, when blessing is intended
in connection with the words ayusa ‘long life’, madra ‘joy’, bhadra ‘good for-
tune’, kusala ‘welfare’, sukha ‘happiness’, artha ‘prosperity’ and hita ‘good’.
« namahsvastisvahasvadhalamvasadyogacca(2.3.16)

The fourth case-affix is used in conjunction with the words namah ‘salutation’,
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svasti ‘peace’, svaha, svadha (terms used in offering oblations to Gods and pitrs,
respectively), alam , ‘a match for’, ‘sufficient for’ and vasat , a term for oblation.

« alamiti paryaptyarthagrahanam

4.1.4 Upapadapaiicami

7. Skt: gramat diram parvatah asti.
Gloss: village{abl.} far away{loc.} mountain{nom.} be

Eng: The mountain is far away from the village.

When in conjunction with words having the sense of diura (distant) the fifth case
marker (paficamivibhakti) is optionally used. The word diram indicates the semantic
information of location. Following sutras give further information.
« anyaraditarartediksabdarncuttarapadajahiyukte(2.3.29)
“When a noun is joined with words meaning ‘other than’ or with arat ‘near
or remote’, or itara ‘different from’ or rte ‘without’, or words indicative of ‘di-
rections’ (used also with reference to the time corresponding to them) or with
words having aricu ‘to bend’ as the last member of the compound and expressive
of direction, or with words ending with the affix ac (daksinadac(5.3.36)) or ahi
(ahi ca dure(5.3.37)), the fifth case-affix is used”.
« apaparibahirafnicava paficamya(2.1.12)
“The words apa , pari, bahi and indeclinables ending in aficu may optionally
be compounded with a word ending in the fifth case affix and the compound so
formed will be avyayibhava”.
« durantikarthaih sasthyanyatarasyam(2.3.34)
“When in conjunction with words having the sense of dura ‘distant’ and antika
‘near’, the sixth-case-affix is optionally used”.
« prthakvinananabhistrtiyanyatarasyam(2.3.32)
“When joined with the words prthak ‘without’, vina ‘without’ and nana ‘with-

out’, the third case-affix is used, optionally (as well as the fifth and the second)”.
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4.1.5 Upapadasasti

8. Skt: gramasya purastat parvatah asti.
Gloss: village {gen.} in front of {loc.} mountain {nom.} be

Eng: The mountain is in front of the village.

Hereby the rule sasthyatasarthapratyayena(2.3.28), Panini states that genitive case (sasti-
vibhakti) is used when there is a connection with words ending with affixes having
the sense of the affix atasuc (daksinottarabhyamatasuc(5.3.28)), The affix atasuc comes
in the sense of ‘direction’, ‘locality’ or ‘time’ after the words daksina and uttara. Here
the word purastat derived with the atasuc suffix. Hence it governs the case marker of
grama. Remaining list of words mentioned in the following sutras.
« enapa dvitiya(2.3.31)
“With a word ending with the affix enap (enabanyatarasyamadire’pasicamyah
(5.3.35)), the accusative case marker is used, as well as the sixth (sasthyatasartha-
pratyayena (2.3.30))”.
« caturthi casisyayusyamadrabhadrakusalasukharthahitaih(2.3.73)
“The fourth as well as the sixth-case-affix may be used, when blessing is intended
in connection with the words” ayusa ‘long life’, madra ‘joy’, bhadra ‘good for-
tune’, kusala ‘welfare’, sukha ‘happiness’, artha ‘prosperity’ and hita ‘good’.
o tulyarthairatulopamabhyam trtiyanyatarasyam(2.3.72)
“The third or the sixth-case-affix may optionally be employed, when the word is
joined with another word meaning ‘like to or resemblance’, excepting tula and
upama’.
« durantikarthaih sasthyanyatarasyam(2.3.34)
“When in conjunction with words having the sense of dura ‘distant’ and antika
‘near’, the sixth-case-affix is optionally used”.
« prthakvinananabhistrtiyanyatarasyam(2.3.32)
“When joined with the words prthak ‘without’, vina ‘without’ and nana ‘with-
out’, the third case-affix is used, optionally (as well as the fifth and the second)”.
« sasthyatasarthapratyayena(2.3.28)
“The sixth-case-affix is used when used in connection with words ending with

affixes having the sense of the affix atasuc (daksinottarabhyamatasuc(5.3.28))”.
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« svamisvaradhipatidayadasaksipratibhuprasutaisca(2.3.39)
“The sixth and the seventh case-affixes are used after words when they are joined
with svamin ‘master’, i$vara ‘lord’, adhipati ‘ruler’, dayada ‘an heir’, saksin ‘wit-

5

ness’, pratibhi ‘a surety’ and prasuta ‘begotten’”.

4.1.6 Upapadasaptami

9. Skt: Ramah pitari sadhuh asti
Gloss: Rama {nom.} father {loc.} good {nom.} be.

Eng: Rama is well mannered to his father.

Here the word sadhu governs the case marker of pitr and assigns a locative case
marker (saptamivibhakti). Remaining list of words are mentioned in the following
sutras.

« ayuktakusalabhyam casevayam(2.3.40)

“In conjunction with the words ayukta ‘engaged’, and kusala ‘skilful’, when
meaning entire absorption in an engagement, the sixth and the seventh case-
affixes are used after a word”.

« prasitotsukabhyam trtiya ca(2.3.44)

“In conjunction with the words prasita and utsuka ‘greatly desirous of’, the third
case-affix is used after the word, as well as the seventh”.

« sadhunipunabhyam arcayam saptamyaprateh(2.3.43)

“In conjunction with the words sadhu ‘good’ and nipuna ‘skilfull’ when they
denote respect, the seventh case-affix is used, provided that the word prati is
not used”.

« svamisvaradhipatidayadasaksipratibhuprasitaisca(2.3.39)

“The sixth and the seventh case-affixes are used after words when they are joined
with svamin ‘master’, isvara ‘lord’, adhipati ‘ruler’, dayada ‘an heir’, saksin ‘wit-
ness’, pratibhu ‘a surety’ and prasuta ‘begotten’”.

Complete list of expectancies included in the Appendix [3.
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4.2. SEMANTIC LEVEL CLASSIFICATION

4.2 Semantic Level Classification

The morpho-syntactic classification does not provide any information about the se-
mantics expressed by the relation between upapada and the substantive whose case
is governed by the upapada. Panini does not discuss any semantics associated with
the upapadas. Therefore in the tagging guidelines, prepared for the annotation of de-
pendency relation,? this relation was termed as upapadasambandhah. So according to

these guidelines, the analysis of the sentence

10. Skt: gramam paritah vrksah santi
Gloss: forest {acc.}, surround {nom}, tree {nom}, be

Eng: Trees surround the village.

would be as shown in Figure .1

papada-sambandhah

Figure 4.1: Morpho-syntactic analysis of the sentence (L0

Now the question is how easy or natural it is to comprehend this analysis for a
person who does not know Sanskrit grammar? Different upapadavibhaktis are very
much specific to Sanskrit language. Most of the modern Indian languages use genitive
case marker. The concept of upapadavibhakti is very much specific to Sanskrit lan-
guage. So such an analysis is not completely comprehensible for a person who does
not know the term upapadasambandhah. Also from the point of view of generation,
it is unrealistic to expect from a user who wants to take help of machine to generate

a Sanskrit sentence to provide an upapadasambandhah as a relation between gramam

available at
http://sanskrit.uohyd.ac.in/scl/GOLD_DATA/Tagging_Guidelines/tag_proposal_
consortium_280ct2014.pdf
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and paritah. Again somebody who does not have any background of Sanskrit gram-
mar, and who is interested in using machine to generate a sentence, a relation such
as upapadasambandhah being not semantic the user may fail to specify this relation.
However, if we can provide semantics associated with this relation, it would be easy
and natural for any user to specify the analysis of a sentence with such a relation. Fur-
ther any user can understand the analysis produced by machine if the relations were
semantic rather than morphosyntactic. We studied the semantics associated with the
upapadas governing all the six upapadavibhaktis. It was noticed that the relations may
be classified as follows.

« Reference point for direction (sandarbhabinduh)

« Reference point for comparison (tulanabinduh)

« Locus showing the domain (visayadhikaranam)

« Determination (nirdharanam)

« Purpose (prayojanam)

 Exclamatory (udgaravacakah)

« Predicative Adjective (kartrsamanadhikaranam)

« Association (saha-arthah)

« Dis-association (vina-arthah)

« Possessor-possessee (svami)

« Source (srotah)

We discuss each of them in detail.

4.2.1 Reference Point for Direction (sandarbhabinduh)

Let us consider the previous example sentence(l0). Paritah is a word which has an
expectancy of a reference point. Here grama acts as a reference point for the word
paritah. Hence we call this relation a reference point for direction, and analyse sen-
tence ([L0) as in Figure (.2,

Note here that the case assigned by each of these upapadas is different. But still
we have grouped them into one class since for all these upapadas the word which they

accompany are the point of reference.
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ref pt for dir

gramam

Figure 4.2: Semantic analysis of the sentence ([L0])

A list of upapadasE having reference point of direction as follows—arat, abhitah,
abhyasa, abhyasan, abhyasat, abhyasah, abhyasam, abhyase, abhyasena, adhah, ad-
harat, adharena, adhastat, adhodhah, adho’dhah, adhyadhi, agratah, antah, antikan, an-
tikat, antikam, antike, antikena, avac, avaci, avah, avarastat, avaratah, avastat, bahih,
itara, itara, nikasa, nikatan, nikatat, nikatam, nikate, nikatena, purva, purvan, purva,
pascat, pascima, pasciman, pascimam, parastat, paratah, paritah, prafica, praci, pratici,
pratyarfica, pratyak, purah, purastat, puratah, samipan, samipat, samipam, samipe,
samipena, samaya, sarvatah, ubhayatah, upari, uparistat, uparyupari, uttara, uttarahi,
uttaran, uttarat, uttaram, uttaratah, uttare, uttarena, udici, udac, udak, viprakrsta,
viprakrstan, viprakrstat, viprakrstam, viprakrste, viprakrstena, dura, duran, durat, duram,
dure, durena, daksina, daksinahi, daksinan, daksinat, daksinam, daksinatah, daksine,

daksinena.

4.2.2 Point of Reference for Comparison (tulanabinduh)

There is another set of upapadas which require a point of reference for comparison.

For example, in the sentence

11. Skt: Ramah Syamena tulyah asti.
Gloss: Rama {nom.}, Syama {inst.}, comparable {nom.} be

Eng: Ram is comparable to Syama.

In the entire list (see Appendix [3, Appendix [4), we can see words with suffix and without suffix. Here
the term without case marker (pratipadika) like utsuka shows its variation in all the forms in pullinga
and napumsakalinga, and in all the number (vacana). To cover the strilinga separate entry like utsuka
is kept and exact words like paritah, abhyasat etc., kept as it is. Terms like adharena is an indeclinable
(subantapratiriipaka-avyaya) constructed with the suffix enap is to be differentiated from the subanta-
forms.
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Rama is being compared with Syama, and thus Syama is the reference point for com-

parison. See Figure [4.3.

Figure 4.3: Semantic analysis of the sentence (1))

Alist of upapadas having reference point of comparison as follows—bhinna, bhinna,
anya, anya, sama, sama, samana, samana, sadrsa, sadrsa, sadrksa, sadrksi, sadrksa, vi-

laksana, vilaksana, tulya, tulya.

4.2.3 Locus Showing the Domain (visayadhikaranam)

The upapadas such as lagna, asakta, anurakta, etc. mark a relation of visayadhikaranam

with the accompanying words in locative case suffix.

12. Skt: sah pathane lagnah asti
Gloss: He {nom.}, study {loc.}, immerse {nom}, be

Eng: He is immersed in studies

Here the word pathana becomes the locus showing the domain accompanied by the

upapada lagna. See Figure .4

Figure 4.4: Semantic analysis of the sentence ([L2)
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A list of upapada having locus showing the domain as follows—asakta, asakta,
ayukta, ayukta, anurakta, anurakta, asadhu, kusala, kusala, lagna, lagna, nipuna, nipuna,

prasutah, prasita, prasita, prasitah, sadhu, utsuka, utsuka.

4.2.4 Determination (nirdharanam)

In the sentence

13. Skt: gavam prasita asti
Gloss: go {loc.}, born {nom.}, be.

Eng: delivered among the cows.

the upapada prasiita determines the word go. See Figure .5,

Figure 4.5: Semantic analysis of the sentence ([13)

Upapadas prasita, and prasita are the other upapadas having the determination

role in a sentence.

4.2.5 Purpose (prayojanam)

In a sentence like

14. Skt: Ramaya kusalam bhuyat
Gloss: Rama {nom.}, good {nom.}, be.

Eng: Let good be to Rama.

the upapada kusala expresses a role of purpose to Rama. See Figure 4.4,
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prayojanam

Figure 4.6: Semantic analysis of the sentence ([L4)

Similar upapadas having role of purpose as follows—ayusyam, bhadram, sam, arthe,
cirafjivitam, hitam, krte, kusalam, madram, niramayam, sukham, svaha, svadha, svasti,

vasat,

4.2.6 Exclamatory (udgaravacakah)

15. Skt: durjanam dhik bhavatu
Gloss: evil person {nom.}, damn {nom.}, be.

Eng: Damn to evil persons.

Here the word dhik is used to defame the evil person and act as exclamatory relation

to the word durjana. See Figure j.7.

kriyavisesanam

Figure 4.7: Semantic analysis of the sentence ([L5)

Upapadas dhik, and ha having the capacity to express the meaning exclamation

and defamation in a sentence.

42



4.2. SEMANTIC LEVEL CLASSIFICATION

4.2.7 Predicative Adjective (kartrsamanadhikaranam)

16. Skt: mallah mallaya alam bhavati
Gloss: Wrestler {nom.}, wrestler {inst.}, sufficient{nom.}, be.

Eng: Wrestler is sufficient (to fight) with the wrestler.

Here the upapada alam is used to denote the meaning sufficiency with the wrestler.

(See Figure [4.9).

sandarbha_binduh

Figure 4.8: Semantic analysis of the sentence ([Ld)

The upapada alam has the capacity to express the relation, predicative adjective in

a sentence.

4.2.8 Association (saha-arthah)

In all the examples that we saw above, the upapadas governed a word and also were
governed by some other word in a sentence. For example, in Figure [.1, the word
paritah governs gramam and is governed by the verb santi. Now let us consider the

following sentence

17. Skt: Sita ramena saha vanam gacchati
Gloss: Sita {nom.}, Rama {inst.}, with {nom}, forest{accu.}, go

Eng: Sita goes to the forest with Rama.

In this sentence, rama receives an instrumental case marker due to the presence of the

upapada saha. This was analysed, as per the earlier tagging guidelines, as shown in
Figure @
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papadavibhaktih

Ramena

Figure 4.9: Morpho-syntactic analysis of the sentence ([L7)

In this figure, the relation between saha and Rama is marked as upapadavibhaktih
and that between sita and saha as just a sambandhah. While the term upapadavib-
haktih is grammar specific, the term sambandhah is non-commital to what kind of
relation it is. Such an analysis, from user’s point of view is of no use. The user can
not get any kind of information as to what exactly the relation between Sita and Rama
is. Similarly from the point of view of generation, one can not expect from a user to
provide the name of the relation as upapadavibhaktih, for the reasons stated earlier,
and the term sambandhah does not carry any information about the nature of relation
between the relata. Let us look at the semantics involved here.

In this sentence the agreement of the verb is with Sita, and not with Rama. Ac-
cording to the satra sahayukte ‘pradhane(2.3.19), “saha is used with the apradhana
(sub-ordinate)-karaka”. Thus in this example, Sita is the karta of the action associated
with the verb gacchati. And Rama is the saha-karta(associative agent). The upapada
saha does not have any semantic role, unlike the upapada paritah in the above exam-

ple. We propose the dependency tree for sentence ([L7) as shown in Figure [¢.9.
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Ramena_(saha)

Figure 4.10: Semantic analysis of the sentence ({17)

Other words following this semantics are sakam, sardham, saha, and samam.

4.2.9 Dis-association (vina-arthah)

18. Skt: Ramam prthak Syamah vartate
Gloss: Rama {inst.}, without {nom.}, Syama {nom.}, be.

Eng: Rama stays without Syama.

Here the upapada prthak express a dis-association relation between Rama and Syama.

See Figure .11

Ramam_prthak

Figure 4.11: Semantic analysis of the sentence ({18)

The set of words antara, antarena, nana, prthak, vina, exhibit similar semantics.
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4.2.10 Possessor-possessee (svami)

19. Skt: Sita gavam svamini asti
Gloss: Sita{nom.}, cow{geni.}, owner{nom.}, be.

Eng: Sita is the owner of the cows.

Here the upapada shows a sva-svamibhavasambandha . See Figure .17,

Figure 4.12: Semantic analysis of the sentence ([19)

Alist of upapada shows possessor-possessee semantics as follows—isvara, adhipatih,

pratibhi, saksini, saksinam, saksin, svamin, svamini, dayada

4.2.11 Source (srotah)

Upapadas arabhya, and prabhrti show the semantic of source.

Other Relations Upapadas shows different relations exception to the above men-

tioned relations are alam, namah, rte, prak, and arthah.

Conclusion

In this chapter we have discussed the case of upapadas. We noticed that the Paninian
treatment of upapadas is purely morpho-syntactic and hence is not useful from both
the analysis as well as generation point of view. The morpho-syntactic is a phe-

nomenon internal to language, in natural language processing, machine translation,
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information retrieval or question answering systems and so on, we need semantic rep-
resentation. We propose the semantic analysis of the relations due to upapadas. We
noticed that these relations semantically can be classified into classes. Such a semantic
analysis is useful for both analysis as well as generation. In the Appendix [J we have
provided a morphosyntactic classification of upapadas. This is required for assigning
the correct case marker to the words which these upapadas accompany. Appendix [4

provides a semantic classification of the upapadas.
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Chapter 5

Testing and Evaluation

Every piece of software needs proper testing and evaluation before it goes to real use.
The NLP industry is dominated by texts for analysis. And the analysers need to be
evaluated for their precision and recall. During analysis, one comes across several
ambiguities which result into low precision and sometimes low recall owning to the
incomplete lexicon. When it comes to NLG, the situation is different. The generative
systems are tested for their completeness and correctness. One needs to ensure that
what the generator generates is correct from a grammatical point of view. Similarly
one needs to ensure that it has the capability to generate all types of sentences the

language allows.

5.1 Test Bed

A list of around 1000 sentences is manually collected covering the wide range of syn-
tactic phenomenon and also verbs with different expectancies. These sentences were
manually parsed/providing the input in the prescribed format to the generator. The
output of the sentence generator is compared with the given sentence. A few sample

inputs and their outputs are shown below.

Sample Input and Output

karta

e input
1 rama pum eka karta 2
2 pacl kartari vartamanah

output: ramah pacati.
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e input
1 rama pum eka karta 2
2 gam1 karmani vartamanah

output: ramena gamyate.

e input
1 rama pum eka karta 2
2 gam1 bhavah napum eka karta 3
3 bha1 kartari vartamanah

output: ramasya gamanam bhavati.

prayojakakarta

e input
1 devadatta pum eka prayojakakarta 4
2 visvamitra pum eka prayojyakarta 4
3 odana pum eka karma 4
4 pacl nic kartari vartamanah

output: devadattah visvamitrena odanam pacayati.

prayojyakarta

« input
1 devadatta pum eka prayojakakarta 3
2 visvamitra pum eka prayojyakarta 3
3 pacl nic kartari vartamanah

output: devadattah visvamitrena pacayati.

« input
1 matr stri eka prayojakakarta 4
2 bala pum eka karma 4
3 ksira pum eka prayojyakarta 4
4 pal nic kartari vartamanah

output: mata balam ksiram payayati.
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e input
1 matr stri eka prayojakakarta 5
2 dhatri stri eka karanam 5
3 bala pum eka karma 5
4 dugdha napum eka prayojyakarta 5
5 pal nic kartari vartamanah

output: mata dhatrya balam dugdham payayati.

e input
1 rama pum eka karta 3
2 grama pum eka karma 3
3 gam1 karmani vartamanah

output: ramena gramah gamyate.

karma

e input
output: 1 satru pum bahu mukhyakarma 2

2 jil kartari vartamanah output: Satran jayati.

« input
1 balaka pum eka karta 3
2 pathl karma 3
3 is2 kartari vartamanah

output: balakah pathitum icchati.

mukhyakarma

« input
1 gopala pum eka karta 4
2 go pum eka mukhyakarma 4
3 dugdha napum eka gaunakarma 4
4 duh2 kartari vartamanah

output: gopalah gam dugdham dogdhi.
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gaunakarma

e input
1 gopala pum eka karta 4
2 go pum eka gaunakarma 4
3 dugdha napum eka mukhyakarma 4
4 duh2 karmani vartamanah

output: gopalena gauh dugdham duhyate.

karanam

e input
1 bala pum eka karta 4
2 hasta pum eka karanam 4
3 anna napum eka karma 4
4 khad1 kartari vartamanah

output: balah hastena annam khadati.

sampradanam

e input
1 devadatta pum eka karta 4
2 brahmana pum eka sampradanam 4
3 go pum eka karma 4
4 da3 kartari vartamanah

output: devadattah brahmanaya gam dadati.

« input
1 upadhyaya pum eka karta 4
2 Sisya pum eka sampradanam 4
3 capeta stri eka karma 4
4 da3 kartari vartamanah

output: upadhyayah Sisyaya capetam dadati.
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adhikaranam

input

1 vanara pum eka karta 3

2 vrksa pum eka adhikaranam 3
3 vasl kartari vartamanah

output: vanarah vrkse vasati.

purvakalah

input

1 rama pum eka karta 5

2 dugdha napum eka karma 3
3 pal purvakalah 5

4 sala stri eka karma 5

5 gam1 kartari vartamanah

output: ramah dugdham pitva salam gacchati.

vartamanasamanakalah

input

1 balaka pum eka karta 4

2 jala napum eka karma 3

3 pal vartamanasamanakalah pum eka vartamanasamanakalah 4
4 gam]1 kartari vartamanah

output: balakah jalam piban gacchati.

sambodhyah

input
1 bho sambodhanastucakam 2

2 rama pum eka sambodhyah 4
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3 asmad sarva eka karma 4
4 ut+dhr1 kartari ajiaprarthanadisu

output: bho rama mam uddhara.

hetuh

input

1 vidyarthin pum eka karta 4

2 adhi+i2 bhavah napum eka hetuh 4
3 vidyalaya pum eka adhikaranam 4
4 vasl kartari vartamanah

output: vidyarthi adhyayanena vidyalaye vasati.

prayojanam

input

1 asmad sarva eka karta 5

2 yoga-$astra pum eka karma 3
3 pathl prayojanam 5

4 vidyalaya pum eka karma 5

5 gam1 kartari vartamanah

output: aham yoga-$astram pathitum vidyalayam gacchami.

input

1 asmad sarva eka karta 6

2 bhavat sarva pum eka karma 5

3 asmad sarva eka sasthisambandhah 4
4 grha napum eka adhikaranam 5

5 dr$1 karma 6

6 is2 kartari vartamanah

output: aham bhavantam mama grhe drastum icchami.
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kartrsamanadhikaranam

« input
1 rama pum eka karta 3
2 §tra pum eka kartrsamanadhikaranam 3
3 as2 kartari vartamanah

output: ramah $uarah asti.

karmasamanadhikaranam

e input
1 asmad sarva eka karta 4
2 yusmad sarva eka karma 4
3 pandita pum eka karmasamanadhikaranam 4
4 man1 kartari vartamanah

output: aham tvam panditam manve.

pratisedhah

e input
1 ghata pum eka karta 3
2 na pratisedhah 3
3 as2 kartari vartamanah

output: ghatah na asti.

sasthisambandhah

« input
1 adhyapaka pum eka sasthisambandhah 2
2 pustaka napum eka karma 4
3 chatra pum bahu karta 4
4 path1 kartari vartamanah

output: adhyapakasya pustakam chatrah pathanti.
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visesanam

input

1 dasarathi visesanam 2

2 rama pum eka karta 4

3 vana napum eka karma 4
4 gam1 kartari vartamanah

output: dasarathih ramah vanam gacchati.

sambodhanasucakam

input

1 bho sambodhanastcakam 2

2 rama pum eka sambodhyah 4
3 asmad sarva eka karma 4

output: bho rama mam uddhara.

abhedah

input

1 dasaratha napum eka sasthisambandhah 3
2 putra abhedah 3

3 rama pum eka karta 4

4 as2 kartari vartamanah

output: dasarathasya putrah ramah asti.

atyantasamyogah

input
1 rama pum eka karta 3

2 masa pum eka karma 3
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3 adhi+i2 kartari vartamanah

output: ramah masam adhite.

sandarbhabinduh

input

1 grama pum eka sandarbha_binduh 2
2 paritah desadhikaranam 4

3 vrksa pum bahu karta 4

4 as2 kartari vartamanah

output: gramam paritah vrksah santi.

tulanabinduh

input

1 Syama pum eka tulana_binduh 2

2 tulya pum eka karta 4

3 rama pum eka kartrsamanadhikaranam 4
4 as2 kartari vartamanah

output: Syamena tulyah ramah asti.

visayadhikaranam

input

1 tad sarva pum eka karta 3

2 path1 bhavah napum eka visayadhikaranam 3
3 lasj1 bhatakarta pum eka karta 4

4 as2 kartari vartamanah

output: sah pathane lagnah asti .

56



5.2. RELATION LABELS’ SUITABILITY

prayojanam

« input
1 rama pum eka prayojanam 2
2 kusala napum eka karta 3
3 bha1 kartari asih

output: ramaya kusalam bhuayat .

saha-arthah

e input
1 rama pum eka saharthah 3
3 sita stri eka karta 5
4 vana napum eka karma 5
5 gam1 kartari vartamanah

output: ramena saha sita vanam gacchati .

5.2 Relation Labels’ Suitability

The relation labels used for the generation are the same as those used for the analysis.
In order to ensure that the relation labels are both necessary and sufficient for both
these inverse processes of analysis and generation, each sentence is parsed with the
available parser and the parsed output, which is the same as the meaning represen-
tation or the semantic input for the generation is manually verified. This semantic
representation is given to the generator as an input. Again the output from the sen-
tence generator is verified manually with the sentence given to the parser. Thus the
evaluation takes place in two places namely in the parser and generator. Hence it is a
mutual feedback mechanism.? The term mutual feedback mechanism is inspired by the

term ‘Dual learning mechanism’ [He et al| (2016)]. The fact that any machine transla-

Here also human assistance becomes necessary to verify or to select correct input from the multiple
analysis from the parser.

The present research was carried out at the same time with the parser development, which helped a lot
to evaluate the adequacy of information given as input to the sentence generator.
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tion task has a dual task,e.g., here, Sanskrit Sentence analysis and Sanskrit Sentence
Generator forms the basis of Dual Learning Mechanism.

Does the analysis produced by the parser carry sufficient information for the gen-
erator to generate the desired sentence?. As noted earlier, it makes sense to see natural
language generation and natural language understanding as the two halves of the puz-
zle of natural language processing. The dual learning or mutual feedback mechanism
or infusing NLG and NLU as system as a whole helps in the improvement of both the
systems. See figures b.4. This helps to improve the efficiency of the the generator and

it also helps the performance of the parser.

5.3 Problems of Evaluation

The main problem in testing the accuracy of the generated sentence is that the gen-
erated sentence need not be unique or there is no ‘the right’ answer. The multiple
answers may be due to variations in spelling such as pitva, pittva or variations in form
such as mama,me or even choice of lexical items. Owing to the free order in Sanskrit,
the generated sentence need not have the same word order as that of the original
analysed sentence. Hence we used the mutual feedback mechanism for testing and
evaluation.

There were a few challenges in the evaluation. In the absence of a taddhita (sec-
ondary derivatives) word generator, we provide the nominal stem formed by affixing
the taddhita suffix. For example, we directly provide the stem Saktimat instead of
sakti + matup. Similarly, in the absence of a handler for feminine suffix, we provide
the stem formed after the addition of feminine suffix as in anartha (which is formed by
adding a feminine suffix to anartha). In order to handle the out of vocabulary words,
we developed a morphological analyser that assigns the default paradigm for the gen-

eration of such words.

5.4 Sanskrit Sentence Generator: Interface

For both the evaluations, an interface is used to verify the input. The Graphical User

Interface (GUI) of the Sanskrit Sentence Generator facilitates a user to provide the
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required input in a prescribed form. Figure 5.1 shows the generator interface for the

following input.

word index | stem and features relation

1 drs1 purvakalah 11
2 tu sambandhah 1
3 pandava-anika {pum eka} | karma 1

4 vi+vah1 {bhatakarma} visesanam 3

5 duryodhana {pum eka} karta 11

6 tada kaladhikaranam 11
7 acarya {pum eka} karma 8

8 upa_sam+gaml purvakalah 11
9 rajan abhedah 5

10 vacana {napum eka} karma 11

11 bral {anadyatanabhatah} | kartari

Table 5.1: Input for the generator

Sanskrit Sentence Generator (v04)

1 g2 qdemet: 11

g1 Y@ UTUSAIe T GEEH: TIaT AT SUHE T g S (d191)
G551 S ISR, Tl ATE: Tl AT U ae ST (319 1)

8 JU_HH+1 G 11

9 T FG: 5
10 TE 7Y Teb TitoreH 11
11 51 FRIR FTTTH:

Figure 5.1: Generation of Bhagavadgia 1.2 sloka from its analysis

We have also provided another interface. This interface takes the input from the
Sanskrit parser. It allows us to test the completeness of both parser as well as the gen-
erator at the sentence level. This interface takes the machine internal representation
of the parser’s output (which is the same as shown in the Table P.1) and feeds it to the

generator. The overall architecture of our generator (and parser) is as shown in Figure

53
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Intermediate
Representation

Generator Parser

Exeptional
Verbs
Database

Figure 5.2: Parser-generator: inverse operations

Conclusion

Successive sentence generation depends on evaluation of ‘what to say’ (see input, sec-
tion P.3.1) and evaluation of ‘how to say’ (see karaka to vibhakti mapping chapter f3).
Problems we faced will be useful in developing an interface in future. It will help to
know ‘what do people know about their language, what processes do they employ that
enables them to be’.

In the present version of Sanskrit Sentence Generator, compound words to be man-
ually splitted, and unsandhied words to be given as input are its limitations. Hence the
user should have a basic knowledge of grammar to handle the input. Most of the re-
lation labels are semantic in nature, one may need some initial training for the proper
use of some relational tags. In specifying the use of conjuncts and disjuncts since
the current implementation is dominated by the syntax of Sanskrit more research is
needed to arrive at a uniform treatment of the conjuncts across languages [Panchal
and Kulkarni]. Other disadvantage of this generator is the amount of information one
has to provide to the generator in a particular format. Finally the sentence generator
completely depends on the efficiency of the morphological generator and it is to be
improved.

Designing an user interface that hides the language and grammar specific details
from the user and allows him to provide the input purely in semantic form are to

be incorporated. Question answer or selection mode, check for input constistency,
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5.4. SANSKRIT SENTENCE GENERATOR: INTERFACE

constrain rules and global checking are the other features of interface to be added.

Sentences covering different relations mentioned in the tagset to be implemented.
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Chapter 6

Conclusion

Panini’ grammar provides a grammatical framework for generation. While the com-
plexity of Sanskrit generation lies at the word level, the sentence generation is pretty
straightforward. Only challenge in designing the generator was in deciding the gran-
ularity of the semantic relations appropriate for both analysis and generation. We
wanted to make sure that the grammatical relations used are universal in nature, with-
out carrying any baggage of the language idiosynchrosy. Having confirmed that the
tagset is appropriate for both generation and analysis [Kulkarni (2019)], we can now

open it for other languages as well; to start with, the Indian languages.

6.1 Utility

SSG will be useful for the following applications—

As a module for MT involving Sanskrit as target language: One language to an-
other Language translation helps not only in communicaton, to enrich the language
itself. There are tools available for languages other than Sanskrit to have a transla-
tion from a source language to a target language and vice versa. Already available
fulfledged grammar like Astadhyayi, Sanskrit requires a Sentence Generator, which
can be extended to be a model for other Indian languages to overcome the language

barriers.

Voice-converter: With a single keystroke, one can generate passive constructs which
are predominantly found in Sanskrit literature, with which a non-native speaker may

not be at ease with.

Mutual Improvement of Sanskrit Parser and Generator: Analysis and generation

of a sentence is mutual, hence the functioning of the parser and the generator is also
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mutual. Analysis from the parser taken as an input to the generator, produces the

same sentence again which is analysed by the parser is an advantage.

As a module in Question-Answering and information Retrieval systems.

As an assistance for writing/composing Sanskrit texts: It will act as an

« Useful aid to the non-native speakers of Sanskrit to write in Sanskrit effectively

guranteeing grammatically correct sentences
+ One need not memorize the word forms and the gender of the nominal stems

+ No need to remember all the special rules assigning case suffix to a noun repre-

senting specific karaka role.

« The generator does not dictate any word order. So one may generate a sentence
in any word order as one desires. In future it should also be possible to provide

a generator that will help the user to render the text in a chosen prosodic meter.

The major contribution of the development of this module was in identifying some
morpho-syntactic relation labels such as those due to upapadas [Kulkarni (2019)].

Sanskrit Sentence Generator is not domain specific. The generator can take up the
intermediate representation of the QA system and generate valid Sanskrit sentences
which can be used to communicate with the user. Similarly information retrieval sys-
tem may extract the information from the database/corpus which might be in machine
understandable form but not readable/understandable by the user. This generator can
then be used to present the information in plain Sanskrit sentences that are under-

standable by the users.

6.2 Limitations and Future work

Following special constructs in Sanskrit are not yet implemented.
« Sentences involving karmapravacaniyas
« Compound and complex sentences involving conjuncts, anaphora, multiple clauses,

etc.
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6.2. LIMITATIONS AND FUTURE WORK

« Not handled Sesasambandha which include the relation denoting svasvamib-
hava, avayava-avayavi etc.,
+ Present morphological generator which we are using to generate a sentence does

not have the capacity to deal with femine suffixes (stripratyayah).
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Appendices

.1 Default Karaka Vibhakti Mapping

dhatu type karta | mukhya- | guana- | udaharana
karma karma
akarmaka 1 - Ramah tisthati.
sakarmaka 1 2 Ramah gramam gacchati.
dvikarmaka 1 2 Ramah ajam gramam nayati.
Table 1: Kartari prayogah
dhatu type karta | mukhya- | guana- | udaharana
karma karma
akarmaka 3 - Ramena sthiyate.
sakarmaka 3 1 Ramena gramah gamyate.
dvikarmaka-typel 3 2 1 Ramena gauh dugdham
duhyate.
dvikarmaka-type2 3 1 2 Ramena aja gramam niyate.

Table 2: Karmani prayogah

dhatu type prayojaka- prayojya-| karma | udaharana
karta karta

akarmaka 1 2 - Ramah Laksmanam $ayayati.

sakarmaka-typel 1 2 2 Ramah Laksmanam vedam
pathayati.

sakarmaka 1 3 2 Ramah Laksmanena annam
pacayati.

dvikarmaka 1 3 2 Ramah Laksmanena ajam
gramam nayayati.

Table 3: Nijantakartari prayogah
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.1. DEFAULT KARAKA VIBHAKTI MAPPING

dhatu type prayojakar- prayojya-| karma udaharana
karta karta
akarmaka 3 1 - Ramena Laksmanah $1y-
ate.
sakarmaka-typel.l1 | 3 1 2 Ramena Laksmanah gra-
mam gamyate.
sakarmaka-typel 3 1(2) 2(1) Ramena Laksmanah
vedam pathyate. /
Ramena Laksmanam
vedah pathyate.
sakarmaka 3 3 1 Ramena  Laksmanena
odanam pacyate.
dvikarmaka-typel 3 3 1(mukhya)| Ramena  Laksmanena
2(gauna) | gauh dugdham duhyate.
dvikarmaka-type2 3 3 1(mukhya)| Ramena Laksmanena aja
2(gauna | gramam niyate.

Table 4: Nijantakarmani prayogah

# dvikarmaka-typel = duh, yac, etc.

# dvikarmaka-type2 = ni, hr, krs, and vah

# sakarmaka-typel.1 = only gatyarthaka dhatus.

# sakarmaka-typel = gati, buddhi, pratyavasanartha, and sabdakarma dhatus.

71




.2. TAGSET OF DEPENDENCY RELATIONS

Karaka-sambandhah
karta

— prayojaka-karta

- prayojya-karta
karma

— mukhya-karma

— gauna-karma

— vakya-karma

karanam
sampradanam
apadanam
adhikaranam

— kala-adhikaranam
— desa-adhikaranam
— visaya-adhikaranam
Karaketara-sambandhah
— Kriya-kriya-sambandhah
« purva-kalah

+» vartamana-samana-

kalah

« bhavisyat-samana-
kalah

« bhavalaksana-purva-
kalah

+ bhavalaksana-vartamana-
samana-kalah

« bhavalaksana-anantara-
kalah

« sahayaka-kriya

- Kriya-sambandhah

« sambodhyah

+ hetuh

* prayojanam

« kartr-samanadhikaranam

» karma-samanadhikaranam

« kriyavisesanam

« pratisedhah
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.2 Tagset of Dependency Relations

— Nama-nama-sambandhah
» Sasthi-sambandhah
» angavikarah
* VIpsa
+ viSesanam
+ sambodhana-sticakam
« vibhaktam
« avadhih
+ abhedah
« lyapkarmadhikaranam
» nirdharanam
+ atyanta-samyogah
» apavarga-sambandhah
» vakyakarmadyotakah

« Upapada-sambandhah
- sandarbhabinduh
— tulanabinduh
— visayadhikaranam
— nirdharanam
— prayojanam
- udgaravacakah
— saha-arthah
— vina-arthah
— svami
- srotah
« Vakyetarasambandhah
— anuyogi
— pratiyogl
- nitya-sambandhah
« Samuccayadisambandhah
- samuccitah
- samuccaya-dyotakah
- anyatarah

- anyatara-dyotakah

Note: The bold entries are the headings and do not indicate relation labels



.3. MORPHO-SYNTACTIC CLASSIFICATION OF UPAPADAS

.3 Morpho-syntactic Classification of Upapadas

Complete list of all the upapadas having an expectancy of dvitiyavibhakti, trtiyavib-
hakti etc. are listed below. (In the entire list, we can see words with suffix and without
suffix. Here the term without case marker (pratipadika) like utsuka shows its varia-
tion in all the forms in pullinga and napumsakalinga, and in all the number (vacana).
To cover the strilinga seperate entry like utsuka is kept and exact words like paritah,
abhyasat etc., kept as it is. Terms like adharenais an indeclinable (subantapratirapaka-

avyaya) constructed with the suffix enap is to be differentiated from the subanta-

forms.)

Dvitiyavibhakti utsuka alam
adharena utsuka ayusyam
adhodhah tulya kusalam
adho’dhah tulya ciranjivitam
adhyadhi nana namah
antara prthak niramayam
antarena prasita bhadram
abhitah prasita madram
uttarena yukta vasat
uparyupari vina sam
ubhayatah sadrksa sukham
daksinena sadrksa svadha
dhik sadrkst svasti

nana sadrsa svaha
nikasa sadrsa hitam
paritah samam Paficamivibhakti
prthak sama antikam
yavat samana antikat
vina samana antikan
samaya saha antike
sarvatah sakam antikena

ha sardham anyah
Trtiyavibhakti Caturthivibhakti anya

alam arthah abhyasah
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.3. MORPHO-SYNTACTIC CLASSIFICATION OF UPAPADAS

abhyasam
abhyasa
abhyasat
abhyasan
abhyase
abhyasena
avaci
avac

arabhya

uttaram
uttara
uttaran
uttarahi
uttare
udak
udac
udict

rte
daksinam
daksina
daksinan
daksine
dura
durat
duran
dure
durena
nana
nikatam
nikatat

nikatan

nikate
nikatena
pascimam
pascima
pasciman
purva
purva
purvan
prthak
pratict
pratyak
pratyafica
prabhrti
prak

pract
pranca
bahih
bhinna
bhinna
vina
viprakrstam
viprakrsta
viprakrstat
viprakrstan
viprakrste
viprakrstena
vilaksana
vilaksana
samipam
samipat
samipan
samipe
samipena

Sasthivibhakti
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agratah
adhah
adharat
adharena
adhastat
adhipati
antah
antikam
antikat
antikan
antike
antikena
abhyasah
abhyasam
abhyasa
abhyasat
abhyasan
abhyase
abhyasena
arthah
arthe
avah
avaratah
avaratah
avarastat
avastat
ayusyam
iSvara
uttaratah
uttarat
uttarena
upari
uparistat

kusalam



.3. MORPHO-SYNTACTIC CLASSIFICATION OF UPAPADAS

krte
ciranjivitam
tulya

tulya
daksinatah
daksinat
daksinahi
daksinena
dayada
duram
dura

durat
duran

dure
durena
nikatam
nikatat
nikatan
nikate
nikatena
niramayam
paratah
parastat
pascat
purah
puratah
purastat
pratibhu
prasutah

prasuta

bhadram
madram
vina
viprakrstam
viprakrsta
viprakrstat
viprakrstan
viprakrste
viprakrstena
sam
sadrksa
sadrksa
sadrkst
sadrsa
sadrsa
sama
samana
samana
samipam
samipat
samipan
samipe
samipena
saksinam
saksini
saksin
sukham
svamini
svamin

hitam
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Saptamivibhakti

adhipati
anurakta
anurakta
asadhu
ayukta
ayukta
asakta
asakta
iSvara
utsuka
utsuka
kusala
kusala
dayada
nipuna
nipuna
pratibhu
prasita
prasita
prasuta
prasuta
lagna
lagna
saksini
saksin
sadhu
svamini

svamin
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4 Semantic Classification of Upapadas

sandarbhabinduh

arat
abhitah
abhyasa
abhyasan
abhyasat
abhyasah
abhyasam
abhyase
abhyasena
adhah
adharat
adharena
adhastat
adhodhah
adho’dhah
adhyadhi
agratah
antah
antikan
antikat
antikam
antike
antikena
avac
avaci
avah
avarastat
avaratah
avastat
bahih

itara

itara
nikasa
nikatan
nikatat
nikatam
nikate
nikatena
purva
purvan
purva
pascat
pascima
pasciman
pascimam
parastat
paratah
paritah
prarnca
pract
pratict
pratyanca
pratyak
purah
purastat
puratah
samipan
samipat
samipam
samipe
samipena
samaya

sarvatah
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ubhayatah
upari
uparistat
uparyupari
uttara
uttarahi
uttaran
uttarat
uttaram
uttaratah
uttare
uttarena
udict

udac

udak
viprakrsta
viprakrstan
viprakrstat
viprakrstam
viprakrste
viprakrstena
dura

duran
durat
duram
dire
direna
daksina
daksinahi
daksinan
daksinat

daksinam
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daksinatah
daksine
daksinena
tulanabinduh
bhinna
bhinna
anya
anyah
sama
samana
samana
sadrsa
sadrsa
sadrksa
sadrksi
sadrksa
vilaksana
vilaksana
tulya

tulya

visayadhikaranam

asakta
asakta
ayukta
ayukta
anurakta
anurakta
asadhu
kusala
kusala
lagna
lagna
nipuna

nipuna

prasutah
prasita
prasita
prasita
sadhu
utsuka
utsuka
yukta
svami
iSvara
adhipatih
pratibhu
saksini
saksinam
saksin
svamin
svamini
dayada
prayojanam
ayusyam
bhadram
sam

arthe
ciranjivitam
hitam
krte
kusalam
madram
niramayam
sukham
svaha
svadha
svasti

vasat
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saharthah
sakam
sardham
saha
samam
vinarthah
antara

antarena

nirdharanam
prasuta

prasuta
udgaravacakah
dhik

ha

kartrsamanadhikaranam

alam

srotah

prabhrti
yavat

anyasambandhah0

arthah

anyasambandhah

alam
namah
arabhya
rte

nana
prabhrti
prak
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.5 Glossary

(For easy cross reference and their English translation which we have used in this the-
sis we provide this glossary. See [[Abhyankar (1961) and Roodbergen (2008)]. Marked
with the symbol ‘4" denotes the rough translation.

adhikara - governing rule con-
sisting of a word.

akaranta - ending in a

akarmakadhatu - intransitive
verbs, without any object.

alaukikavigraha - the techni-
cal constituent analysis for pur-
posed of derivation. E.g. rajapu-
rusas is analysed as (rajan + nas)
+ (purusas +su) + su.

anuyogin - relata
avyaya - indeclinables

bhave prayoga - impersonal pas-
sive voice

caturthi vibhakti - dative case
dhatu - root
sasthi vibhakti - genitive case

dvikarmakadhatu - ditransitive
verbs

dvitiya vibhakti- accusative case

guanakarma -
karma#

secondary

karaka - The participants of
an action are termed karakas.
There are six karakas, they are
karta, karma, karanam, sam-
pradanam, apadanam, and ad-
hikaranam.

karmani prayoga - active voice
kartari prayoga - passive voice

kriyavisesana - adjective
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mukhyakarma -
(karma)#

primary

mukhyavisesya - chief qualifi-
cand

napumsakalinga - nueter gender

padi - there are three types
of verb forms namely paras-
maipadi, atmanepadi, and ub-
hayapadi.#

paricami vibhakti - ablative case

prathama vibhakti - nominative
case

pratipadika - stem
pratyaya - suffix

prayojakakarta - the agent who
instigates/causes (somebody
else to act)

prayojyakarma - object in the
form of the prompted agent.

prayojyakarta - the prompted/caused

agent.
pullinga - masculine gender

purusa - person, namely
prathamapurusa (third person),
madhyamapurusa (second per-
son), and uttamapurusa (First
person)

sabdabodha - verbal import

sakarmakadhatu - transitive
verbs

sambodhanavibhakti - vocative
case

saptami vibhakti - locative case
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strilinga - femine gender
stripratyaya - femine suffixes
sutra - aphorims

taddhita - secondary derivatives

trtiya vibhakti - instrumental
case

lakarah - tenses

uddesyavidheyabhava - subject
and predicative

upapada - A word standing near
or accompanying other
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upapadavibhakti - the case
marker which is used in con-
nection with the upapada.

upasarga - prefix

vacana - number, namely ekava-
cana(singular), dvivacana (dual),
and bahuvacana (plural)

vibhaktipratyaya - case suffix

visesana - that which qualifies,
qualification

visesanavisesyabhava - qualifier
and qualified#

visesya - that which is to be dif-
ferentiated.
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