Development of a General-Purpose
Sanskrit Parser

A Thesis

Submitted for the Degree of

Master of Srience (Engineering)

in the Faculty of Engineering

By

P. Ramanujan

Department of Computer Science and Automation
INDIAN INSTITUTE OF SCIENCE
BANGALORE-560 012, INDIA

MARCH 1999

PTG TP UL, oy e v o,



Development of a General-purpose
Sanskrit Parser

A Thesis submitted
for the award of the degree

Master of Science (Engy. )
in the
Engineening Facalty
By

P,
C-DAC, Bangalore

to

Department of Computer Science and Automation
Indian Institute of Science
Bangalore

March 1999



%ﬁ?
T3 fwATTU fRfea srog 2
T a1 79 w4w | fEnfE e 2

T, AT WA, 950 &t T,
& a1 waq wafa fEfaeeam 2 1)

What is possible to achieve here, counting only my abilities ? Or
even with what is possible, what is to be accomplished for you, O
Lord (Sri Devadhiraja Svami) of Elephant hill (at Kaficipuram) ? If
any such thing exists, kindly get it done by me, for, even that
would be BY YOU indeed, as What can happen if you were to be

even slightly unwilling ?

- (Ac@rya Sarvabhauma Sri Vedanta Desika, Varadardja Paficasat, 5)
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That which is got by only a single sight (or two) of a Guru is not got
by three, eight or thousand of somebody (else - meaning,
respectively, Pasupati, Prajapati or S'ripati).

- (Ac@rya Sarvabhauma Sri Vedanta Desika, Subhasita Nivi)
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Development of a General-purpose Sanskrit Parser Chap 1 - introduction

PART I
Chapter 1 : Introduction

1.1 Organisation of the thesis

The report is organised into five parts, viz. Prologue, Problem definition, Theoretical details,
System Design and Epilogue. The first part has the Introductory Chapter 1 covering synoptical details of
the project, aims and motivation. The second part has the Chapter 2 giving the overview in the light of
an earlier similar effort elsewhere and our perception and contrast. The third part has Chapters 3
through' 8 covering a vast range of info. required and auxiliaries created for the design. Chapter 3
stresses the phonological aspect of accents in Vedic texts and their special features. Chapter 4 follows
this up with morphology-related details with illustrations. Vedic specialities, particularly, accents, the
essence of Vedic texts, are treated at length to understand their links to semantics. Chapter 5 visits the
Sanskrit language structure as required for computational processing, characterising it for splitting,
analysis etc. An interesting case of multiple splits is described as a basis for hoping to meet the
challenges of inexhaustible possibilities. Sentential analysis with the well-known Paninian Karaka Theory
with the K-V Mappings is detailed in chapter 6. We move to functional analysis of semantics in Chapter
7, where, we have looked at verbal root meanings comprehensively from the Panini's Dhatupatha to
come up with classification, grouping scheme, specification and characterisation of a few activity groups
to link semantics ontologically to syntax. A resultant ontology is annexed. Chapter 8 discusses the
éébda—Bodha, conceptually and illustratively. The Fourth Part has Chapter 9 enumerating the design of
the parser through the algorithms, K-V Mappings, activity groupings, ontology etc. and has numerous
figures of design and outputs expected. Fifth Part containing Chapter 10 formally closes the work with
concluding remarks and customary references.

1.2 Abstract

Sanskrit is an inflectional language and words in sentence carry information about entities in
terms of stem, ending, gender, case, number and case-relation, while verbs denote activity, functor
relation, mode, voice, tense, person, number etc. Extracting and organising these info. is the first step
towards understanding the language.

The problem is that the same Ridpa (finished wordform) may generate multiple answers. It is
frequently the case that a subanta has multiple vibhakti-vacana pair. Sometimes, the Pratipadika (stem)
also may be different. A Ripa may also be Subanta and Tinanta, Subanta and Krdanta, Krdanta and
Tinanta, Avyaya and Subanta or Tinanta etc. It is the task of the word-level program to give the
exhaustive analysis of a Rupa.

It is intended to design a General purpose Sanskrit parser, which generates a parse tree for a
given sentence if it can be derived from the grammar. To arrive at the desired result the problems of
language as that of human communication, various aspects like syntax, semantics and pragmatics are
used integrally.

This thesis concerns the design (and implementation) of a system that provides help in
understanding Sanskrit. Any such system has to address the problem at different levels like word,
sentence and passage. The accented lexicon based on Sage Yaska's Nighantu is also built
computationally. This report covers the word and sentence levels fully and passages at design level.
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Development of a General-purpose Sanskrit Parser Chap 1 - introduction

The word-level program (morphological analyser) extracts information from various categories of
words like Subanta, Tinanta, Krdanta, Taddhita, Sasvara (accented), Avyaya, Sandhi and Samasa. The
sentence level program uses these information, does parsing and generates a paraphrase of the input
sentence or provides output in many other forms.

The sentence level program solves problems like ambiguity etc. by parsing and produces the
paraphrase etc. extracting word information from the word level program. The organisation and
structuring of the words are decided using the decision tree based on the Vibhakti-Karaka Mapping
given in Paninian grammar rules.

The sentence analysis as per the grammatical is basically an expectancy driven approach,
(traditionally called éébda-bodha) similar to Semantic nets, but has addl. constraints from the many-to-
many mappings between case-markers and case-relations. Words of the sentence are grouped into
source words and demand words. If the assignment of words to these classes are not unique, due to
multiple identifications into nominal and/or verbal categories, each possible case is considered and the
procedure iteratively applied. Avyaya-s and other particles are also handled and assignment of functional
roles upto sub-Karaka level is done using the semantic lexicon, based on the ontology developed.

It is felt that the general-purpose parser with provisions to handle even accented texts will be a
good candidate for integrating speech processing as well and since languages are human
communication media, this help would be desirable. The refinement of ontology and specification of
entities, attributes, activities and relations in tune with Sastra-ic inputs would assist even classical
literature and language leaning/teaching/research.

1.3 Aim of the Project

The research reported in this thesis has the main objective of bringing to fore the salient features
and specific requirements of parsing Sanskrit language to be usable for Computer-based processing of
any variety of its literature. While most western NLP developments are : I) with English or similar
positional languages as the focus; i) assuming implicitly that (even natural) language = text, i.e, written;
iii}y for languages which have linear scripts and lack euphonic combinations and major compounding (as
they are not phonetic-based); iv) having speech processing delinked from NLP and while the Indian
effort at Indian Institute of Technology, Kanpur is with a fixed (target) language among the language-pair
considered for Machine Translation (MT) (as Hindi, a language akin to English in structure due to
absence of Sandhi and presence of phrase or local word group structure) and both these are
predominantly oriented towards Machine Translation applications, the current research has been
launched to design a general-purpose parser for Sanskrit with all the theoretical, i.e, linguistic details
covered. However, it draws upon generously from these researches.

We intend developing an algorithm for Morphological analysis of plain and accented Sanskrit
inputs, to examine exhaustively the syntactico-semantic features of Karaka-Vibhakti mappings, devise an
ontology for word-sense determination and a detailed activity categorisation for semantic processing.
Survey of the relevant Sastra-ic literature and building upon the basis of IIT, Kanpur efforts is also part of
the exercise. Phonological aspects are also provided for while analysing bases/affixes.

It is intended to answer the question, whether the sentence given as input can be derived from

the grammar. If so the derivation or the parse tree is drawn highlighting the role of words in the
sentence.

Dept. of CSA, IISc, bangalore 2 P. Ramanujan, M.Sc. (Engg.)



Development of a General-purpose Sanskrit Parser Chap 1 - introduction

The first step is word-level program (morphological analyser) which extracts information from
various categories of words like Subanta, Tihanta, Krdanta, Taddhita, Sasvara (accented), Avyaya,
Sandhi and Samasa for the word tokens in the sentence. The sentence level program uses these
information, does parsing and generates a paraphrase of the input.

The sentence analysis as per the grammatical tradition is set forth further. This is basically an
expectancy driven approach, (traditionally called éébda—bodha) similar to Semantic nets, but has addl.
constraints from the many-to-many mappings between case-markers and case-relations. Avyaya-s and
other particles are also handled and assignment of functional roles upto sub-Karaka level is done using
the semantic lexicon, based on the ontology.

The information regarding the word categories is difficult to organise and represent. This
involves Knowledge Representation issues and techniques. We start from the labels meant in the 106
Sdtras of grammar aforesaid to build the first level ontology, which of course, can be extended further
with activity categorisation. These would result in the numerous categories at various layers. Instances
are to be listed from lexicons like Amarakosa wherein classes are also used. Adjectives, modifiers and
qualifiers are treated as another category called Visesya Nighna as per Amarakosa.

At the level of passages or poetry where a single verse can have more than one sentence, the
semantic extraction involves the connection between the various parts and handling 'reverse sannidhi'
conditions. Accented words have sentence boundary demarcation also to be carried out using Mimamsa
principles and Vedic section of grammar rules. Accent-markers are considered for fixing senses and
connections between sentences or clauses.

1.4 Motivation

The "Can A Sanskrit Parser Do ..... ?° series of questions at etymological, lexical,
morphological, phonetic, metric, syntactic, semantic, contextual, pragmatic (allegoric), figurative and
socio-religious levels. [If it can, we have some use for one.]

1. Can we get Pada-patha from Samhita-patha computationally ? Given Pada-patha of a Vedic
hymn, can we generate the various Vikrti-patha-s ? Even using Vyakarana, éik$é, Pratisakhya-s etc. ?

2. Given a Vedic hymn or word (accented), can we get morphological, syntactic, semantic and
contextual analysis with the help of the six Vedanga-s ? This would help objectively study various
traditional commentaries etc. and work like a Logic Analyser’, say, in philosophy.

3. There are symbolic meanings for all Vedic expressions (it is called Trayi because of
Adhibhautika, Adhidaivika, and Adhyatmika meanings). Can we obtain these details from a parser ?

4. Can Pramana, Prameya Vibhaga, Sakti Graha (arising out of Vyakarana, Upamana, Kosa,
Apta-vakya, Vyavahara, Vakya-$esa, Vivrti and Siddha-pada-sannidhya), Sabda-bodha Prakriya etc. be
simulated/ represented in a Computational system ? Will it work at all the three levels of denotation, viz.
Abhidha, Laksana and Vyanjana ? Is Inferencing possible ?

5. Can we automatically process text, say, by lemmatising, categorising or tagging using the

parser for word analysis and classification ? Can it support lexicographic operations of creating wordlist,
table of contents, word index, concordance, thesaurus, dictionary (vocabulary), spell-check etc. ?
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Let us consider certain cases and see what gets involved.

1. Svastha Bhavantu Kuravah ? - Svastha Bhavantu Kuravah .

If we observe that the question and answer are identical, something has to be amiss. [Accent is
the answer]. For the importance of this factor and further examples/details, ref. [1]. {Svasthah = healthy,
cheerful; Svah-sthah = residents of Heaven, i.e, dead}.

2. Mahapadopasthitayah Sadaramaviyoginah . Alankarasraya Rama Bhavanti Bhavatohitah ..
(Sahitya Darpanam)

This verse speaks of the condition of those disposed favourably or otherwise towards Rama.

Maha-Pada-Upasthitayah, Sad-Arama-A-viyoginah, Alankara-Asrayah, Rama, Bhavanti,
Bhavatah, Hitah

Trans. O Rama ! Those who are favourably disposed towards you will occupy prominent
positions, will not lose company of good gardenly surroundings and will be well-decorated.

Maha-Apadah, Apa-sthitayah, Sada, Rama-Viyoginah, Alam, Kara-Aérayah, Rama, Bhavanti,
Bhavatah, Ahitah .

Trans. O Rama ! Those who are not favourably disposed towards you will have great adversities,
will always lose company of wives and would eventually end up in prison.

3. Sovyadistabhujangaharavalayastvam Sarvadomadhavah .
This is an invocation that can address either Lord Visnu or Siva. Sah, Avyat, Ista-bhujahga-hara-
valayah, Tvam, {Sarvada, Uma-dhavah} OR {Sarva-dah, Madhavah}.

4, Patrakalitavedanam ééstramérgénusériném . Tadetadarikalasya Karikalasya Sasanam ..

From the stone inscription in an ancient South Indian temple. Describes a certain valiant ruler
called Karikdla's injunction. Patr+Akalita-Vedanam, éést_r+A-l\/|érga-Anusérir_1§m, Tat+Etat, Ari-Kalasya,
Kari-Kalasya, éésanam, is the admissible word split, with Sasanam being the Visesya (qualified). The
word-split, occurring at once, might be : Patra-Akalita-Vedanam, ééstra-Mérga-Anusériném, which is
not correct.

5. Krsnah Phalani Khadati -
Here, Phalani can be inflected from the Dhatu Phala Visarane/Nispattau in Lot Lakara, Uttama
Purusa, Ekavacanam and Khadati could be in locative case (Sati Saptami).

6. Ramah Vanam Gacchati -
Here, Ramah can be inflected from the Dhatu Ra Dane in Lat Lakara, Uttama Purusa,
Bahuvacanam, besides as a noun inflected from the stem Rama, Vanam could be nominative or

accusative and Gacchati could be in locative case (Sati Saptami).

7. Matra Khadyate -

This sentence is in Passive Voice. [it. ‘being eaten by mother or ‘tablet is being eatenl.
Accordingly, this admits of two Active forms. ‘Mata Khadati’ (Mother eats) and "Matram Khadati® (eats
the tablet).

M3atra - Matrasparsastu Kaunteya Sitosnasukhaduhkhadah . (Bhagavadgita, .)

Matra-sparsah, Tu, Kaunteya, éTta-u$r_1a-sukha-duhkha-déh. Here, Matra is inflected from the
feminine stem Matra (trifle or part; also, syllabic instant).

Mataram Mataram Ca Lokanam . (Laksmisahasram, 2). Here, Matra is inflectable either from the
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feminine or masculine stem Matr.

8. Raja Janan Raksati -

This sentence is in Active Voice. In passive, the word Raja, while inflected from the stem R3],
being in instrumental case, becomes incompatible for Active Voice. If it is inflected from the stem Rajan,
it's in nominative case and fits the sentence and Rajna Janah Raksyante would be the Passive form.

9. Yajeta - Yajeta Svargakamah (Tai. Sam. ..)

Yajeta is from the root "Yaja', which is Ubhaya-padi. Inflected in Vidhilin, it is Prathama Purusa
Ekavacanam in Atmane Padi, while Madhyama Purusa Bahuvacanam in Parasmai Padi. The latter does
not agree with the number in Svargakamah.

10. Narah - Manusya Manusa Martya Manuja Manava Narah . Syuh Pumamsah Pancajanah
Purusah PUrusa Narah .. (Amarakosah - Dvi.ka. Manusyavargah, 1)

Narah and Narah are both inflected in nominative plural |. This is obvious if we observe all the
other nouns in the verse, as they are all nominative plurals and hence, the catch is in the stem. Nr and
Nara respectively.

11. Yatra Parthodhanurdharah . (Bhagavadgita, 18.79)

This might take two splits as : Yatra Parthah Dhanur-dharah and Yatra Parthah A-dhanur-
dharah. The latter is said to refer to Bhima as the only Partha (it. son of Prtha = Kunti) who didn't take a
bow, by some interpreters.

12. 1) Nah, - inflected from stems Asmad (acc., dat. and gen. plural) or Nr (Sambodhana
Ekavacanam).

i) Advah - Noun and Verb - Stem Adva and Dhatu Tu O Svi Gati-vrddhyoh, Lan Lakarah,
Madhyama Purusah, Ekavacanam, meaning you have gone/grown

iii) Arunah - Noun and Verb - Stem Aruna and Dhatu Rudhir Avarane, Lan Lakarah, Madhyama
Purusah, Ekavacanam, meaning you have prevented

iv) Abibhah - Tam Samvatsaramabibhah (Tai. Sam. 2.5.1.2) Dhatu Bhrit Bharane, Lan Lakarah,
Prathama Purusah, Ekavacanam

v) Vrkse - Noun and Verb - Stem Vrksa and Dhatu Vrksa Varane, Lat Lakarah, Uttama Purusah,
Ekavacanam

vi) Parvatah - Noun and Verb - Stem Parvata and Dhatu Parva Purane, Lat Lakarah, Prathama
Purusah, Dvivacanam.

13. Sakrdeva Prapannaya Tavasmiti Ca Yacate . (Ramayanam, Yu. Ka. 17..)
Here, Yacate is intended as a noun in Dative Case, to agree with the qualifier Prapannaya,
though it also has an identification as a verb inflected from the root Tu Yacr Yacane.

14. Drste Bhavati Prabhavati Na Bhavati Kim Bhavatiraskarah ?
Here, the first Bhavati is intended as a noun (with stem Bhavat) in Locative Case, though it can
also be a verb inflected from the root Bhu Sattayam, like the second.

15. Nameyam - Nameyamuccairitara Gatirna Me . (Laksmisahasram)

This can be illustrated to be a benchmark case for a parser, as it admits of over a dozen
different valid identifications including a single, two or three word combinations.

Dept. of CSA, IISc, bangalore 5 P. Ramanujan, M.Sc. (Engg.)
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1. Nameyam - Dhatu Nama Prahvatve Sabde Ca, Vidhilin Lakarah, Uttama Purusah,
Ekavacanam, 2. Na, Meyam, 3. Nama + lyam, 4. Na, Ma + lyam, 5. Na, Me + Ayam, 6. Na, Me, Yam,

Here, Ma, Me can be inflected from stems Ma, (meaning goddess Laksmi) or Asmad, while Ma
can also an indeclinable (privative particle).

16. Matah - Matah Parasmin Hrdayam Prasanksit . (Laksmisahasram)

Here, Matah can be a noun with stem Matr (fem./mas.) in Vocative singular, a verb with root Ma
Mane, Lat Lakarah, Prathama Purusah Dvivacanam or split as Ma+Atah, where both Ma and Atah could
be indeclinable or Ma has stem Ma or Asmad and Atah is indeclinable. In the verse referred, both
feminine vocative of ‘'mother and the split Ma+Atah, both being Avyaya-s are intended to strengthen the
conviction through Anvaya and Vyatireka.

17. Ramah - Vane Caramo Vasu Caharamo Nadis Taramo Na Bhayam Smaramah .
Here, Ramah can be split from the words Caramah, Aharamah and Smaramah. as Ca, Aha and
Sma are valid words. Construction of sentences with Ramah as verb can be an exercise.

18. Vidvasya - Visvasya Jananimeva Visvasya éaranam Vrne . (Laksmisahasram)

Here, Vidvasya can be a noun with the pronomial stem Visva in gen. sing. or a participial gerund
with Vi as preverb and Svas as root {it. having faith in). The former above is a noun while the latter is a
gerund.

19. Marutam - Marutamayeta Marutamapi Sthali . (Laksmisahasram)

Here, the word Marutam is used twice in two different senses, once as a state of being desert,
i.e, Maru-ta as stem (Maru = desert) and then as gen. plural of Marut-s, the wind Gods (stem is Marut).
Even Heavens would be desertified (if your grace were not to be there).

20. Nabhijatah - Nabhijatah Sanneva Abhijatatamah . (Hastigiri Mahatmyam)
Here, Brahman (mas.) is said to be born from the navel of Lord Visnu. Nabhi-jatah could also be
split as Na + Abhijatah. Abhijatah refers to a high-born. Hence, the pun.

21. Bhajanti Vibudha Mudha Hyahaha Kuksitah Kuksitah . (Vairagya Paficakam, 3)

Bhajanti, Vibudhah, Mudha, Hi, Ahaha, Ku-ksitah, Kuksi-tah . The word Ku-ksitah is inflected
from the stem Ku-ksit in acc. plural (serve bad kings). The word Kuksi-tah is a Taddhita Avyaya
composed of the stem Kuksi with Tasil suffix (for the sake of stomach).

22. Na Kascit Samaste Namaste Punaste Namah . (Garudadandakam, 3)
Samaste can be a single word with stem as Samasta in loc. sing. or two words Samah with
stem Sama in nhom. sing. and Te with stem Yusmad or Tad, or split as Sam and Aste.

23. Dhimahi - is Uttama Purusah Bahuvacanam - what are its other forms ?

This is an irregular form (Vedic usage) derived from three possible roots, viz. Dhyai Cintayam,
Dhin Adhare, LaN Lakara or Du Dhaf Dharana Posanayoh Dhane Ca, (ASir) Lin Lakarah, all with some or
other form of Vyatyaya (Bahulaka) - éab/opa, Vikaranalopa, Samprasarana, Atmanepada, Abhyasalopa,
Akaralopa etc., ...., (Dajdhimahi Cf. Manasi Dadhimahi Satatam Mataram Mataram Ca Lokanam -
(Laksmisahasram, 2)

24. Ka Plrvah ? - Kafci Plrnah .
Ka, Puh, Vah 7 - Kanc, PUh, Nah is the intended split, though Ka, Plrvah 7 - Kanci, PUrnah or
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Ka, Aplrvah ? Kanci-Plrnah are also (incompatible) possibilities. Literally, the conversation means :
Which is your (pl.) city ? Kanci is our city.

25. Alambusanam Yata
Alambusanam, Yata or Alam, Busanam, Yata are the two splits. In the first split, the destination
is specified as Alambusa. In the latter, busa (it. straw) is the noun stem.

26. Surabhimamsam Bhaksayati

Surabhi, mamsam, Bhaksayati or Surabhi-mamsam, Bhaksayati are the two splits. In the first
split, the meat is qualified as Surabhi, i.e, fragrant. In the latter, it is compound word meaning cow-meat.
{it. eats fragrant meat (of any animal)/eats cow-meat).

Lakarah, Madhyama Purusah, Ekavacanam.

28. Viratanagare Ramye Kicakadupakicakam .

Vih, Ata, Nagare, Ramye, Kicakad, Upa-kicakam . More readily occurring split as Virata-nagare
(in the city of Virata) is incompatible for a verb is expected. Vih (a bird) Ata (wandered) supplies the
missing information.

29. Ramastu Sitaya Sardham Sasnehamsavilasaya .
Ramah, Tu, Sitaya, Sardham, Sasne, Hamsa-vilasaya . The more easily occurring Sasneham is
not admissible for want of verb.

30. Vara Varaharpini Caracarantarasthita Surasurabhivandita Dharadharadidevata .
Sada Sadavalistuta Mudamudarasevadhih Hita Hi Tarksyaketana Natanatapatam Nayet ..
Sadavadatanimnaga Tatikutiravasini Katisphutibhavatkara Kitisvari Patiyasi .
Rasarasadihodita Rasalasalasamvrte Vanevanesu Diksita Madiksitadidevata ..

This is an example for alliteration, prosody and double entendre etc. through innovative splits.

31. Vidhavudesyatyapayami Bhamini .. Udantam ... Nedantatvamajanata ..

Vidhau, Udesyati, Apayami, Bhamini, Udantam, Na ldantatvam/Na Idam Tatvam, Ajanata . Here,
the two meanings are : It-anta, /.e, Ikaranta, i.e, Vidhi éabda, i.e, when luck clicks.

Idam Tatvam = this truth or fact, Udanta, i.e, Varta or Vrttanta, OR Ut-anta, i.e, Ukaranta, i.e,
Vidhu éabda,/.e, when moon rises (by Candra-Udaya).

32. (Muhuh Pravrttam Navanita-caurye Vatsan Vimufcantam Adoha-kale . Ullikhale Kutracit
Atta-punye) Bandhum Satam Bandhum lyesa Mata . (Yadavabhyudaya Mahakavye)

Anvaya :- Satam Bandhum (= Bandhavam, Krsnam) Mata (Yasoda) Bandhum (= Bandhayitum
Ulokhale Iti Sesah) lyesa .

33. Gatum Yajhaya . Gatum Yajhapataye .

Here, Gatum has been used as a noun in masc. acc. sing. Gatum could be mistaken as an
infinitive from the root Ga, to sing. Since this is a Vedic expression, the antodatta denotes the nominal
base by Phit Sutra.

34. Patum Patakino Janan A-Saranan Patum Tamah-sagaram ..... (Visvagunadarsa-campih)
Here, both the roots Pa Raksane and Pa Pane are used with the suffix Tumun , respectively.
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To decide this, we need to look at the Akanksa (expectancy) and its fulfiment.

35. éobhém Vaksyatyadhika-subhagam S'obhaménémaﬂndoh .. (Hamsa Sandesam)
Both the roots Vaha Prapane and Vaca Paribhasane have the same form Vaksyati in Lrt
Lakara future tense. Here it is Vaha Prapane. The next example also illustrates the same, in Veda-s.

36. Na Vo’bhagani Havyam Vaksyama Iti . (Taittiriya Samhita, 5.1.1)

Vaksyamah has two possible identifications (both as verbs in future tense, first person, plural)
with Vaha Prapane, i.e, 'to carry' and Vaca Paribhasane, i.e, 'to speak'. But, as the object here is
Havyam (sacrificial oblation), it can only be carried and not spoken of. Hence, by examination of
Akanks3, i.e, expectancy for a particular type of object, we can disambiguate.

Additionally, cases where context is to be considered like HIg T - as in A Yd, H1 [, ete,

the split has to cover the previous word also. This may or may not involve Sandhi as illustrated. Certain
special usages requiring semantic considerations like distinction between T and &, afdd Tet where

the form being ungrammatical in the sense of 'husband' has to be interpreted ingenuously, pose
challenges to morphological analysis and parsing. Vedic examples are given in the Chapter 3.

Prerequisites

Processing Indian languages in Computers through Indian scripts, requires interfaces to
keyboard (for data entry), display (for visualisation) and printers (for hard copies). It can also be enhanced
to have automatic transliteration among scripts exploiting the commonality in the character set, if a
proper scheme based on phonetics is worked out. Sanskrit processing can also use these features
provided certain additional requirements are met. With these in view, Indian Standard Code for
Infromation Interchange (ISCIl) IS 13194:1991 has been evolved. Additional requirements for handling
Vedic and Sanskrit-specific, phonetic-related aspects were provided for in Annex - G of this standard.

While attempting computational study of linguistic processes, knowledge about the theoretical
basis for the denotation of meanings by words is essential. Also, multiple senses of words need to be
analysed for the underlying principles (including the etymological and exegetical aspects). There is also a
need for conceptual classification of objects based on essential and additional characteristics for each
type of a minimum set of well-defined categories. This also has been described very precisely and
exhaustively in the ancient Indian treatises under the topic of "Padartha Vibhagah".

Background

The current thesis covers about 9 years of research in the field of Sanskrit processing including
the development of the Vedic extension, keyboard overlay, morphological, syntactic and semantic
analysis modules etc. of a preliminary Natural Language Understanding (NLU) system for Sanskrit,
DEéIK/—\, at C-DAC. It also covers the computational rendering of Paninian grammar rules, creation of
databases of Rgveda Samhita, Samaveda Samhita etc. with all the Sastra-ic treatises as an integrated
system for analysis of Vedic texts. Annexure - B gives the details such as Excerpts of Annex - G of ISCII
Standard, Vedic character font key map in Devanagari and Grantha, Samples of Vedic accented texts of
Rgveda, Yajurveda - Samhita and Brahmana and Samaveda.
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PART II
Chapter 2 : Problem definition

2.1 The Problem Overview

Sanskrit is a language with inflexion of words. The words comprising a sentence of the language
carry with them lot of information like person, number, case, tense etc. Extracting and organizing these
information is the first step towards understanding the language.

[Pushpak, 86] describes an expert system for understanding Sanskrit. Its salient features are
given below to illustrate the need for morphological analysis in an iterative manner. This system employs
Constraint equations and integer programming solution for a possible implementation. In the accented
input case also, after word level identifications, for syntactic and semantic processing, this approach
may be utilised with the enhanced knowledgebase built up and consulting the ontology evolved.

The problem at this level of word analysis is that the analysis of a (Rupa i.e word form) may
generate multiple answers. It is the task of the word level program to give the exhaustive analysis of a
Rupa. At the sentence level, the problem is choosing the right information whenever there are multiple
answers provided by the word level program. Another problem is that Sanskrit allows relatively free word
ordering. Associating words to form meaningful groups, i.e, parsing, is important for understanding.

2.1.1 Subanta recognition

Given a Subanta pada the objective is to obtain : (a) Pratipadika ; (b) Vibhakti ; (c) Vacana ; (d)
Gender ; (e) End type ; (f) The Paradigm Type information of the pada.

Paradigm Type indicates whether the Pratipadika may act as Visesya, Visesana or both as
Visesya and Visesana or as Sarvanama. Conventionally, Pratipadka-s in Sanskrit are classified according
to their last letter and Linhga. However, in a class of Pratipadika-s with the same last letter and Linga
also, there may be variations due to certain suffix-specific morphological and/or phonetic processes
resulting in different Rupa-s.

The concept of Sanskrit Paradigm Type (SPT) is used with the view that Pratipadika-s with same
Sanskrit type and same ending letter will undergo identical transformation to give Rupa in the
corresponding Vibhakti and Vacana. The transformation is composed of two steps :

1. Drop zero or more characters from the end of the Pratipadika string. (Let the number of

characters dropped = n).

2. Add a string (say s) to the result of step 1 (s may be null).

Then the transformation operator can be a represented by an ordered pair (n, s).

Now the transformation operator (Top) is a function of just four factors.

T,.= f(l, t, vi, va) where

| = Last letter of Pratipadika

t = Sanskrit paradigm type of Pratipadika

vi = Vibhakti of Rupa

va =Vacana of Rupa. [Linga appears here indirectly in type.]
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Recognition of subanta pada may, therefore, be carried out if we :
1) Get all possible (n, s) operators after analysing various Rupa-s and store them in a database.
2) Store all the Pratipadika-s of the language in a lexicon.

Thus, the database of operators are lexicon of Pratipadika-s and the essential suffix information
structures for the program.

Subanta analysis is done scanning the Rupa. At any point, the Rupa string is divided into two
parts. The left half is the possible Pratipadika part (PP) and the right half is a possible attached string AS.
AS is searched in the database. If it is found, then PP is searched in the lexicon. If PP occurs as left half
of a Pratipadika, then the last letter of Pratipadika (I1) and Sanskrit Type (t1) are obtained from the
lexicon. The number of letters to be deleted (d1) is calculated from the length of PP and the length of
Pratipadika in the lexicon. Then the database of AS is scanned for matching (d1,I1,t1) combination with a
(d,l,t) combination in the lexicon. If a match is found, then the Ripa is a valid one and the Vibhakti
Vacana answer is given using the triple. All possible Pratipadika-s and Vibhakti, vacana-s are obtained
because the above operation is carries out for every Pratipadika in the lexicon that has PP as left part.

The whole process is repeated by generating new PP and new AS. The algorithm terminates
when 1) the Rupa has been scanned completelyi.e, PP = Ripa and AS = null or
2) PP is not the left part of any Pratipadika in the lexicon.

Example: RUPA = IH0T
PP'sare {0 TD{IT& TFfFUT\
AS's are STTHOT HUT TOT U7 3
TOT is found in the database
T occurs as left substring of entry
TH 0 in lexicon (0 is the Sanskrit Type)
So,db1 =1,11 = A, t1 = 0. This matches with a database associated with TUT,
So, Vibhakti = 3, Vacana = 1, Pratipadika = TH

The occurrence of PP as the left substring of a Pratipadika in the lexicon is looked for using
binary search. For this, the lexicon is kept in sorted order {lexical). Once such a Pratipadika is found, we
identify the whole range of Pratipadika-s for which PP is the left part.

This is done for two reasons :

1) The new PP formed always has old PP as left substring. So search for new PP can take place
in a similar part of the lexicon, viz. the range of Pratipadika-s for old PP.

2) We are interested in all the Pratipadika-s for which PP is left substring.

This method ensures that whenever search for a PP fails, we need not scan the Rupa any further.

2.1.2 Tinanta recognition:

Given a tinanta pada, the information provided here are : 1) Dhatu ; 2) Lakara ; 3) Purusa ; 4)
Vacana ; 5) Dhatu type, gives transitivity and other information required at sentence level.

The basic idea here is to recognise the DHATU-ANGA dependent string (the string obtained by
the transformation of the dhatu), the Lakara specific string and the Tinanta pratyaya dependent string.
Let us call them first operator (FO), second operator (SO), and third operator (TO) respectively. So, for
the working of the program, we need to have a database storing the FOs, SOs and TOs. With each FO,
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it is needed to keep the information of all possible SOs followed by the TOs for a particular FO-SO
combination. The conjugational behaviour of most of the Dhatu's are like those of Dhatu-s. So for each
Lakara, it is required to construct TO strings of nine elements each (for three Purusa's x three Vacana-s,
the position of each element gives the purusa and Vacana for which it is valid).

Example : For lat Lakara, For TO string in parasmai padi, bhvadi gana

Such lists of TOs (2 per Lakara), the list of SO's and FOs are the important components of the
database required for the program. The relationship among the three is established by storing the
addresses of all possible SOs and TOs with each FO. A bit mask along with it indicates which element of
the nine-information also are stored with each FO. Since each such bit mask, Lakara, Dhatu address,
SO address and TO address combination occupies six bits it is also called a hextuple. Again generating
such an information structure is a voluminous and repetitive task. So, a Tinanta database generation
program can be written to automate it. The program takes as input the Lakara, Rupas of the Lakara,
Dhatu and purusa, Vacana information. From these it constructs the data structure.

For Tinanta recognition, the Ripa is scanned by moving a pointer over this characters, thus
dividing it at any state into two halves (LH & RH); the left half (LH) is a possible candidate for FO, if the
left half is found in the database, then for each hextuple associated with it we identify the second OPs. If
a second OP occurs as such at the front of RH then it is extracted. Then using the bit mask the TO
string is scanned. If the part left after FO, SO extraction matches an element of TO string and
corresponding bit in the mask is 1 then the Ridpa is a valid one. So Lakara, Dhatu and purusa, Vacana
information are provided using the hextuple.

Example : RUPA = dfasafa
LH's =99 W{‘m%r etc. search for We[ succeeds
RH = 3919 ; 3= occurs as such in the list of SOs for 9 . So extract it.
Part left = 31fd

So, Purusa = 1 (3rd person); Vacana = 1 (singular number); Dhatu = 9 ; Lakara = lat.

To take care of upasarga, the above procedure has been enhanced. The analysis when
upasarga-s are present is complicated, by the fact that there may be any number of upasarga-s and
they may undergo sandhi. Moreover, the presence of upasarga often changes the meaning of Dhatu. So
the essential information to be provided for upasarga analysis are:

1) Some rules of sandhi.
2) Upasarga and changed meaning pair with each Dhatu.
3) the list of valid upasarga-s.

Example - Rupa : 3¥=aHed
Sandhi in Upasarga D3 + A
Sandhi rule : ! U

meaning change: The verb becomes transitive with the preverb.
The essential idea behind the procedure is to keep on collecting upasarga from Ripa - if

necessary by applying inverse sandhi - until the Ripa is simply treateable by the aforementioned
procedure. Since there may be multiple sandhi-s the procedure calls itself recursively for the right half
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after breaking the sandhi. The Rupa is scanned by advancing a pointer over its characters. The left half
(LH) is a possible candidate for a upasarga. Attempt is made to break the sandhi if the string at the front
of the right half (RH) happens to be one from among the collection or through appending the left
character to LH after breaking sandhi; or the left character obtained after sandhi breaking my itself be an
upasarga.

Example - Rupa = TcamT=sq
LH's =9, %, T, Ud,
till this point no valid upasarga either through character collection or through sandhi breaking.
9 - Now T is sandhi character. On breaking and appending,
Upasarga = ufd
New string on which recursion is applied = 3NT=q
By breaking sandhi, new upasarga and rupa are (37 + 37T<3q)
New collection of upasarga (m%r + 37), is therefore, simply treatable. The scanning continues but fails to

produce any more valid upasarga-s either through character collection or through applying sandhi. So,
finally we get the answer as : Ufd + 3T + 3TTeSq .

2.1.3 Sentence level Program

After the word level program has extracted the information from words, it is the task of the
sentense level program to solve problems like ambiguity, parsing etc.

(1) Word level information organization

It is necessary to collect the information provided by the word level appropriately so as to
facilitate subsequent tasks. Each word is looked upon as a structure with one or more of each of
subanta and tinanta structure. The subanta structure has various slots like Pratipadika, vibhakti, Vacana,
Linga etc. Similatrly, tinanta structure has slots like Dhatu, Dhatu type, Lakara, purusa, Vacana etc..

Pratipadika type and Dhatu type play important roles in sentence analysis. If the Pratipadika type
indicates visesana, we know it is a demand word. There are certain Pratipadika-s which may act both as
visesya and visesana. This is an important information for analysis. Recognising pronoun is also
necessary.

Dhatu type indicates if the Dhatu is transitive or not. Dhatu type also indicates the Vibhakti
requirement of the Dhatu. For example, in an active voice sentence where main verb is from root TH
(gaml - to go), the presence of atleast one prathama Vibhakti (1st case ending) word is essential. The
presense of second (destination), 3rd (vehicle of requirement) and 5th (source) is also quite likely.

Avyaya-s and special words are also like subanta structure. However, for them a vibhakti of a
special type is given which serves to indicate them.

After organising the word level information, the words are classified into two categories viz.
DEMAND WORDS and SOURCE WORDS. However, in case the assignment of the words into classes is
not unique (e.g, for Pratipadika s which may act both as visesya and visesana), each possible case is
considered seperately and the procedure is repeated.
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At any stage the DEMAND WORDS are those that require the presence of words with certain
specific properties. In general, demand words can be grouped in four broad categories:

1) Tinanta words

2) Krdanta words

3) Karmapravacaniya words and special words and

4) Adjectives and 6th vibhakti words.

For the first two categories the demand depends on the sense of the Dhatu from which such
words were derived. The demand of the third category is a purely syntactic requirement. For the last
category, the demand arises from the fact that the adjective must qualify something while 6th Vibhakti
needs a word with which it has SAMBANDHA (of whom /what) relation.

2.2 Steps Of Computation:

1) Whenever possible, group the words into unbreakable "chains". The words in a chain satisfy the
following criteria”.

a) All of them must have same linga, Vibhakti and Vacana.

b) They should be contiguous in the sentence.

¢) At most one of them can be pure visesya.

2) Set up constraint equations reflecting the demand of category-1 category-2 words.

D, ., = demand of nth word for words with property p', p° .. etc.

xHere e = Assignment variable which is ‘I if the jth option of ith word/chain is assigned for demand
D" [p', p°....] otherwise it is O.

Then the constraint equations due to demand words will be of the form

b) Similarly, set up constraint equations reflecting the fact that if a word/chain has multiple options, then
at most one of them can satisfy the demand. These equations are of the following form :-
For each demand group/, for each of its mandatory Karaka-s k, the following equalities must hold :

M, IZ X, =13

where |' s are options of the i" word. M, stands for theeqgn. formed given a demand word i and k.

3) Setup cost functions of the form

MK, 1%k, +X,,,, =1 formandatory Karakas k|, k,

MK, 1 x K, + XKk, =1

where, X's are assignment variables and ¢' s are costs of such assignment. The cost is determined by
the likely appropriateness of the assignment in view of the available information about word-type, word-
position etc. (idea of TTeRTEETT, AT, AHAM etc.)

Now the problem can be easily put into standard linear 0,1 integer programming of the form,

Minimize, ¢ x, + A X, + ... + A x > Db,

AX +AX + .. +A X >b

4) Find the optimum solution.

5) For the words not assigned yet, set up constraint equations with type-4 words with appropriate cost
function and again find the solution.
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The following guidelines are used for assigning cost:

1) For krdanta immediately preceding word should have the least cost.
2) Nearer the source word to the demand word, lesser the cost.

3) In adjectives, first word is more likely to be the modifier.

2.3 Constraints

A parse is a sub-graph of the constraint graph containing all the nodes of the constraint graph and
satisfying the following conditions

C1. For each of the mandatory karaka-s in a karaka chart for each demand group, there should be
exactly one outgoing edge labelled by the karaka from the demand group.

C2. For each of the desireable or optional karaka-s in a karaka chart for each demand group, there
should be at most one outgoing edge labelled by the karaka from the demand group.

C8. There should be exactly one incoming arc into each source group.

Integer Programming

A parse can be obtained from from the constraint graph using integer programming. A
constraint graph is converted into an integer programming problem by introducing a variable x for an arc
from node i to j labelled by karaka k in the constraint graph such that for every arc there is variable. The
variable take their values as 0 or 1. A parse is an assignment of 1 to those variables whose
corresponding arcs are in the parse sub-graph, and O to those that are not. Equality and inequality
constraints in the integer programmming problem can be obtained from the conditions (C1, C2 and C3)
mentioned earlier.

Our Proposal

Parsing Sanskrit has to cater to various types of inputs like Vedic, Classical, Prose/text, poetry,
Sutra, polemic, narrative, conversation etc. each with speciality of its own in terms of features and
characteristics. To achieve this, various factors like phonological, morphological, syntactic, semantic and
pragmatic aspects are to be considered.

While western efforts for parsing of English-like languages have followed certain paradigms in Al
and NLP, the requirements for Sanskrit Parsing are distinct due to the aforesaid features. Also, euphonic
combinations (Sandhi), compounding (Samasa), special modes denoted by specific suffixes, like
Causative (Nijanta), Desiderative (Sananta), Intensive (Yananta), Frequentative (Yanluganta), Reflexive
(Karma-kartari), voices like active (Kartari), passive (Karmanl), Impersonal (Bhave, usages like Parasmai
Padi, Atmane Padi and ditransitive (Dvikarmaka) roots, preverbs (Upasarga), Indeclinable particles like
Avyaya, Nipata, Karmapravacaniya, Gati etc. demand a different approach.

Current Research

Among contemporary researchers, Kak [2] points out the distinction as : The greatest sucess a
constructive approach to the description of a natural language has ever had was when Daksiputra Panini
devised his grammar for the Sanskrit language, an achievement termed by the famous linguist Leonard
Bloomfield [[2]] as "One of the greatest monuments of human intelligence”. We would expect that the
insights of Panini, "The greatest linguist of antiquity, if not of all time" (Staal [[3]]) could be exploited to
help answer questions regarding limits to computers as well as to define an approach that could yield
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powerful text and speech processing systems. The knowledge representation methodology in the
grammar of Panini and his successors is in many wys equivalent to the more powerful, currently
researched artificial intelligence (Al) schemes. Furthermore, it includes rules about rules, analogs of
which are not known for any other language (or for a flexible enough subset of, say the English
language), which would help in the writing of efficient Al software". He goes on to define the Paninian
approach as using :

1. Root and affix analysis.

2. Linear strings of rules and analysis by rule sequence.
3. Analysis by functional structure and

4. An exhaustive description.

Briggs [3,4] has noted the similarity between Semantic Netwrks in Al and Kanthan [5] has
described the formal language system of Panini. lIT, Kanpur team has used Paninian framework for
Machine Translation among Indian language-pairs in their Anusaaraka system [6-10]. However, our effort
is for a Sanskrit parser, per se, and a general-purpose one at that. This includes accented inputs as well.

Approach of Sanskrit morphological analysis effort at Leiden University, Netherlands [13],
involves a word-parser which produces preposition(s) --> stem --> infix(es) --> ending, prefix(es),
augment, reduplication. It recognises patterns in context-free mode. Use of Paninian rule encoding
technique in SIMURG Project in Germany, on Panini's grammar (auto-semantics) as cognitive knowledge
structure [11], Navya-nyaya formalisation by a KRL [15] AV Hudli, Univ. of Nebraska, Paninian database
at Upenn [14], Two-level morpho-phonology of Sanskrit [12], Oslo University's Dr. Fosse's work on
lemmatising/tagging Sanskrit texts with Prof. Peter Schreiner's e-text corpus and their statistical and
other analyses, OCP, LEXA and such other software systems etc. have all been sources of inspiration.

2.4 Conceptual Basis

As stated earlier, various factors like phonological, morphological, syntactic, semantic and
pragmatic aspects are to be considered here.

Phonological aspect includes accent recognition of input syllables in their Pada- Patha or
‘pausa’ form, determining semantics related to accents, using them for sense-disambiguation when
multiple possibilities exist, splitting euphonic combinations and dissolving compound words. These
require rule-base derived from Vedic section of Panini's Astadhyayi, various Pratisakhya, éiksé, Varna-
krama and Laksana-grantha-s.

Morphological analysis requires the various Sandhi rules, at word, syllable, character, accent
and phonetic levels from the works cited earlier. An algorithm derived for an exhaustive and
comprehensive analysis for Sanskrit is the main emphasis of this report. This is designed at three levels.
Viz. Plain single words, accented single words and plain and accented compound words.

The syntactic aspect requires Panini's Karaka-Vibhakti and Upapada-Vibhakti mapping rule-
base, Nyéya—ééstra's Akanksa, Asatti, Yogyata and Mimamsa principles, to determine word-senses,
assign functional roles to constituent words of a sentence and extract/explain semantics of input.
Various sentence types are characterised on parametric basis to group them on syntactic patterns for
ease in extracting semantics.
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Semantic aspects involve the communication (or expression) content or knowledge
representation and evolving powerful ontologies with well-defined hierarchies. Padartha-vibhaga of
Nyaya ééstra, Pada-sakti, éakti—graha, Pada-padartha Sambandha etc. expounded in Mimamsa Sastra
etc. are to be considered here. Discourses, passages of text, conversation, speech acts, narrations etc.
are covered here as accent-related semantics are emphasised. The process of semantic extraction with
word-meaning relation at the core is termed 'Sabda-bodha’.

Pragmatics include world knowledge/common-sense issues to incude situation-specific factors
to be taken into account where again, Laukika Nyaya-s derived from Mimamsa Nyaya-s and techniques
for discourse coherence are applied. Vedic examples are also considered.

An illustration to highlight these levels is given in Fig. 2.1 through 2.5. Let us consider a
sentence : "Apagayam Maharajo Ghatav Apurayat". ['In the river, the great king filled two jars'].

Figure 2.1 shows the parse-tree expected from a scheme that employs phonology, morphology,
syntax and semantics integrally. Figures 2.2-2.5 are clearer versions for words 1 to 4 respectively.
Initially, the individual words are separated by 'undoing' sandhi-s, if any, (as shown by the rule 8.3.23,
for instance). A brief note on Paninian rules and Karaka Theory is given in Annexure - D.

Consider the first word ' Apagayam'. Here, the Anusvara becomes 'm' in 'pausa’ form. Then its
analysis yields the base-suffix combination for the locative singular. The rules associated are shown.
Pada, Karaka and Adhikarana definitions are applicable here. The base-affix analysis proceeds further
and Apaga and yam get further split into their constituents to extract the meaning added at every stage
of the derivation. Finally, the roots Ap| and Gaml happen to be the roots for the word Apagayam. This
also takes accents into account as shown at different steps in Fig. 2.2. Thus, the example covers a
Adhikarana Karaka (Locus), Samanadhikarana (co-referential compound) in Samasa, Karma Karaka
(object) and a verb.

The various grammatical rules are also illustrated to appreciate the advantage of a program to
generate such 'parse trees'. A comparison with English deep structure tree is shown in Fig. 2.6, taking
the case of the sentence '‘Ramah Valinam Aranye Banena Jaghana' (‘Rama killed Valin in the forest with
an arrow').

It may be noted that the Vedic syllable syntax and the way the inputs are stored is to be
considered while 'exploding' words into LHS and RHS. Vowels and accent-markers are to be retained
towards the same side, while accounting for accent-changes due to sandhi-splitting. These are covered
in Chapter 4.

Even with respect to databases, lexicon should be accented and hence, Yaska's Nighantu is
used for nominal bases. Verbal roots and all suffixes have accents specified by Paninian grammar rules

and these are invoked to split the sub-strings suitably.

We deal with morphological analysis in more detail with an exhaustive 'algorithm' presentation,

description of a comprehensive paradigm analysis of nominal inflections (of archetypical suffixes), an all
new Vedic processing extension and include detailed case suffix-relation mappings, syntactic check
procedures, verbal activity classification and mapping to expected functional roles, creation of an
ontology based semantic lexicon and conflict resolution methods from the three Sastra-s.
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Sanskrit word-types

Any word in Sanskrit is made up of two components, namely, the base and the affix. The base
denotes the object intended by the word while the affix part provides additional information by suitably
modifying (or qualifying) the base. Affix covers prefix (as in verbs and derivatives), in-fix (as in case of
compound words) and suffix (as in nominal and verbal forms). Various grammatical case or governing
relationships, number and gender are denoted by these declensions.

Words in Sanskrit are classified into two major types based on the affixes that get attached to
the bases, as nominal class or Noun (literally those which end with U suffixes) and verbal class or
fors=d (iterally those ending with ]%K{ suffixes). The former ones decline (or get inflected) as aforesaid

into cases to denote various functional relationships.

There are about 320 types of Noun based on the declensions and cover all nominal word forms
including actival class or primary derivatives (<), secondary derivatives (@fgd) and compounds
(THT). Annexure - A gives the details of paradigm type analysis of nominal stems in Sanskrit. The latter
type decline to indicate various tenses/moods, voices and other aspects like causal, desiderative,
frequentative, intensive, reflexive, abstract forms etc. alongwith person and number. There are about
2000 verbal roots in gTqUTS.

There are certain Indeclinable word forms which are mostly particles, infinitives, participles etc.
and these technically come under the nominal class. Semantically, these modify the word meanings in
an adverbial, adjectival or substantive manner. Also, certain adverbial prefixes come under the
indeclinable category. These are of about a 100 types covering a list of about 700 words and
procedures for deriving many more.

Word-type classification and databases

Word type classification and coding on parametric and declensional basis is useful in analysis of
word senses to a great extent. The codes are devised for the ending, gender, declension paradigm type,
case and number for Nouns: 79T, g, &d, ?b_ﬂt, g¢, 3, &R etc. for foreds and Ufauch, <metfores,

Pad, afgdr=<, and their sub-types etc. for JTTs.

Having known the word types and codifying them, a lexicon is built containing the commonly
used words with their codes. To begin with, a vocabulary of about 3000 words has been chosen, which
represents all the possible word types, so that while growing the dictionary also it is done in a
categorised manner. The HTJUIS has been codified as described above and is the verbal root lexicon for

the system. A list of the various types of 31 s with codes aforesaid is the lexicon for indeclinables.

The database is then prepared which, in the case of Nouns and verbs is in the form of list of
suffixes for each distinct type of base declension (modified Y and ]%1@’ suffixes) with the code cross-

reference which is unique for any base type.
Method of Analysis

The word level analysis then proceeds ‘ab ultimo' as follows :
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The given word is 'exploded' into each of its component vowel and consonant parts. Accents
are also separated and attached to respective vowels if the input is accented. Starting from the right
end, by a process of iterative recombination, we produce sets of LHS and RHS strings. Matching the
RHS part with the suffixes' database and the LHS part against the base database - lexicon for nouns
and root list for verbs - and carrying out paradigm type specification match, we get valid identifications.
The process is continued till the left end of the word.

For compound words, the chopping process at the second level would yield options wherein
more than one nominal stem will be there in the LHS part etc. Thus, applying the characteristic
conditions, we can determine the compounding information. All possible identifications which are
grammatically valid are thus got for sense determination/ disambiguation. Such an exhaustive list of valid
possibilities helps linguistic research.

The process is repeated for possibility of identification as noun(s), verb(s) and indeclinable(s) for

all words. Also, check for preverbs is done starting with the left end, the necessary rules being invoked.
By increasing the level of complexity, literary constructions and compound words can also be analysed.
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Parse Tree Showing word analysis-through Paninian derivations with rulebase references.

SENTENCE STRUCTURE ACCORDING TO PANINI

The sentence ; Apagdyam Maharajo Ghatav Apiirayat

- “In the river the great king filled two jars”
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Sentence structure according to Panini

Parse tree showing word analysis- through Paninian derivations with rulebase references

The sentence Apagayam Maharajo Ghatav Apiirayat * In the river the great king filled two jars”
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Sentence structure

Parse tree showing word analysis- through Paninian derivations with rulebase references

according to Panini

The sentence Apagayam Maharajo Ghatav Aplirayat * In the river the great king filled two

aroeSueg ‘0STT ‘VSD Jo 1dog
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Parse tree showing word analysis- through Paninian derivations with rulebase references

Sentence structure according to Panini The sentence Apagayam Mahardjo Ghatav Apiirayat “ In the river the great king filled two

jars” —
a
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Parse tree showing word analysis- through Paninian derivations with rulebase references

Sentence structure according to Panini The sentence Apagayam Maharajo Ghatav Apitrayat * In the river the great king filled two

jars”

aroeSueg ‘OSTT ‘VSD Jo 1do(T
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APURAYAT

VERB ACTOR -ACTION-CONSTRUCTION

apurayat

t (No., person, voice, tense)
3.4.100 1.4.22,1.4.102,7.3.84, 1.4.18

1+t 1.2.75,3.4.78, 1.3.3, 3.4.69
1.3.23.2.111

ti (third person singular)
tiP (Guna-sign)

6.1.163
1.3.3
1.3.7

I(active voice)

This fictional suffix is the
aT purl NiC SaP laN sign of imperfect tense

augment (root) (Root forming suffix) Conjugational sign

Figure 2.5
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Input sentence:

SABDABODHA AND DEEP STRUCTURE REPRESENTATION.

[H: AT 3ROG T I |
RAMA KILLED VALIN IN THE FOREST WITH AN ARROW

S

S - Sentence

NP -Noun phrase
VP -Verb Phrase

PP -Participle Phrase

J’ N -Noun
l« l« l V -Verb
NP, VERBAL AUX (AFFIX) P _Particiol
AGENT = #3%: P AST=Riefrefcohiferch! VP, -Participle
+ NAME INDICATIVE L DET- Determiner
+ANIMATE MOMENTARY l ,
PLURAL ACTIVE
RAMA= 1 tED=+S - EA A VP, PP, PP,
+ 4+ l

0 9 J’V

N ! |

PROCESS-ACTION = &41qR: 2 NP ) NP
:a;ﬁa,? 2
[CAUSE (BECOME) (-ALIVE)]= EIUIERIUIEC] PATIENT : P, + INSTRUMENT = {UTeh: ’

1 2 + NAME +LOCATION = 37RJehuTeh: WITH= + 27
+ANIMATE

KILL=#7 - PLURAL IN=+% v v
VALIN = 31fe. DET, N PET N,
X X + DEFINITE +LOCATION  -DEFINE ANIMATE

- PLURAL FOREST = -PLURAL
0 = 39 + CONCRETE
™~ THE m A+ ('N)
ARROW=g[UT:

ISEa: - YEohedl - [T~ THTaeh oh-YEealahedl - FeITeTse - Ao s - shHeh- O UTeh- SR U OTeh- TR [Tl TehTcTeh: MTUTTSRINTISheT: SATIR: |

Representation of English Deep structure Tree and Sanskrit Sabdabodha .

Figure 2.6
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PART llI
Chapter 3 : Uniqueness of the Accented inputs

3.1 Distinction between Classical and Vedic Sanskrit

In Vedic Sanskrit, both the utterance and the content are sacrosanct, as S| GT I establishes
Veda-s to be eternal ((e) and authorless (21a1%9%), and hence infallible and unviolable. Also, the very

utterance/recitation (qRIIEN is of paramount importance without even the slightest variation in the

intonation, for achieving lasting good. Dealing with Dharma and ensuring real benefits for all times for all
living beings, Veda-s are the Universal source for righteous way of life and hence the extraordinary
insistence on 'zero-distortion' in its form and content. Also, over millennia, the Vedic texts have been
propagated in an unbroken chain of oral tradition with elaborate, exhaustive and comprehensive system
of devices for scientifically retaining their form and content. Thus, no other literary text shares the exalted
place accorded to the Veda-s in Indian tradition.

Hence, Classical Sanskrit literature and the language, devoid of this feature of phonetic,
phonological and prosodic intonation preservation in oral system and intonation marking scheme in the
written variety, is only given the next place to Vedic Sanskrit. That written form of language fails to
preserve a significant (and at times, valuable) portion of the content and context without such elaborate
devices and conscious efforts is a telling factor in the rise of ambiguous and multiple/different semantic
cognitions of different hearers of the same speech, in the natural language communication scenario.

Though requiring meticulous effort and rigorous discipline, Vedic texts remain sonorous,

rhythmic and pleasing to hear and are quite effective in achieving various objectives. Sage Ta=f& in his

e refers to IMTeR-s (sacrificial priests) being extra careful in Vedic utterances while not being so

vigilant in colloquial usage of Sanskrit. He also expounds the virtues of Vedic text recitation and virtues
obtained by reciters in detail, microscopically analysing the characteristics of Vedic texts.

3.2 Vedic Characters and Accent-markers

Based on pronunciation requirements, physiological constraints, euphonic combinations etc.,
besides the characteristics of sounds with respect to their place of origin, path followed, places of
reflection, internal and external effort involved in their production etc., certain additional Vedic characters

are in use in Vedic texts. Prolated duration of vowels (supra long) of different varieties (1§ T, 9, TFgA,
qrdfgAE, @, 9qAE etc. are some of the characters found only in Vedic usage. Redoubled
consonants called 'TH's, two distinct varieties of T&R, &R, R etc. and many different forms of Vedic
FTERs in different Vedic branches (éékhé-s) like arﬁz—; and §WaT, varieties of far@d, the trembling of the
voice in specific situations called ‘&7 of the 8@ and g and 38 and @i variety, the character called

'R with vowel and consonant-like properties, non-sandhi or 'fa¥e&' utterance, special elision and
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non-elision of literals in euphonic combinations not covered in TIUI's SETEART (grammar treatise) etc.

make up the additional repertoire of Vedic character set, over and above the Classical Sanskrit set

(which itself has many additions over TaAmRI of the popular (Hindi) variety (like e, @K, 37@TE, half-

visarga - and TR, various augments, substitutions/replacements and elisions and
9

modifications of consonants, particularly). Vedic sandhis are also distinct in their two-fold nature of

character and accent relation (@GR and @EXEY).
3.3 Specialities of Vedic Sanskrit

The various phonetic processes in the Veda-s include, character set actually used in particular
éékhé—s, exceptions to Pragrhya-s, doubling, elision, elongation, augments, maodification,
cerebralization, aspiration, euphonic combinations, distinction and unitization (Anaikya and Aikya), sub-
types of the accents (Anudatta as Dirgha, Vikrama etc., Svarita as Nitya, Ksaipra, Praslista, Pratihata,
Padavrtta, Tairovyanjana, Abhinihata etc.), hand-signs for accents, Kevala and Misra Anusvara-s of
different kinds in different $§akha-s, Kampa, Ranga-pluta, Svara-bhakti and its types and description of
the various Varna-krama parameters.

In the Veda-s, there are three lengths for a vowel. These are short, long and extra long (hrasva,
dirgha, pluta (and Ranga Pluta). The short and long vowels are denoted by the normal vowel signs used
in Devanagari, while the extra long vowel is indicated by putting a 3 or 4 sign after a short or long vowel

sign. For example: 23gshdl TR,

Vedic Accents

Following the rule of Panini in the formation of a word from its rudimentary elements, the vowels
acquire one of three basic pitch accents or svara:

(a) udatta, raised pitch [1.2.29],
(b) anudatta, not raised [1.1.30],
{c) svarita, a blend of the first two [1.2.31].

The pronunciation of the svarita is initially udatta for the period of half a short vowel and
anudatta for the rest (.e., one and a half measures for a long vowel) [1.2.32].

In continuous speech or samhita, all anudatta syllables following a svarita are called pracaya and
are pronounced ekasruti (monotone, between anudatta and udatta) [1.2.39], however, the anudatta
immediately preceding a svarita or udatta is pronounced sannatara (lower than anudatta) [1.2.40]. The
Veda-s may also be recited entirely in ekasruti (with exceptions) [1.2.36ff.].

Nonetheless, the accent may affect the meaning of a word, particularly a compound [6.1.223,

6.2.1] .g. su-krta, indeclinable. well done; su-krta, noun, a good deed). With rare exceptions, a word
standing alone has at most one vowel accented udatta or svarita, the rest being anudatta [6.1.158].
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Udatta - The vowel that is percieved as having a high tone is called Udatta, or acutely accented. It is

normally not marked. " " is used in Sukla Yajurveda texts, at the end of a sentence.

~

Anudatta - The vowel that is perceived as having a low tone is called Anudatta or gravely accented. In
writing, it is marked by a line underneath the vowel. it is also denotes Udatta in Satapatha brahmana. In

Kathaka text, Anudatta is shown as vertical line below the charatcer .

[éatapatha Brahmana uses only two accents, udatta and anudatta : a horizontal line below the syllable
indicates anudatta (as in the RgVeda) The relationship to the grammatical accents described by Panini is
rather indirect: the anudatta marked here are the syllables before those which would be marked svarita
in the Rgveda.]

Svarita' - The vowel that is a combination of Udatta and anudatta tones is said to be Svarita (@) or

circumflexily accented. It is pronounced by combined raising and falling of the voice. It is marked by a
vertical line above a character. This definition applies in rgveda. However, the same sign is defined as
Udatta in Yajurveda's Maitrayaniya text.

Long Svarita' - Long Svarita is denoted by two vertical lines above a character', in some taittiriya texts.

Kampal - Kampa is vibration in voice while reciting. The Kampa arises only when a Svarita is followed

immediately by an 3= (or @E). In such situations, a low pitched Matra is inserted between them. The
recitation sequence consists of high pitch of TR, followed by low pitch of 1, and then the high pitch
of 3T or W, which causes the vibration. The AT which is inserted between the @A and 3= (or

w@iE) is indicated by figure ¢ if the svarita is short and by figure 3 if it is long. The figures are marked as

both TR and 3T, i.e,t and '3 .

Jihvamiliya (<) - This is like a half visarga sound, and can be come only before four consonants. before

% and @ it is called Jihvamdliya, while before @ and & it is called upadhmaniya.

Example: 310 + @Rl = MU<ERd ; T0T + 999td = TH<99(d
Puspika () - This symbol is just a substitute for the spaces between words, and hence is not needed.

Yajurvedic @R - FT@R followed by non-Varga characters is pronounced with a T element mixed

with 3 vowel. This is also known as T&R.

9, is used in sukla yajurveda.
< is used in Krsna yajurveda. This is also used in sukla Yajurveda.
% is an elongated Krsna Yajurvedic Anusvara.

£ & e5e ¢ ¢ - are the variants of Yajurvedic Anusvara-s found in different editions and seem redundant.
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Visarga - There are many variant is the normal visarga (3) found in the vedic texts like ¢ (after 35T=) 3 (after

laﬁ?r) +, ¢ and 3 . All of these seems to be redundant.

Others - | - s1gedfs® ST @A is attached after a character. In some texts, it is shown preceding a

Visarga. But it is better to show it after Visarga, since it is the logical order.

Svara-s in Samaveda are marked by 1, 2, 3, %, ¥ and 3 placed above the characters. These

Svara-s, when required, can be placed in the corresponding positions of the previous row. As such, no
special symbols are needed for them. Udatta, Svarita and Anudatta are marked with the numerals 1, 2,
and 3 respectively; the figure 2 is also used to indicate an udatta when there is no following svarita;
ekasruti syllables are not marked. Special marking is used for particular accent sequences;

U-U-S=>1-marked - T
U-U-A=>@u -unmarked - 3

A - Si => 3F- X [See Annexure - B.]

3.4 Accented word-types

There are nine types of accented words as (ending in Udatta) Antodatta, (beginning with Udatta)
Adyudatta, Anudatta, Nica-svarita (Svarita preceded by Anudatta), Madhyodatta (middle Udatta), Svarita,
words with two Udatta-s and three Udatta-s (Panini éik$é. 45).

Their examples are : 3f, W, W, 9%, SR, gaw, W, @i, TE9e@ respectively. (Panini

éik$é. 46-47). Places of accents are Hrdaya (heart) for Anudatta, Murdha (head) for Udatta, Karnamula
(root of the ear) for Svarita and Sarvasya (entire mouth) for Pracaya (Panini éik$é. 48).

A difference in accent accounts for a difference of meaning. As an illustration, the word 'yasas'
is neutral gender and means 'fame' when ya is acute, while the same word means 'famous' and
becomes masculine when sa is acute.

Examples are : giaed 770 (. . ¢.2R.8);

TR SR (7. 9. 2.2.3);
@t e A (3B, §. ¢.R0.4); etc.

Similarly, the word 'brahman’ is neutral and means sacred utterance, the supreme being, true
knowledge or penance (Cf. Amarakosa 3.3.114 - vedastattvam tapo brahma, brahma viprah prajapatin)
when bra is acute,

while it is masculine and means priest when Ama is acute.

For example, STat S&ms da==amy (4. #1. 3.8.3).

Other examples of words identical in form but distinguished by accent could be :
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1./ - they, those(nom. pl. of the base %), as in & / fra=] Neaal (. ¥. 2.2¥.¢) and & - t0
thee(dat. sg. of the base I=1%), as illustrated in & & T=ar! g T (F. §. 2.34.29);

2. qE: - servant, slave(substantive), as in T T/ U JAWEMT T (. . 2.4¢.4), while I
servile (adjective), illustrated in It T/ FUHEY TeTeh: (. F. R.2R.¥);

3. @A - neuter, meaning ordinance, (solemnity, stay) as in &t a®a ge0t 45w T (B 9.
4.34.]) as against &WT - masc. ordainer, upholder, as in @8t Jaga® TS (F. F. R.36.33);

| <

4, a‘rn'T-[ - neuter, cord, rope, as in TEIS T T=HAT (. H. 2.2&R.¢) as against oA -

masc. bestower, as in T AT AAHM (2. T. &.¥%.R);

5. & - twelve, illustrated by 38 WA Yasidl AW TEd: (F. §. R.]4.¢) as against FIg -
twelfth as in Yafefd JTIERIE (. T. ©.203.%);

6. WWA - neuter, earth, as in THARMA= ¥® (F. ¥. 244 as against YA - masc.
abundance as in WY TATHTARTE YAAIS ST ; 3T YA T Ge (. . 2.9820.3, 20.8¢.8R);

7. q@AMM - fo you two as in SRUZTH! AAG A (. ¥. 2.20¢ }) as against gawm - fo the

two youths, from the stem yuvan, as in T8 JE=a

3.3%.9);

8. 8T - neuter, demonhood, (injury ?), as in T T Sty (. F. L.I2W) as against T&TT -
masc. demon, as in JTHITLAT AL ; AT A1 IAT FATETER (7. F. 2.34.20, 9.20%.88);

9. aR®A - neuter, expanse as in fadatat aR@=T yiaam (7. . 3.u8.3) as against aR® - masc.

expanse, as in fgafva< afwr f@ w0 (7. 9. .uu.) etc.

Accents as word-category denoters

It is noteworthy here that words denote different class of objects when accented differently, i.e,
accents have a link to the objects referred to by them. As a generalisation, we see words ending in
Udatta are substantives (Cf. Phit Sdtra of Santanava - phiso'nta udattah), while those with initial accent
are adjectives, as these amount to an implied Bahuvrihi compound interpretation, i.e, 'one or that which
has word stem meaning)'. This point deserves deeper consideration as it has a good potential in guiding
speech recognition, in terms of supplying 'expected’ categories of word and lexical category search.

Compound words in Sanskrit have their meanings derived using the grammar rules wherein the
constituent nominal stem meanings, suffix meanings and the compounding (or sambandha) meanings
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are involved. While a same surface form of a derived word could have two or more different processes of
derivation with their different semantics, the determination of the appropriate meaning in a given context
may be possible by considering the accents.

[llustrations of meaning change due to accent-change

To illustrate, the word 'indrasatruh’ which is a compound word, has two constituents, viz., Indra

and éatruh, where Satru means a killer. In the case of bahuvrihi compounding 3-—9\"313' the first word

retains its original accent and hence / is acute and the word would mean 'one whose Killer is Indra'.

Alternately, if the second word is accented, i.e, frv is acute $BIT (this compounding is called

tatpurusa), it would mean ‘Indra's killer'. A Vedic episode explains how a mistake committed in reciting

this word in a sacrifice by tvasta resulted in a counter-productive consequence IRsAI=ARHITIEETT

TR IR (3. . .4.R.2).

A similar example is quoted by sage Patanjali in Mahabhasya regarding the word 'sthﬁlap_r$ati'

appearing as an adjective of a sacrificial cow SITAHIIETEUIHASARMIGHT, which, when resolved as

Tatpurusa, W (sthiila ca sa prsadvati ca), would have sa acute and mean 'big (fat) and spotted',
while as a Bahuvrihi compound ?{gﬂ"ﬂ?ﬁ (@. . w.&.8) (sthulani prsanti yasyah sa) - as opposed to

&i‘;’{ﬂﬁ? (d. ¥. W.8.8R), sthi7 would be acute and mean 'one whose spots are big'. Obviously, one has to

be precise in choosing the proper type of the cow (cow is big and has spots or cow with big spots).
Range of accent meanings

In general, Panini has referred to various aspects of speech like :
vidhi (optative),

anujiaisana (seeking permission),

amantrana (giving free choice),

nimantrana (invitation for a particular thing),
prarthand (request), asis (benediction),
atisarga (seeking permission for a free choice),
praisa (order),

kamapravedana (expressing one's purpose),
adhista (polite),

sambavana (probability),

anavaklpti (impossibility),

kriyaprabandha (continuity),

kriyatipatti (condition),

kriyasamabihara (iterative),

samuccaya (simultaneity),

samprasna (ascertaining by question),
hetumat (causative),
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hetuhetumat (cause-effect),

praptakala (occasion), iccha (desire),

asamsa (nope),

abhijhavacana (recollection),

garha and bhavagarha (derogatory and that affecting action only),

prstaprativacana (reply to a question),

paripsa (hurry),

amarsa (bad feeling, ire),

citrikarana (wonder),

prahasa (ridicule) etc. while prescribing verbal tense/mood markers and describing sentence
accents etc. Thus, a same word to convey different aspect from among these is accented (stressed)
variously and thus, the accents are helpful in determining the speaker's intentions. (Cf. Bhartrhari in
Vakyapadiya on word-meaning relation, .. kalo vyaktih svaradayah ... ).

These are the key link to research further to establish a correspondence between spoken and
written (keyed-in) forms of Sanskrit language in NLP.
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Chapter 4 : Morphological Analysis
4.1 Case of Accented Inputs

There is a need for morphological analyser to apply Accent-Sandhi (from Astadhyayi - Vaidika
Prakriya, éiksé—s and Pratisakhya-s etc.) rules and provide valid combinations of all possible nuclei and
suffixes with their respective accents also considered. Many processes like compounding, elongation,
cerebralisation etc. applicable due to specific accents are to be provided for. This could help in getting
Pada-patha from Samhita and vice versa.

Paninian rules dealing with Accent-Sandhi-s like 6.3.114-139, 8.4.66-67 etc. and specific éiksé—
s and Pratisakhya-s etc. are to be utilised to split input strings into two parts when accented inputs are
encountered. For example, the following splits should be possible :

TS = AT + AT (3. . 2.2.2)

TedfoTT = 7 + T (3. 51 38.0)

ST = a1 + 31 OR eT + a1 (3. . 3.%.2%)
TETI = 39 + T OR I + TR (3. 3. 3..32)

There are also several Vikrti-patha-s (combinatorial patterns) of Vedic hymns which help in
distortion-free preservation in oral tradition of knowledge-propagation. Their study helps get a good
command over accents of individual words and there are many works dealing with their subtleties and
nuances (in phonetic utterance). For example, certain special character/accent sandhi-s cannot be
known at all unless the Krama, Jata or Ghana Patha-s are learnt. We illustrate the importance of some of
these features, to justify the effort undertaken to enhance the ISCII (IS 13194:1991) Standard for Vedic
extension overlay, as found in its Annex - G.

4.2 Accent determination using rules

Routines to identify the proper accents of words from ISCIl symbols of input are developed and
word-splits including these are done. Determination of the particular type of accent, e.g, among the
seven (or eight) sub-types of Svarita (circumflex accent), distinction between Udatta and Pracaya using

special rules, As an illustration, in .. Tt @Il"’ e (& 1 2.¢.5.%), because of the presence of the
pronomial ?Inalr_cl?, by Igd ... (¢.2.88) & is Udatta and NOT Pracaya, even though it is preceded by a

Nitya Svarita, /., TaIT:.

In the hymn, § ﬁﬁﬁs‘ﬁﬁ’ﬁ{ (. §. 2.8.83) | (TS - 2naH), the word split is as shown in
the brackets, while in .. ot @1 Wﬁﬁﬁﬁrl . (@ " R48R) | (TRES - aH) it s different as seen in the

brackets since the particle occurring before the preverb, i.e, AT invokes the rule of Panini 6.4.74 and is

justified. (also similar in =T 11'{'[I gﬁﬁrl | TSI - g9 1). But, to handle such cases in a morphological

analyser, we need specific conditions to be checked which are to be devised carefully. In the earlier case
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also, the preverb ¥ is separated from its verb part by a noun invoking the rule of Panini 1.4.82. Hence,

for accented and Vedic inputs, the extension of the morphological analyser has to be provided with
these features.

4.3 Examples of Vikrti-s (patterns)

Krama - S - .. 9 $a%t a1 srdisaisartes .. (3. 9. .¥.23.3) 3 |
ST - . SPET | SFAT | S S - e 1 3
U q - . o1 ST | SISAT | SRS | .
Ghana - e - .. SRR Se EsiEae (3) . (&, T u.4.3.3)
TS - . SR I S | A |=q'§ | I | 9dsT (3)7 .

TS G - .. | .. G5 T GASAR( T8 ASSIIISaR(=T a8-d TGS | ..

It is to be noted that many phonetic processes like Kampa, the (physiologically necessary and
inevitable) trembling of voice under certain accent collocations are best understood only by these Vikrti
Patha-s. While splitting a Samhita text into Pada, these are to be looked out for. (While processing a
speech input, these could be suitably modelled and handled.)

There are cases of different subjective interpretations in Vedic texts, particularly in the Upanisad-
s, where the morphological analysis can help clarify the rule position.

For example, in st ﬁqa’ﬁrlﬁﬁ (@. 1. 3.3.2), it is interpreted as FgAT and T&T by Sayana,
while the word accent should have been %ﬁ:‘?il'rI and = for such a division. (%1_@'5”' and Eﬂﬁlﬁr is the split,

possibly!)
Similarly, in 'SAaETY S S @. 3. 4.2%.8), the word is split as 3T%l|§'|'—[ But then, the

accent should have been 3aTfaE™. Hence, {8’ looks suitable. See also in '.. HFAEAIGIAG .. (.

3. R.2) where the split is as Uga=T’, against the other possibility of 319G’

Even in databases, the lexicon to be used for nominal stem check in the Vedic case is the
Nighantu of Sage Yaska, besides the Vedic parts of Astadhyayi.

Samples of Pada-patha

In general, the procedure (pseudo-algorithmy) for getting Pada- patha from Samhita or vice versa

is given as below : (Ref. TWRH=oR!, WiEaTIZUISHIT - Za® S@ad 3w
TRIIS: - TR /I GiedmEt 98 0 Sy T | THAEIcHh: HE TS T A || &¢
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1 TRETEAT FAT WA To==Y | 2 T 9= foger waifor = go foad 11 &)

3 ST ¥ Yo Peoll @ WAUE WA | 4 AfS HiE STeRd 99 a9 fo.d 11 vo

5 BIEE ITYE W JF FT G qegad | 6 S T TS TSS9 1| 168
79T - gl (W), g (F5uTe:)

1 SfSTE=Nt = QAT TSUeE SITA. | 2 FURWIEA Fad WA TEaiar |16’

3 AT TRHATT ARTEIARAT | 4 ST g Feol THi WRIGAH || 03

5 Th=HgIcHh HH AT GHIGE | 6 Seiand gasriee e Feheqdd |1 0¥

Given below are certain sample passages with specific features to be handled while parsing
Vedic texts as input. We typically need to convert from Prose form into word-split ('pausa'’) form using
rule-bases (besides Paninian grammar) like éiksé, Pratisakhya, Laksana-grantha, Vikrtipatha-niyama-s
etc. and Varna-krama details. We have given the input as Samhita and the Pada-patha expected after
split. As explained earlier, multiple possibilities, where exist, need resolution using these rulebases.

[Key : T.S. #.#.#.# = Taittiriya Samhita of Krsna Yajur Veda - Kanda, Prasna, Anuvaka, Pafcasat]

1. Samhita patha from T.S. 5.5.3.2; example for Pluta in Samhita

... e T =feefsae (3) S (3) T T o SR e L |
(Pada-patha)

TR 3t FE-arfsr | et | = | e | Faer (3) T 3 (3) sA-aE (3) TSRt | e 1
| il afg-wat | |

2. Samphita patha from T.S. 5.6.21.1; example for Pragrhya in Samhita

it St get & 4 Wi AT ARiEERTETgTel arevll Ft A sRre feAewt ot 1

(Pada-patha)
[ | P W - I | SR - AR | Sgel | SRl - e | S -
A | SERT | SR - S | ST 9 - e | @Rt 9 - et 1 o 3 1§ 3
| &7 3 1 el g ) e o fop - e oA B 1 3 e A e el 3R el 5 1 gt ofet
Vg T 1 g et 1 e gt | AT | TR - A | aE | A S pe e ) e
| are | oot | T | aiREaed oR - ww o
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3. Samhita patha from T.S. 6.2.10.3; example for kampa in Samhita

...... T + @ D) ' g .

{Pada-patha)

|li<1§chlﬂ-|ﬂ1l firg-2aer | 5 1w A | Fratafefa g | a1 e | FeEeH-wE | A

4. Samhita patha from T.S. 1.1.11.2; example for two consecutive verbs accenting in Samhita

...... TAT SAEFA 2o A1 6w uife uife Fxete Femiarie AR |

{Pada-patha)

TAT | IS | §FAEd §-FA™ | 26 | AT | faen 3| | wE | W | I | W | asfarr a9-aran, |
wiE | " | AR a9-tE 1

—_—

5. Samhita patha from T.S. 4.6.2.5-6; example for special rules of Pratisakhya
ATt fea AT AAgeats 3T g ||

(Pada-patha)
T | O | eI - | Sad | A A | et | e | g

6. Samhita-patha from T.S. 6.1.1.7; example for double kampa in Samhita

w5t o 4 i § e 1)
{Pada-patha)

THT G | S | W | AT | A | a1

Dept. of CSA, lISc, Bangalore 35 P. Ramanujan, M.Sc. (Engg.)



Development of a General-purpose Sanskrit Parser Chap 5 Language Structure

Chapter 5 : Language Structure

The syntactic analysis involves morphological analysis at the word level (to identify the words to
their grammatical forms) and then assigning functional roles to each word in the sentence using the
Karaka-Vibhakti relations given in Panini's Karaka theory by an expectancy driven approach. The
morphological analysis is the most important step in syntactic analysis. It involves identifying each of the
words to their grammatical forms. Let us first have a look at what are the types of words that are
possible in Sanskrit, then we will propose an algorithm for identifying each word to their grammatical
forms (morphological analysis).

5.1 Definition of a word

A word, by definition, has 21k (s'akti) (denoting power or potency or significance), which is the
relation of the word with an object, that always serves to revive the memory of that object whenever that
word is spoken. This power is capable of denoting a particular object, the similarity of all the members of
its class and distinguish from its dissimilar objects. £.g, The word "COW", can point out a particular cow,
signify that the particular cow is similar to all the cows in the world and distinguish it from all other things
such as stones, walls, trees etc.

Panini has technically defined a word to be one with a nominal or verbal termination, gfwre=™
9<H (1.4.14). Hence a word can be denoted as follows:

W =B+ T, where

W represents a word,

B represents the nucleus of a word and can take variety of forms depending on the type,

T represents the terminal suffix (either nominal declensional suffix or verbal conjugational suffix).

The meaning of the word is derived from the meaning of the nucleus and that of the termination.
5.2 Word structure

The Figs. 5.1 to 5.5 depict the word structure of Sanskrit. 5.1 gives the categories, 5.2 the
chracteristic structural notations, 5.3 characteristic structural details, 5.4 compound word classification
and 5.5 compound word categories.

As mentioned above, a word in Sanskrit has the basic structure, W = B + T. Depending on what
form B and T take, the words can be classified into different types. According to Panini, there are only

two basic syntactic types of words, depending on the forms T takes. They are:
i. Nouns or Nominals : Here the terminal suffix T is a Nominal suffixi.e, T = Sp.

ii. Verbs : Here the terminal suffix T is a verbal suffixie, T = Sy,

But based on the form the nucleus of a word takes, the words in Sanskrit can be classified into
two types as follows:

i. Non-Compound words & ii. Compound words.

The nucleus of a word B, may consist of one or more Nominal bases (Pratipadika-s), one or

more Krt suffixes, one or more taddhita suffixes, a feminine suffix, a verbal root, one or more upasargas
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etc (i.e the categories of compound and non-compound words are present in both nouns and verbs).
Words which contain only one nominal base with zero or more suffixes (non - vibhakti), one verbal root
with zero or more suffixes (non - terminal) along with terminal suffixes are termed as Non-Compound
words. Words which contain more than one nominal base, one or more upasargas along with a verbal
root etc are termed as Compound words.

NOTE : In the subsequent sections various notations used are as under :
W = finished word (Pada),
B = nucleus (Prakrti),
b = base (nominal base - Pratipadika or verbal root - Dhatu),
T = Terminal suffix (Vibhakti),
Sn = Nominal suffix - Sup,
Sy = Verbal suffix - Tin,
Sk = Krt suffix,
St = Taddhita suffix,
Sw = Vikarana suffix, e.g, éap,
Sm = Modal suffix, e.g, Yak,
Smc = Causative mode suffix - Nic,
Smd = Desiderative mode suffix - San,
Smp = Passive mode suffix - Yak,
Sg = Feminine (Stri) suffix,
Np = Nominal base - Pratipadika,
Vr = Verbal root - Dhatu,

S| = non-terminal suffixes of different/same form such as taddhita suffix, Krt suffix etc,
A = represents a word from Ganapatha,
Ur = represents the rth upasarga (preverb).

5.2.1 Non - compound words

As defined above, Non-compound words are those which have only one nominal base or only
one verbal root. Hence, we can represent a Non - Compound word in a very general form as follows:
W=b+S1+S2+S3... + S|+ T.

The Non-Compound word structures can be further classified into:

i. Primary Structures ; ii. Secondary Structures
PRIMARY STRUCTURES

Primary structures are those which do not have any non-terminal suffixes. Hence, all the S's in
the above general form are zeroes. We can represent a word with Primary Structure as follows:

W=Db+T.

The Non-Compound words with primary structure are of three types and are detailed below.

NOUNS

Nouns with primary structures have nominal bases along with the terminal Sup suffixes (i.e
Vibhakti pratyaya-s). The general form of a noun with primary structure can be represented as follows:

W = Np + Sp

Dept. of CSA, lISc, Bangalore 37 P. Ramanujan, M.Sc. (Engg.)



Development of a General-purpose Sanskrit Parser Chap 5 Language Structure

eg W= . ="+ ;=Np+5n

VERBS

Verbs with primary structures have verbal roots along with the terminal Tin suffixes. The general
form of a verb with primary structure can be represented as follows:

W = Vy + Sy

The verbal forms do not display even a single case of Primary structure of the form Vy + Sy,

because in Paninian System, all the Dhatu-s being divided into ten different conjugations (Gana-s) take a
Vikarana, which is inserted in between the root, i.e, Vr and the terminal suffix, Sy. Every verbal structure

therefore, is composed of three-morpheme-structure of the type Vr + Sw + Sy, where Sw is a
conjugational suffix called Vikarana pratyaya.

INDECLINABLES ( AVYAYA-S)

Indeclinables or Avyaya-s of Primary structure have zero terminal suffix and the nuclei is one
among the list given by Panini as Gana Patha. The general form of this type of word can be represented
as follows:

W=A+0

ExW=9.=9+0,=A+0

SECONDARY OR DERIVED STRUCTURES

Secondary or derived structures are those words which generally have non-terminal suffixes
along with the terminal suffix. The number of non-terminal suffixes can be one or many depending on the
type and compatibility. Hence, the general form of a word of secondary or derived structure is,

W=b+S1+S2+S3+..... + S+ T.

SECONDARY STRUCTURES WITH ONE NON-TERMINAL SUFFIX

Secondary structures with only one non-terminal suffix are present in all the types of the words
like verbs, Krdantas, taddhitas, feminine words etc. Here the base along with the Non-terminal suffix
forms the nucleus for the word. The general form of these types of words is:

W="Db + S|+ T, where, b + S| = B is the Nucleus of the word and T is the Terminal suffix.

KRDANTAS

Krdantas are a subtype of nouns. The words of this type have the following general structure,

W = Vr + Sk + Sp, where, Vr + Sk = B, is the nucleus of the word taking nominal suffix.

The Krdantas represent active-substances, with stress on activity performing substances.
(Nouns represent substances and the verbs represent activities). Krdantas are similar to
Gerunds/Participials in English grammar.

eg W=g% ;,=sR+3+Yg;=Vr+Sk+8Sn

The Nominal Singular forms of some of the root-nouns formed by adding Krt suffixes like fam,
%rv[, fog etc. present a still more interesting case in which both the non-terminal and terminal suffix
amount to zero. Take, for example, the form e, from the root ¥ger, with the suffix 1%? The
grammatical procedure is as follows:

W =g
=9 + f&1 + g (Np + Sk + Sn)
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=we + 0f + g (% is deleted according to, 1.3.8)
=gy + 0fa0 + g (q is deleted according to, 1.3.3)
=9 + 000 + g (g & g are deleted according to 6.1.67 and 1.3.1; 1.3.9)
=¥ +000+0 (3 is made zero according to 6.1.68)
=Np + Sk + Sn, here, both Sp & Sk are zeroes.
TADDHITA-S

The Taddhitas take taddhita suffix along with the terminal Sup suffix. They are also a subtype of
nouns. The general form of the Taddhitas is as given below:

W = Np + St + Sp, where, Np + St = B is the Nucleus taking Nominal suffix.

eg W=3a ;=R@ +31+g;=Np+St+Sn

FEMININES

Some feminine bases take Feminine or Stri suffix along with terminal Sup suffix. They are also a
subtype of nouns. The general form of Feminines is as given below:

W = Np + Sg + Sn, where, Np + Sg = B is the nucleus which takes a Nominal suffix.

e.g W=39TH ; =3 + 3T +3M ; =Np + Ss + Sn

VERBS

The simplest form of verbs fall under this category. The only Non-Terminal suffix they take are
the conjugational suffixes or the Vikarana pratyayas. The general form of this type of words is as given

below: W = Vr + Sy + Sy, where, Vr + Sw = B is the nucleus which takes a Verbal suffix.
eg W=aaafq ;=71 +3 + 0 ; =Vr + Sw + Sy
AVYAYA-S

Avyaya-s or Indeclinables of derived form can be classified into two types depending on the
Non-Terminal suffix they take, i.e, this type of words have T = 0 and the Non-Terminal suffix S can be
either a Krt suffix Sk or a Taddhita suffix St. The general form of this type of words con be denoted as

shown below:
TW=Np+St+0
2.W=Vr+S8k+0
e.g, T W=5@al ; =+ +0;=Vr+Sk+0
2W=gdT ;=qd +aAq +0,;=Np+St+ 0
BW=mF ;=R +FT(+0;=Np+5t+0

As shown above, the base along with the Non-Terminal suffix forms the nucleus for the
terminating suffix T, in the words with secondary structures having a single Non-Terminal suffix.

SECONDARY STRUCTURES WITH MORE THAN ONE NON-TERMINAL SUFFIX

There are many words in Sanskrit which take more than one Non-Terminal suffix. In such words,
each base with the immediately succeeding suffix forms the base for the following suffix. The general
form of such words will be as given below:

W=b+S8S1+S2+S8S3+...+S|+T

Here b + S will be the base for the remaining part of th word, this can be represented as,

W=b+S0+S3+..+S/+T

Similarly b + S2 will be the base for the remaining and so on. Hence, the Secondary structures

can be reduced to the simple form, W=B+T.
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The following are examples of Non-Compound words with more than one Non-Terminal suffix:
1. Verbal Form

W=aRafy ; =R >AR + 3T + T ; =aR + 3 + 37 + T ; =Vr + Smc + Sw + Sv

2. Taddhita form

W=aged ; =@ +J +@ +3F ; =Vr+ Sk + St + Sn
The Secondary or derived structures of this type can be further divided into two main types as:
1. Homogeneous Structures & 2. Heterogeneous Structures.

HOMOGENEOUS STRUCTURES

The Homogeneous structures are those in which all the S's (Non-Terminal Suffixes ) are from the
same type. Only Taddhita suffixes generate such structures.

A good example of a such a type of word is the taddhita formation argaa®:. The formation is
obviously from the base argea with the suffix 3/ (Paninian g) in the sense of "One's devotion”. The
whole form aRgeaa®: would then mean "One whose devotion is towards aged, i.e, Lord Krishna". The
form argea in turn is derived from the word ajjea with the suffix a1, The declined form argaa@: can
then be analysed as follows :

W = IRICad: ; = TG + A0 + 36 + 3 ; = Np + St + St + Sn.
As both the Non-Terminal suffixes, viz, 307 and ar& are Taddhita suffixes, the word argea®: is of

Homogeneous nature.

The Krdanta suffixes, however, do not provide structures of Homogeneous nature because they
do not follow those of their own class. No two immediately succeeding Krdanta suffixes can ever be
seen to build a single structure of Homogeneous type. A Krdanta suffix, however, can be followed by a
taddhita one, as in the example @@, but never by a Krdanta suffix. (Note : Paninian technique and

Sanskrit grammar does not allow a Krdanta suffix to follow another Krdanta suffix).

HOMOGENEOUS STRUCTURES WITH RECURSIVE SUFFIXES

Some Taddhita suffixes can be affixed to a word repeatedly in a recursive fashion. Such words
can be infinitely expanded by recursively adding the suffixes. In such words, each additional suffix will
modify the meaning of the word, and the whole word has a uniqgue meaning different from the word
without the additional suffix.

The general structure of such words is as given below:

W=b+S8S1+S2+S83..... S0 + T, where,

b will generally be a Nominal base Np & S's will be Taddhita suffixes.

Consider the case of Taddhita suffixes applied in the sense of "His progeny/child"; the general
suffix to be applied is 31, 5, Paninian 3197 according to the sutra um aﬁwﬁsq, 4.1.88. Thus, from the
pratipadika 39 a formation signifying "Upagu's child" will be :

JU + 0T > I ;= Gﬁ'EITIET + 31 (applying gfg to the first I, according to the sutra 7.2.115)

=Np + St

Now the formation aitaa can again become the base for the next suffix signifying "The child of
", The suffix in this case is not 317 but § (.e, the Paninian $3], according to the sutra s 331,
4.1.95) because the base 3@ ends in 31, Hence, the next formation is afrafa.

This formation, viz. aifawfa, can again form the base for the next formation meaning "Child of
afmErfa”, with the suffix ama=, i.e, originally Paninian %, which is applied according to the sutra afs=ired,
4.1.101. Thus

W = 3ierfa + oimae ; = sfiwvEarad (3 is deleted according to 6.4.184)

= 3N + 37 + 3 + M ; = Np + St + St + St
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This formation, viz. shvr@ara=, again ends in 31 and is liable to get the suffix 5. The next formation
with 3 will then be siawarafs, which would again get the suffix smae, giving out the formation
JrrargArEE. Thus alternating from this stage onwards, the suffix 331 and W& > amaa would give an

infinitely expanded structure in which each succeeding S signifies "The child of the previous base". To
form a complete word, all the above formations take Nominal suffixes (Sn).

HETEROGENEOUS STRUCTURES

Heterogeneous structures are those words in which all S's (Non-Terminal suffixes) are of
different types, i.e, the succeeding suffixes are always of different types. The Krt suffixes, the verbal
conjugational suffixes etc. all give rise to such structures.

NOMINAL STRUCTURES

The Krt suffixes along with taddhita suffixes generate such type of words. Also, these words

may additionally take feminine (Stri) suffixes.
W = el ; = Iead! + 3 ; = A&ad +§ + 3 ; = TG + dq + § + 3

=g +F+aq+s+3q ;=N +S +S5+S +8,

VERBAL STRUCTURES

The Conjugational verbal suffixes also take other suffixes such as modal suffixes etc, thus
generating Secondary or Derived structures.

W= =R +9; =fR@d+3+3 . = +9+3+1
=V +8,+S _+8S, (Desiderative Passive Verbal structure)

As discussed with Homogeneous recursive suffixes, it is possible to expand the verbal
formations to the logical extremity, /.e, infinity. These verbal formations will be necessarily Heterogeneous
in nature. It is to be noted here that Panini has neither stated explicitly the process of infinite formations
for verbal forms (as he has done in the case of Taddhita formations detailed above) nor has he prohibited
its application anywhere.

5.2.2 Compound words

The Compound words in Sanskrit are those that contain more than one Nominal bases or a
verbal root with one or more upasarga-s along with zero or more Non-Terminal suffixes and a Terminal
suffix. Hence, in general, a compound word can be represented as,

W=b +b,+b, ...+ +8 +85, +85, ... +§ + T,where,

b's are the bases and can be Nominal bases, Verbal roots or secondary bases.

The Compound words are classified into:
1. Primary Compound word structures, 2. Secondary or Derived Compound word structures.

PRIMARY COMPOUND WORD STRUCTURES

The Primary Compound word structures are those that do not have any Non-Terminal suffixes.
Hence, a Primary Compound word can be denoted as follows:

W=b +b,+b,...+0b+T

As there were no Verbal Primary Non-Compound forms, so also there are no Verbal Primary
Compound forms (because Verbal roots generally take a conjugational suffix in the least). Hence, only
nominal bases give rise to Primary Compound word structures.
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COMPOUND NOUNS

In this type of words, more than one Nominal bases combine to form the Nucleus of the word,
which combines with the terminal Nominal suffix to form a noun. The general form of such words can be
represented as follows:

W=N_+N,+N, o+ N +T

W = IMeH0N ; = REeledol + 3l ; = /19 + «eqor + 3 ;=N + N+ S,

In such types of words, the compound nucleus can be expanded infinitely by combining the
Nominal bases one after another. Such types of compounds are called Dvandva Compounds in the
classical classification of Sanskrit Compounds (The classical works of Sanskrit classify the compounds
into 4 main types. They are Avyayibhava, Tatpurusa, Dvandva and Bahuvrihi).

SECONDARY OR DERIVED COMPOUND WORD STRUCTURES
Those Compound word structures that have one or more Non-Terminal suffixes are called
Secondary or Derived Compound word structures. The general structure of such a type of word is :
W=b +b,+b..+b+85 +S5 +S5,..+8+T.
Both Verbs and Nouns exhibit Derived Compound word structures.
NOUNS
There are two types in this type of structures.
i. One in which only one of all the nuclei is w1ferq (derived) and the rest underived.
i. One in which all nuclei could be wrfar (derived).

Ex1: W = qqawer ; = 9ad + B + 3 ; = Np1 + Np2 + Sn

Here the first Nominal base ueg is a derived or a secondary base.
Nb1 = g9 + % (according to 1.1.26)

= T=h . This changes to gaa from the sutra 7= @, 8,2,52.

Ex2: W =gfeeadt ; = gfe + &g + 9§ ; = Np1 + Np2 + Sp

Here both the Nominal bases are derived or secondary bases.
Npt=gu+fe;Np2=%F +9

Most of the Compound words so formed are declinable and take non-zero terminal vibhakti
pratyaya. But there are some which take only the Nominative case, Singular and Neuter gender form.
Such Compound words are indeclinable. The Compound words which are indeclinable, are included in
the Avyayibhava Samasa type, in the Paninian Classification of Compound words.

VERBS : Verbal roots taking upasarga prefixes can be considered as compound words (This
assumes that upasarga-s are independant constituents of Sanskrit grammar).

Hence, words like ame=fa (s + &=fT), wferreonfa (ufa + seonfe), sifrresfa (i + w=sf) can be
considered as compound words. The general form of such words can be representedas, W = U1 +
Uo +U3...+ U +Vr+S91+S2+8S83... + S|+ T.

Though Panini does not explicitly term these verbal structures joined with upasarga-s as
compounds, later commentators on Paninian grammar such as Patafjali, Bhattoji Diksita etc. have
proved that they can be considered so. For proving this, they have resorted to a technique called
JNTfETT, J.e, they split the Paninian Sttra &g g1, 2.2.4, which lays down the nature and pre-requisites

of two words to form a compound.
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OTHER CLASSIFICATIONS OF COMPOUND WORDS

Till now the Compound words in Sanskrit were classified based on their structure, but Sanskrit
Compounds can be classified into the following seven types according to Panini:

1. sregfiurg e (Avyayibhava Compounds),

2. IgzY A (Tatpurusa Compounds),

3. g 997 (Dvandva Compounds),

4. gdify war (Bahuvrihi Compounds),

5. pRyRT 9 (Karmadharaya Compounds),

6. fg7y w9 (Dvigu Compounds),

7. 9yug q<gey ¥9¥ (Upapada Tatpurusa compounds).

The last three types of Compounds are sub-varieties of Tatpurusa Compounds. The following
discusses briefly these different forms of compounds.

sreritva 9T The Compound words belonging to this category are characterised by the fact
that the meaning of the first member (in a two member Compound) is pre-dominant.

PEREPECISHC U

Generally, atleast one of bases joining to form a compound is an Avyaya, but sometimes even if
all the words are not of the indeclinable type, they combine to form an indeclinable Compound. e.g,

1. W = 9RTe7 ; = TSRIT 9 (Vigraha Vakya)

Here, both the bases are not avyaya-s.

2. W = Sugwr ; = i o (Vigraha Vakya)

Here, the first base is an avyaya.

3. W = oraufa ; = e ek (Vigraha Vakya)

Here, the second base is an avyaya.

In general, the compounds of this type are indeclinable, but in some cases like TTaH, they take
the vibhakti pratyaya-s. But, in such cases, Panini states that the words are to take vibhakti pratyaya-s

of Neuter gender only.
Tgey JH . Compound words in which the meaning of the second member (of a two member

compound) is pre-dominant are grouped into this type of Compounds.
STRISTATE: TGO |
The Tatpurusa Compounds are of three main sub-types, the main types with examples are
listed below,
I fg7g @
W = §IoRTqR: ; = gouni JquiEded ga (Vigraha Vakya)
ii. IUUT TIBY HHNT :
W = a9yq ; = g9 3Rt sfa asvq (Vigraha Vakya)
iil. HHIRY :
W = ffiege: ; = froaeaml geeg (Vigraha Vakya)
There is a fourth minor variety of Tatpurusa called the Gati-Tatpurusa,
eg W=wrmd ;=7 +d
There are other types of Tatpurusa compounds called =fereor acgey, which is again further

divided based on the the case.
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&5 A : Compound words in which the meaning of all the members is equally significant are
called Dvandva Compounds.

IHIYSTITLTT: g5 |
There are two types of Dvandva Compounds as listed below with examples.

i, 99BN &8 :

W = aiftrores ; = aroft 7 Tl =, Nl 9HeRs (Vigraha Vakya)

ii. SRR g

W = S7ct ; = Sman 9 ufea (Vigraha Vakya)
ag‘sﬂ‘i% ¥ . Compound words in which the members combine to signify the meaning of a

third entity (not represented by any of the members) are called Bahuvrihi Compounds.
SrgETTeTT: agdifer |

e.g, W = gied=: ; = U1 ai<: 4 9t (Vigraha Vakya)

In Paninian classification of Compounds, the chief characteristics of compounds are:

i. There are a minimum of two bases in the structure.

ii. All the constituent members lose their inflexional terminations while forming a compound.

But there is still a new variety of compounds in Sanskrit in which the inflexional terminations
(vibhakti pratyaya-s) of the constituent members in general and of all the members except the last one
are not lost. Such compounds go by the name "siqfe waT" or "Non-Zero Compounds-Structures” in
Panini's grammar. e.g,

1. W = gt (feefrarge w9m) ; = R <qerifer (Vigraha Vakya)

2. W = arcHT0eH (g W9N) ; = 3 gerd i (Vigraha Vakya) etc.

As can be understood, the above classification is based on the semantic grounds. But Bhattoji
Diksita in his "Siddhanta Kaumudi" not only classifies the Samasa's (Compound Words) into the
aforementioned four main types, but also gives another form of classification, which seems to have been
the view of Sanskrit Grammarians before Panini. This classification is stated by a Karika in Siddhanta
Kaumudi, Jum g1 freT == engemer foreTs foreT | g farerar e wf3as gir |1

This means that Samasa's in Sanskrit can be formed by the combinations of the words of the
following types: 1. Subanta + Subanta ; 2. Subanta + Tinanta ; 3. Subanta + Nama Dhatu

4. Subanta + Dhatu ; 5. Tihanta + Tinanta ; 6. Tinanta + Subanta

As we can see, this classification of Sanskrit compounds is based on the syntactic nature of the
constituent words and is more nearer to the structure of them.

In sum, we can say that all words in Sanskrit and_consequently in Paninian grammar describing
it, are made up of a_nucleus and suffix. There are different types of words depending_on the form the
base and/or suffix take. Now, if we are to analyse a given word to its grammatically valid form, we have
to identify all the constituents of the word.

Consider for example, the analysis of the word @+ a.

W = S ; = Hgeamd + 31 (b + Sp)

b=adxa + 7g (b1 +Sk); b1 =& + @ (b2 + St) ; b2 = &R (<F) + T (Vr + Sk

Hence, the word m is of the structure : Vy + Sk + St + Sk + Snp, .6, given a word, we

should divide it into a base and suffix until no further division is possible. The sum of identifications of all
the parts of the word will give rise to the identification of the total word.
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If we get two or more nuclei at any stage of analysis, the word being analysed is a compound
word. If, however, we do not meet with two or more nuclei but only one and find one or more suffixes,
the word is a non-compound word. Similarly, if the terminal suffix is a sup suffix, then the word being
analysed is a Noun. The sup suffix also provides information about the case and number of the word.
But, if the terminal suffix is a Tin suffix, then the word being analysed is a verb. The Tin suffix also gives
the information about person and number of the word.

From the above discussion of the types of words, we can conclude that a Sanskrit word can be
identified to its grammatical form by identifying all its constituents. To identify the constituents, we
should have prior knowledge of the characteristics of each constituent or a list of entities that can be
identified as a particular type of constituent (for example, a list of Nominal suffixes).

Panini's grammar for Sanskrit has given lists of pre-classified entities, like a list of verbal roots
(Dhatu Patha), a list of suffixes, a list of indeclinables, a list of upasarga-s etc. The rules which state
what constituents can combine with what, are given in Sutra style.

If this information can be embedded in an algorithm,_then generation of Sanskrit words can be
automated. Once this is accomplished, the analysis of a Sanskrit word would be the reverse process of
this. This process may involve coding the rules completely in a program or splitting up the information
contained in the rules between the databases and the programs.

5.3 Word analysis

The process is as follows :

When a word is input in Devanagari, it is subjected to base-suffix analysis (Prakrti-pratyaya
Vislesanam). This step is necessaitated by the fact that any finished word must necessarily have both the
parts. We split the given word into two parts iteratively and consider all the LHS-RHS combinations.

The LHS must contain a base or root while the RHS must contain the suffixes. The base portion
could be a nominal stem (Pratipadika) or a verbal root (Dhatu), primary or derived. The suffix part could
contain multiple suffixes, but we look at the right end of the word for the terminating suffix first, which
could only be nominal or verbal.

The nominal terminating suffixes are 24 for nouns (8 cases and 3 numbers) and verbal
terminating suffixes are 90 (9(3 persons and 3 numbers) per tense/mood which are 10 in all -1 present, 3
past, 2 future and 4 moods.

As the nominal terminations vary according to base endings, gender etc. we look up at a
database of these modified nominal termnating suffixes to find the proper identification. A syntactic type
check of base and the suffix type arrived at is carried out. When this is passed, we get a valid noun
identification for the input word.

Similarly, if verbal terminating suffixes match, we look up at the modified verbal suffix database
for possible match. Syntactic type match between the root on the LHS and suffix found on the RHS is
done to ensure compatibility. Preverbs are also looked for in the LHS part, for verbal suffix matches of
the RHS using database of preverbs.

Indeclinables are identified by string match of the whole (input) word against the database of

Avyaya-s. These are done In any case for all words to ensure identification of all possible grammatical
forms, i.e, to cover multiple identifications for each word.
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As an illustration, let us take the input word: ¥z
Example 1: 3™ = T+ 3T+ A + T+
1. ™ T
2.9 T
3. W
4. ¢ oWt

5. 9t The full word itself

The second level split :
1.3\

2. qH T

3a. T I

3b. T I

3c. T It

3d. T e

4, Y e

5. TH: The full word itself.
By beginning with RHS and checking for terminating suffixes, we find

#2 produces an identification as Noun - Nominative singular of mascular base TH, meaning 'Rama’.

#3 produces an identification as Verb - active voice, present tense, first person plural of root 'T' meaning
‘we are giving'. Here, we get both answers at the first level itself.

Second level Splits like : R + Amah, R + Amah, R + Amah, R + Amah are also possible and a
root R and R exist ; and Amah is a valid suffix, but the root R gets 'Rcch' Adesa and hence the verb
should be Rcchamah. These are to be handled in conjunction with Grammar rules.

Example 2: A1 = H + 3T+ + A + T
1.9 T

2.9 ST

SRR | I B

4.9 A«

5. |
Second level split :

1.9 T
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2. O 3T
3a. | ar
3b. | AT
3c. T 3t
3d. |7 AT
4. e

5. A1
By first level analysis, we find :

#2 produces an identification as Noun - vocative singular of feminine base, HIg’, meaning
‘addressing mother'.

#3 produces an identification as Verb - active voice, present tense, third person dual of root '|T'

meaning two persons are measuring'.
At the second-level split, we get another identification of the word as a combination of two

words at #3c¢, as |1 + 3d: meaning 'not from this', if both are indeclinables. The first word can also be

fem. nom. sing., meaning 'Laksmi', pronoun 'asmad' in acc. sing. meaning 'me'.

This level works on the basis of breaking up each character (vowel or consonant) into its
appllicable constituents as per sandhi rules. This is essential in splitting combined words and also
identifying compound words.

Example 3: afe. (Vedic example from ... I8 TAGHTET ..... Taittiriya Samhita 3.4.3.2)

AGH =+ A +q+T + +H +T.
1. afgd

2.9 T
A (Sa.ﬂﬁ'lﬁ)

T FH
5.9 @

g it

Here, we have to note that vowels and accents are to be together on either LHS or RHS
though, for clarity, the accent (Anudatta) is shown separately in the first line.

w

N

o

However, at #3, the word ending Anudatta (of LHS) should be restored to its Svarita state as it
is a Tairovyafijana Svarita (as per the definition, Udattaplrvah Tairovyahjanah - Taittiriya Pratisakhyam).
But, this needs to be confirmed against the accent of the following vowel, or from the word itself, as the
Svarita on the LHS end could be the case if the RHS is Anudatta also.
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Hence, if the string @ is a valid word, then as the LHS is a valid Avyaya (meaning 'if'), we get an

identification. Here, & cannot be from the root 'Asmad' (meaning 'my', or 'to me') since thjat word is

Anudatta (shown as #3a in brackets).

#4 also produces an answer as both the sides here are valid words. Here, the Pada Patha also

corroborates the split. The Pada Patha for the input string is : 9| =9 =fd | In fact, that the second word

is an 'itiga’, i.e, Pragrhya.

In the case of Vedic texts, though for Samhita part, we already have the Pada Patha (word-split
form) in recitational tradition and it is supreme even if a rule-based approaach would produce a different
form of split, we need this algorithm and rulebases (even including empirical ones described in the
Laksana Grantha-s) for understanding meanings, and most importantly, for the Brahmana and Upanisad
texts' analysis for which traditionally no Pada Patha is available. In the traditional teaching, the
importance of this issue is recognised prominently.

5.4 Word-Splitting - multiple splits
The problem of generating all the splits given a string of length |
The problem involves generating all the splits of a given string of length I. Consider a string of 4
characters in english, viz. HELP. Now if we are to generate all the possible splits of this string, it will give
rise to 8 'string' combinations as given below.
1.HELP
.HELP
.HELP
.HELP
.HELP
.HELP
.HELP
. HELP

O N O O AW N

This process, as we can see, will give rise to many such string combinations as the length of the
input string increases. It can be shown that if the length of the string is |, then the word combinations

that can be generated are 2" We can see that this is an exponential problem and will be impossible to
handle as the length of the string increases, if the straight forward method is used.

The problem is more complicated in Sanskrit language because a string of (meaningful) characters
may have sandhi, internal or external, between characters which constitute the string. Now if we are to
generate all the possible 'word combinations' of a Sanskrit character string of length say 'I', then, we
should take into account any sandhi's between characters.

Eg : Consider the character string ?TH:

It is made of the following characters, X + & + 7 + & + o

As the string contains 5 characters the total number of string combinations will be 0" ie, 16, the 16
string combinations are as follows:

1R+ + 7 +3+
2.3 +3M+H + 3%
3.+ +H +oF
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4.3+ + 7
5. + M + 3 + of
6.3 + 3 + 31
7o+ A + T
8. X + 3
QT +H +31+
10. 1 + 9 + 3%
1.7 +9 + of
12.3+5
13, + 91 + of
14,39 + 31
15,39 + o7
16. I+
These 16 combinations do not take into account the sandhi's (if they exist). For instance, in the
above example, the character 3ir can be formed due to any of the following four character combinations,
e, A=+ ;M= +3M;3M=37+3;37=237+3n
Similarly, X can be replaced by any of the following characters =%, =%, <7 and the character § can be
replaced by & (Anuswara) under certain conditions. So, theoretically, the word combinations to be
generated using the above string of 5 characters is,
Word combinations = 24 *(4*(1+2*4)*2) = 16 *(4*9*2) = 16*72 = 1152.

Hence, to theoretically generate all the possible word combinations of the string ¥#:, 1152 word
combinations are to be generated. In general, if the length of the string is L, and m characters in L have
a further split as shown above and each have Ny different possibilities including the character in the
original string, then the total word combinations to be generated is,

where Xm: Nm

=1+ 2*(Nm-1) depending on whether the character is replaced by one char or two chars,

But most of the string combinations so generated do not make any linguistic sense. Hence, the
problem can be reduced to a considerable extent by applying some heuristics (Sometimes this will result
in loss of some answers, but otherwise there is no go). Some of the heuristics that can be applied are,

1. When characters have further expansion in the given string, take each character at a time (rather
than all permutations). This will reduce the number of word combinations to,

Word combinations = 2 *{(X "N )+(X "N J+(< "N J+... (X *N )}

2. A single character (a consonant or a vowel) does not generally make a word. Hence, instead of
treating each character as an entity (which is the case in english), a syllable can be treated as an entity.

Here, we adopt the following strategy for forming a syllable,

i. Add a consonant to the following vowel (starting from the left end of the string). If a vowel occurs
first, it is taken as a syllable, if two or more consonants occur consecutively, then take each consonant
as a separate syllable, This step is necessary for getting some answers which involve conjunct
consonants. For example, consider the word @==Teefd. Here, § and 7 occur consecutively. Here, if we
attach consonants to only the following or the preceding vowel, it would not be sufficient. Hence, to get
the answer a9 eofd, the splitting of conjunct consonants is necessary.

i. Add a consonant to the preceding vowel (end at the first occurrence of consonant.)
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This will reduce the problem to a large extent. An algorithm which generates the two kinds of
syllables mentioned above, and combines them in the manner outlined is developed.

IMPORTANCE OF GENERATING ALL SPLITS

The algorithm developed for generating all the possible splits of a given input string is very useful for
NLP in Indian languages in general and Sanskrit in particular. As is obvious, this will help in the
Morphological analysis of all kinds of Sanskrit words like nouns, Compound Nouns, Verbs, Compound
Verbs, Krdantas, Taddhitas etc.

The algorithm will also be useful in giving out all the possible ‘'word' combinations of a given input
string. That is, if all the words of a given sentence are combined without any word demarcation, then
this algorithm can be used to generate all the possible ‘word' combinations.

For example, consider the string, F#a™ (from Mahakavi Venkatadhvarin's Laksmi Sahasram .. T
I=RaxT 7fed | 1°. This string may give different meanings by different word splits as below :

i. H’ﬁ'{m - one word, verb, meaning let me/l shall salute.

ii. 9 79 - (you) salute, this (fem.).

iii. = 27 - not measurable/conceivable.

iv. T & 79 - not, for me/mine, whom etc.

v. T AT 399 - not, me/Lakshmi, this (fem.) etc.

vi. 7] 39 - This (mas.) (is) not mine/for me etc.

Hence, this algorithm is useful in giving out all the possible sentences that can be formed out of a
given set of characters. Sometimes, this may give out some surprising options (of a given set of
characters) which would not have occurred to humans. Because, humans are taught to understand a
given set of characters in a certain manner, and think it better to go with the conventional analysis of the
sentence formed out of the given set of characters than exhaust all possibilities.

When all the sub-string combinations are generated, there is every possibility that most of the
sub-strings in the generated combinations are same. Hence, a slightly different approach is adopted in
the actual implementation of the above algorithm for Morphological analysis of Sanskrit words. Here,
firstly all the unique sub-strings from the different combinations are collected and each is passed
through all the databases and all the identifications of the sub-strings are stored. Then we take a sub-
string combination containing all valid sub-strings and if the structure of the combination is one among
the valid word structures, then the the identification of the word for that particular split is obtained.
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Compound Words

(Sup + Sup)"

(Sup +Tin)"

(Sup +Nama)"

(Sup +Dhatu)"

(Tin+Tif)"

Supam Supa Tina Namna Dhatunatha Tinam Tina .

Subanteneti Vijneyah Samasah Sad vidho Budhaih ..

From Siddhanta Kaumudi by Bhattoji Diksita

COMPOUND WORD STRUCTURE -1

Figure 5.4
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Compound Words
Avyayibhavah Tatpurusah Bahuvrihih Aluk Samasah Dvandva
|
|| First member is an Vyadhikarana Samanadhikarana Samahara lteretara
Avyaya |
- Prathama Dvigu
| Second member is _
-Dvitiya
an avyaya _ Upapada tatpurusah
-Trtiya
—| Both are avyaya-s
-Caturthi Karmadharaya
| Both are not _Paficami Gati tatpurusah
avyaya-s -
-Sasthi
-Saptami

COMPOUND WORD STRUCTURE -2

Figure 5.5

1osred jinjsueg asodind [e1ouan) e Jo juotdo[aad(

amonys o3en3ue :¢ dey)



Development of a General-purpose Sanskrit Parser Chap 6 Sentence Analysis

Chapter 6 : Sentence Analysis
6.1 Karaka-vibhakti mapping : function assignment to words

When a Sanskrit sentence is input to the system, then after Morphological analysis of each
word, the Syntactic analysis further proceeds to assign functions for the word in the sentence. This is
accomplished by Panini's Karaka theory. As we know, the meanings of the words consist of Base
meanings and Suffix meanings. The base meanings are to be got from the lexicons, whereas the suffixal
meanings are based on the case and number of the suffix (for nouns) and mode, voice, tense, person &

number (for verbs) and assign a particular function to the words containing them. Once the
Morphological analysis of all the words in a sentence is done, by an Expectancy driven approach, we try
to determine the possible functional roles for each word in the sentence applying Karaka Vibhakti
mappings. [See. Figs. 9.8 - 9.21]

6.2 Syntactic Analysis

For the case and number of the given noun, all possible functional relationships (Karaka, Sub-
Karaka-s) are related in the Vibhakti Prakarana of Panini's Astadhyayi (2.3.1 to 2.3.73). Hence, by
checking against these rules (conditions), the possible functional relationships are assigned to the
nouns. Next, from these possible Karaka-s, the conditions contained in Karaka Prakarana (Astadhyayi
1.4.23 to 1.4.56) are applied and possible specific functional relations are enumerated. These happen to
be possible Semantic identifications for each noun in the sentence 'in_isolation'. Now, the verbal
identifications are taken and the root meanings are referred to in the root meanings list. The root
meaning is taken and its expectancy specification is checked with the available noun identificatons, one
at a time. Multiple verb identifications are treated one by one.

Thus, Syntactic analysis not only analyses each word of a sentence morphologically, but also
assigns a possible functional role for each word in the sentence.

For example, a sentence like I a9 mesfa (Rama goes to Forest) is analyzed as under :
Each of the three words has two Morphological identifications.

They are :-

1. Word = ™=

i. I as a Noun, Masculine gender, Nominative case Singular with 39 as base

ii. I as a Verb, meaning " to give ', active voice, Adadi Gana, present tense, Parasmai Padi,
first person plural with 31 as root.

2. Word = gq

i. 979 as Noun, Neutral gender, Nominative case singular with g7 as base.

ii. a7 as Noun, Neutral gender, Accusative case singular with a1 as base.

3. Word = Tresfa

I. mesfer as Noun, Masculine gender, Locative case singular with eaq as base.

ii. el as Verb, meaning " to go ', active voice, Bhvadi Gana, present tense, Parasmai Padi,
third person singular with 7/ as root.
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Thus, in the above sentence, the first and the last words can have one of the two roles of verb
and noun. The second word could be object or noun.

Now, we examine both the candidates for the role of the verb. The first word as verb requires an
agent to be ‘us' (since the verb is in first person plural). With this condition, the last word becomes
superfluous, also as the verbal root then means ~ to give ', there is a want of a recipient which is not
found in the sentence. Hence the identification considering the first word as verb is not possible.

With the last word as verb, all the expectancies will be met. Here the root meaning is * goes
and the other two words fulfill the expectancies generated by this verb. The first word 3™ forms the

primary agent for the activity of going and the second word -/ forms the object for the activity of going
(an optional expectancy for the given class of verbs). Hence these identifications with the assigned
functions for each word will be the output of syntactic analysis.

The sentences in Sanskrit can be divided basically into two types, viz. functional sentences and
Non-functional sentences. The functional roles to each words of a sentence can be assigned only for
sentences of functional type. The functional sentences denote some activity and these are characterized
by activity markers. There are two types of activity markers, viz. the verbs and the Krdanta-s.

For a functional sentence with a single verb as the activity marker, the procedure outlined above
applies. For sentences with more than one verb, firstly, the main verb indicating the main activity is
chosen and the same procedure is applied. If the functional sentences do not contain any verbs, then
the Krdanta-s are taken as the starting point and a similar procedure applies. But for the Non-functional
sentence, the word with the Nominative case is taken as the starting point and a different procedure
applies. [See Fig. 9.6.]
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Chapter 7 : Functional Semantics

After syntactic analysis, we proceed to determine word-senses and disambiguate among
options, if need be. This stage utilises an ontology as a discrimination net. The specification for activities
in terms of noun functor categories is utilised for the purpose.

Semantic analysis considers the validity of a single sentence (in isolation) in terms of logical
compatibility. For example, the sentence "He drinks banana", though syntactically correct, is not a
semantically valid sentence, because banana is incompatible for a drinking object. Hence, at this stage,
the meaning is assigned to a sentence by mapping it to a logical form. The semantic analysis needs us
to determine the particular meaning, which is applicable by invoking semantic fitness criteria, which map
grammatical functor categories to logical relations and conceptual classes based on activity
expectancies and compatibility conditions. The Naiyayika relations and ontology are used at this stage.
By an expectancy driven approach, we fix up the possible functional role for each word in the sentence
applying logical compatibility criteria.

To check for the meaningfulness of a sentence, the logicians have devised three essential
criteria called Akanksa (Expectancy), Yogyata (Compatibility) and Asatti (Proximity or collocation). These
are obtained from the base and suffixal meanings of the word.

To check for the Expectancy, the Verb (or activity marker) forms the pivot (in functional
sentences). Every activity has a given set of expectancies in terms of functional relationships (Karaka-s)
with certain Noun types. For example, every activity needs to have an agent necessarily.

7.1 Root meanings and activity categorisation

There are about 2000 verbal roots (monosyllabic) listed in Panini's Dhatu-patha. Dhatu-s have
illustrative meanings, which have a many-to-many mapping. That is, some Dhatu-s have multiple
meanings while many Dhatu-s also have a same/similar meaning. In all, about 690 meanings are used
which are listed in Annexure - C.

However, root meanings are subject to modification with the usage of preverbs (Upasarga-s)
which are about 20 in number, but may be used in combination. Upto 3 preverbs are frequent in
prevalent literature (including Vedic). While their effect on phonetics, accents, morphology etc., are
significant, it is most pronounced w.r.t. the root meanings. The well-known saying in this regard is :

IUHT ereaefs qAEH AR | FERER-AER-AeR-uNaRad ||
g aTerd i S aEgaad | Ha fARme=r Suair e |

Hence, it is not wrong if one were to say that determining factors for their effect on original (or
base) root meanings is very difficult to exhaustively enumerate. Attestation in literature has been the
usual approach in this case. Hence, more than heuristic/empirical formulations, precise decision is
elusive. Similar is the case of transitivity getting affected by preverbs. While Yaska in Nirukta has broadly
given hints on their semantic effects and grouping, it is not comprehensive.
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7.2 Activity classification

To check for compatibility, "Conceptual type" information about the related functors is specified.
For example, the agent has to be animate for primary agency, since the primary agent is defined as an
"independant" doer. Besides agents, transitive activities need an object of specified type. Thus, the
essential features (like agent, object, location etc) for an activity can be enlisted along with their type
information. Proximity also plays a key role in grouping connected functors and their adjectives, non-
functor relation, compound word-formations etc.

There are certain optional functional relations which may be mentioned in the sentence. These
are instrument and location for most activities. Point of departure (or fixed reference) in activities other
than separation type and the recipient or beneficiary in non-giving type of activities are optional factors.
For these factors also, the type of Nouns is fixed in terms of their categories and these are also specified
with activities. The residual relations, indeclinables, participles etc. are also to be handled.

7.3 Scheme of specification

We have arbitrarily attempted an ad-hoc grouping of root meanings to come up with a
preliminary ontology to assist word-sense determination and resolution of conflicts where disambiguation
at sentence level is needed. [This effort is prompted by Panini himself using in his grammar rules, verbal
stems with specific meanings. Some meanings referred are : Tfa, &1, fARwT, Te=, @, =1, IR, Sf,
P, g8, I, ORI, g, UIIWM, K, JE, T, #US, A, gon, I, $T81, ¢, uwmnh. (See
Annexure - C.)] The concept of intransitive activities (3r&H®) also are referred to liberally, but without
characterising or listing.

Activity types

Activity is looked upon as denotation of a root (verbal) which is of a continuous nature (even
made up of distinct sub-ordinate activities) leading to a unique result which could be a state or an event.
On this basis, we analyze the Paniniya Dhatupatha and list out all activities denoted by verbal roots. After
the listing of all the activities, we need to group them into classes which have similar functor
requirements, under the heads of transitive, intransitive, and ditransitive activities However, this is a

tough task. Even Panini has not mentioned any clear criteria on which verbal root meanings could be
classified owing to the multiple senses possible, effects of preverbs and the natural way in which
language gets used allowing for speaker's freedom to denote specific intention.

These specific functor requirements for activities includes the mandatory functor types that must
be present, the optional ones that could be additionally there as well as certain functors which could be
restricted or inhibited. Here we have the syntactic aspects on one hand like particular cases, specific
words etc. and the conceptual types of the objects denoted by these functors (words). Thus, we have
various combinations possible of the usage for a given activity. A type check would ensure compatibility
at logical level and hence meaningfulness.

There are certain complex factors like an activity meant in some different sense, (E.g.: 'citizen
lives' and 'king reigns' take the same root, but existence has different connotation for the two), the
object and activity are co-existent (E.g.: 'he dances'), well-known acts, mostly natural (like 'river flows,
cloud rains') and unintended situations where speaker just skips some essential details (by fancy or
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rhetoric) which can cause a transitive root to be used intransitively. This detail is described in : graRe=<R

I GTAHIORITET | IRTERfaen wHois® e fbar ||

These factors bring to light an important point that while functional relations are effective in
determining meanings unambiguously, they are by no means sufficient to cover all situations. Many
activities are not resolvable into pure functor expectancies like emotive and knowledge-state related
ones like hating, doubting, revering, etc. without taking recourse to metaphysical, transcendental or
philosophical concepts. These are covered in depth under ontological classes in Sastra-s

There is a list of intransitive actions or states like growing, decaying, fearing, living, dying,
shying, existing (or being), standing, keeping awake, sleeping, playing (sporting), liking, glowing (or
shining) and their synonymous ones. gfg-aa-1a-SHad-aR0i Fool-a-RAMI-SITRUH | IRE-HIe-ofa-dreaet
gTqIUl G HGATE: || Also intransitive actions are @ crookedness, eagerness, delusion, effort, langour,
decrepitude, power, reviling, quiescence, bursting forth, bathing, crippling/deformity, yawn, deceit,
orying, laughing. ifecicgad-gq-I-TATA-SRI-AMA-ER0M | SNRI-Tpe-Fooid-ddbed  JRI0T-GH-JIG-
B9 ||

Similarly, in Sanskrit, there are 16 ditransitive activities (terms in brackets denote concept type
of object or goal) such as milking (cow, milk), begging (donor, something), cooking (rice, bath), punishing
(quilty, penalty), obstructing (confined, place), asking (someone, query), gathering (fruit, tree), speaking
(hearer, topic), instructing (someone, query), conquering (loser, stake), churning (input, output), stealing
(victim, item) and leading, carrying, drawing or dragging (thing, place). @—W—W—W—W—W—%—g—
- FT-Ae- g | dangcp S BRI T2 R -g-py-g8M | | Activities other than intransitive

and ditransitive ones are transitive.

As an illustration, let us consider an activity like 'going', which could be transitive or intransitive.
All activities necessarily need an agent. The type of the agent differs between activities (E.g.; 'going’
could take a sentient or non-sentient being as agent. In the former case, the literal meaning is always
applicable, while in the latter case, it is not necessarily so (see with 'car', 'aufomobile' etc.). For an
activity like 'seeing' the primary sense requires an object having a perceptible form, the agent to be
sentient with ocular sense intact, presence of light, absence of obstruction, sense contact etc. Similar
descriptions are to be defined for the basic activity categories. Thus, it is clear that more the precision
with which we specify the verbal activities, we are able to disambiguate sentences sharply. This means
deeper extensions to the ontology.

7.4 Activity Grouping

As the number of activities are quite large, if they can be categorised, then semantic analysis
would not only become more systematic but also clearer. This has to be done taking all the roots of
Panini's Dhatu-Patha. If all the activities are classified based on the similarities of expectancies, then
using the principles outlined in Nyaya Sastra (of Ancient Indian Sciences), the semantic analysis of an
isolated sentence can be carried out. The semantic analysis considers a syntactically valid sentence and
decides whether it is semantically valid.

However, for all original roots, the meaning expectancies in terms of functors required and their
conceptual type can be defined in a preliminary way. Grouping root meanings to conceptual type
expectancies, we have formed 11 major activity classes like Movement, Perception (sensory
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knowledge), Transaction, Displacement, Emotions, Getting, Changing, Hurting, Vocations, Intransitive
and Giving This grouping is arbitrary, but has only expected 'type' of functors as the common factor.

These groups are reasonably handled together with the ontology and functor mappings to
precisely establish proper expectancies with ordinary sentences. The detailed specification of
mandatory, optional and inhibited functor specification for each activity throws up necessary conceptual
category labels which are then provided in the ontology for substances and attributes. While dealing with
relations, a corresponding mapping is included under grammatical relations.

An Activity grouping List

Mapping Format : map1(#Group, #Group], [#root meaning(s)])
Grouping Format : class ([#Group, #Group], [#mandatory Karaka(s)], expected word-type for mand.
Karaka(s), [#optional Karaka(s)], expected word-type for opt. Karaka(s)])
Groups : 1 - 7Ifd - Movement; 2 - SI9 - Perception (sensory knowledge); 3 - 9rgor - Transaction; 4 - 49
- Displacement; 5 - 9ra=1 - Emotions; 6 - arsi9 - Getting; 7 - ke - Changing; 8 - &1 -
Hurting; 9 - fsramamm=a - Vocations; 10 - 3r&#H® - Intransitive; 11 - gfares - Giving;
Karaka(s) : 1 - Karta; 2 - Karma; 3 - Karana; 4 - Sampradana; 5 - Apadana; 6 - Adhikarana.

map1
map1
map1
map1
map1
map1

[11], [B, 76, 263, 526])

(10, 8], [405, 524, 570, 590])

[10, 4], [447])

[10, 1], [188, 192, 255, 302, 307])

[10, 9], [98, 284, 329])

[10, 3], [558, 561])

map1([10, 7], [38, 563, 458])

map1([10, 2], [246, 371, 197, 168])

map1([10], [8, 10, 117, 2583, 406, 12, 25, 359, 386, 448, 449, 26, 229, 495, 327, 639, 41, 46, 289, 54,
200, 303, 57, 58, 92, 163, 559, 59, 60, 317, 468, 75, 85, 86, 88, 202, 506, 103, 106, 668, 107, 630,
113, 120, 123, 176, 272, 273, 339, 669, 125, 127, 536, 131, 134, 133, 140, 143, 156, 148, 259, 260,
310, 429 , 430, 151, 265, 274, 416, 517, 518, 573, 154, 164, 165, 266, 167, 169, 171, 172, 269, 534,
177,178, 372, 661, 189, 199, 210, 211, 212, 214, 215, 247, 248, 228, 350, 378, 379, 380, 420, 232,
376, 377, 233, 267, 271, 481, 356, 364, 285, 296, 651, 287, 291, 292, 311, 326, 334, 335, 358, 652,
360, 362, 370, 375, 381, 398, 399, 401, 410, 418, 419, 489, 622, 435, 653, 450, 454, 542, 465, 475,
558, 482, 484, 490, 494, 520, 545, 560, 562, 662, 589, 656, 608, 629, 631, 665])

map1([10, 8], [519])

map1([9, 5], [610])

map1([9], [2, 7, 31, 185, 286, 403, 404, 426, 87, 96, 118, 119, 174, 642, 114, 483, 115, 116, 144, 170,
240, 304, 462, 551, 121, 320, 437, 586, 141, 309, 609, 663, 146, 300, 617, 158, 407, 222, 231, 239,
537, 252, 257, 301, 408, 308, 388, 597, 322, 331, 333, 459, 460, 336, 344, 396, 393, 394, 395, 400,
425, 501, 505, 521, 532, 566])

map1([8, 2], [315])

map1([8, 5], [237])

map1([8], [16, 49, 51, 52, 283, 27, 30, 35, 126, 184, 194, 195, 198, 250, 281, 352, 353, 361, 374, 397,
509, 510, 585, 625, 645, 670, 671, 672, 673, 48, 183, 226, 227, 277, 476, 502, 424, 67, 124, 213
244, 313, 628, 82, 109, 175, 182, 145, 147, 457, 605, 159, 4383, 595, 604, 201, 546, 230, 439, 242,
256, 262, 264, 411, 268, 463, 466, 591, 548, 541, 574, 667])

map1([7], [568])

o~ o~~~ o~ o~ —
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map1([7, 2], [530, 620])

map1([7], [36, 37, 47, 136, 421, 422, 428, 61, 122, 129, 132, 453, 654, 655, 139, 152, 238, 249, 297,
254, 275, 314, 318, 623, 624, 529, 531, 321, 618, 328, 572, 575, 576, 441, 431, 442, 581, 443, 467,
540, 582, 584, 583, 600, 602, 603, 606, 621, 657, 658, 615, 616, 627])

map1([6], [34, 138, 423, 39, 56, 383, 473, 477,71, 108, 592, 130, 417, 455, 456, 278, 599, 619))
map1([5, 3], [647, 648])

map1([5, 2], [644])

map1([5], [13, 29, 373, 63, 70, 89, 324, 94, 102, 270, 337, 338, 135, 607, 643, 149, 436, 569, 220,
480, 243, 251, 384, 385, 640, 290, 293, 445, 452, 552])

map1([4, 2], [664, 299))

map1([4], [19, 20, 69, 91, 206, 485, 535, 611, 21, 649, 650, 224, 33, 486, 508, 515, 53, 73, 280, 62,
110, 180, 181, 347, 348, 111, 112, 137, 209, 312, 492, 216, 279, 276, 547, 282, 295, 323, 538, 612,
325, 539, 340, 341, 342, 412, 511, 512, 351, 355, 357, 469, 646, 493, 363, 446, 513, 382, 496, 516,
528])

map1([3, 2], [160, 161])

map1([3], [14, 72, 294, 504, 564, 565, 15, 40, 28, 204, 43, 64, 223, 288, 507, 65, 81, 100, 142, 580,
205, 579, 235, 402, 596, 319, 345, 346, 349, 414, 415, 491, 543, 544, 632, 332, 343, 354, 523, 368,
409, 413, 626, 635, 636, 637, 638])

map1(2], [1, 4, 474, 525, 66, 155, 306, 613, 11, 17, 18, 440, 22, 23, 203, 32, 438, 42, 90, 219, 500
522, 556, 577, 614, 44, 45, 234, 444, 499, 598, 50, 221, 503, 68, 196, 74, 128, 659, 660, 79, 80, 83,
84,173, 470, 471, 93, 101, 104, 150, 153, 461, 478, 498, 99, 641, 666, 105, 179, 245, 369, 434, 633,
186, 31 6, 571, 557, 207, 208, 218, 464, 487, 488, 236, 497, 261, 387, 298, 305, 365, 451, 514, 549,
674, 427, 479, 527, 578])

map1([1], [3, 5, 9, 55, 24, 587, 588, 77, 78, 392, 389, 391, 554, 555, 95, 567, 97, 157, 258, 162, 166,
187, 190, 193, 191, 217, 593, 594, 225, 241, 390, 330, 366, 367, 432, 472, 533, 550, 601, 634])

class(1, [1], ["wea=], [2], ['<=1]) class(2, [1, 2], ['we==l’, "s='], [I 1)
class(3, [1, 2], ["wea=’, "se==], I, [I) class(4, [1, 2], ['we==r’, "s='], [I 1)
class(5, [1], ["ge=r='], [2], ["sea=]) class(®, [1, 2], ['we=t’, "waar'], I, [)
class(7, [1, 2], ['w==", "s="], [, ) class(8, [1, 2], ['wer=t’, "we==r'], [, [)
class(9, ], ["wer='], [2], ["sa]) class(10, [1], ['w=="], [2], ["=ew"])

class(11, [1, 2, 4], ['we==", "w= =", "we=='], [, [)

7.5 Activity Characterisation
Group 1. Movement

Transitive : Direct, Voluntary, Uniform rate
Intransitive : Indirect, Reflexive, Variable rate

[. Agent : Must
Animate - Primary meaning Agency, Direct, Voluntary
Inanimate & Abstract - Secondary

ii. Object :

- Place denoter (destination) - Transitive
- Time denoter (if Intransitive only)
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- Measure of time
- Distance denoters
- Place denoters
If Object - Direction - From reference point
- to reference is 'coming’
- From with prior to is return
Second Object in Causative mode
Meaning - Primary
Activity leading to physical displacement of agent in space - axis
Typically from source to destination, needing finite time.
Secondary - caused by 'Hetu'

Group 2. Knowing

Animate agent : Hunger, Sleep, Fear, Copulation
Sentient : Discrimination, States/Emotions

Sensory Perception : Agent awake

Sound - Hearing - Ears

Touch - Feeling - Skin

Form - Seeing - Eyes

Taste - Tasting - Tongue

Smell - Smelling - Nose

Others - Hands, Legs, Genital, Anus, Mouth.

Inference (Extra sensory)
Intellect : States - Learning, Mistaking, Thinking, Meditating, Considering
Mind + Information related Knowledge (Writing, Reading, Teaching)

i. Agent :
- Animate (in fit condition)/Sentient (Senses intact) - (Human being)
- Sensory perception (Physical)
- Extra sensory (Inference, Belief)
- Mental
ii. Object (subject/topic - any Padartha) :
State :- Sleeping
- Dream - with only mind agent
- Diseased/Unconscious
- Intention
Distance of Agent from Object and auxiliaries for particular sense organs.

Group 3. Verbal Communications:

Speaking - Transitive; (Making Sound - Intransitive)

General Info. Exchange - Conversation; Expressing Feelings; Technical/literary - descriptive
1. Agent :

Speaker and Addressee - both Animate/Sentient

Different aspects - Praising, Blaming, Ordering, Requesting, Sharing info., Debating, Arguing, Asking ...
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Speaker should be Expressive (not dumb; presupposes - knowing what and how to communicate)
2. Object :
Addressee should have hearing faculty intact
A second object (topic - not Animate) is possible
3. Instrument :

Mind - in all knowing frames
Sense organ is Mouth in speaking.

A preliminary ontology derived from the rules of Karaka and Vibhakti sections of Astadhyayi is
given in Fig. 9.29-9.32. A preliminary semantic lexicon is found at Annexure - F.

7.6 Conflict resolution and disambiguation

Basically, a set of Sentences denoting a single notion or topic are said to form an extended
sentence, set of connected sentences or discourse and it is supposed to convey a unique sense. In the
light of such definition of a discourse, there may be occasions where individual sentence meanings
contradict the supposed unique sense to be conveyed by the paragraph of which they are members.
The sources for such a contradictory meanings arise from the processes of multiple denotative powers
of words; even sentences.

Consider the three sentences : T8 T | T HeHd a4d | [GwhIsd &S W&@sfd | Here, from
the Amarako$a, ¥IT0] && SHMM: , the word ®[ can refer to Rudra or stem of a tree. The three

sentences then accordingly pertain to stem or Rudra and respectively mean, by Secana, watering or
ceremonial bathing (Abhiseka) and by Phala, fruit or desired results. This is an illustration of discourse
level ambiguity, which needs Mimamsa Nyaya-s to resolve.

The syntactic analysis invariably gives multiple identifications for almost all words due to the fact
that identical word formations are possible through different base-suffix combinations denoting different
semantic contents. These are to be reconciled to arrive at an acceptable sense for the contradicting
words or sentences. There is a hierarchy of knowledge sources pertaining to this discussion at six levels
as follows :

(1) 9%‘%: - Direct statement /.e., which cannot be mistaken or a given thing; for example, a statement
that we are going to discuss mathematics, where the topic is unanimously understood with a
particular connotation. This level is context-invariant and is the strongest/.e., will not be affected by
other levels.

2 ﬁv%j‘ﬂ{ Expressive power of words at absolute and relative levels; as for example, when we say all

expressions have an LHS and an RHS. Here, the word expression should denote a mathematical
eqguation and not just any sentence, though expression can refer to both. The word all here also
can only refer to the domain under consideration. This aspect of taking the restricted (relative)
potency of words to denote objects at absolute level is one way of accounting for context.

(3) arRH - Sentence level denotation is further constraining word level potencies and includes effects

of other words collocated in then same sentence by way of sentential expectancies, for example,
(X+2)" =25, fixes the value of X based on the conditions specified by the other components of the
expression. With linguistic expressions, functor expectancies condition the meaning of a dubious
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word. In the previous case, a potent word had known alternative meanings of which one of the other
gets picked depending on whether the absolute or relative sense is permissible, because of the
direct statement.

TR0 - A subset of sentences under the total topic which may focus on a particular aspect which

can guide resolution of ambiguous words or sentences comprising the set. Here we redefine the
original topic into smaller connected sub-topics and this becomes a miniature discourse. For
example, Consider the four sentences :

John reads.

Mary also.

Bill jumps.

Mary also.
Here, 'Mary also' occurring in a particular sequence after certain sentences conveys different
meanings. Sentential expectancies are involved here.

EH - The position of a particular statement in a discourse also lends help in disambiguation to

some extent. This roughly corresponds to the chapters, sections, or paragraph headings of a book,
ie., by virtue of some sentence being present under some heading, we inherit certain meaning for
part or whole of the sentence.

GUIAT - Intuitive links of certain nomenclatures with certain meanings also may be restored to for

disambiguation when any other help is not forth coming. For example, A-Z of something is meant
to denote everything by the similarity of the nomenclature abbreviating all alphabets of a language.

Here, we see a gradual decrease in certainty of meaning and increasing dependence on external
knowledge for sense disambiguation at word, sentence, context, location or word level. Hence we
say the latter levels are weaker due to the dependencies. This also establishes procedures for
resolving conflicts between the possible permutationsi.e., 15 in this case, besides conflicts among
sentences of the same type in terms of meanings.

Word-sense disambiguation

While the primary sense or literal meaning of words become in-admissible due to contextual
constraints, a secondary or extended sense is preferred during analysis. This aspect has been
deliberated upon in all the three Sastra-s.

Among Grammarians, Bhartrhari points out the following aspects as the basis for deciding such
specific meanings: close connection, separation, association, contrariety, purpose, context/topic,
significant expression, presence of other words, power/potency, propriety, particular region, time
factor, notion of individual object and accents etc. (AT HHIOTA ?M’iﬂ \’Fﬁﬁlﬁlﬁ T Fed: |
IR WA= 7 YRR haerd || G oy ey forifar | o v foert e

gfafe: 11 Qi 91 FeT A WA | ISKREFTws e §qd: 11 - Vakyapadiya
2.314-316).

Close connection: Faeq! T - Cow with calf denotes milch cow.

Seperation  faacar M: 'Cow without calf denotes barren cow.
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Association: THEIUN - Rama and Laksmana means Dasaratha's son Rama (for doubt about
Rama's identity).
Contrariety : Wﬁq’ﬂ%ﬁ?ﬁ: Rama and Arjuna denotes Parasurama and king Kartavirya Arjuna

because of the relation between them not the popular Rama and Arjuna.

Purpose: 37T Fﬁﬁ - The word Anjali means folded palms related to wishing while it denotes
opened palms related offering oblations in sacreficial fire.

Context/topic : S<aHMT - Get Saindnava - denotes a horse of Sindhu origin in going to battle field

while it denotes common salt while eating.

Significant expression: Anointed pebbles means anointed with ghee due to the presence of a
sentence of a sentence commending ghee in the context.

Presence of other words: Rama, the son of Jamadagni means Parasurama.

Power/potency: Find a good match means cutter as an instrument of cutting.

Particular region: The Lord reigns here means king, if the place is a capital city, else it could mean
God.

Time factor: Citrabhanu glows - denotes Sun in day time and fire during night.

Notion of individual object: Mitra helps - denotes Sun or a friend depending on the gender of the
word.

Accents: Accents define word meanings functionally, particularly in the case of compounc words.
Where the same word- form could result from different compounding processes, their accents are
necessarily different. Thus, the word '@p—g‘ﬁlﬁ"f' (fat-dotted cow) can denote a cow with large dots

or a fat cow with dots depending on the accent of the word. Similarly, 3%-3 (Indra's enemy) can

denote killer of Indra or one being killed by Indra, by accent variation.

In Nyaya-Siitra (2.2.62) HewR0T-T-ATGe - g A1 - IR OT-HTHIE - - AT aesa STelol-H3-he-ITeT-

- ToA-TTFT- Ve -JEIS TR 3T AgIa:

[In the case of (a) 'Brahmana', (b) 'Manca' (platform) (c) 'Kata' (mat) (d) 'Rajan' (king) (e) 'Saktu'
(‘flour) (f) 'Chandana’' (sandal) (g) 'Ganga’', (h) 'éa‘gaka' (cloth) (i) '"Anna’ (food) (j) 'Purusa’ (man) there
is secondary (indirect) application, due respectively to - (a) association (b) location (c) purpose (d)
behaviour () measure (f) containing (g) proximity (h) connection (i) cause and (j)sovereignty], we find
the mention of various factors to be considered, while dealing with figurative usage.

Association: AT ST - Feed the stick, means feed the Brahmin holding the stick.
Location: H=IT: SHITIT - Platforms are shouting, means people on the platform shout.
Purpose: & AT - He makes a mat, means he aims at making the mat.

Behaviour; IHT TTT - Yama (Chastiser) means a king by the similarity in punishing.
Measure: 3ehd<hd: - Bushel of flour, means flour measured by a bushel.

Containing: J&TE<-H - A balance-sandal, means sandalwood held in the balance.

Proximity: g a7 MR - Cows are grazing in the Ganges, means cows grazing in the adjoining
lands of the Ganges.

Connection: T TMMEh: - A black (cloth), means a cloth marked with blackness.

Cause: 3T 0T - food is life, means that is the cause of life.
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(10) Sovereignity: 37 JouT oy, 3T T - Mr. X is the clan, means X is the head of the clan.

The Mimamsaka-s have elaborately described the factors governing sentential and discourse
coherence in terms of the six major factors of commencement, conclusion, repetition, novelty or
utility, illustration and propriety.

(STHATTEER! STRATHISTET ®oH | e ¥ foerm aead Mo 1)

The topic of discussion/statement of intention or goal is meant by the factor commencement, which
raises expectancy on this topic to be satisfied by the following sentences.

The conclusion signifies the lower limit of the discourse. In formal situations these two aspects are
invariably present.

Mid-way through discourses maintaining continuity of the topic is accomplished by repeating or re-
stating the initial goal. This may also be in the form of emphasis.

Novelty requires each sentence of a discourse to contribute some unknown aspect regarding the
topic so that every sentence remains significant. This is in reply to the different expectancies

accumulating. Utility deals with the purpose of each sentence meaning to be unigue.

lllustration serves to amplify or explain the content of the discourse through instances, narration,
supporting facts etc.

Propriety enjoins the logical compatibility of sentential meaning and inter-sentential relation.
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Chapter 8 : Sabda-Bodha (Verbal import )
8.1 Concept of Sabdabodha

The ancient Indian approach to language analysis is based on the concept of viewing a
sentence to be springing from the semantic message the speaker wishes to convey (in contrast to the

phrase-structure model and the consequent binary parsing technigues for the English-like languages).
Sabda-bodha is the description of the comprehension in a hearer from the utterance of a sentence.
This very roughly corresponds to 'paraphrase’ which contains the structural description of the sentence
and makes the various elements in the meaning explicit, so that the original sentence is rendered
unambiguous. This when represented, can capture the disambiguated meaning of the sentence and

help inference.
Significant aspect in Sentential import

The g@ri‘a@r&q (emphasis or the significant factor) in sentential import is perceived differently in
the three systems and hence, the format of the paraphrase is different. The Logicians treat the e
(Agent) as central in sentence meaning, while Grammarians view the T (verbal meaning, e,
activity) and mg feel the 9raAT (efficient force or intended act) as prominent. However, there are

specific situations where each of these are apt and hence, we take all these factors suitably.

How to represent meaning (or Knowledge, in general) in the computer ? This is the crux of the
whole exercise and we describe the ancient Indian method in this regard. This is necessarily empirical in
nature. We develop a classification scheme for all substances in a structured form (qam‘ I -

Ontology) to explain meanings and facilitate ‘machine understanding’.
8.2 Fundamental Metaphysical categories

All knowable things are divided into SHTUT ( Means of valid knowledge) and Prameya (Object of
knowledge). There are three YHIUTS, viz. YcaeT (Perception), 3TTHE ( Inference) and % (Verbal
testimony), and these include SUHM (comparison), 31MM  (presumption), agqa%a (non-
apprehension) etc. suitably. Perception is knowledge generated by the direct contact of sense organs
with objects. Inference is the knowledge of probandum based on probans established by logical

concomitance. Verbal knowledge is the one arising from spoken words or verbal statements through the

comprehension of the connected meaning. Perception and Verbal testimony can be stored as facts and

inference as if-then rules in the machine.

Prameyas are classified under two broad headings as §&7 (substance) and 3% ( non-
substance). Substance is defined as ’W&'&H’ (having states or substratum for modifications). This
is of two classes as 31€ (material) and 3751 ( non-material or spiritual). Elgv‘i\?r (Cosmic matter) and A
(time) are material substances. Spiritual substances could further be ERE] (self-revealed) or ENEY

(revealed to others). Sentient beings are self-revealed.
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Non-substance is defined as one which cannot be substratum to something else. It should be
integrally (inseparably) related to a substance and not admit conjunction with another quality. There are
ten basic metaphysical attributes, viz. sattva, rajas and tamas - representing whatever is fine or light,
whatever is active and whatever is heavy - the three attributes of Cosmic matter; % ( sound), Fesk)
(touch), ®T ( colour), TH (taste) and T ( odour) - the five attributes of gross elements; HaNT
(conjunction) and NI (potency). These cover the innumerable other qualities belonging to substances
in conformity with the JHIUTas. Potency is the special property of a causal substance by virtue of which,
it brings out the necessary effect. Conjunction is a form of relation which holds between two physical

objects.

Substance and attribute are distinct but gfeh TH@’( integrally or inseparably) related. There
are two types of entities in the Universe as those that are separable and those which are not. In the
former case, the relation is conjunction, which is external, ceasing to exist the moment the objects are
separated. In the latter case, we conceive a unigue inherent or internal relation, which is the very nature
of the relata lasting as long as the relata exist. Cause and effect are different states of one and the same
substance. In terms of these, we define all things in the Universe. This classification is based on Tattva
HhT hellda of Ira iﬁﬁh‘a, a Logician-philosopher of 13th century A.D. [19].

Heuristic rules are devised to resolve cases where no verb, more than one verb or non-functor
words are present. These derive mainly from 'Laukika =Tyas’, which are akin to formulation of common
sense. Besides, | also has clearly defined criteria for relative priority among various means of
knowledge like, %Iﬁ-r (express mention), %ﬁj‘r (word meaning or explicit indication), ameR ( syntactic
connection, ¥&OT (context = STHRH - beginning, STEER - end, 3T - emphasis, aﬂﬁiﬁT - novelty,
HelH - purpose and IqUR - propriety), ¥ ( relative position) and FTRET (name).

Considering a passive sentence like dm=T TrEa’ ('being eaten by mother’ or 'tablet is being
eaten’), we get the first word to be nominative or instrumental case. When it is taken as instrument
case, it denotes agent; while as nominative, it denotes object. Here, both the answers are output as
valid as these words alone cannot disambiguate the sense any further. More examples are given in [23].

This shows the utility of the base-affix analysis of words.

8.3 case-relations used

It is seen that various relations are at play, due to context, when inflected words are used. To be
able to pick the right relationship between the cases and the functors intended, the many-to-many K-V
mappings are resorted to. The following list gives the illustrations of sentence construction for different
case-relations being meant.

There are 7 different relations for Accusative Case, 11 for Instrumental, 11 for dative, 9 for
Ablative, 17 for Genitive and 19 for Locative cases. Of these, 48 distinct shades of relations are seen
(removing identical relations in different cases. Fig. 8.1 lists these. These, properly grouped and
characterised, would help sense-determination determination and possibly, disambiguation also, when
multiple options are valid. For this, we need a lexicon with semantic category info. stored (using the
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ontology derived from these noun categories, relation-types and activities) alongwith lexical details for
the vocabulary. We have appended a sample preliminary semantic lexicon used in DESIKA system.

The overlap between various shades of senses is difficult to avoid, as precise definitions of
relations and exclusive contexts for them are impractical to comprehensively define. However, the
grammatical and metaphysical categories help in many real-life situations to extract the possible
meanings with the base/suffix meanings also considered in a systematic manner.

The 48 exclusive or distinct relations from the above are :

(1) FEe (2) o, (3) foisaeTe (4) FohRe (5) Wieaiiee, (6) Fefue™, (7) AHe, (8) FIw (9)
FIOEH, (10) FTRTEEH (1) 316 (12) Wieedw (13) THAT. (14) THFHRIGHEH (15) safsa (16)
JevgEH. (17) iR, (18) fsafawistram, (19) o (20) Fhewaisiwem. (21) midem. (22)
ARSI auIEd, (23) TShad, (24) TN TNawIad, (25) Fafqaed (26) =&, (27)
FEGHINOMEAEH (28) AT (29) T=T (30) Weuerad, (31) Fhar (32) w@far HEMT @@ (33)
Tiqueshea (34) SARAY (35) FHEH (36) TaFacy (37) WIRIEd TREdawdss Sd 3 TSrasre
g (38) e (39) T (40) TR (41) g (42) WqUTeaT (43) WHHETEHI0ATHS
AT (44) [FMoHAT (45) STRHNGHET (46) WTTIHSHAE (47) W TAMERT T8
ST FHRI=IIETY AT (48) RO v

8.4 Examples,
Vaiyakarana Sabda Bodha

Consider the sentence - 1. I 37 T=fd - Rama cooks rice. It should first be analysed into the
constituent lexical and grammatical elements (altogether six such elements here) as

- T g 3 I (DA -

It is the activity, which is presently taking place, which is tied to the substratum which is identical
with one (single) Rama and which is conducive to the softening located in the substratum which is
identical with rice. This follows the old Vaiyakarana-s.

The New Vaiyakarana-s have a slightly different structural description. They would say :
The activity of cooking occuring in present time has an agent (qualified by Rama as its agent) which is
identical with Rama and qualified by rice which is connected with it by way of being its object.

2. 9T IS 31FY T=T - Rama cooks rice with fire - wood.

T SIS Tk ST T - Rama makes rice by cooking by firewood.

The final structural description of the knowledge would be - It is a making function, which is happening
at present, which is done through the instrumentality of cooking (.e., qualified by cooking), which
(cooking) has rice as its object - goal (Karma) and is done through the instrumentality of firewood, and it
is the making function qualified by Rama as its agent.

3. T WETE IS @H THhd - In the kitchen Rama cooks rice with firewood.
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"It is Rama who is qualified by the effort that is conducive to cooking, which cooking has rice as its
object - goal, (.e., qualified by the 'object - hood' in rice), which is qualified by instrumentality in
firewood, and it is the same Rama who is qualified by being located in the kitchen".

4. g, T 4rEtd - "Look, the deer runs”.

The Vaiyakarana-s argue that since this is to be treated as a single sentence with one principle
gualificand in the content of the verbal knowledge, their own analysis with the meaning of the verbal
stem as the principal element provides a better structural description.

"It is the seeing (by you) which is at the present time and which has the running as its object, which
running belongs to the deer as its agent".

Here since the object (Karman) is expressed by a verbal stem (dhavana = run) and not by a nominal
stem, one would not expect a second ending "am" (those endings are specifically meant for nominal
stems).

faN \Y FaN raN
PiTdT TP Jlisqdiel 3&IeNIlIT -

1. Prorg ggir | ST - ek A5 WAt | - Caitra makes Maitra go.

R TR AR TSR TR AN G - A AT T T - P A YRRaT ST T |

Caitra is the substratum of activity (1) in present time favourable to an activity (2) which in turn is
favourable to an unison of different place and has Maitra for its object. Sabdabodha identifies two
activities: (1) Going to Maitra (2) The activity causing the going of Maitra for which Caitra is responsible.

2. Rrer orej g o sRresq | - Siva gave the weapon to Arjuna.

B H DA & T PH-FIa- Mg RTYd - TR -AATG AT P el- T BT Th-eATIRTERT: R |
Siva is the substratum of an activity favourable to transfer of (Tva of hood; possessivehood) ownership
pertaning to past time which (activity) has Arjuna as the beneficent and Sastra (weapon) as object.

3. I 3RUA 9 arfer oTemE | - Rama killed VAlT in the forest with an arrow.

SRUYTI RO -STOTehRUTeh-qTf T H -] pol-YTebT T - TR STT ¥ |
Rama is the substratum of activity favourable to killing pertaining to past time, which has Vali as object
and location of the activity is the Aranya (forest) and Bana (arrow) is instrumental in the activity.

4. AW & MBI | - Caitra goes to Rama's house.

R - TR T R G RI-H AN oA AT T~ SATIRISRE 3t |
Caitra is the substratum of an activity pertaining to present time, favourable to unison of a place which is
not different froom the house possessed by Rama.

5. 721 TIEt MM Wel sRIewd @@l W A aRaEq | - When Sabari gave Rama a fruit he ate it.

ST - el - XTHTE - e [ -Tg (R TY - IR ATITE AT - STR BT - T AT - AT o~ T BT Teb-
IMURIS: I |

Rama is the substratum of an activity (1) pertaining to past time, favourable to eating, which takes place
after an activity (2) favourable to transfer of ownership which (activity (2)) has Sabari as the agent, Phala
as the object and Rama as the beneficent.
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6. @@ o= i 7 - Where are you going ?

BIG IR T H- SR IR AN TPt~ AT DT - ATARTHAT T 7

You are the substratum of an activity, pertaining to present time, favourable to unison of which place (?)

7. 31 fasafefy aq HwrF wEe | - | believe that Krsna is God.

AT FOT SRATHR B ATATI G - AT Ah-TARTST 3(EH |
I am the substratum of an activity pertaining to present time favourable to the belief that Krsna is none
other than God.

8. FOE 3G wHIErA | - Krsna comforted Arjuna.

A T FHT AT AT G - T BT T - ATARTSTT: HT: |
Krsna is the substratum of an activity pertaining to past time which resulted in comfortment of Arjuna.

9. ¥ Hiwrelq Igewm 3es ue Aftam wafd | - Out of friendship Caitra cooks rice for Devadatta in a
pot with fire.

S| R s Al B A B S A G T IR G S G G Gl ER AR EAS ECR R INCAINC G RINE DR E Rl

Caitra is the substratum of an activity pertaining to present time favourable to softening of rice which has
Devadatta as the beneficent, which (activity) takes place in the pot with fire as instrument and which
(activity) has friendship as the cause.

10. ITETERS R T SR AER] 9 | - Son's cow is given by Devadatta's hands to Brahmana
out of affection.

N <

G -1 - BT DR VTSIV & S - A8 R VT - g (T e - IR TATG AT G of- AT T3 oT - TR TSI
TgET |

Devadata is the substratum of an activity pertaining to present time, favourable to transfer of ownership
which has Brahmana as the beneficent, Devadatta's hand as the instrument, love as the cause and the
cow possessed by his son as the object.

Points of difference in perception among Vyakarana, Nyaya and Mimamsa views:

A. Failure of nominative qualificand
1. 79, g gmEra - See the deer runs.
1a. T gmEfd, 9 99 - Deer runs, see him.

1b. gTEATES-HAHI JT - The deer possesses the volitional effort conducive to running.

and gITRH - SIETHAT @ - You resort to the act of seeing in which deer is the object.

10, HEATIHS - FHIAA - S - FHHAT - FETH - ST @,
You resort to the act of seeing, determined by the objective status of deer, possessing the volitional
effort, conducive to running.

1d. gra=i I 99 - See the running deer.
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1e. FNTHHRIT-F- STEIGANT R AT - (TSI 0T- TR Hoh- SV GG IR oI5 i
The action in favour of seeing, having the object relating to an (extraordinary) action borne out of speed
conducive to contact with the next region, resorting to deer only, is inherent in you.

1f. Yﬂmﬁh—vj - H’Wﬁﬁﬁ N EICDH ¥ - You resort to the action seeing, the object of which is the deer, the
agent of running.

2. 3o, TSIt WA - Hear the cloud roars.
3. 92t TAfd, 3] - Hear, the dancer sings.
4, 92IS9Ad, 99 - See, the pot destroyed.

2a. TSATHY - WY - FHHE - JAUTHAT @

You resort to the action ‘hearing’, to which the cloud is related as an object resorting to roaring.

Ba. MHTHA - HHF - JUMHAT &
You resort to the action 'hearing’, to which the dancer is related as an object resorting to singing.

4a. AT - ARTATANTE - T - FHEP - FYATHAT &,
You resort to the action 'seeing’, to which the pot is related as an object which is the counter positive of
destruction produced in past.

2b. HETNEHRISAG - TSI - FHF - ST ARITARIITR T

The action hearing, to which roaring is related as an object belonging to cloud only, resorts to you.

8b. FEHRISF - T - FUF - FAU AITARITR T

The action hearing, to which singing is related as an object belonging to dancer only, resorts to you.

4b. T - HfAATaTes - STdaicare - AT - [TEhae R THRIH

The action seeing, in which the content is destruction produced in past, the counter positive of which is
pot, resorts to you.

[2a, 3a, 4a - Nai. $3. ; 2b, 3b, 4b - Vai. Sa.]

5. 3T =t - The conches are heard.

5a. YA - FgeaTafcsd - FHHIM - FAUTFS! AR (3R, Fard)

The action, in favourable of hearing, belongs to object delimited by manyness resorting to conch.

6. 7 et (W) - Three times (exist).

6a. T - fafyrEiyem ser (sdE, =) - Times qualified by the number three.

B. Failure of action-predominance (Taddhita suffixes)

7. SRR - Grammarian, i.e, person who knows or reads grammar (4.2.59).
8a. ¥ - horse, who bears or carries the chariot (4.4.76).

8b. Jma= - bullock, who bears or carries the yoke (4.4.76).

8c. WIESRIT - a trainee, who bears or carries the yoke-like weed for cattle (4.4.76).
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C. Particle as the main qualificand

9. 9aa T ¥ - There is no pot on the ground.
9a. YAIAITTh-geyfaaifieh: 31T - The absence in which pot is counter positive and ground is locus.

10. fer@m T - Obeisance to Lord Siva.

11. srFAfa - Embellishes.
12, enfasRifa - Discovers.

13, THERUTT - Hails / Salutes / Greets.

14, JERITT - Makes forward.

15, TTETRITT - Meets.

16. faxemifa - Discards.

17. 8 91 - Obeisance to Hari.

18. Wfed wed - Blessings to you.

172, @ - WARE - T - Fgeh - 97 - WG - @ - Offering by a person who uses the very word.

18a. HeRy - fedfanfaoft - #igaw - =871 - My wish (embedded in the meaning of the word svasti) in which
your welfare is the content.

D. Problem of meaning of a word

19. T JE W - (He) has come with son.

19a. TAIRT - FdTeh - 3T - HIBA - ST - FgararL

He is possessed of agency of the act 'coming’, contemporary with the act of agency of which lies in son.
20. gﬁ'UT REAERIER =9 - i. Caitra with (his) son obtained a friend. ii. Caitra obtained a friend with (his)
son.

20a. TIhg - (I - W - IS - 7 - ek - Wi - e, =

Caitra is possessed of the money of the act of obtaining a friend, contemporary with the act of obtaining
a friend, undertaken by his son.

ii. T AR - WG

The state of Caitra's being the agent of the act of obtaining a friend, contemporary with the act of
obtaining (Caitra's) son is indicated.

21. ¥=9 ¥ S WH T - This man obtained village with wealth.

22. HeEA T TSH e it - The knowledge receives jar with jarness.

23. 2T TZE W8 9 - The cloth appears (simultaneously) with clothness.
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24, TR WE A LA - One should consecrate the sacrificial fire with his wife.

Points of difference in perception among Vyakarana, Nyaya and Mimamsa views:

A. Failure of nominative qualificand
1. 79, g gmEra - See the deer runs.
1a. g wratd, T 999 - Deer runs, see him.

1b. gTEATES-HAHT JT - The deer possesses the volitional effort conducive to running.

and gITRH - SIETHAT @ - You resort to the act of seeing in which deer is the object.

10, HEATIHS - A - S - FHHAT - FETH - SO @,
You resort to the act of seeing, determined by the objective status of deer, possessing the volitional
effort, conducive to running.

1d. gma=i I 99 - See the running deer.

1e. FRTHHRIT-F- STEAGANT RS AT - (TS 0T- TR Hh- SV GG IR w19 i
The action in favour of seeing, having the object relating to an (extraordinary) action borne out of speed
conducive to contact with the next region, resorting to deer only, is inherent in you.

1f. Hﬁﬂﬁh—vj - H’Wﬁﬁﬁ N EICDH ¥ - You resort to the action seeing, the object of which is the deer, the
agent of running.

2. 3o, TSIt WA - Hear the cloud roars.
3. 92t TAfd, 9] - Hear, the dancer sings.
4, 929, 99 - See, the pot destroyed.

2a. TSATHY - WY - FHHE - JAUTHAT &

You resort to the action ‘hearing’, to which the cloud is related as an object resorting to roaring.

Ba. AT - THHAF - JAUMHAT &

You resort to the action 'hearing’, to which the dancer is related as an object resorting to singing.

4a. RIS - AT - T - FHP - I T

You resort to the action 'seeing’, to which the pot is related as an object which is the counter positive of
destruction produced in past.

2b. HETNEHRISAG - TSI - FHF - ST RITARITTR T

The action hearing, to which roaring is related as an object belonging to cloud only, resorts to you.

8b. FETHRISFA - T - FUF - FAU AIITARITR T

The action hearing, to which singing is related as an object belonging to dancer only, resorts to you.

The action seeing, in which the content is destruction produced in past, the counter positive of which is
pot, resorts to you.
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5. 3T =t - The conches are heard.

5a. YA - FgeaTafesd - FHHIM - FAUTHS! AR (3, Tafd)

The action, in favourable of hearing, belongs to object delimited by manyness resorting to conch.

6. 7 et (W) - Three times (exist).

6a. firer - fafyreriET wer (s, =) - Times qualified by the number three.

B. Failure of action-predominance (Taddhita suffixes)

7. ST - Grammarian, i.e, person who knows or reads grammar (4.2.59).
8a. I - horse, who bears or carries the chariot (4.4.76).

8b. Jma= - bullock, who bears or carries the yoke (4.4.76).

8c. USSRt - a trainee, who bears or carries the yoke-like weed for cattle (4.4.76).

C. Particle as the main qualificand

9. yaa T "< - There is no pot on the ground.
9a. YAAITTh-geyfaaifih: 31T - The absence in which pot is counter positive and ground is locus.

10. fer@m T - Obeisance to Lord Siva.

11. srFaAfa - Embellishes.
12, emfashifa - Discovers.

13. THERUTT - Hails / Salutes / Greets.

14, JERITT - Makes forward.

15, TTETRIT - Meets.

16. faxerifa - Discards.

17. 8 91 - Obeisance to Hari.

18. @d werd - Blessings to you.

172, @ - WARE - T - Fgeh - 97 - W - @ - Offering by a person who uses the very word.

18a. HeRy - feafanfiol - #igaw - =81 - My wish (embedded in the meaning of the word svasti) in which
your welfare is the content.

D. Problem of meaning of a word

19. QAU JE W - (He) has come with son.

o L o (e o d
19a. JAdIT - epddien - HANA - enlalq - UG - enddldlq
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He is possessed of agency of the act 'coming’, contemporary with the act of agency of which lies in son.

20. 11%UT RERCERILH = - i. Caitra with (his) son obtained a friend. ii. Caitra obtained a friend with (his)

son.

20a. YR - I - Wi - i - T - e - W - Sgear, =

Caitra is possessed of the money of the act of obtaining a friend, contemporary with the act of obtaining
a friend, undertaken by his son.

i, SR [AHHE - T
The state of Caitra's being the agent of the act of obtaining a friend, contemporary with the act of
obtaining (Caitra's) son is indicated.

21, 9= ¥ 3| W W - This man obtained village with wealth.
22. gz TE ¥eH AR giat - The knowledge receives jar with jarness.
23, 72T TZeiT W8 9 - The cloth appears (simultaneously) with clothness.

24, TR WE A <A - One should consecrate the sacrificial fire with his wife.

Types of sentences for illustrating Sabdabodha

1. Active voice without object. {da,dv} ; 2. Active voice with object. {da,o,dv}

3. Active voice with two objects. {da,0,0,dv} ; 4. Active voice with two agents. {da,da,o,dv}
5. Passive voice. {ia,0,iv} ; 6. Passive voice with two agents. {ia,ia,o0,iv}
7. Passive voice with two objects. {ia,0,0,iv} ; 8. Passive voice with agent as object. {0,iv}

9. Impersonal Passive voice. {ia,iv}
key:- da = direct agent ; dv = direct verb ; 0 = object ; ia = indirect agent ; iv = indirect verb.
9. FHEAR FIITE | IaT - I fARTerd | 'Rama shines'. emearees -

T - AR gd - THE@IAD - Fhome T |
TTPROT-T - ARG BT - JaADA - [T ger s |
HHRH-A - IF BB TA RO RIS waIge qaaTHIAd! Aa |

R. AFHBAN 1T | &1 - T YAvSe e | 'Rama ruled the Earth'. wrresaiees -

q. - qATSAGHD - &P - ATETTYAPI D - PRIAT I |
q. - YhATaE A= T ATTTYABI P YATVSATA-HH TSRO Her: ATIR: |
Al - YHATSATBREAVI AT RS TeTADBI T HIaT |

3. FHO FFAT | S&T - IMOT YfY g @i Suifstar | 'Unique fame was earned on Earth by Rama'.
NIECIERCI

. - ATSHATEANTCTD - FIRIATAETUT-Y-A BRI - JABI AP - HATGTor - Heremell DIk |

q. - TR B ST YD1 eTeh: Y- EHRUTeD: VehedTd oo al-He R (A eiaToT-TeN AT HUTe-Tper AR |

A - GAREAAT-ae I NEIB- b - AHMERO G-SAfHROpT  AUreudiiTel  Yaaliadl  IMAS -
DCITHATIIBROT AT |

8. [gPHB-FdRN FINT | S&1 - IMESE SR GRars 3FMAq | 'Rama took (sent) Ravana to the other
world'. eregaieey -
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o~

q. - THT-FHF - RATG-ABRATFHD - TIAIP - YADIABP AT e |
3. - ENATFAGHTS: IRATBIE-STH I TTHHTS: AT DTS YD oTd: TITIgel: SIRE |

o O\ < N N ld £ N N o
T, - TSI - AT TOIHRIAEHE - TAMNISRON a5 O] HdPpledbl TIATIH AT HIGHI |

y. FPgH-FdR FIRTE | 391 - dtamfr W@ wfE 9g srrmma | 'Rama (got) built a bridge by monkeys'.
RICCIS RG]

q. - AGTCHID - TEHUIUE - WHP - WIAYARINAD - TEAIGAPT At |

q. - Y- -Tehy 157 g e a- b hR U A WADBHTS: YRIETYT DI DT TEATIHel
R |

1. - AGFTS - FHPT AeafIRIe-HAafi s - HJaT TgAARIC-BUNTS - UGN WRIAYABTAD! TEAIHAT
CIESIN|

&. BHGH-THY FINT | ST - ARYYAUT IFVT ASHT WERIN MBI | 'Lanka was rendered to ashes by
Hanliman and Rama'. emearea

q. - I TO-IM ST aqHa I TSI S - YABIAD - TETTAhAR AN ASHT |

q. - ARG EaTS - e oo aedTaaHTS: TeaTge AaR: |
o, - IYYIAFTSRMTS - BIAgITHAFIBRUN ASHIVANIHT - BHGEARNC - TEAHATHATANTDBT YABT ADT
e |

9. EPHG-FHO TITE | ST - TART: WG IH fBifased s@fy |+ Ravana was taken (sent) to the other
world by Rama'. siresatess -

. - TSRS - AEAIEAF - JABAD - TS RIHROTS - TSI Herelel aeRa: |

q. - SBRNABYD - YD TD - Yhcaraeda-aARATNAFH S - PHfCuTiievors - TaHe: AR |

o, - TS RINS-Ha T IGRO  SRRATMNARC-BHea - PfRcursg-sftaocd- FHHIRGaon b
RERINCEIRICE NI CCICEC I

¢. THABAR FIITE | ST - IR TR goAd | 'Rama is being worshipped' . wmeEaeree -

~ o

q. - TAFDIAD - oI - Bl I I |
£\ ON N [N £\ idaN < N
q. - WihERRR saafeFImiEGdTS: adamaiae: g @R |
N < N d [N o N
#. - TR - aHa- TR adAeIad! T GAaifoIdT Ja |

R. 413 AT | 3T - WA I | (It is) being existed by Rama'. wreatere -

q. - TAFGI S - FATTAAD - HATSTT AT |
q. - AN ST IAA Bl Td: AHe: AR |
. - =TS a- T RO ITAADIAD] ATIHeT AT |
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Relations used in Sabdabodha - Case-relations

Dvitiya Vibhaktih

Trtiya Vibhaktih

Caturtha Vibhaktih

Paficami Vibhaktih

Sasthi Vibhaktih

v

1.Nisthatvam
2.Vigayatvam
3.Visesyatvam
4.Prakaratvam
5.Pratiyogitvam
6.Nirupitatvam

7.Vyapakatvam

!

1. Kartrtvam
2.Karanatvam
3.Jianajnapyatvam
4.Abhedah
5.Sahityam
6.Pratiyogitvam

7. Nirtipitatvam
8.Nisthatvam
9.Samavetatvam
10.Samanakalikatvam

11.Acchinnatvam

'

1.Udde$yatvam
2.Trptiprayojakatvam
3.Samavetatvam

4 .Nispattiprayojakatvam
5.Vikaritvam
6.Vrddhiprayojakatvam

7.Adritatvam
8.Visayatvam

9.Svapaharaneccha-
prayojyeccha
visayatvam

10.Prayojakatvam

11.Icchadhina
Icchavigayatvam

!

1.Avadhimattvam
2.Pratiyogitvam

3.Janyatvam
4.Svakartrkoccaranadhinatvam
5.Nirupitatvam
6.Jnanajnapyatvam
7.Arambhah

8.Paryantah

9.Tadapeksatvam

Figure 8.1

!

1.Visayatvam
2.Visesyatvam
3.Prakaratvam

4 Pratiyogitvam
5.Nirtipitatvam

6.Vrttih

7.Svamita Nirtpita Svatvam
8.Pratipadakatvam
9.Uccaritatvam

10.Pratiyogitvam
-Anuyogitvam
11.Abhedah
12.Kartrtvam
13.Karmatvam
14.Avayavatvam
15.Karanatvam

16.Samavetatvam

17.Svasamabhivyahrta-
Padarthatavacchedaka-
Jati éﬁnya—
Sasthyantapadartha -
Vyavrttatvam-

Saptami Vibhaktih

1.Adheyatvam
2.Vigayatvam
3.ViSesyatvam
4 Nirupitatvam
5.Vyapakatvam
6.Abhedah
7.Avacchedyatvam
8.Ghatakatvam
9.Pratipadyatvam
10.Prakaratvam
11.Samanadhikaranyatmaka
Vai$istayam
12.Samanakalikatvam
13.Purvakalikatvam
14.Uttarakalikatvam
15.Anuyogitvam
16.Pratiyogitvam

17.Svavisayakecchadhinatva
m

18.Sva Samabhityahrta
Padarthatavacchedaka
Jati-Sunya
Saptamyantapadartha
Vyavrttatvam

19.Karayakarana Bhavah
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PART IV

Chapter 9 : Design and expected outputs
9.1 System details of General Purpose Sanskrit Parser

The proposed GP Sanskrit Parser is to take a Sanskrit word or sentence (plain or accented) as
input. Fig. 9.1 is the flow chart of the parser. If it is a sentence, it is to be split into words. Then for each
word, morphological analysis is to be performed to recognise the possible word categories. Accented
inputs need to be processed for accent information also. Nouns, verbs or indeclinables will be the
categories of output with standard details. When multiple solutions exist, all are considered.

9.2 Algorithm for morphological analysis
Accented input

The Flow chart enclosed Fig. 9.2 outlines morphological analysis for accented inputs and Fig.
9.3 gives Vedic syllable syntax, the steps involved in converting from Samhita-patha to Pada-patha and
vice versa, as also generating the various combinatorial patterns called Veda-Vikrti-s. Essentially, we
have an additional dimension of accent-markers to be handled which are always associated with vowels
or (special) Vedic characters. Itiga-s need to be split and 'iti' should be removed. The attendant accent-
change and rewriting of Ingya etc. are to be carried out. The examples below from Samhita to Pada
Patha have these steps illustrated. Special Vedic characters are also used and their results after the
processing are included. Additional Information like Vedic fonts key maps, sample accented texts of
different Veda-s etc. are presented in the Annexure - B.

Unaccented input
After taking care of accent info. if input is accented, and directly otherwise, we can adopt the
following general strategy :

1. Take a Sanskrit word input.

2. Check whether the word is an avyaya (indeclinable). If so, store the identification.

3. Check whether the word is any special form. If so, store the identification.

4. Generate all possible splits of a word (along with second level character substitution) giving
rise to different sub-string combinations.

5. For all sub-string combinations

do

6. Check the last sub-string in the Nominal suffix and Verbal suffix databases.

7. if the last sub-string is a Nominal suffix

then

8. While there are more sub-strings in the combination

do

9. Take the next sub-string.

10. Check the sub-string in the following databases in turn.

i. Krt suffix

ii. Taddhita suffix

iii. Feminine suffix

iv. Nominal base

v. Verbal root

vi. Upasarga
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if a match is found in any of the databases, carry out a compatibility type check between the
corresponding sub-strings, and if OK, store the identification along with the relevant details of the sub-
string in the combination.

11. if the sub-string does not match in any of the databases, break out of the while loop;

12. If the total identification of all the sub-strings of the combination is such that it is one of the
valid word structures then store the total identification of the word.

13. Else if the last sub-string is a Verbal suffix

then

14.While there are more sub-strings in the combination

do

15. Take the next sub-string.

16. Check the sub-string in the following databases in turn.

i. Modal suffix

ii. Conjugational suffix

iii. Various augments

iv. Verbal root

v. Upasarga

if a match found in any of the databases, carry out a compatibility type check between the
corresponding sub-strings, and if OK store the identification along with the relevant details of the sub-
string in the combination.

17. if the sub-string does not match in any of the databases, break out of the while loop;

18. If the total identification of all the sub-strings of the combination is such that it is one of the
valid word structures, then store the total identification of the word.

19. Else

20. Take the last sub-string.

21. While there are more sub-strings in the combination

do

22. Check the sub-string in the avyaya list, if a match is found, store the identification, take the
next sub-string and continue.

23. Check the sub-string in the following databases in turn.

i. Krt suffix

ii. Taddhita suffix

iii. Feminine suffix

iv. Nominal base

v. Verbal root

vi. Upasarga

if a match is found in any of the databases carry out a compatibility type check between the
corresponding sub-strings, and if OK, store the identification along with the relevant details of the sub-
string in the combination.

24. if the sub-string does not match in any of the databases, break out of the while loop;

25. If the total identification of all the sub-strings of the combination is such that it is one of the
valid word structures, then store the total identification of the word.

26. If there is no identifcation for the word ( for any of the sub-string combination), then print
the word is not a valid Sanskrit word; else print all the grammatical identifications of the word.

27. END.
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Discussion

Here, the database sizes and content would decide the data structures and techniques used for
searching, storage etc. The nominal bases used are about 3000 words, the suffixes of various types
about 1000, list of avyaya-s about 700; while the roots are 2000, suffixes and preverbs with their
combinations about 500. The databases are of the order of 0.4 MB in size as far as verbal roots, suffixes
etc. are concerned. The lexicon has a provision for 'update' as it can be infinite. But, certain decision
processes are involved as verbal suffixes are dependent on about 7 parameters as Gana, Padi, It, It,
Karmitva, accent, meaning, besides tense/mood, person, number. Hence, the arrangement, order and
storage of intermediate results at each iteration of the word-split process would have to be considered.
The process is not linearly decomposable. Preverbs (even upto three of them) alter some of these
attributes of verbal roots.

Hence, storage as hashed files or reverse suffix table, tries etc. are candidates. Paradigm types
are frozen for nominal bases and suffixes, verbs are used with partial finality and indeclinables and other
suffixes are fixed. Hence, depending on the level and stage of the split, the LHS and RHS strings can be
matched in the database. String-length based sorting and alphabetical indexing can also be employed.

From the above algorithm, we see that it mainly involves generating of all possible combinations
and then checking in different databases. If the check is successful and the structure of word is one of
the valid forms, then the given input is a valid word, whose grammatical identification can be built up
from the identifications of part sub-strings. The detailed description of the algorithm for generating all
possible combinations is given below alongwith its importance for NLU in Sanskrit and other Indian
Languages. It also brings out the theoretical problem in detail, highlighting the importance of the
procedure for NLU.

The common algorithm is explained with various detailed stages of processing in Fig. 9.4 and
morphological validation details are found in Fig. 9.5.

9.3 Sabdabodha Flow-chart explanation

The process of Sabda Bodha analysis begins with taking the verbal identifications from the
syntactic analysis stage and the functor identification from the semantic analysis stage. For the verbs,
the roots are collected and then their category specifications are consulted.

Given these information, we check all other words of the sentence other than the verb to find
out if there are any candidates for mandatory Karaka-s. On finding candidates, the type check is carried
out. If it passes, that word with that functor, forms part of a possible meaning. This is continued for all
mandatory karaka-s. Whenever there are no candidates for even one mandatory karaka, then the
sentence is declared incomplete for that verb in that sense. When more than one candidate exists for the
same mandatory karaka, then extra rule base will be required to disambiguate (or the sentence can have
more meaning).

The similar check for presence and compatibility of optional karaka-s is carried out when there is
atleast one candidate for all mandatory karaka-s. After this, the sentence should be checked for any
non-karaka word like adjectives, adverbs, indeclinables etc. and their meanings to be determined. This is
again done by suitable rulebase.
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Development of a General-purpose Sanskrit Parser Chap 9 - Design and expected outputs

After all the words are accounted for in the sentence, the output is given in one of the three
traditional formats due to the three schools of ancient Indian sciences. i.e, Logic, Grammar or
Epistemology. These formats differ only in the emphasis laid in the description of the meaning. The
logicians treat the agent as central to semantic extraction, while the grammarians treat activity content
as central and Mimamsaka-s treat the intention of the agent as significant in the sentence meaning.

For syntactic analysis, the Sastra-ic approach is illustrated by Fig. 9.6, the expectancy-based
syntactic analyser. Fig. 9.7 gives the procedure Akanksa. Here, we begin with the verb, usually (if
present). By means of putting various questions as to various functional roles with respect to the verbal
activity, the verbal import is arrived at.

Next, we get to decide the meanings and inter-relation of words. We begin with the verb and
link nouns through syntactico-semantic mappings. These are devised as shown in Figs. 9.8 to 9.14 for
case-ending (Vibhakti-s) sub-types based on functional roles (Karaka) and collocations (Upapada) as
described in Panini's rules 2.3.1 - 2.3.783. Total classification is in 9.8 and individual syntactic conditions
for identification are given Figs. 9.9 to 9.14. Figs. 9.15 to 9.21 are for case-relation (Karaka-s) sub-types
based on specific contexts as described in Panini's rules 1.4.23 - 1.4.55. Total classification is in 9.15
and individual conditions for identification are given 9.16- 9.21.

Starting with the activity category, we look at activity specification in terms of expected noun
types. We have grouped all activities (Ref. Annexure - C) into eleven suitable groups in Annexure - E. The
characterisation and grouping into major functor types of activities are shown in Figs. 9.22 to 9.28. An
ontology derived out of these details is presented in Fig. 9.29 to 9.32.

The conditions for mapping any particular sub-type of a case ending to a functor role sub-type
is achieved through the link of semantic conditions shown alongside the types. Disambiguation takes
special features into account as a weighted choice between alternatives by constraints and cost
assignment. The output is given in the form of paraphrase (éébdabodha) in the traditional format.

The classification of Sabdabodha is in Fig. 9.33. Verbal import of Vedic inputs is shown in Fig.
9.34. The three formats in traditional Sastra-s are shown diagrammatically for the sentence : 'Caitrah
Harim Bhajati' - Caitra serves Hari - in Figs. 9.35 for Vyakarana, 9.36 for Nyaya and 9.37 for Mimamsa.

9.4 Expected outputs

A set of expected outputs for an incrementally built up sentence, step by step, and including
moods, tenses etc. are given in Figs. 9.38 to 9.54.

The sentence taken is: The potter makes (Karoti Kulalah). We then add object, instrument etc.
by adding the words, for a pot, by a stick, for money, from mud, at home, in his home, and further add
adjectives for all cases like, smart potter, big pot, long stick, lot of money, fertile mud, old house and
familial house etc. (Caturah Kulalah Mahantam Ghatam Dirghena Dandena Prabhitaya Dhanaya
Prasastat Mrdah Sakutumbasya Svasya Purane Grhe Asu Karoti).

Past tense of imperfect (Akarot - Parasmaipadi, Dhanam Alabhata Kulalah - Atmanépadi) and
aorist (Akarsit) types, future (Karisyati), optative/benedictive moods (Karotu), indeclinable particle of
assertion (Devadatta Eva Pacati), activity sequence using infinitive/gerunds and participials (Pathitva
Likhami Aham, Gurum Avanamya Likhami Aham, Pitah Krsnah, Gatavan Ramah) are included.
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-
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meanings
£

Consult
base

Consult
accented

lexicon

rule-

Vaidika Prakriya
Pratisakhya
Siksa

Laksana-grantha

Figure 9.2

Nighantu

* given in the next page

Josred jnysueg asodind [e1suan) ® Jo juawdoaaa(

sindinQ) pa1oadxa pue u3isa(q : ¢ dey)



atoredueg ‘oS “VSD Jo 1doq

98

uefnuewey]

Morphological Analysis of Accented Input

Vedic Syllable Syntax - ISCII code syntax extension [ S = Svara R =Non-Svara ]

Vedic-Syllable::= Vedic-Cons-Vowel-Syllable | Vedic-Cons-Vowel-Syllable |[Full-Vedic-Syllable
Vedic-Cons-Vowel-Syllable ::= Cons-Vowel-Syllable S

Vedic-Vowel-Syllable::=Vowel-Syllable S
Full-Vedic-Syllable:: R S

A) Samhita to Padapatha - StoP Algorithm
1) convert svarita & pracaya-s to anudatta

2) Expand Ingya-s, add iti and rewrite seperately

3) With udatta-s as pivot, accent each syllable

4) If there are any jatya (nitya) svarita-s, write it as it is.

5) Undo any sandhis in sambhita (prose) form & write pausa
form cerebralization / elongation non-sandhi etc.

6) Other specialities of pada-patha to be added. Itiga-s

B) Pada Patha to Samhita PtoS Algorithm
1) dissolve all special features of pada-patha

2) make anudatta-s all svarita-s and pracaya

3) combine words make sandhi euphonically as per rule base.

4) making udatta-s fixed, complete accent marking
S5)hrasva / dirgha kampa-s are to be placed appropriately

6) carry out elongation cerebralization etc.

e.g, $rudhi in samhita; §rudhi in padapatha

Figure 9.3
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Expectancy based Syntactic Analyser

List of Verbs and Nouns in the sentence

Verb

present

No No*

Simultaneou

Samakalika

Group co-referential words.

* Sequentia
I
Describe First Activity-purvakalika Activities-
contents& ..
Further Activity-
Get Activity uttarakalika
Consult Activity list
Get Activity specification®*
A 4
Call procedure Akanksa
Locate Nominative Noun
v N
2 >

Sentence incomplete

Optiona

karaka satisfied

Candidate check - unique word

Note : type check -proper word category

* -Equivalent to multiple, independent sentences.

** _Mandatory and optional karaka-s with ontological type Figure 9.6

All words
covered 2

Give suitable

message

Sabdhabodha

Give suitable

message
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Procedure Akanksa

Consult semantic lexicon, Determine

multiple Karaka-s/qualifiers for Karaka-s.

Location
Wher,
From
pere &
al
Separation wh

Note : * - If no activity marker, I.e., Verb or Krdanta or
multiple activities - refer to syntactic analyser.

»  Agent »  Object
A
No Consult semantic lexicon, Determine
multiple Karaka-s/qualifiers for Karaka-s.
Yes Cony TYes
who
Wiat No
w‘“’\c‘(\
VERBAL ACTIVITY*
B .
(Root Meaning) tby O with o
LOUgh whicp,
Instrument
To whom or what
or what for
Recipient
Figure 9.7
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Classification of Sanskrit Case endings (Vibhakti) [Astadhyayi 2.3.1-2.3.73]

€

IpMupmer I

35- [Upapada*]
44- [Upapada™]

45- [Upapada*™]

Legend:

Upapada * :- Certain collocations of base/suffix categories

pst:- Present

neg:- Logical NOT

Numerals indicate the, Sutra number

Figure 9.8

VibhaktiSub Types
Dvitiya Trtiya Saptami Panicam Caturthi Sasthi
v v v v v v
4- [Upapada*] 6. Apavarge 7- [Upapada™] 07- [Upapada*] 12- pst_Cesta 26- [Upapada*]
5- Atyantasamyoge 9- Parimanadhikyam 10- [Upapada*] 14- Sthanin 27- [Upapada*]
19- Apradhanakartr 14 - *
8- [Upapada*] ’ Svaravacanham 11- Pratinidhi_ Kriyarthopapadakarma 30- [Upapada*]
12- pst_Cesta 20- [Upapada*] %Zl_ﬁvenabhévalaksana Pratidana 15- Tumartha 34- [Upapada*]
|7 Anadare 21- [Upapada*] 38- Anadare 24-neg_Karty 16- [Upapada*] 38- Anadare
22- [Upapada*] 25- [Upapada* 3 39- [Upapada*]
. 22- [Upapada*] 39- [Upapada] B T A Rseva
31- [Upapada*] pap _ 29- [Upapada*] 40- Aseva
N 40- Aseva L
35- [Upapada*] 23- [Upapada*] 41 Nirdharana 32- [Upapada*] 41- Nirdharana
59- Karma, Vyavahara ' 33- Asatt 51- Karana
25- [Upapada*] 43- Arcayam saftvavacana
69- Kartr,Karma 34- [Upapada*] 52- Karma
% 44- [Upapada*] .
70- Kartr,Karma 27- [Upapada*] 35- [Upapada*™ 53- 52,Pratiyatne
) 45- [Upapada*] [Upapada™]
71- Kartr,Karma 32- [Upapada*] 42- Vibhaga 54- Karma
55- 54,Asisi
33- Asattvavacana 56- 54,
Himsayam

57- 54,Vyavahara
58- 54, Vyavahara
59- 54,Vyavahara
64- Adhikarana
65- Kartr,54

66- Karma

67- 65,
Vartamane

68- 64,
Vartamane

72- [Upapada*]
73- Aéisi
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Dvitiya

Syntactic conditions to identify Second case ending Sub Type

4- [Upapada*]

5- Atyantasamyoge
8- [Upapada*]

12- pst_Cesta

17- Anadare

22- [Upapada®™]
31- [Upapada*]

35- [Upapada*]

59- Karma, Vyavahar4

69- Kartr,Karma
70- Kartr,Karma

71- Kartr,Karma

VYV Y YY YY VYV Y

pst(["Antara"," Antarena"])
wc("Adhvan"),we("Kala")

we("Karmapravacaniya")

andd([meaning("",[3,24,95,157,162,166,187,188,192,225,255,302,307,330,389,391,432]).neg(wc("Adh

van"))])
andd([root(["Mana"]),c("gana","Divadi"),wc("Paranc")])
upr("Sam","Jna")

avysuf(["Enap"])

base(["Dura"," Antika"])

anyr("Divu")
krd([suf(["Ktva","Kta","Ktavatu","Satr","Sanac"])])
krd([suf(["Nvul","Nini"])})

krd([suf(["TaVyat","Aniyal‘","Ya"])])

Figure 9.9

Pst- Present (Upapada)
wc- Word category
upr- Upasarga and root
root- Dhatu

avysuf- Taddhita vibhakti suffi
c- Condition

base- Pratipadika
krd-Krdanta

suf- Suffix

anyr- Upasarga

andd- logical AND

neg- logical NOT
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Syntactic conditions to identify Third case ending Sub Type

6- Apavarge

19-
Apradhanakartr

20- [Upapada*]
21- [Upapada*]
22- [Upapada*]
23- [Upapada*]
25- [Upapada*™]
27- [Upapada*]
32- [Upapada*]
33- Asattvavacana
35- [Upapada*]
44- [Upapada*]

45- [Upapada*]

wc("Adhvan"),we("Kala")
pst(["Saha","Sakam","Sardham","Satra","Samam"])
andd([wc("Pranyanga"),wc("Angavikala")])
andd([wc("Laksana"),wc("Laksya")])
upr("Sam","Jna")

wc("Hetu")
andd([wc("Hetu"),neg(c("gender","fem"))])
andd([base(["Hetu"]),wc("Sarvanama")])
pst(["Prthak","Vina","Nana"])
base(["Stoka","Alpa","Krechra","Katipaya"])])
base(["Dura"," Antika"])
base(["Prasita","Utsuka"])])

wc(""Naksatra-Lup")

Figure 9.10

Pst- Present (Upapada
wc- Word category
upr- Upasarga and roof
c- Condition

base- Pratipadika
andd- logical AND

neg- Logical NOT
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Saptami

Syntactic conditions to identify Seventh case ending Sub Type

7- [Upapada*]

9- Parimanadhikyam
Tévaravacanam

37-
Bhavenabhavalaksana

38- Anadare
39- [Upapada*]
40- Aseva

41- Nirdharana
43- Arcayam
44- [Upapada*™]

45- [MIpapada*]

andd([wc("Adhvan"),wc("Kala"),c("betw_kar","")])

wc("Guna")

krd([andd([wc("Dravya")]),c("otherwc","Dravya™)])

krd([andd([wc("Dravya™)]),c("otherwc","Dravya™)])

base(["Svamin","T§vara"," Adhipati","Dayada","Saksin","Pratibhu","Prastita"])

base(["Ayukta","Kusala"])
c("base_end","Tara"),c("base_end","Tama")
andd([base(["Sadhu","Nipuna"]),neg(pst(["Prati"]))])
base(["Prasita","Utsuka"])

wc(""Naksatra-Lup")

Figure 9.11

wc- Word category
upr- Upasarga and roof
c- Condition

base- Pratipadika
krd-Krdanta

andd- logical AND

neg- logical NOT
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Pancam

i

Syntactic conditions to identify Fifth case ending Sub Type

07- [Upapada*]
10- [Upapada*]

11- Pratinidhi_
Pratidana

24- neg_Kartr

25- [Upapada*]
29- [Upapada*]
32- [Upapada*]
33- Asattvavacana
34- [Upapada*]
35- [Upapada*]

42- Vibhaga

R

andd([wc("Adhvan"),wc("Kala"),c("betw_kar","")])
psi(["Apa”, A", "Pari"])

we("Karmapravacaniya")

wc("Hetu")

andd([wc("Hetu"),neg(c("gender","fem"))])

pst(["Arat","Rte"]),base([" Anya", "Ttara"]),avysuf(["Ac"," Ahi"]),wc("Di§"),c("base_end"

,"ATC")

pst(["Prthak","Vina","Nana"])
base(["Stoka"," Alpa","Krcchra","Katipaya"])
base(["Dura"," Antika"])

base(["Dura"," Antika"])

c("base_end","Tara"),c("base_end","Tama")

Figure 9.12

pst- Present (Upapada)

wc- Word category

upr- Upasarga and root
avysuf- Taddhita vibhakti suffi
c- Condition

base- Pratipadika

andd- logical AND

neg- logical NOT
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Syntactic conditions to identify Fourth case ending Sub Type

12- pst_Cesta

14- Sthanin_
Kriyarthopapadakarma

Caturthi

15- Tumartha

16- [Upapada*]

17- Anadare

vy | v

€

andd([meaning("",[3,24,95,157,162,166,187,188,192,225,255,302,307,330,389,391,432]),neg(wc("Adhva

krd([suf(any)])

wc("Dravya)
pst(["Namah","Svasti","Svaha","Svadha"," Alam","Vasat","Prabhuh"])

andd([root(["Mana"]),c("gana","Divadi"),wc("Paranc")])

Figure 9.13

wc- Word category)
c- Condition

krd- Krdanta

suf- suffix

any- Any upapada
root- Dhatu

andd- logical AND

neg- logical NOT
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Sasthi

Syntactic conditions to identify Sixth case ending Sub Type

26- [Upapada*]
27- [Upapada*]
30- [Upapada*]
34- [Upapada*®]
38- Anadare
39- [Upapada*]
40- Aseva

41- Nirdharana
51- Karana

52- Karma

53- 52,Pratiyatne
54- Karma

55- 54,ASisi

56- 54,
Himsayam

57- 54,Vyavahara

58- 54,
Vyavahara

59- 54,Vyavahara
64- Adhikarana
65- Kartr,54

66- Karma

67- 65,
Vartamane

68- 64,
Vartamane

72- [Upapada*]
73- Aéisi

— base(["Hetu"])

—p» andd([base(["Hetu"]),wc("Sarvanama")])

> avysuf(["Atasuc","Astatiluk","Ril","Ristatil"," Ati"])

— base(["Dura"," Antika"])

—p» krd(Jandd([wc("Dravya")]),c("otherwc","Dravya")])

- > base(["Svamin","T§vara"," Adhipati","Dayada","Saksin","Pratibhu","Prasiita"])
— base([" Ayukta","Kusala"])

—p» c("base_end","Tara"),c("base_end","Tama")

> andd([root(["Jna"]),neg(meaning("Jna",[50]))])

—» upr("Adhi","Ik"),root(["Smr","Daya","I5a"])

- upr("Upa","Krii")

—® krd([andd([meaning("",[463]),c("agentcat", " Dravya"),neg(root(["Jvara"]))])])
— root(["Nathr"])

— upr("Vyava","Hr"),root(["Pana"])

—p root(["Divu"])

Ly anyr("Divu")

— andd([avysuf(["Krtvasuc"]),we("Kala")])

—> krd([any])

-y andd([krd([]),andd([karaka("Kartr"),karaka("Karma")])])

—» krd([suf(["Kta"])])

Ly ked([suf(["Kta"])])

- > andd([wc("Tulyartha"),neg(base(["Tula","Upama"]))])

— base(["Ayusya","Madra","Bhadra","Kus$ala","Sukha"," Artha","Hita"])

Figure 9.14

Pst- Present (Upapada)
wc- Word category
upr- Upasarga and root
root- Dhatu

avysuf- Taddhita vibhakti suffi
c- Condition

base- Pratipadika
krd-Krdanta

suf- Suffix

anyr- Upasarga

andd- logical AND
neg- logical NOT

any- any Upapada

K

1osred jinjsueg asodind [e19uan) € Jo Juowdo[aAd(
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Chart of Karaka subtypes
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Karaka (1)
Apadana(2) Karana(29) Sampradana(16) Adhikarana(35) Kartr(58) Karma(45)
Apayecalam(7) Sadhakatamam(30) Kriyabhipretam(18) Adharah(36) Apradhanakartr(59) Anipsitam(33)
Ipsitah(11) Karma(45) L Prayojakah(60) Udasinam(54)
: _ Karmabhipretam(17) :
Sampradana(34) ) Akathitam(55)
Apayedhruvam(3) —f Jnipsyamanah20) Visayah(43) Anuktah(61) :
vayal Kartrkarma(56)
Bhayahetuh(9) Uttamarnah(21) :
Y : [Nirdistavisayam(4) — Samipyam(44) Karma-Kartr(62) o
e : Abhyantaram(31) . : Sanjnantaravat(57
Asochah(10) Chandovisayah(28)
T Upattavisayam(5) Bahyam(32) Karma(45) Svatantrah(63) Tpsitatamam(47)
T Kupyamanah(23) P :
Antardhipratiyogi(12 o : T
Apeksitakriyam(6) Kalah(40)
Akhyata(13) Karma(24)
Prakrtih(14) Viprcchyamanah(25) Desah(37)
Prayokta(26) Abhivyapakam(41) Nirvartyam(48)
Prabhavah(15) o
Samsta(27) Oupa$lesikam(42) Vikaryam(49)
Bauddhapayavadhih -
: - P 52
(8) Ipsitah(22) rapyim( )
Priyamanah(19) A
C — | Abhivyapakam(38 Prakrtyucchedah(50)
Oupasi@sikam(39) Gunantaradhanam(51)
Figure 9.15
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uefmuewey'J

Apadana(2)

(Ablation
)

2

Apayecalam(7)
(Mobile
reference)

Tpsitah(11)
(Desired
object)

Apayedhruvam(3)
(Stable
reference)

Bhayahetuh(9)
(Cause of

fear)
Asochah(10)
(Unbearable)

Antardhipratiyogi(12)
(Hide)

Akhyata(13)
(Instructor)

Prakrtih(14)
(Source)

Prabhavah(15)
(Origin)

Bauddhapayavadhih(8)
(Mental ablation)

Conditions for Apadana Karaka subtypes

f(7,[rfra(50),up(["Apa","A","Nir"]),upr("Ava",
"Ruha"),kl’d([rfra(50),up(["Apa","K","Nil"’]),
upr("Ava","Ruha™)])])

f(11,[rfra(53)])

f(3,[rfra(50),up(["Apa","A","Nir"]),upr("Ava",
"Ruha"),c("passive","Ohak"),rfra(51),
root(["Gupt","Badha","Muha"]),upr("Vi",
"Ramu"),upr("Ni","Vrtu"),upr("Pra","Madi")])

£(9,[rfra(52)])

£(10,[upr("Para","Ji")])

£(12,[upr("Ni","LiA"),avyr("Antah","Dudhaii"),

avyr("Tirah","Bhu")])

f(13,[upr("Adhi","Ik"),upr("A","Gam]")])
f(14,[rfra(54)])
f(15,[upr("Pra","Bhu")])

f(18,[krd([suf(["Tumun"])])])

Figure 9.16

)

[¢]

o S
Nirdistavisayam(4) 3
(Specific) E
[¢]
f(4,[rfra(SO),up(["Apa","K","Nir”]),upr("Ava'E‘
"Ruha"),c("passive”,”Hﬁ”),c(”noun","entity")];;
&

=}

g

Upattavisayam(5) =R
(Denoted) g
=
f(5,[1’00t(["Dupacas”,"Hri"]),upr("Vi","Dyuta'%,
upl.(nPran,nTksan)]) g
g

Apeksitakriyam(6) g
(Act expect) &

f(6,[andd([neg(c("dhatu","")),wc("Deéa")])])

Legend:

Format : f(Subtype number,
conditions)

f :function

rfra : rootframe number

up :upasarga

upr : upasarga + root combination
¢ :condition

root : Dhatu

andd: AND (logical)

neg : logical NOT

wce : word category

krd : Krdanta

mode:Prayoga

avyr: Avyaya + root combination
suf : Pratyaya (suffix)

caus: Nijantah

anyr: any upasarga

range root : root meaning range

sindinQ pajoadxa pue u3iso(J : ¢ dey)d
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Conditions for Karana Karaka subtypes

Sadhakatamam(30) — f(30,[])

(Immediate means)

Karana(29
(Means)

uefmuewey'J

Karma(45)
(Object)

— f(33,[root(["Divu"]),c("and","karana")]) —

Sampradana(34)
(Donee)

Abhyantaram(31
(Internal means)

(31,[we("Pranyanga")])

Bahyam(32)
(External means)

(34, [upr("Pari","Dukrin"),c("or","karana")])—

Figure 9.17

Legend:

LSRR on )SuthPC number,

f : function

rfra : rootframe number

up :upasarga

upr : upasarga + root combination
¢ :condition

root : Dhatu

andd: AND (logical)

neg : logical NOT

wc : word category

krd : Krdanta

mode:Prayoga

avyr: Avyaya + root combination
suf : Pratyaya (suffix)

caus: Nijantah

anyr: any upasarga

range root : root meaning range

f(32,[neg(wc("Pranyanga"))])
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Sampradana(16)

uefnuewey]

Kriyabhipretam(18) |
(Served
person)

Karmabhipretam(17)
(Beneficiary)

Jiiipsyamanah20)
(Person
intimated)

Uttamarnah(21)
(Creditor)

Chandovisayah(28) 1
(Vedic)

Kupyamanah(23)
(Target of anger)

Karma(24)
(Object)

Viprcchyamanah(25
(Served person)

Prayokta(26)
(Requestor)

Samst§(27)
(Praiser)

Ipsitah(22)
(Desired object)

Priyamanah(19)

(Person pleased)

Conditions for Sampradana Karaka subtypes

f(18,[krd([suf(["Tumun"])])])

f(17,[rfra(55)])

£(20,[root(["Slagha","Hnui","Stha","Sapa"])])

f(21,[mode("caus","Dhri")])

(28, [rfra(55),upr("Nir","Duvapa"),root(["[Dupacag","Vaha"," A§u","Dukrii"]),change("karma","karna

"), change("smpradana","karma")])

f(23,[root(["Krudha","Druha", "Trsya"," Astiya"])])
f(24,[anyr("Krudha"),anyr("Druha")])
f(25,[root([Radha "," Tksa"])])
£(26,[up(["Prati","A"]),root(["Sru"])])
f(27,[up(["Anu","Prati"]),root(["GT"])])

f(22,[root(["Sprha"])])

(19,[rfra(56)])

Figure 9.18

Legend:

LSRR on )SuthPC number,

f : function

rfra : rootframe number

up :upasarga

upr : upasarga + root combination
¢ :condition

root : Dhatu

andd: AND (logical)

neg : logical NOT

wc : word category

krd : Krdanta

mode:Prayoga

avyr: Avyaya + root combination
suf : Pratyaya (suffix)

caus: Nijantah

anyr: any upasarga

range root : root meaning range

Josred jinysueg asodind Je1ousr) & Jo juowdoaas

sindinQ pajoadxa pue u3rso(J : ¢ dey)d



QJO[UglI'Bg ‘OSTI ‘VSD Jo '1d9([

Adhikarana(35)—
(Locus)

Adharah(36)
(Substratum)

f(36,[wc("Desa"
),we("Kala")])

01

uefnuewey]

Conditions for Adhikarana Karaka subtypes

De$ah(37)
(Location)

Visayah(43)
(Topic)

Samipyam(44)
(Proximity)

Karma(45)
(Object)

Kalah(40)
(Duration)

(37,[we("Desa™)])

f(38,[wc("Desa"),c("pervasive",

f(43,[wc("Visaya")])

f(39, [WC("Deéa"),C("partial","")])

f(44,[wc("Desa™)])

f(45,[up(["Adhi","Upa"," Anu",

"Adhi","K"]),rOOt([”[éifl”,”sthﬁ”,

"Asa"]),upr("Abhini","Visa"),
root(["Vasa"])])

f(40,[wc("Kala")])

Abhivyapakam(38
(Pervasive space)

"o

Oupaslesikam(39)
(Contagious
space)

Legend:
Eormon )Subtype number,

f :function
])rfra : rootframe number
up :upasarga
upr : upasarga + root combination
¢ :condition
root : Dhatu
andd: AND (logical)
neg : logical NOT
wc : word category
krd : Krdanta
mode:Prayoga
avyr: Avyaya + root combination
suf : Pratyaya (suffix)
caus: Nijantah
anyr: any upasarga
range root : root meaning range

Abhivyapakam(41
(Pervasive time)

f(41,[wc("Kala"),c("pervasive

Oupaslesikam(42)
(Contagious time)

"D

f(42,[we("Kala"),c("partial","")])

Figure 9.19
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Karma(45
SObjec
)

—

€01
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Conditions for Karma Karaka subtypes

Anipsitam(53)
(Undesired object

Akathitam(55)
(Unassigned)

Udasinam(54)
(Unconcerned
object)

Kartrkarma(56)
(Object-agent)

Sanjnantaravat(57
(Specified)

Tpsitatamam(47)
(Most desired)

— 1(53,[neg(wc("Karma"))])

"Svayam")])

— f(57.[from([24,33,45])])

— f(47,[wc("Karma")])

Figure 9.20

— £(55,[c("two","karma"),rangeroot(30,45)])

— f(54,[c("activity_type","neutral"),krd([1)])

Nirvartyam(48)
(Object of accomplishment)

"Vrtu")])

£(48,[root(["Dukri"]),upr("Nir'

4

Legend:

EOrmon )Subt}’pe number,

f : function

rfra : rootframe number

up :upasarga

upr : upasarga + root combination
¢ :condition

root : Dhatu

andd: AND (logical)

neg : logical NOT

wc : word category

krd : Krdanta

mode:Prayoga

avyr: Avyaya + root combination
suf : Pratyaya (suffix)

caus: Nijantah

anyr: any upasarga

range root : root meaning range

Vikaryam(49)
(Object of conversion

— £(56,[mode("reflexive",""),c("present",

(49, [root(["Dukri"]),
upr("Nir"’"VItu")’C("tWO"’

"karma"),suf(["Cvi"])])

Prapyam(52)
(Object of attainment)

f(52,[c("activity_type",

"neutral")])

Gunantaradhanam(51)
(Object of refinement)

f(51,[root(["Dukri"]),upr("Nir",

”Vrtu"),C(HtWO”,”karma"),
c("refine_first","appear-
second"), suf(["Cvi"])])

Prakrtyucchedah(50)
(Object of destruction)

(50, [root(["Dukrii"),
upr("Nir"’HVItu")’C(HtWOH’
"karma"),c("destroy_first",

"appear_second"),
suf(["Cvi"])])
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Kartr(58)
(Agent)

¥01

uefnuewey]

Apradhanakartr(59) |
(Primary agent)

Prayojakah(60)
(cause agent)

Anuktah(61)
(Not expressed)

Karma-Kartr(62)
(Object Agent)

Svatantrah(63)

(Primary agent)

Conditions for Kartr Karaka subtypes

f(59,[c("voice","Kartari")])

£(60,[mode("caus",")])

f(61,[andd([c("vibhakti","Trtiya"),c("voice","Karmani")])])

Legend:

LSRR on )SuthPC number,

f : function

rfra : rootframe number

up :upasarga

upr : upasarga + root combination
¢ :condition

root : Dhatu

andd: AND (logical)

neg : logical NOT

wc : word category

krd : Krdanta

mode:Prayoga

avyr: Avyaya + root combination
suf : Pratyaya (suffix)

caus: Nijantah

anyr: any upasarga

range root : root meaning range

f(62,[andd([c("vibhakti","Prathama"),c("voice","Kartari"),c("present","Svayam")])])

f(63,”Vaivaksika”) - Based on user
input.

Figure 9.21
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ASvah

Vidhah

Visesah

Karta

uefmuewey J

Sankhya

Gunah

> Sva
Vrkah

. N Prani

Sthavara

Adhyapaka

L » Chatra

Sahakari
Pranyangah

Daridrah

—  » Dinah

Khaiijah
Ksudhitah

| Karta>1

Dhvani
Iccha
Nilayanam

Uccaih
Kathorah

Figure 9.22

1os1ed jinjsueg asodind [e19uan) € Jo Juowdo[aAd(

sindinQ paroadxa pue u3iso(J : 6 dey)



aroeSueg ‘0STT ‘VSD Jo 1dag

901

uefmuewey J

Kriya

_»

Kala
Satata
Muhuh
o Dharma
Aindrayikah N
- Jhianam
Anukula
. Lo oz Sukham
Vidhah Sastriya :
Kayikah
Vacikah
Ayatna Karma | Vidhah
Karta (Bhavati)
Dasa Samapta
Kalah Atitah Adhah
] Urdhvam
Dik | Mancilam
Gatih Karta — Samparkah
Vidhah P I;Mh?lhh Parinamah
Va“;‘;; ) Sobhi
o Szlmr ita —> Yogah
alam a
Skhalita Caksu
Viruddha .
Basapitam
Manda

Figure 9.23

Adrstm
Baliya
Tejiya
Tvak
Abhavah
Dravah
Rupam-vardhate
Svetah
Sarah
Ekam
Usnh
Nirtam
Raksitam
Pustam
Svasthah
Balavat
Nastam
Sakalam
Pamsuh
Vranitam
Andhah
Ardram
Jadam
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LOT

Padah
Nasika
Tvak
Caksuh
érotram
Osthau
Sariram
Da$anah

Kalah
Lekhana-samagri
Manam

Patram

Dhanam

Dravah

Vidhah Pranyangah
Karanam
Dhamani
Agnih
Prayatnah Vidhah Utkatah

uefmuewey J

Figure 9.24
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Adhikaranam

Vidhal Jalam

Vayuh (Madhyamah)

Avastha Vyapta

Sande$ah

Phalam

uefmuewey J

Anukula

Bhavana —®| Pratikiila

Vidhah —» Mithya
Atyuktih
Rahasyam
Visrambhanam
Anujna

Jiianam Iccha

Sukham

Duhkham

Yogah

Sobha

Caksuh Baspitam

Vidhah — Patah

Figure 9.25
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Baddhah
Purvadasa Svatvam ' Svami Gatam
Vidhah r—» Tantavah
Karma-Parimanam Samah Samarthyam
Svatvam Karta Gatam
Uttaradasa
Karma- Parimanam Stinyam
Jfidnam Vidhah Mithya
Adhyavasayah
Bhavani Vidhah Pratikula
Anukula

uefmuewey J

Figure 9.26
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Vidhah

Visayah

Karma *

Gunah

uefmuewey J

—®| Gamyasthanam | Anirdistah
—® Vihitam Data
Devata
—» Cetanah —»| Kutumbam
Bandhavah
Avrtam Dasah
Karta-adhinam
Vadya-viSesah
Prani
Prakrstah
Abhimatah
Atitah
Dhanyam
—»| Pranyangah —» Srotram
Bhojyam
Bijam
Dhanam
Mukhyam — Cetanah
Gaunam
Vinimitam N Yisayah
Sasanam
Kalah

* marked item is continued in the next page

Figure 9.27

Parimanam
Amedhyam
AmSah
Kathorah
Vasam
Rasah
Nirgatah
Taiksnyam
Sabdah
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Karma

uefmuewey J

Nirmalam
Suddham
Dhanam
Avi$adam
éu§kam
Kastam
Dasa f———p| Dusta
Dravah
Niruddha Mithya
Cakitah — | Sambodhanam
Agnih Aé?arya Atyuktih
Bhuktam Bhitaf.l Rahasyam
Dharmasrutih - Vijayi
Anyatara Samipam
(Puspam, Antaram
Pustakam) Paratah Visrambhanam
Va§am | AviSada
Nirati§ayah Anujna
Iccha
Sande$ah Vidhah
Vivaksa > Pratiktula
Sabdah
Bhavana Anukula
Abhimanah
Avadhih Klptah Pratiktila

Figure 9.28

Continued from the previous page.
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Padartha Vibhagah - An Ontology based on Grammer rules of

Karaka and Vibhakti

Prameya

(knlwledge)

v

v

v

v

Dravya Guna Kriya Sambandha
(matter) (attribute) (activity) (relation)
¥ ¥ v : ¥ v ¥ ¥ ¥
Viéesana Sabda Spar$a Rupa Rasa Gandha Cittavrtti Pariman Ekanistha Dvinistha
(qualifier) (sound) (touch) (form) (taste) (smell) (emotion a (unary) (binary)
A $ [ v (quality)
v k 4 A v 2 k 4
Samanadhikaranam Vyadhikaranam Varna Sattva Rajas Tamas
(co-referential) (non co-referential) (colour) (goodness) (passion) (inetia)
Mirta Amturta Sarvanama Karmapravacaniya Tulyartha Laksana
(concrete/ physical) (subtle) (pronoun) (governing prepositions) (simile) (implication
| )
A ]

A A A A A A A A A A A A A
Pratyanc * Taijasa Apya Parthiva Paranc* Hetu Laksya Drava Vayavya Akasa* Kala Indriya Visaya*
(sentient self (fiery) (watery) (earthy) (non- (cause) (denoted) (liquid) (windy) (sky) (time) (senses) (objects)

revealed) snetient)

uefmuewey J

Figure 9.29

* marked items contd.... in next page
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Padartha Vibhagah - An Ontology based on Grammer rules of
Karaka and Vibhakti

Paran -sentient —
Pratyainc (sentient ardfic ( non-senticn Akasa Kala Visaya
revealed to others) . .
self revealed) (sky) (time) (object)
Desa Naksatra-Lup Pustaka
(space) (asterism) (book)
l [

v ‘ v v v v v v v v ¥
Devata Manusya Tiryanc Sthavara Pranyanga Puspa Vadya Amedhya Heya Mathyamana Bhojya
(diety) (humans) (birds/ (plants) (limb/organ) (flower) (musical (non (prohibited) (churned) (edible)

animals) organs) auspicious)
# ‘ # # ‘ Sthavara Di$§
Chatra Adhyapaka Bandhava Angavikala Mrga Paksin (stationary) (direction)
(student) (teacher) (relative) (handicapped) (animal) (bird)
A
Dohya
(mammal)

Contd.. From previous page

Figure 9.30
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Dravya

uefmuewey J

Padartha Vibhagah - An Ontology based on Grammer rules of Karaka and Vibhakti

Murt

Amurta

Pratyafic —»| Devata Chatra
Taijasa Manusya Adhyapaka
Apya Tiryafic Bandhava
Parthiva Angavikala
—_— Sthavara
aranc —» Pranyanga
Hetu Laksya Puspa Mrea > Dohya
Drava Vadya Paksin
Amedhya
Heya
Mathyaman
a
Vayavya Bhojya Sthavara
Kala ” Naksatra-
Indriya Lup
Visaya —» Pustaka

Figure 9.31
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Padartha Vibhagah - An Ontology based on Grammer rules of Karaka and Vibhakti

Guna

Sambandha

£

s

Samanadhikaranam
L
] Vyadhikaranam
ViSesana
$abda Y Sarvanama
Sparsa Karmapravacaniya
Riipa Tulyartha
Rasa Laksana
Gandha —>
Varna
Cittavrtti
L Satva
Parimana
L Rajas
Tamas
Ekanistha

Dvinistha

Figure 9.32
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Vedah

Sabda-bodha classification

Diagram -1

v

v

Srutih Anusrutih
Atra $abdarthavivecanam
|
A v
AlauTkab Laukikah
Dhvanih Kevalah Mantrah Prakrtyartha - Pratyayartha
Sthanam Svarasamyuktah Srautam Nirtupakah Nirtupakah
Karanam Matrikah Grhyam | |
Prayatnah Angam Tantram Iti v
Kalah Varnasarah Etadubhayadhikarana-
Svarah Nirtipakasca
Devata
Jatih
Angam
Figure 9.33

Diagram -2
Vedah
Rtam Satyam

Mulasvarupam Vikasasvarupam Vikasavaividhyasvarupam

v

Anrtam

Asmadalaukikabodhal) ~ Asmadvaikharyatmana
Nanartipah Laukikabodhah
Ayanca para- Ayam paramparaya

pratisthapakah tapratisthapakah
saksat
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Vedic Sabda-bodha

Input sentence : harih om - All udatta at the commencement of Vedic recitation /chanting

Vedopakramanirtipaka-pranavah - Harirityatra Vartamanavisargo’rdhamatrah . Viramastvekamatrakalikah . Dvayoh Padayoh

Udattadharmavisista Okarah . Harirityatra Hakarodattakara-rephodattekarodattavisarjaniyah Iti .

Hakara dhvani janita kantha sthana tadadhobhaga karanabhyantara safijiika vivrtaprayatnabahya sanjnika nadaghoga mahaprana
prayatnardhamatrakala stiryadevataka $udrajatiya parasvaranga hakara

Nada dhvani janita natyupasamhrtahanusthana tadr§osthakaranabhyantarasanjiika samvrtaprayatna bahyasaiijiiika samvara nadalpaprana
prayatnaikamatrika vayudevataka brahmana jati satvikagunasahita tarjanyanguli madhyarekhavinyasa yogyadhyetrdehadairghya dhvani
kathinyakanthakasakr$atvakara nisadagandharasvaradvayahetubhiita muirdhasthanodbhavodattadharma vi$igta vayudevataka
bramhanajatiyakara

Nada dhvanijanitadantamtloparibhagasthanajihvagramadhyakaranabhyantasaijnikesa tsprstaprayatnabahyasanijiiika samvara nadaghosalpa
pranaprayatnagnidevatakavaidyajatiyaparasvaranga repha

Nada dhvatijanita talusthana jihvamadhyakaranavivrtaprayatnaikamatrika vayudevataka brahmana jati satvikagunasahita
tarjanyangulimadhyarekhavinyasayogyadhyetrdehadairghya dhvanikathinyakanthaka$akrsatvakara nisadagandharasvaradvaya hetubhiita
miurdhasthanodbhavodattadharmavi$istekara

§vasa dhvanijanita hanimiilasthanajihvamilakaranavivrtaprayatnardhamatrakala vayudevataka §lidra jativisarjaniya

Matrikavatsanusrti saijiiika vivrttivirima nada dhvani janita hantuttarogtobhayasthana natyupasamhrtaugthadharogtho bhayakarana
vivrtaprayatna traimatrika bhuimidevataka brahmanajati satvikagunasahita tarjanyangulimadhyarekhavinyasayogyadhyetrdehadairghya dhvani
kathinyakanthakasakrtvakara nisadagandharasvaradvayahetubhtita murdhasthanodattadharmaviSigta okara

Nada dhvani janitottarosthasthanadharosthakaranabhyantara sanijiiika sprstaprayatna bahyasafiajiiikasamvaraghosalpaprana
prayatnaikamatrikarkadevataka vai§yajati ptirvasvarangamakarah

Figure 9.34

1os1ed jinjsueg asodind [e19uan) € Jo juowdo[aad(g

sindinQ pa1oadxa pue u3iso(J : 6 deyd



atoredueg ‘oS “VSD Jo 1doq

611

uefnuewey

DIAGRAMMATIC REPRESENTATION OF THE THEORY OF SABDABODHA

I The Vaiyakarana Theory of Sabdabodha (CRIETURIEEICH)

Figure 9.35
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DIAGRAMMATIC REPRESENTATION OF THE THEORY OF SABDABODHA
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DIAGRAMMATIC REPRESENTATION OF THE THEORY OF SABDABODHA
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(The) Potter makes a pot with a stick for money
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(The) Potter makes a pot from mud with a stick for
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(The) Potter makes a pot at home from mud with a stick for
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(The) Potter makes a pot in his home from mud with a stick for
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(The) Smart Potter quickly makes a big pot from fertile mud with a long stick for lot of money at his familial old house
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(The) Potter made a pot (imperfect tense)
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He made a pot (Aorist tense)
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He will make a pot (Future tense)
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Let The Potter make a pot (optative/potential mode)
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Development of a General-purpose Sanskrit Parser Chap 10 - Remarks

PART V

Chapter 10 : Remarks
10.1 Conclusion

An attempt has been made to survey the contents of Andian Indian technical treatises on
Language comprehension and adapt them for NLP research work. Necessary extensions to Information
Interchange Standards have been evolved and Computer interfaces through the Indian Scripts (covering
Vedic texts also) are devised.

A preliminary algorithm has been designed for Morphological Analysis for Classical and Vedic
Sanskrit. Necessary databases are also built (and a trial implementation has been achieved). The Vedic
extension rulebases are testable against the Vedic databases built. A Parser with syntactic and semantic
processing provisions and ontological knowledgebase is designed.

Many explanations and concepts derived from Sanskrit have not been effectively translated due
to lack of expertise and in some cases, Sanskrit terms have been retained. Original forms of these,
useful for those proficient in Sanskrit, are accessible from the author.

10.2 Future Scope

Extension to speech research of the Vedic module is obvious. Other Indian languages may also
be tested with this approach. A few language-independent features like Karaka - Vibhakti Mappings,
Activity characterisations are applicable even in Machine Translation tasks, though with a lot more
sophistication.

As set out in the Motivation section, the parser design could be tried out in various analytical
spheres like text processing, poetry, Sutra-s, conversations etc. Web-based language accessing and
interaction can also be a desirable outcome. Development of a universal Knowledge Representation
formalism and speech processing system for Indian languages could also benefit.

The algorithm can be extendable to multiple split as well, wherein split the word into all the P,
possibilities and look for constituents of compound words or sentence units (words), additional heuristics
are needed to reduce the explosive combinations (as in the case of compound words, unpunctuated
sentences, literary/figurative usages). Dealing with verses/poetry, Sttras (terse aphorisms) also require
such control and larger rulebase.
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Paradigm analysis of Nominal stems in Sanskrit

The methodology of Paninian grammar may be illustrated by its generalisation of the nominal
declensional and verbal inflexional affixes. By Astadhyayi 4.1.2, it gives the following archetypal affixes
for the nominal declension :

Singular Dual Plural

Nominative g afr ST
{Vocative g 3t S}
Accusative 3 Sﬁ?.: MY
Instrumental 2T HH, &WL
Dative ¥ EZILN T
Ablative S 1LY T
Genetive T g |
Locative =3 g 4

These minimise the set of rules for deriving the allomorphs from the declensional affixes with the
least effort. The table below shows the basic forms with their allomorphs :

1. Nom. Sing. T3
0 after consonantal stems, feminine stems ending in long [, 3] (6.1.68)
[3H] after neuter stems ending in [37] (7.1.24) and first and second
personal pronouns [375g] for SR (7.1.25)
2. Voc. Sing. g (3) — 0 after stems in short vowels and monophthongs [g, 21 (6.1.69)
3. Nom-Voc. Acc. Dual  [3ft )
[(?D %] after feminine stems in [31] (7.1.18) and all neuter stems (7.1.19)
[37H] after first and second personal pronouns (7.1.28)
4. Nom. Voc. Plural (5D 219]
[(¥D) g after pronomial stems (7.1.17)
[(®D 3] after neuter stems (7.1.20)
[31r (30)] after [3/8] (7.1.21)
[O] after numerals designated by the technical term [&2 1.1.24] (7.1.22)
[3H] after 1st and 2nd pers. pronouns (7.1.28)

5. Acc. Sing. [a1]
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0 after neuter stems (7.1.23)

[3H] after neuter stems ending in [37] (7.1.24)
6. Acc. Plur. [(FD =19]
long vowel + T in masc. stems (6.1.103)
[(®D 3] after neuter stems (7.1.20)
[31r (30)] after [3718] (7.1.21)
[3H] after 1st and 2nd pers. prons. (7.1.28)
7. Instr. sing. [(2) 3]
[71] after masc. stems defined by f& (1.4.7:ending in short g, 3) (7.3.120)
[3F] after masc. and neut. stems ending in short [31] (7.1.12)
8. Inst. dat. - abl. dual  [vH]
9. Inst. plur. [
[Q}TJ after stems ending in short [31], masc. as well as neut. (7.1.9)
10. Dat. sing. (® T
[@] after stems ending in short [31], masc. as well as neut. (7.1.13)
[ after masc. pronomial stems (7.1.14)
@1 () + (¥ T after fem. pron. stems (7.3.114)
[3H] after 1st and 2nd pers. pronomial stems (7.1.28)
[3T (2) + (¥ T after fem. stems in both short and long [§, 3] (7.3.112)
[@r (@) + (¥ T after fem. stems ending in long [31] (7.3.113)
11. Dat. plur. (v ]
[375H] after 1st and 2nd pers. pron. (7.1.30)
12. Abl. sing. (=) /(3]
[371] after stems in short [3] (7.1.12)
[37q] after 1st and 2nd pers. pron. stems (7.1.32)
[37(2)+ (F)3T(3)] after fem. stems in short and long [£, F: T&t 1.4.3ff.] (7.3.112)
[@ (@) + (¥ 39 (3)] after fem. stems in [27] (7.3.113)

13. Abl. plur. (v ]

[31q] after 1st and 2nd pers. pronominal stems (7.1.31)
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14. Gen. sing. () =19
[&] after stems in [37] (7.1.12)
=1 (2) + (¥) 319 after pronomial stems (7.3.114)
[3T (2) + () 319] after fem. stems in short or long [g, 3] (7.3.112)
[@ (@) + (¥) 219 after fem. stems in [31] (7.3.113)
15. Gen. Loc. dual. [aTr]
16. Gen. plur. (3]
[ (32) + 2] after stems ending in short vowels and fem. stems in [z, 3,
long and short, and 3] (7.1.54)
[ (32) + ] after pron. stems (7.1.52)
[3rRY] after 1st and 2nd pers. pronomial stems (7.1.33)
17. Loc. sing. (=) 3
[3TH] after fem. stems in [, %, 3] (7.3.116) and after fem. stems in short
[3, 3] (7.3.117)
[3r ()] after stems denoted by the technical term fir (1.4.7) (7.3.118)
[3T () + 2] after stems denoted by the J= [F&T 1.4.3ff] (7.3.112)
[@r (2) + 3] after fem. stems in long [31] (7.3.113)

18. Loc. plur. g (D)

[Ref. Introduction in Astadhyayi of Panini, Roman Transliteration and English Translation by S M KATRE].

This has been applied to all the different bases obtaining in Amarakosa, Panini's Linganusasana
etc. and similar works like S'abda-ratnévaﬁ, Prof. Borvankar's and Prof. Junnarkar's categories etc. as
also with a view to apply for morphological analysis and 'parsing' including Vedic texts, (even treating
cerebralisation as a distinct type etc.) the following list has been arrived at :

Ha-TeE-TAHGTT - Hua- G-Iz -afear

2. 3 - 3T, 3TeTd, 3T, WY, 375 3. |9 - X, T, HelX, TR, T
4. T - 7=, pem, T, o, IAT 5. 0 - 3, I, AW, IR, T
6. gfetor - W 7. 999 - 374, 374, B9, FaT
8. WA - TATH, AVTIEH 9. 7|

10. fgdfr - g 11. 39 - 39F

12, 39 13. T
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14. Tt
16. &
18. %

3 HRIT
21. gTeT

22. B - 3%, THIN, FH, T, FiA
24, i

26. gt
28. Tt
30. 5

32. fo1

33. Fgsat

35. TR

37. gEr

39. FTAWH - ST, Welt, S

41, gl - errelt, s, e, e, e
42. 7% - 39, Y, P, Y, ey
44. g

46.87-35 53599 41T
47. %8

49. @Y - Y, FTY, B, T, W]
T BRI

52. 9

B BRI

T HRIT

T PRI

T PR

58. 474

60. T - S, 37aTe], W

62. a7a - fom

64. fad=

F BRI?

67. 7%
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15. U1
17. 99
19. T - 7, 9@

20. fersarar - TTiar, g, e, WA

3 FRT
23. sfiufq - A, oreife, fary, oifdafy, ifawra
25. g

27. Afafer

29. gufg - faaRa, wEarg

31. 1 - wam

g BRI

34. arfaeedt

36. Tt - ZTol, 3=, ATHON, FET

38. ATyt - T, bt

40. G - TET, TR, A, T, TR

3 PRI

43. a1 - 31, 7Y, K, Y, FUg

45. 91

& PRI

48. 3=

50. Ty - 3g, T, T, T, T4

51. 9T - ST, 3R, d, &7, &

53. fig - ST, 9, 9, WAy

54.@—@

55. oI - T

56. ¥ - T

57. ST - WA, gL

59. TF - ST, AL, I, YA,
61. T - ST, SHA, S, <A
63. 359

65. 3T

66. Faers] - 3ol Fefeerst, IS, T, GEHSL
68. forur - a1
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69. farsBrTsT

71. @9

T HRIT:

d PRI

75. Wed

77. HHe - SAH, T, 3T, T, MA

o

SUPRER

79. fafomg - SHfdeg, heaTs, T, e, geg
81.3g

AW - (T A a1 sk i fome)
T - (JATH ST a7 sk 3 forR)
87. T - (T A a1 3Tkl 3(d )
89. g - fg, fyurg

& HRITT

78.

83.
85.

T BRI

93. W - SAVTH, WITHH, FEAHTH, AL
95. ST&F - T, ferareh, JeeH, Yot

97 . e - TOUEH, SIETE, V&l

99. HRA - ST, B, T, SO, T
101. 9f9q - A

103. wfafsa

105. &

107. ga.

109. raTEL
111, TSRmEA - REEA

112,779
113. TR

115. 56
BT

118. I - WHAR, =l
119. Ta97 - 991, T

121, QIS

§ R

124. qg.

126. fyafey
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70. ¥
72. T - A, URGS, aies, foramt, faagst
73. g - gy

74. TIA - ST, THII, SATY, e, TR,
76. o - 315, 3Ted, 339, Fad, Faad

o HRIT:
T BRI

80. @Y.
82. wag

84. SqgeIg - (FF =T a1 ST 3(d o)
86. IS - (JATH TaT a1 1= 3(d )
88. SIS - (FHM A a1 AfcTshi=T: 3l fog)
90. @g

ERS

92. A - e, TRA, ATEH, Ter, o

94. ATHT - 9TH, F5

96. YUrE - FFHiTE, e

98. 7T - ST, i, M, M, Tt
100. I8 - 3R

102. T - TrEuE

91.

104, e
106. 31Eq,

108. FHfer

110. Haa

T BRI

T PRI

114. T

116. w9m.

117. =

T BRI

120. 91

122. T - AT, ATERq, TR

123. T - <Y, 5, Fofe, e

125. 3g9
127, Toey
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128. faei.
130. TR - e, Tege, fugey, faaet

131, FUY - ITYAFEY, T, ARy, faeer, goag

133. 791
135. g

137, T3 - qr4, Higd, Wres

139. e - ToRaq

141, Q= - TrEm

143, gaq - Tyven, favsroq

145, Eq

146. fog - ImieE, AEwE

148. 58

150. TR

162. ¢ - 7, o, |

154, sdag.

155. HAS

156. fog - 7%, 7T, 7%

158. ST - STEAT, TS, TS, ST, AT
160. TaTaRT - IALET, Jarar

162. 3T - 37T, 3@

164, et

166, T
168. 3T

§ PRI
171, | - aFTete, 21ty H, @i, @
173. sifdra

g PRI

176. 9@t - 3Tedl, 3T, STUerv, Ui, wxradt
178. 37alt - weft

180. &t - &
3 hI~d:
183. W - T9

184. 9 - 31T, 3G, F=J, FUG, FY
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129. fafae] - qe
T FRITT
132, Y

134, 3EHY
136. gq9.
138. aReey - 3UReY, ey, Jfeaw

140. S99 - 99, TRIFE, &, TG

142, |9 - &9
144, S - e, e, P
& PRI~
147. 58

149. 3ge

151, qarg

163. fag - WA, e, F=7am
& FRITT

S PN

157, THT - STIT, ST, ISR, &T0TTT, T

159, Hal - 3TERT, ST, 3T, =T, T
161, fgdtar - gerar
163, ST

165. frem

167. T

169, 34T

170. W - ¥gfe, o=, 3, awfor, svaft
172. fratx

174, fx

175. TRt - 3T7ef, 3T, Foa, P, Rl
177, @it

179, wedt - =i, ad, Heree!, Tl
181, weft - o, +ft

182. &7 - U, T, 755, F g

& PRI:
185. TE - 3w, FY, FIE, FF, T
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186. auy - Y,
188. 9 - 99

189. g - 7=, a7
T FRIT:

T BRI

T PRI

T BRI

195. 7%

197. wag.
g PRI

T FRITT
201. SRS

202. 31

203. HFH - g

204, T3q

206. TTHA

207. TR

209. T - X, T, 9, T, &

T PRI

212, faursy

213. Wi, - g, fea, fw, o, fagw
g FRITT

216. 3mferg.

218. gAY - I, 3]

& PRI

221, 3fomg

223. A - 3Tg, gV, 7, FFU, IFS
225, T - 3T, TAH, IqH

227. 9 - 3R, IW, THH, W, Td
229, 7 - 3R, IR, FW, IR, W
231, T

233, 3R

235, 3=

237. \ig
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PRI

190. 1g - 377

191. 91 - A, T, 9, e, G
192. & - foerey, &5

193. BRA - TR, Ared, BT, T=merd, I

194. 9 - 319g, UREY, wiqug, faug, g
196. @8

198. 7

199. & - P, T, oY, T
200. T - FET

T BRI

7 BRI

T R

205. T

LEIne

208. §R - R

210. TR

211, oL - ==, g, forey, Wew

Y R

214, T

215, 3|,

217. Wi

219, Bfey - =g

220. 3G

222, HTHTE

224, T - 38T, 3, IFFIAA, ST, IR
226. W - AW, TAY, AR, TN
228. o= - sfeqor, &

230. gfeor - =

232, 39

234. g3F

236. 3T

238. 39
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g FRIT
240. 3= - TN, TIEIOT, T
242 wfy

244, Afare

246. 3T

248, AR - 3, U, WhE

3 PRI

251. 7% - g, 3T, HUG, 0, WY

253. 91
254. T - T, 41, U, W, &

255. gar

257. TR - SIS, ST, ST, ST
259 WeTT - TSI, A, FIA, TAIL
261. 379

S HRI:

264. 91

266. T3

267 . €eI - 3T, SEA, TOTed, ST, I
269. e - e, Tershive, =E, Fed, e
271, T - SHH, T, T3, 1, AL

T PRI

274. 3ty - =fsg

T FRIT:

277. ST - ¥a, T

279. Q=
281, SgAe - TgFAA

283. AH - TH, G, W, T, A
285. |fta

286. @q

287. TFH.

289. T/HY.

290. TR

d PRI,

I P~
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239. TR - et qR, I

241, 3t

243. g

245. TEAtT

247. 31Re - Ffaary, gfy, Trasy, e, afe
249. 1

250. #Y - 37, FHUSY, S, T, AT

252. ke

F PRI
T BRI

256. TR
258. WY - 37T, e, W

260. T - fasq.
262. faae.
263. 3G

265. TgSL
a PRI

268. Wed,
270. 3T - e, S, Fo, WA
272, A - FA

273. 7% - ¥, 7%

275. TAg.

276. ST - hE, TH, T, WA, T
278. U - SEUT, TEAHT

280. gur.

282. 376 - ST

284, e - T, AT
T PRI

T BRI

288. TH.

eI

291. A

292. faveied - gia

293, T - TATES, AT
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g FRIT 294, @Y - Fotay

295, fygfay. 296. 3.

T FRT 297. S99 - 3T, ST, 30, 3T, S
298. 3|’Y 399. fagw.

300. 79 301. Qhew, - Fam,

302. 9 - @9 303. Bfaw - 31faw, 33y, B, T

304. g9 - 1%, 3gH, F&Y, S, T4
305. @gE

g PRI,

306. fog
vreffega: - ¢ FRIT

307. vt T R

308. % 3 FRIT

309. T - =, Faw, Tt 3 PR

310. 7 - T, AT T HRITT

311. 3 T FRIT

812. gfa - fo S/ ATEH BT - § PRI
313. 15 Trtoge®: - 3 IR

314, Hfd T BRI

315, gWg 316. ITTT

T FRI 817, W2 - T, T, B, T, AT
318. 37E - WAL T BRI

319. &Y - T, T BRI

320. SFI

Note : Legend : 1st Col. = #(cum.) SI. No. of word-type; 2nd Col. = lllustrative Head-word of the type;
3rd Col. = a few similar words of the particular type; Typically, when single entries are
found in word-types, the head-words may be unique words of that type.

Further details regarding the classification with applicable rules etc. can be had from the author
or at http://www.soft.net/cdac/html/solutions/ih.html.

This classification is mainly for the purposes of exhaustive morphological analysis using the
Computer. Multiple word identifications are a major gain of this process. Accent-related sub-
types are covered in the algorithm using Sup-Svara rules. Yaska's Nighantu may be adopted for
lexicon in accented word analysis.

This list is about 95 % complete. Word-types with Tadraja suffixes (AR, An, Nyah, Nya, In, Nya,
Nyat_, Tenyan, Cha, Yan) etc. which, while denoting plurality (in non-feminine stems) get these
suffixes elided. (2.4.62ff.) Certain special (.9, pronomial) compound formations, words formed
with suffixes like Akac etc. are to be accounted for. Vedic types also require handling as per
details found in Bhatta-bhaskara-bhasya etc.
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Vedic Specialities

Accent-related meaning Changes - More examples/discussion

We could cite many examples of the same words being nouns and verbs in isolation, derived
through different root-suffix combinations, determined on the basis of accents (e.g, TR Hi=t
AR (3. 9. &.%.8.\9); hanadévatyani] santi - is a noun here;

g gt ok ad PSR FAT et (4. ¥, W.R..¥); yatah purddasah] - yatah is a

noun here [mas. acc. plural in satr ending], only yatah derived from yad pronoun, as its suffix tasi/ is /it -
I - changes verb accents;

yatha - & AfFgel FarssHIE WAt (4. ¥ R.8.82.0); T WAk Wfagddr wiEe gis @ (3. 9.
3.2.22.¢); when meaning similarity or analogy, yatha is unaccented - J4T - [as in these two cases] and

does not accent verbs and only yatha derived from yad pronoun, as its suffix thal is /it - gt - changes

verb accents).

Panini has enumerated various circumstances for the change of default accents for nouns,
verbs, particles, compounds, affixes etc. in Astadhyayi. Few examples are :

1. The word visvaha occurring at the beginning of the foot of a verse with four different accent
patterns [with the first shown form meaning ‘one who destroys all (hostile)', while the other three forms
having the same meaning as ‘always, at all times' or lit. ‘on all days'] -

). 3= T e fesamer v Tsg (F. 9. ¥ 8% .W); TRUS - foamRfd faea - ar

THe QU TS |

). @ TeTE Hyvgar faearels® oM and fodasm Seae getT fasamet warTeR (4.
M. ¥.0.2) | T8UTES - (?) TSEd T5T SAROAHIGAT W WY ?

i), 7 vergd vy Wi fasaret g YEmEEET (@ G ¥.6.8.3) | UROR - frarid foar - sl -
IO 359 IS |

v). faamer seqT a9 faearesseaAea. (3. ¥, ¥..4.4) | TS -_faal | 'l | 3 =
T e,

2. the word indragni (three accent patterns),

). ATEgET g SO (. T :.3.2.2); TRUR - T T - em

). 3T TifeTE eTEEE (. ¥, 2.2.0%.%); TS - TR Tl - o |

i), gegtelt o7 T (F. 9. 2.¥.24.2); - USIS - T T - oft |

3. the word dyéva'p,rthiv/_ (three accent patterns),

). 3¢ erramgfrEt T (4. €. R.8.8.4); - USUIS - AETYrAE St 2 - gae |

). 1 ey ety sredRter (}. T 2.%.3.0); TRUS - wEtyfadt =i Tt - giad |

i), Tt ety ot A (3§, 2.3.2.3); - TR - Ayt B et - ghr

4. and vajayantah (accent change causing it to be a single word or a compound word)

). STEATE TS FeES T H (T, T, 2.3.0%.3); TS - AT | AW W (FE, ?)
i), T ATt argEe SaT (d. 9. 2.%.¥6.3); aredet game (4. . R.%.8.%); TRUS - areaed s

T - It | SO gEE US|

Verbal accents as sentence delimiters
The author's study of about 30000 verbal forms occurring in Taittiriya Samhita have revealed

many interesting aspects of word-meaning relations thru' accents. Verbal accents are dealt with in great
detail in Astadhyayi and are quite significant in semantic extraction at sentence level. All words are
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unaccented except one syllable (anudattam padamekavarjam - Astadhyayi. 6.1.158) is the default rule.
Then, verbs are all unaccented except at the beginning of a foot of a hymn (anudattam sarvamapadadau
- Astadhyayi. 8.1.18) or when in association with the pronomial forms of yad (yadvrttannityam -
Astadhyayi. 8.1.66) or with certain particles designated nipata etc (nipatairyadyadihanta ... - Astadhyayi.
8.1.30) or when followed by another verb (tinnatinah - Astadhyayi. 8.1.28).

By default the verb is unaccented as in - Ris@ et qafd (3. 9. 3.¥.8.3) - T=US - 9aiq .
A few illustrations of accented verbs are :
TR - AEud JEY HEran (3. 3. 3.0.9);
2 I erfer (4. 9. ¥.8.0.2);
fagfae - A fwn iy i e (4. 9. 2.2.2.) (9 - e ; Tl - ae)
g ar R aRq Feret (4. F. 4.3.2.8-%);
Wt rTEAderata_arefa art (4. 9. 3.2.%.8);
frd=g_we=g foaeg wiHH (4. 3. R.8.22.20);
TEtERTE e AT A ArEsd a1 a9 TG (4. 3. R.2.%) - fie=d
THRIETSATET TSTHERgH=teET (3. 3. 3.9.¢.R) - e THyugy ;
H%g’i?ﬂﬁ?‘iﬂﬁglﬁﬂ (3. 3. &.8%.%); - SUGE fas=d ;
AT AR awg< (3. . 2.8.22.3); - fae=usrsy 2 .
TEA - o1 o At farads TR (4. 9. ¥.2.82.%);
e TE: At wers sy (4. . ¥.2.¢.¥-w) | (TS I

3T - HHT THAIS ST (. F. 3.3.¢.3-R); - TEHS IE 5
e ST g TeaR e STt (7. &, .¥.2%.2); |
TS - FFEA g - T | FIAA 9T - 7 1 A 1|

Here, as accented and unaccented forms both give rise to the same surface (combined) form,
the study of accent change is necessary for proper vakyanta vestana during Krama-patha, i.e, Ja@T +

At = gaerste ; ger + atfa = gFersft
R, TR L - Al feferge it (T - e - @ F. R.3.20.3);
ot Treafa W = forfd gl (TRTe - 3Efd - d. 9. &.R.9.%);
f& o - st fo ur HaAngE (. T %.2.4.2); TR - ¥ 3 S IS |
3o A (. T, 3.4.8.2); TS - U |
Tt A (3, . 9% .2). TS - ST | (AR TR ¢.2.48)

In long prose form of Brahmana texts, sentence demarcation is easily done with the accent
study. Kalpasitras and Mimamsa Sastra also deal with these considerably.

Key board overlay for Vedic

A character on the Vedic overlay is selected by pressing it along with Extension key. The
Extension key can vary in location according depending on the type of the keyboard and
implementation. On an 84-key IBM PC-AT keyboard, the extension key cab be the same as the SYS-
REQ key. On the 101-key IBM Enhanced Keyboard, the right ALT key can be used as an Extension key.
The right right -ALT key, being much closer, is more convenient than the SYS-REQ key; this makes the
keyboard more convenient for speedy typing of Vedic text.

The Svarita symbols go above, below or after the a character. Only one symbol can be attached

at a time. The character can be a full Consonanat, Pure Consonant (with Halant), Vowel or another
stand-alone Vedic symbol.
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Extended ISCII Code for Vedic

The Extension character (EXT), defined in ISCII, can be followed by another character in the range of A1h
to EEh, to yield addl. characters. Fig. is the list of Vedic diacritic markers in Sanskrit (Devanagari) font.

Code ISCIl  Vedic Name
Hex. Dec Char  Char
A1 161 3 + Visarga 1
A2 162 o ©, Filler
A3 163 T €5 Yajurvedic Anusvara 1
A4 164 HJ e Yajurvedic Anusvara 2
A5 165 am %, Sukla Yajurvedic Anusvara
A6 166 e 1 Yajurvedic Anusvara 3
A7 167 g ) Yajurvedic Anusvara 4
A8 168 3 ¢ Visarga 2
A9 169 ) ¢ Visarga 3
AA 170 ED b) Visarga 4
AB 171 @ ) Visarga 5
AC 172 T x jinvamiliya
AD 173 T < Krsna Yajurvedic Anusvara
AE 174 T % Krsna Yajurvedic Long Anusvara
AF 175 T & Yajurvedic Anusvara 5
BO 176 o & Yajurvedic Anusvara 6
B1 177 ar ¢ Yajurvedic Anusvara 7
B2 178 3 2 Short Kampa
B3 179 o E Long Kampa
SWAR
B4 180 ke Jatya Svarita-Atharva Veda
B5 181 T ' Svarita
B6 182 q ' Long Svarita
B7 183 T | Kampa
B8 184 Bl ~ Anudatta
B9 185 T ) Jatya Svarita (Sukla Yajurveda)
BA 186 =) ] Jatya Svarita (Maitrayaniya)
BB 187 El Sentence Ending Udatta
BC 188 E) _ Jatya Svarita (Non-Taittiriya Yajurveda)
BD 189 z Svarita (Maitrayaniya)
BE 190 3 | Anudatta (Kathaka)
MISCELLANEOUS
BF 191 k) o Abbreviation sign
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SAMPLE OF RGVEDIC TEXT (ACCENTED)
WIS Giedr

| 37T AH HUSHH |

| 37T YAHISTFT |

TIAISEE || (T 2-319)
(R) (Mg, 7L, 9
Fl:- HYESRT AT
T~ T
Taar:- AT

3% AHies Qe T Sefearste, | B IAETaus, (1% 11
i gEReE Rt Tdea | @ 26t T dafd 1R 11

AT T afed | F9rd SRaaE 113 11

3T 3 IHeR fasad: TR | 9 =y TSt 11 % ||
MRt iashd: TeataTsiatam | 3ot SARRT TG 11y 112 11
37 IR A % HRER | dEaaeeHE T 11 & 1

3t = fEafd Staaraar 999 | TH R T 1w 1|
TSt~ HEERToT Mugae Sicfad | adq= =@ = 1¢ 1

T 7 e gAasH urE o9 | FEe T 1] 1R ]

(R) (#2312, 9R)
FT:- TYEDT AT
Bz T
QaAn- A7 2-3 THAY ¥-& HAEEUN 9-]

e Atfe IR W ST | Al wiE seft e 1102 1
T IFATH ATHesT STRAR: | A s faes 1R 11
Tt Fd YO g9t ST R | % S 1103 1
T5aT] 38 YT 3T WA A | et At f o1y 0

TS e A Ay | e Aad a1y 113 1]

arafasy ead o Jtaqd Fspas | Jed ¢ o faam S 108 1
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SAMPLE OF KRSNA-YAJURVEDIC TEXT (ACCENTED)

1SRG 1|
FUESTHRE AR |ear

TAHHTIS TAHT U7 | |

BT ST 1

T @S O IEEEIEES Sal ST Wiag SEaHE SHO ST Rt

SIS Tl YSTedRTear sgemr o7 oas 39 Aisewnedr &t ofd= uit &t

FUIG AT AR AT @I TR AT TR 111
7o Prmma | ()

g M gERyal o geRmERd TEisEsrd gaeaee o ety 9 d
TS SEATEs e @ AGHATEl Jeerd g1 ea=iem e sagaad |1 [3]

TEHTSIM ST | (2)

=Rt FHO g waRedr gnisiy TR gfette faegutar siftg e amn

o o

TRE W EEGATOEAN AT oEnt GeadRy gaear gal grasid ged A6

@Rl AEgEE W e feaere e S aa e g 6

I A T @S SaToHsa g fawn geas e 11 (4]

TEHAE T 1 (3)
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SAMPLE OF KRSNA-YAJURVEDIC TEXT (ACCENTED)

FUTESERE A SR

| | THIES TUHIAUTGE TN | |

|1 Be (3T 1

5T e a9 Sy | g U T Saag | 39 O Al | e | el e
at 8 Sraaq | e 9o 9t o faay | giEy de at 2 S |y gue at | Seag
REEET T e | RIS SHET | IaTeel YU W] 111 GENx T
TEife | YRRt | WISt SHuT | Yt AR o | QU< T
TETE | TRl afRetaeT | IsrEE e smfaeR | W o faae | W g o

H e | o o[ o J e 1R 11 A TR @ | Maae, | 9 v e

| S et a1 Neam | T T Seam | argg T af ® S | Ry e

Y | I U | SIS U | WIURRet< WivT A e | W0t a9 9k 113 10 9
TS U | TRIgLT qTn | Tede g9y | Sty oay | Sy e B ey |
S IR g9 | o aShad g<E | 39T MR | Foqdd qaifaet | weddd Jee
1% || SYYSTHETg oy | WOTRaRrS | ST Wt g a9 | fgwend: | AR me o
AT IS WerAl | HhE TR | ORI aiasar | | g
Tt oot SAfir | @ deml gEeidiEihaT] | T SR AR 1y 1|

AU T o W e WO AR O e = R

el ot AfereT I QR T A TR | | HET Joma e o e I TaeaTd an |
TS U=t A A H qRrege o wonfg e d gs= a0

FiAFRATIRET | TOET SHICH | Jchidst | WEgad saaEmed | Jeegd

o

dafd | g& o7 TAAASAOM | IhSE | = Fiawramigtad | gt ud Jatd | 31 =@ 1|

~

&1 AfFECTEdEEd | TR B SRl WA | SSddl ARvEmiEgs | § ge

JfErammeed |
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SAMPLE OF SAMAVEDIC TEXT (ACCENTED)
Taitae: (T ATeHT)
ATUG HUSH |
AT TS T |

AT TUATATSH TR LT |
(1]

(2-20) 2-3,%,9,% TG TEET, 3 BYIAT HUGE, & VAT FH0GE, & RIMIGHRT ATfgedl

A=A, ¢ T SH0aT, o ITHSer || 31T || M 1)

3;; aqT2 aﬁ% a“rsag??r? 11131T3=ﬁ? E;a;aT?a??H %r2 Eﬁ?ﬂw [qeq HE%QFEQ
c—or(w?fr zrsaT?quz g“r?aTs %r(@?m: 1%3?17? | é’sﬁr?ﬁ;n‘rgg?ﬁs @rgfr?
3;&,[? {?‘r2 q?Uﬁn'g QQFIT?T %rsafé?wm a;@r? zrssrzw? ﬁsﬁg?j?{ 13

TR TR

aﬁrq‘snﬁv waﬁw&g%qwm EitEs 31% aTrg'a‘ | 1%

?5?5

IE A af A lﬁﬁr frafra ﬁ:rtrm AT TF T A T 1y
o A o MARTE MR BT O AU 3 BW A = 1S

R

E%; g T AT ST TAAT 1T | T AT o T 1o
o F A W wsm%??qs%;w}u aT @ WD e

A EEFTF‘G(%Z[?I R ga‘r fg @ AT IR

R 2R 2R R R R TR 3R R T 3R
AT FI@T AN FYAT T | a0 @G A TI; 110

BT T ST 1R 1| THE @UST |1 1| [ERaT R | So Alo | €7 39 | F11]
(2]
(2-20) ¢ TIgEAIE: (Fo fOET oTMERED), R AHSE MaH:, 3,£-% VAN 9Ofa:, ¥ HYeS=<T
A, U\ IFTRIT BTSN, & HENfATer: Shroars, R0 acds hIvars || 31T || Tt ||

R LRI _UR

TUR AW AR Tpﬂ% éagma- | TAIMI AT 1182
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List of verbal meanings (Activities)

Annexure - C

List of verbal root meanings

001 sremfzr=aRoT - (waving/moving member of
the body)

003 arfr1 FarE - (blowing air/fuelling)
005 srg®H - (marking/defining)

007 srRrasi= - (giving)

010 argeT - (disappearance)

012 argree=iy - (fear)

014 3mex: - (ignore/neglect)

016 3rjauryor - (lying)

018 s1f=r=sT - (searching)

020 959 - (taking away/removal)
022 3ugxvM - (stealing)

024 3tHifer - (anger/not being pleased)
026 3rmE - (to approach/go upto)
028 a1frvas - (to win/humble)

030 a1f¥gei=H - (to hail)

032 afiwa: - (bathe/dismembering)

034 arwra: - (practice/repeat/memorise)
036 3r&+ - (to hurt)

038 areref: - (to suffice)

040 areite - (to be defective/faulty)

042 ggsdhedH - (mix/consider)

044 gragus—H - (cut)

046 e - (knowing)

048 aa - (to sound/to make noise)
050 sraew=H - (damage)

052 arqyar - (to form a part)

054 sraverH - (residing/dwelling)/to hold/carry/

bear up)
056 saea—H - (falling off/dropping down)

058 sffaeres=H - (to sound)

060 sremh: oIs=r - (to hum/to coo/to whistle/to
make any inarticulate sound/to roar/to neigh/..)
062 3rERR: - (to speak ill/to deceive)

064 rFafganT: - (to leave as a residue/remaining/
deficient)

066 3T - (to blame)

068 arare: - (1o strike/to beat)

070 3ses1e=H - (covering/surrounding/hiding)
072 e - (taking/receiving)

074 amgr: - (holding/containing)

076 = - (the act of making full)
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002 sfeRfa=IrT - (writing)

004 s - (leading)

006 arferse: - (exceeding)

008 e - (eating)

011 3rer gaH - (falling)

013 g - (non-stationary/mobile)
015 argfafees - (instruction/order/command)
017 s - (loss)

019 314w - (searching)

021 JyaromM - (veiling/covering)

023 smerH - (not giving/refusal)

025 srfiasier - (desire)

027 srfniifer - (to be pleased)

029 S1f¥anT - (to meet)

031 s1f¥rare=H - (to salute/to regard/greet)
033 argagR: - (eating)

035 a15i=H - (earning)

037 aret®e - (to decorate/adorn)

039 aretm: - (not getting/to miss)

041 sretiivre: - (shrink/reduce)

043 a9 - (deride)

045 Jram = - (make known/teach)

047 e - (submerge/immerse)

049 R - (dig)

051 araarer - (enlighten/know/think)
053 rgaresH - (to decay/to perish)

055 s - (oozing/trickling)/to dance/to act)

057 srarfwr: - (to get)
059 srezhT 91 - (to speak barbarously)
061 215 famra=H - (to cry)

063 34 - (throwing/sending)
065 ammerer - (to curse/to imprecate)

067 3T - (speaking/making known/to know)
069 g - (to smell)

071 airex: - (to regard/to care for/to have regard)
073 ameer - (to instruct/advice)

075 arearH - (to recollect)

077 JmyEord - (to raise/to lift)
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List of verbal meanings (Activities)

078 3Tt - (to bathe)

080 amiewas - (continued/repetition)

082 amd=H - (crushing/squeezing)

084 U - (to be angry)

086 3rmsiad - (to make/be straight)

088 e - (to resist/to oppose/idleness)
090 3rara=H - (seeing)

092 snfasmR: - (make/bring forth)

094 amei: - (to bless/to wish good to)

096 s - (wetting/the act of pouring into)
098 rarey - (testing)

100 3mrear=e - (to challenge/a call or invitation)
102 gar - (teaching/initiating/introducing a pupil)

104 $war - (desire)

106 $yg9 - (to smile/laugh{gently})
108 3397 - (gleaning)

110 I&T: - (to move/throw up/shake)
112 St - (emission/pouring out)

114 IFRUF - (ejecting/vomitting)

116 Sem - (effort/raising/elevation)
118 3=-9 - (to wet/to moisten)

120 S99 - (killing/slaughter)

122 31 - (to be mad)

124 IuaruH - (to assist/to aid/to favour)
126 3uara - (to hurt/damage/injury)

128 Sudry: - (sickness/disease)

130 "u<s: - (to cover)

132 Iu=igH - (to invest with the sacred thread)
134 Iu#: - (to stop/to restrain)

136 Suder - (sitting down)

138 Su=ar - (service/worship/honour)
140 SurerY - (taking/receiving)

142 59 - (making animate)

144 Qs34 - (power/sway/supremacy)
146 warfaes= - (rare sight)

148 v - (doing/performing/executing)
150 &+ g9H - (to do holy)

1562 wergdH - (quarrel)

154 e - (holy/auspicious)
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079 amvusY - (to see/to look at)

081 mw=v - (to sound/to call/to invite)
083 3R - (to touch)

085 amam: - (stretching/extending)

087 amstras - (to make wet/moist)

089 anferg™H - (to embrace)

091 3MaRvM - (cover)

093 e - (desire/hope/speculation)
095 e - (to run)

097 Jrh—<H - (an attack/to ooze)

099 arreetaH - (gladdening)

101 g=e1 - (desire)

103 gf=m-werr - (to fail in faculties/to go numb/to

become hard or stiff)
105 gwgtef: - (envious/to feel impatient at others

success)
107 3= - (height/exalted)

109 IcFir - (sickness)
111 Ie&o - (throwing upwards)
113 Scare: - (effort/increase of energy/

perseverance)
115 e - (continued effort)

117 3g - (to tremble/to shake)

119 3= - (to wet/to moisten)

121 3I=18: - (madness/extravagance)

123 S - (measuring)

125 3uer - (waste/decay/expenditure)

127 Iu=ag: - (accumulation/increase/addition)
129 Suqer - (instruction/advice/teaching)

131 SugRo - (to study/to practice repeatedly/to
exercise)

133 Syaret - (request/prayer/soliciting)

135 IuedH - (smearing an ointment)
137 SyeM: - (becoming quite/assuagement)
139 Sy - (beautifying/ornamenting)
141 I9TsH - (acquiring/gaining/earning)
143 gaat - (Uunmarried)

145 deerH - (boasting)

147 =Y - (trembling/shaking)

149 gofig=r - (piercing ear-lobe)

151 wHefer: - (extremity/end)

1563 wedpH - (deceiving/overreacting)
155 et - (wish/desire)
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156 @w1f=r - (wish/desire)

158 & - (desire)

160 Hramesr - (denoting time)

162 gfear kT - (to move torturously)

164 g9 - (cutting/pounding/abusing)

166 ot - (abuse/contempt/abusive language)
168 gfcaar o - (contemptible/mean/hateful

words)
170 g Sitg=H - (living in distress)

172 Faad - (deceit/falsehood)

174 pifeed - (deceit)

176 wre™ - (playing/sporting)

178 ela= - (to moisten/to become wet)

180 &1 - (patience/to be patient/to endure)
182 &RvM - (the act of drooping/flowing/0ozing)
184 emif=r - (patience/forgiveness/forbearance)
186 &ure - (throwing/sending)

188 @ueH - (cut)

190 @re= - (eating)

192 T1fer - (going/moving/knowing)

194 wfi@RoR - (to go quickly/to make haste)
196 wfemferena: - (to be idle/to be lame/to be
impeded)

198 Tk - (to go/to move)

200 vrenfes - (going ete.)

202 g9 - (hurting/killing)

204 7d: - (to be proud)

206 TageRM - (to sweat/perspire)

208 TrAfaera: - (to dance)

210 =R - (yawning)

212 TquraeH - (describe/praise/extol)

214 7w 99 - (confidential communication)
216 3=err - (to compile/to string or weave together)
218 w8 - (take)

220 79" - (to move slowly)

222 =1 - (striking/killing)

224 gaRrel: - (to satisfy/please)

226 g4 - (shaking)

228 fretev - (to cause wonder/to be an object
of wonder)

230 grH - (Kissing)

232 =rseT - (motion/action)
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157 wrf=ra<o - (beautifying/illuminating)

159 @1 - (hardness)

161 f&f>aq a9 - (to move)

163 ggd grRuA - (raising/supporting family)

165 o - (abuse/contempt/abusive language)
167 g 1fer - (running torturously)

169 g(feqa)w = - (laughing in a bad sense)

171 a1 7Ifer - (slack movement/limping due to

sickness etc.)
173 @I - (passion/wrath/anger)

175 fopar - (doing/performing/executing)

177 @i - (anger/not being pleased)_

179 Ferem ¥ - (pain/anguish/trouble/suffering)
181 &3 - (loss/decay/diminutive)

183 &Rl - (1o ooze/to drop/to drip)

185 &9 - (to throw)

187 &z - (pounding)

189 e - (to hurt)

191 W - (to be distressed)

193 TIferamgRA - (to go quickly/to run/to trot)
195 TIffgiRe - (to cease to move/to stand still)
197 iftidens - (lame/crippled)

199 TreE: - (obstruct movement)

201 T - (smell)

203 g - (to smell)

205 = - (hide/die)

207 Trargerau - (to sweat/perspire)
209 TrAfgEE - (to injure)

211 e - (to desire eagerly/to long for something)
213 T[asirer Ta - (to play/sport)

215 T+ - (to guard/to protect)

217 7= - (to tie/connect together)
219 wanfr: - (fatigued/tired)

221 g - (thickness/robustness)
223 gRatiaq - (harsh sound/like frogs)
225 == - (piling/heaping)

227 fufesar - (to give medicine)

229 fa=a1 - (to think of/to recollect)

231 =T - (to know)
233 Fe - (throwing)
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234 =RfT - (to steal)
236 BTeH - (a cover/screen)
238 5 - (to give birth)

240 foraiar - (desire of killing/injuring/acting as an

enemy against)

242 e - (to be weary)

244 = - (to know/understand)

246 qferar - (pain/pleasure)

248 J=ga=H - (to weave)

250 TRUH - (crossing over)

252 qUue - (pleasing/satisfying)

254 fafdem - (endurance/patience/to bear)
256 gfar - (satisfaction)

258 o - (sharpening)

260 @ - (to know/satisfaction/contentment)
262 =4 - (frightening)

264 @RuH - (hurry/move with speed)
266 TusfuraE(<¥) - (punishing)

268 =1 - (deceit/fraud)

270 3eH - (observing/looking)

272 19 - (giving)

274 &ifer - (brightness/splendour/lustre)
276 g - (bad odour)

278 Ta=¥ - (to sport/play/gamble)

280 awres: - (thunder)

282 T=i9 - (length/longness)

284 gfer - (shine/lustre/brightness)

286 saafafar - (buy/purchase)

288 g1 - (grain/corn)

290 grvM - (holding/carrying/preserving)
292 737 - (guiding/leading/managing)

294 frae - (effort/sending)

296 R - (swallowing)

298 f==T1 - (to censure/blame/defamation)
300 feiter ¥ - (shutting the eyelids)

302 f7g9: - (a religious observance)

304 a9 - (expelling/ejecting)

306 frem=H - (sharpening)

308 f=py: - (drawing out/extraction)

310 fwre: - (to boil/to digest)
312 () - (dance/dancing)
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235 Barfer - (go crookedly/deceit)
237 weH - (cutting/dividing)

239 w17t - (conquest/triumph/victory)
241 frear2 - (to loll the tongue)

243 e - (dislike/separate)

245 e - (the desire of knowing)

247 TIPRUM - (to be thin/small/emasculate)
249 au: - (to make efforts/to exert oneself)
251 TsiH - (threatening)

253 drsH - (beating/whipping)

255 gf‘%‘ - (satisfaction/gratification/pleasure)
257 JferarT: - (to be glad/to be pleased)

259 drs=¥ - (hurting/injuring)

261 T - (quit/give up/abandon)

263 =Y - (to wound/cut/chisel)

265 g3 - (the act of hitting)

267 T<g@: - (snake)

269 T - (pride/arrogance)

271 <39 - (biting)

273 =18t - (burning)

275 giifer - (to be poor/ail)

277 geegu(deRe)EN: - (to blind/obstruct vision)
279 9T - (to worship)

281 éﬁm - (sorrow/grief/low-spiritedness)
283 Jrded - (weakness)

285 gdteroM - (melt/liquefy)

287 g&ildxuI - (to cut into two pieces)

289 gT=gTaRIe: - (to hoard grain)

291 gre=i - (violence/arrogance/impudence)
298 e -
(death/destruction/ruin/removal/expulsion)
295 faH - (an abode)

297 fogterr - (to be awake)

299 fossre - (bathing/diving)

301 fHwoT - (to close the eyes)

303 (ST - (command/order/instruction)
305 farT - (a house/an abode)

307 ferems=H - (seeing/sight)

309 frwfr -
(completion/termination/consummation)

311 9 71fer - (going slow/moving slowly)
313 sired - (general activity)
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314 Frgerwrd - (to seek/to obtain)

316 ygr - (define)

318 7T - (to send out)

320 9RepedH - (to cheat/to deceive)

322 gfre: - (taking/grasping)

324 gk - (guess/hurt)

326 gRare: - (to suffer pain)

328 uRgsvM - (prosperity/welfare)

330 AT - (measuring/weighing)

332 gRauur - (serving eatables)

334 R - (an embrace)

336 uRerT: - (to jest/joke/laugh at)

338 ua=H - (purification)

340 grefyerT - (to walk/step/jump)

342 urewgq - (roughness/hardness)

344 four - (feeling thirsty)

346 gfee: - (nourishing/supporting/increasing)
348 qoT - (to worship)

850 grvr - (filling up/completing)

352 geraa - (to divide/to distribute)

354 g - (wickedness/backbiting/roguery)
356 wpH - (to tell/to communicate)

358 merT: - (throwing/casting)

360 g1 - (to become well known/famous)
362 ufdrarH - (to exchange/barter)

364 yfuerd: - (to strike against/to resist)

366 TfreTH - (to restore)

368 ufcraeT - (wish/desire)

370 ufasst - (fixity/strength/firm/foundation)
372 wcirera: - (resistance)

374 yad=H - (crushing/destroying)

376 wHI= - (setting free/liberating)
378 welv - (deceiving/cheating)

380 yasE - (entrance/penetration)

382 ygeH - (defeating/overcoming)
384 yre: - (to be pleased)

386 yeawy - (bowing humbly/stooping)
388 "o - (to die)

390 wurH - (breathing/living)

392 mifory=aar: - (birth)

394 wrem=gH - (superiority/predominance)
396 mifwr: - (acquisition/gain/attainment)
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315 =ggarue - (humiliation/degradation)
317 Teef: - (attain/go to)

319 w=#=a - (to rule supreme)

321 aRgoie - (to rejoice)

323 g - (Killing/striking)

325 gRador - (satisfaction/pleased)

827 yRea=¥ - (lamentation)

329 gR¥yUH - (speaking)

831 gRaxH - (turning back or around)
333 gfkawe=H - (surrounding/covering)

335 ufRem - (decrease/loss/deficient)

337 waifer - (preserving/guarding/warding off)
339 urapr - (cooking/baking)

341 9=y - (drinking)

343 gt - (guarding/protecting/fostering)
345 g T - (the voiding of excrement)
847 gorH - (worshipping/honouring)

349 gatmer - (cleaning/purifying)

351 gafraad - (earlier place)

353 gerHre: - (to divide/to separate)

355 g - (nourishing/fostering/supporting)

357 gererH - (to shine/making bright/illuminating)

359 meraur - (throwing/casting)

361 uorH - (birth/delivery)

363 yara=e - (inflicting/punishment)
365 mfrsmH - (to promise)

367 ufaa=er - (stopping/arresting/opposing/
obstacle)

369 uferear - (obstruction)

371 ufaes: - (joy/happiness/delight)
373 yyrory - (satisfying)

375 gHrer - (a blunder/mistake/to err)
377 et - (taking efforts)

379 yaer - (entrance/penetration)
381 u¥re: - (source/origin)

383 ggreNu - (taking forcibly)

385 g - (flowing/oozing/dripping)
387 sy - (confidence/boldness)
389 wreRor - (to live/to be alive)
391 mfermifameH - (to give birth)
393 urgHier - (arising)

395 wmqur - (conveying/leading into)
397 v - (pleasing/satisfying)
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398 el - (pleasing/satisfying)

400 &V - (to see)

402 warfar - (leaping/jumping)

404 @?PTI%F - (a particular pace of a horse)
406 =7 - (union/connection)

408 9= - (a relation)

410 91999 - (annoyance/oppression)

412 ST - (to grow/to increase)

414 gyer - (hunger/desire of eating)

416 Wt - (eating/consuming)

418 W - (breaking/destroying)

420 o - (bearing/supporting/nourishing)
422 w9 - (threatening)

424 w={1HRuM - (to make into ashes/burning)
426 9oy - (speaking)

428 9rg - (shining/glittering)

430 Wk - (frightful/terrible)

432 Wﬂh’: - (to come forth/to appear)
435 9qut - (jewel/ornament)

437 wg(w7)TH - (divide/break)

439 wHqore - (to turn around)

441 |37 - (to be proud)

443 w1 7R - (to move slowly/to creep)
445 7= - (crushing/grinding)

447 #g<aY - (great/much/extensive)

449 4917 - (pride/haughtiness)

451 AR - (killing/slaughter/destruction)
453 ARTERPRE - (paving)

455 fiysorq - (mixing/combining)

457 w1 - (intelligence/the power of memory)
459 #reor - (resigning/rescuing/setting at liberty)
461 Hier - (delight/gladness)

463 Hrer - (swoon/fainting)

465 HveeA - (to initiate a pupil)

467 =g - (speaking barbarously)

469 Jre1 - (begging/solicitation)

471 AT - (junction/union)

473 e - (defence/protection)

475 19 - (to begin/commence)

477 BorfaRrour - (suffer sickness)

479 ¥wore - (howling/neighing/roaring/yelling)
481 JFMII - (to cure)
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399 Wit - (liking/fondness/affection)
401 3RvM - (sending/despatching)
408 w7 - (floating/swimming)

405 wgfer - (hopping/jump)

407 g9 - (fastening/binding/tying)
409 go1¥ - (strength/vigour)

411 91egq - (childhood/boyhood)

413 diorg=ar - (to sow/to plant)

415 g - (instruction/teaching)

417 weqor - (eating)

419 wgr - (fear/alarm/dread)

421 wsi9H - (roasting/baking)

423 wyurq - (the barking of a dog)
425 9raaxoT - (to act/to make)

427 wrrel: - (speech)

429 fheror - (asking for alms/begging)
431 9 - (becoming)

434 qyurq - (decorating/adorning)
436 yfer: - (bear/support/maintain/nourish/service
for wages)

438 Ao - (eating)

440 #uesH - (the act of decorating/adorning)
442 954 - (make arrogant)

444 w=er: - (churning/agitating)

446 iTq‘crrq - (endurance/patience)

448 AT - (auspicious/prosperity/welfare)
450 9919 - (mutter/whisper)

452 wrfor - (an arrow)

454 #7579 - (cleaning)

456 9fgra: - (to become hard)

458 #2199 - (copulation)

460 A - (freeing/discharging)

462 Wre= - (joy/pleasure)

464 HrgH - (arrogance)

466 g&rr - (heaping up)

468 I - (begging)

470 gg: - (war)

472 3o - (guarding/protecting/watching)
474 3T - (dying/color/hue)

4786 oo - (disease/ilness)

478 wuferar - (figuring/beholding)

480 3T - (disease)

482 Jg9 - (weeping/crying)
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483 g - (to stop/to restrain)

485 Iy - (to be angry)

486 38U - (the act of mounting/growing)
488 wrsa - (feeling of shame)

490 - - (cutting)

492 formar - (obtaining/to search for/to seek/to

inquire for)
494 <irew - (fickleness/unsteady)
496 gufraly: - (a clap of thunder)

498 gH-H - (vomiting)

500 9RuH - (to choose/select)

502 quf: - (color)

504 g+ - (being)

506 a9 - (clothing/dressing)

508 arfe=wev - (to play on an instrument)

510 fa@a4 - (blossoming/opening/expanding)

512 fag: - (casting/throwing/projecting)
514 fafomiiwr - (desire to conquer)

516 faad: - (to consider/think)

518 fagRvM - (to break/split/crack)

520 fagrH - (to rule/govern)

522 faff=e=r1 - (blame/reproach/censure)
524 fagamr: - (disunion/separation)

526 faamer - (pain/agony/anguish)

528 fawrsT - (distributing)

530 famire= - (tempting/seducing)

532 faa - (evacuation/to empty)

534 faamr - (to sport)

536 fadre - (agitation/shaking/churning)
538 fasresH - (to announce/declare)
540 fa=ivory - (distinguishing)

542 fasamer - (trust/confidence)

544 foare - (let go/let loose)

546 fa=gfcr - (spread out/extended)

548 fazsfer - (forgetfulness)

550 faere: - (sport/play)

552 gfgr - (increase)

554 afoeT gead - (weaving)

556 d%ea - (agitation/flurry)

558 daeteds - (confusion/grief)

560 ==h1 d1ep - (to speak/tell)

562 @rhiavor - (explaining/clarifying)
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484 3= - (anger/wrath)

485 IUE - (angry/shout)

487 &1 - (a mark/sign)

489 v - (attainment/acquiring)

491 =4 - (obtaining/gaining/acquisition)
493 dre= - (disturbing/agitating)

495 qEAIRT: - (to Kiss)

497 qe-haTr - (the whole side of the face
including the temple)

499 eI - (to become old/aging)

501 gsiHq - (abandoning/losing/giving up)
508 quiforar - (to paint)

505 a9t - (raining)

507 arerge=er - (connected composition)
509 qrRuM - (opposition/resistance)

511 fagmif=r - (heroism/prowess)

513 fdgror - (discussion/understanding)
515 fa=m - (knowledge/science)

517 faqeeat: - (to expend)

519 fagmarerH - (learn/to acquire knowledge)

521 fag==r - (agitation/tremor)

523 fqudia #ge - (intercourse)

525 faqre - (pain/agony/anguish)
527 faur - (division/apportioning)

529 ﬁmﬁa—ﬂ - (liberation/emancipation)
531 faaorm - (division/separation)
533 faderH - (sporting)

535 faeraH - (splitting/dividing)

537 faarT: - (banishment/exile/expulsion)
539 RreRoT - (splitting)

541 ﬁPﬂTUFlT[ - (distribute)

543 fa=t: - (confidence)

545 faaR g=79 - (expansion/extension)
547 e - (illusion/deceit)

549 fagrasr wifer - (flying up)

551 guiieaef: - (choose/select)

553 ga=aef - (to increase)

555 aw=H - (surrounding/encircle)

557 9% - (change/alter)

559 afe=ad - (grief/mental distraction)
561 =gfh: - (distinction)

563 =gerH - (giving pain)
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564 =rggRr - (business/profession) 565 argerd - (perplexing/confusion)
566 =msiteru - (deception/deceive/defraud) 567 afar - (extending/widely spread)
568 =mam: - (stretching out/to bring out of) 569 gareer - (investiture with the sacred thread)
570 drs: - (shame) 571 =iftw: - (ability/power/strength)

572 wifthe=e=H - (to be capable of generating) 573 wra@a(cn)el - (being capable)

574 3@ - (doubt/uncertainty) 575 viga=a=H - (forcibly/violently)

576 ez - (sound/noise) 577 vrezz AT - (to utter a shrill cry)

578 vrsg T - (1o laugh at/ridicule/mock) 579 wresforar - (to sound/make any noise)
580 wregelr - (to sound) 581 31T - (sleep)

582 9a=H - (withering/decaying) 583 9 - (order/command/ruling)
584 e - (order/instruction) 585 fRreqaTT: - (shine/glitter)

586 wfemel: - (quick/speedy) 587 gfg: - (purification)

588 ¥if¥rer - (looseness/laxity) 589 =mar - (sorrow/grief/anguish)

590 =meH - (cleaning/purifying) 591 wmwref: - (to look beautiful)

592 =y - (drying up) 593 9= - (cleansing/purification)

594 i@ - (purification) 595 #1gT - (composure)

596 #qur - (to hear) 597 waren - (praise/self praise)

598 welvv[ - (embrace/cling) 599 sJ@ - (whiteness)

600 &= - (contract/shrink) 601 Haerer - (suffering/pain)

602 ¥ - (counting) 603 iR - (worship/sacrifice)

604 i - (meeting/union) 605 wEr - (emulation/rivalry)

606 Har: - (multitude) 607 H=ra: - (collection/gathering)

608 Haer T - (trembling/shaking) 609 HgufH - (grind/crush)

610 Fad= - (the mind) 611 Hae=H - (sending/directing)

612 d=m Y - (knowledge) 613 e - (blame/censure)

614 Har: - (extending/spreading) 615 damferar - (extending/spreading)
616 ¥am: - (heat/fire) 617 Hg¥r - (weaving/collecting)

618 dara= - (inflaming/kindling) 619 Hawi(g@)7H - (information/news)
620 dfr@mNum - (approximating/approaching) 621 Hud: - (contact)

622 H9=H - (to join/mix) 623 |Y()§U - (to strike against)

624 dyergur - (to sprinkle) 625 ¥UBR: - (stnkmg/woundlng/beating)
626 Ha=: - (connection) 627 w9fh: - (to honour/worship)

628 ¥vH: - (haste) 629 Hg9=H - (to bring into contact)

630 wxifgr - (to cook/prepare) 631 ¥avur - (covering)

632 wa==H - (surrounding/encircling) 633 HersaH - (telling/narrating)

634 J9rr - (doubt/uncertainty) 635 HeawuTH - (to obstruct)

636 W - (mixture/union/contact) 637 dfifgr - (complete accomplishment)
638 ¥ - (assemblage) 639 HwEi(FF)o7 - (contact)

640 T - (joining/uniting/come in contact) 641 &< - (existence/being)

642 |H4qra: - (conjunction/union/cohesion) 643 wHrear: - (war/battle/killing/slaughter)

644 e - (perfect absorption of thought into the 645 \q=gra: - (height/elevation)
object of meditation)
646 | - (prosperity/well-being) 647 F=ETaqYUr - (to speak ill)
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648 ¥g-H - (enduring/bearing)

650 wrae e - (to go constantly)

652 AmM(<a)9AT: - (reconcile)

654 A - (joy/pleasure)

656 == - (sprinkling)

658 a1 - (service/attendance)

660 ww: - (to fix/to make rigid/to paralyse)
662 ¥a-H - (praising)

664 W - (theft/robbery)

666 e - (standing/staying/being stationary)
668 weiiea - (bulkiness/being big)

670 wmerf - (envy/rivalry/emulation)

672 A - (touching/handling)

674 Ffr - (memory/remembrance)

676 o - (sleep/sleeping)

678 g=ef: - (Killing)

680 gRawma: - (greening)

682 g¥err - (to grow weary/despond/be dispirited)

684 71T - (decrease/damage/abandon)
686 &= - (hurting/injuring/killing)
688 fEwmelr - (hurting/injuring/killing)
690 TR - (to be crooked/to deceive)

Annexure - C

649 |Arqed - (continuity)

651 === - (reconcile)

653 e - (force/power/ability)

655 g - (make happy/please)

657 ¥a=¥ - (serving/attending)

659 wge - (cutting/hurting/harassing)
661 WY - (paralysing/numbing/stunning)
663 wfer - (praise)

665 wIHR - (stealing)

667 WA - (firmness)

669 =g(w7)H - (anointing/lubricating)
671 wef - (touch/contact)

673 WM - (remembering)

675 wqur - (0ozing/flowing)

677 W=l - (mastership/lordship)

679 83 - (partake/stealing/destroying/carrying)
681 W - (joy)

683 gwH - (laughing)

685 BTIHRUMM - (express coquettishly)
687 f&=r - (hurting/injuring/killing)

689 g - (deceiving/arrogating)

Some root meanings referred to in Panini's Astadhyayi [Format : (Adhyaya,pada,siitra#, Sttram)

1,3,015 7 Tfafearersr

1,4,025 HETEHET IR

1,4,033 T, FHTT:

1,4,062  TrafaweEEET T
Al | oI

2,3,052 3Tefrd=ae SHHfT

3,2,148 TSHTRIETARHHAIL .

3,2,188 Afdefgqeme =g

3,3,146 fhfchoray 3

3,3,160 F=sreat fawTeT S

3,4,065 IFYETGTHR NS HFITETETALY T
3,4,076 HISTaFut = Hremiaucraar g :

8,1,025 TeaId g ST
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1,3,087 fHROT T

1,4,027 IROMTHFT SoHas
1,4,037 FogesATsgAAM 3 Ul Hs
2,3,012 TereRuftT fEeETaget Jemmae

2,3,054 TSI TEEaEHTHSER:

3,2,151 FaHUETe=TS

3,3,129 TG T

3,3,157 =14y fog@er

3,4,048 QAT T FHHRGHIONT

3,4,072 T ST SIS E S A T

6,2,080 STH VI=TATHATIS

8,1,051 TSR FUTHhRE TAT=q
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Paninian Rules

Words in Sanskrit have mainly two parts, a base and a suffix. The base can take various
suffixes/declensions to denote different functional relationships (cases or persons) and numbers
(singular, dual and plural). The grammar lays down rules for declining the word bases depending on
various parameters.

Rule Structure:

The grammar rules are formally structured by Panini in his Astadhyayi. Panini's Astadhyayi is
arranged in eight chapters @Adhyaya), each chapter containing four sections or quarters (Padga-s) and
every section containing several number of rules (Sitra-s). Sitra-s are not sentences - but like formulae
or program code, it would run out to sentences after certain algebraic operations were carried out. In all,
Panini's formal language formulates about 4000 rules. These rules are used for deriving the word forms,
verbs, nouns case endings, compound words and to explain syntax and semantics of the language.

Paninian rules are essentially meant to exhaustively cover the generative aspects of Sanskrit
language. The style of the rules is descriptive and covers a generalisation of all the prevalent valid word
forms as observed by Panini. The grammar rules are of various types with a section on metarulfes which
layout the various categories of rules.

The main aim of the rule structure was to achieve utmost brevity without sacrificing clarity. The
rules are of the following types :-

1) Definitional (safjia) Rules : These describe certain technical terms used to denote certain
longer characters, strings etc. Whenever, these technical terms occur in the grammar rules we will have
to replace them with their denoted forms. There are 84 such technical terms defined by Panini. For eg.,
gha denotes the two suffixes farap and tamap. Similarly, feminine words ending in/ or v are termed as
nadi. Operational rules applicable to the denoted terms are greatly facilitated by the use of technical
terms. They are called safjna.

2) Interpretive (paribhasa) Rules : Most of the operational rules describe one of the three
character/string processes of addition (augmentation), defetion (elision) or replacement (substitution).
Obviously, these three processes can have one or more operands. The applicable set of operands,
number of them, their sequence i.e., LHS/RHS operand and the position where the process should take
place etc., are denoted by the case endings used with the operands. The interpretive rules define the
way these case endings occuring in the operational rules are to be understood.

3) Jurisdictional (adhikara) Rules : Rules are arranged on topical basis and the scope of this is
defined as Adhikara. All operational rules coming under a particular topic will inherit the Adhikara sitra
words. The above two types may be called meta-rules,i.e, rules about rules.

4) Inheritence (anuvrtti) Rules : For sake of convenience, operands may be grouped together in
such a way that certain words of operational rules get carried forward, till certain specific number of

rules. This is called Anuvrtti (partial inheritence) which is used for achieving brevity.

5) Operational (vidhi) Rules : These define one of the three above said processes for particular
operands. These are Injunctive in nature i.e., say, if this condition is satisfied then do the following. The
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next type will be the exception to these processes fully or partially. These are respectively called nisedha
{(exception) and niyama (restriction).

6) Miscellaneous (atidesa) Rules : There are also a few rules which list certain finished words
as valid, as in these cases, the generative process is irregular or diverse.

The types of rules mentioned above are arranged in different hierarchy while applying them.
When more than one operational rules are applicable in a given case, interpretive rules are referred to for
determination of priority.

There are four types of supersessions based on the relative priority in astadhyayi namely :-

i) Latter rule supercedes the former.

i) Rules applicable to a particular member or subset suprecede those of a generic class or set.

iii) First 29 quarters (pada-s) supercedes the last three quarters.

iv) Exceptions supercedes the general rules.

Even between these four types of supersessions there may be a conflict between two types, in
which case the latter type is given precedence to the former.

General algorithm for using a Paninian rule :

1) Choose the particular rule and note down its position or reference number in terms of
chapter, quarter and siifra number.

2) Check if the rule contains any Technical terms and if so take its denoted term.

3) Check for Adhikara under which jurisdiction the rule under question falls and supply the
Adhikara rule words.

4) Find out if any word(s) are to be inherited from other rules through Anuvrtti. If so, add those
words.

5) Syntactically analyse each word of the chosen rule and get the base and case.

6) Determine the process involved, operands, position of operation etc., by invoking the
interpretive rules. Decide on priorities if the rule is of more than one type.

7) Construct the long hand form of the selected rule from the details obtained through these
steps.

8) Make a mention of databases involved for reference like dhatupatha (list of verbal roots),
ganapatha (list of nominal words sharing certain common syntactic properties), unadi-sutra (list of
suffixes) etc., if any.

We illustrate this procedure through an example :

Let the rule chosen be ad gunah .
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1) The reference number of this rule is 6.1.87.

2) This rule contains a technical term gunah (refer 1.1.2). This technical term refers to the three
charactersa, e ando. We now replace the word gunah witha, e ando.

3) This rule comes under the Adhikara (jurisdiction) of Samhitayam (6.1.72) i.e., in continuous
utterance.

4) By Anuvrtti we inherit the words ekah and plrva-parayoh from 6.1.84 and aci from 6.1.77.

5) This rule has two words at and gunah . After syntactic analysis, the base and case of the two
words are respectively @,5) and gunaa,1). For Samhitayam the base is Samhita and case 7, forac/ it is
@ac,7), forekah itis eka,1) and for plrva-parayoh it is {plrva-para ,6).

6) Applying the interpretive rules, the base a of at denotes the vowel-phoneme class a by
1.1.69. Case 5 denotes the LHS operand by 1.1.67. Case 7 denotes the RHS operand by 1.1.66. Case
6 denotes the place of operation by 1.1.49. In case, the substituend is to be found from a list of
candidates, the one that is the closest is chosen by 1.1.50. By traditional interpretation, case 1 denotes
the substituend. Also pirva denotes LHS and para the RHS. eka denotes singularity.

7) From the above steps we arrive at the sitra in long hand form (meaning) as :"in continuous
utterance, the vowel-phoneme class a and a following vowel @ac) are both replaced by a, e oro". The
actual replacement amonga, e and o is the one that is closest to the RHS vowel.

8) This rule does not require any database for interpretation.

For implementation of this procedure we need all the rules of astadhyay/ with the reference
number, jurisdictions, inheritances, list of all technical terms, all interpretive conditions and analysis
package.

Panini's Karaka theory

By observation of the language Sanskrit used by native speakers of his times, particularly the
educated class, Panini arrived at certain definite semantic features inherent in the inflections, the nominal
bases undertook. These are wide categories by default, while many related shades of subtle difference in
senses are described under each of these categories. The cases could denote certain default case
relations as well as certain specific semantic features or sub-functional categories. Thus, there could be
certain specific relation marker for the cases as will be explained.

These case relations could be assigned active functional roles in sentences involving verbal
activities. In descriptive sentences, these relations may have a diluted sense. As an effort to
unambiguously describe the generative syntax of the language, for any particular sense to be conveyed,
syntactic case markers were identified with a well-defined relation to semantics. Intentionality (vivaksa) is
another factor in ascribing active roles to the functors.

Six basic categories or case relations were propounded with their syntactic markers as below.
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(1) An independent thing signifying existence of a substance, its gender, quantity or number with no
special marker other than just a noun.

When an active role is intended, an animate category of functor is usually used. For example:
‘Rama kills Ravana by arrows',
‘The enemy is getting killed by Rama’,
'l worship Rama',
‘Rama blesses the devotee',
as against an inanimate thing like
‘the automobile goes',
‘cancer kills'.

The independence in active mode could be exercised to cause an action directly or through another
active or passive agent. For example,

'Dasaratha sends Rama to the forest',

‘Rama goes to the forest',

‘Rama gets the feast cooked by the cooks'.

Volition or absence of it in an independent being can also lead to a different active role. For example:
‘the youth died suddenly '
‘he shook out of cold'.

Certain reflexive actions do not involve using the independence present in the actor. For example,
‘The food is being cooked by Rama himself',
'the wood breaks by itself'.

Here the utmost ease with which an activity is accomplished makes the choice of reflexive formation
marked by "... self*. Swatting mosquitoes while asleep is typically the example for reflexive action.

(2) An item most desired to be reached immediately by the action of the agent is the second case
relation. This could as well cover a most undesired one. A combination of these is also possible. This
includes producing, modifying, or attaining the object of desire or otherwise. Here also no special
markers are used. A few examples follow:

(i) "The weaver weaves the cloth' (producing).

(i) 'The goldsmith embeds diamond in Rama's earring' (refining).

(iii) 'l pray Rama' (attaining -mental).

(iv) 'Out of lust Ravana steals Sita' (undesirable).

(v) '‘Angered, he consumes poison' (undesirable).

(vi) "The hungry child eats polluted food unknowingly' (desired and undesired).
(vii) "The cow is milked by Krsna' (passive).

Since these two cases and the relations are not specific to any particular situation, for any active
sentence these are required essentially. Intransitive actions don't take any object.

(3) The most effective means for accomplishing the verbal activity is the third functional relation. This
corresponds to the syntactic marker denoting instrumentality like by, with, because of, due to, etc..
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Reason or cause gets included under the means. The means could be internal (bodily organs etc.) or
external. The agent gets this marker in passive sentences. For example,

(i) 'Rama cuts off Ravana's head by sharp arrows' .

(i) 'Rama reaches Ayodhya by palanquin with Sita".

(iii) 'l mentally pray Rama’'.

(iv) 'Laksmana signals Rama by his eyes'.

{(4) The next functional relation is that of the item one has in view through the object (or activity). This
corresponds to the syntactic marker to, for, for the sake of, etc.. The recipient in an act of giving or the
beneficiary. The person pleased in activities relating to taste etc. The target of praise, curse, envy, anger,
etc.. The creditor, object intended, person being inquired about, the prompter in case of promise,
sacrificial recitation, the consentor, non-refuser, etc. gets these markers. For example,

(i) 'Give me salvation, O! Lord".

(i) 'Rama grants release to his devotee'.

(iii) "'The hermit brings fruit for Rama'.

(iv) 'The devotee offer prayers to God'.

(5) The next relation is one of the reference while separation, this could be static or mobile while the
separation could be physical or mental. This also covers the cause of fear, the intolerable one, the one
intended to be warded of, the source or origin, picking one from a lot, etc.. This case-relation
corresponds to the syntactic marker from in general. For example,

(i) 'The leaves fall from the tree'. (fixed reference)

(i) "Warrior falls from a running horse'. (mobile reference)
(iiiy "The goats retreat from each other'. (relative reference)
(iv) 'He looks from the balcony'. (transcendental separation)
(v) 'The army fears from snake'. (cause of fear)

(vi) 'The king protects his subjects from theft'. (protection)

(vii) "The students dread from studies'. (intolerable)

(viii) ‘Kautsa learns from Varatantu'. (systematic learning)

(iX) 'Krsna hides from his mother'. (veil or cover)

{X) 'Arjuna is the best among the archers'. (picking)

(xi) 'Ganges flows from Himalaya-s'. (source)

{xii) 'Living beings emerge from God'. (material/instrumental cause)

{(6) The last functional relation is the locus of the activity. This could be a time, space, topic, proximity
etc. This could further be pervasive or partial. This corresponds to the semantic marker in, at, on etc.
The examples are:

i) 'Oil is in the seeds’, 'there is light in the day' (pervasive).

ii) 'Rama sits on the throne', 'the teacher taught for thirty years' (partial contact).

i) 'He is good in mathematics', 'the climate is fine in spring' (topical).

iv) 'The hamlet is on the river', 'l reside in M.G. Road', 'l am just joining you' (proximity").

o~ o~ o~ —

These six are the functional relations of which, the last four are optional in a given construction (with a
few exceptions). Further the sixth case is not considered a functional relation as it has no direct
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connection in terms of expectancies to create a total sense out of the sentences. These words describe
certain additional features of the different functors.

The mandatory Karaka-s (agent and object) may be denoted under certain conditions and certain
peculiar speaker intention based usages ('of whom when enraged even the deities fear in the warfield' is
a typical usage in Ramayana, where fifth case ought to have been used instead of the sixth ) are the only
instances where functional relations could be denoted.
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Activity categories - agent/object word type specification
Format : (#Meaning Group, #Activity Meaning, (semantic type/condition)

(1,3,"sTTH=m", " (@I (e : Wt >1))") (1,5," SAfshm"," (T : STa(sH)")

(1,9, "stemaaen’,"(f5 © 3Tem)") (1,24, " a1, " (@9 forer =d)")

(1,77, emserory, " (farer : gg0)(fh « Sew)") (1,78," e, " (e« g5 © Seam)")

(1,95, "smrerma=m", " (forers : w@fer)") (1,97,"sh="q","([@®dT : THH : A AF9D
)

(1,157, "Fleania:", " (@d : 5o : 9] : fods : @d)") (1,162, "Feamia, " o : wafedn)”)

(1,166, "Fer"," (et srarean 240)") (1,187," 3T, (ST : &)(Teh e, )')

(1,187, "fiw=e", " (3w : f)(qd fsham smmmae)") (1,188, "iqanga™", " (T : 37%)")

(1,190, "iaufear:"," (faer : f158m") (1,191, "iqarheay’, " (@al TawT )"

(1,225, "garfa:"," (@l =1 FHeam)") (1,241, a0, " (AT, : ST, ST5H)")

(1,330, "ITRfergi:", (0T )’) (1,366, (werre", ")

(1,432, "wezmrfee, " (Frers 7)) (1,472,"Teom," (e F=)’)

(1,533, "fograamia:", " (3o : a1gy)") (1,550, "=1H", " (STRYOTH. 3TarRaT =)

(1,601, "gfeher", " (€T fsher(shH)") (1,634, "QIacHTHAY", " (1 : THEEs)")

Activity specifications (in alphabetical order of root meanings)
Format : (#Activity Group, #Activity, Root_Meaning, (functor type/semantic condition)

(2,1,"3reRfa=m", " (Object=Topic),(Instrument=writing_material)")

(9,2, """ (Instrument type pipe),(Output oven burn)")
(1,3,"a1m =", "(Agent number greater(1)) (Agent=first_agent)(Agent t*)
(2,4,"3rg79","(output attribute definition)")

(3,4,"3rg1H","(Object secondary topic)")

1,5,"31fasRas", " (Object position (beyond normal)")

9,6,"rfags","(#1 Agent has Object), (#2 Recipient has Object)")
9,7,"3H","(Object type edible)")

10,8,"31&9HH", " (output Object lost)")

(
(
(
(
(1,9,"s1g™aH", "(Agent movement downwards)")
(

10,10," 1B, "(Object state afraid)")
(2,11,"sreggAH","(Object= Topic), (Activity type continuous")
(2,12,"3aq","(knowledge type false)")
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(10,12," 384", "(Agent movement rotary)")

(5,13," 31", " (Attention nil)")

(3,14,"3Tr¥mE"," (Object secondary command)”)

(3,15," 3rgaamur’, " (Message type false)")

(8,1 6,"31r—v|T=Fﬁ=[","(Object becomes non-existent)")

(2,17, a1, "(present=0bject), (location object domain)")
(3,19,"3m =", "(Messge emphasis negative)")
(4,19,"am a4, " (#precond Object),(#postcond location)")
(4,20,"3amo’, "(Result = Object : not seen)”)

(4,21," 380, "(#1 Possession with owner) (#2 Possession with Agent)
(2,22," 35", " (Emotive type negative)")

(2,23, " a1f\eRTEEt", "(Emotive type negative)”)

(1,24,"s10mHA", "(Object type sentient)")

(10,26," 307", " (Object state victorious)")

(8,27, " AARyaT", "(Activity type aggressive)")
(3,28,"311“\113%%11{","(Message emotive positive)")

(5,29, "s1tqars=","(Object is superior)")

(8,30," arfmer", " (Object lose juice)")

(10,30, "a1ts9ar", " (Object state cleaning)")

(2,32," 31", " (Object =Topic),(Activity type repeated)”)
(4,33,"341°£rm',"(#precond contact with other (object)),(#postcond **)
(6,34,"W‘,"(Eﬁort present), (output desired Object)")
(7,36,"3FHT0TH", " (output look pleasent)")

(6,39,"3119z", "(effort present),(output absent)")

(3,40," 31" ,")")

(2,42,"IAgmch1H,"(Object =Topic)")
(3,43,"%W‘,"(message emotive negative)")

(10,48, "31amme=4","(medium type water)")

(8,48," 3o, "(Object becomes pieces)")
(2,50,"313@!5[9?1:[","(Obje0t primary sentient),(Object secondary topic)")
(4,53," 384", " (#precond any location), (#postcond = #1)")
(6,56,"31ammd=","(Output desired Object)")

(10,58, " 313", "(Sound type unintelligible)")
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(10,60,"37 " "(Output eyes tearful)")

(7,61," 38", "(Object look unpleasent)")
(4,62,"319H", ' (#precond any location), (#postcond object moved away)")
(5,63, " sT@eaanT:", " (Activity utilizing), (output not_zero)")

(2,68," 3o, " (Activity type sensory)"), (instrument = nose)")
(5,70," 318", " (Attention full)")

(6,71,"3m=sH", '(Accept object)")

(1,77,"amgaon","(Agent movement and (repeated, upwards))")
(1,78,"amgreaq", "(Agent movement and (repeated, upwards))")
(2,79,"smdeH","(Object =Topic), (knowledge type true)")

(3,81," 3=, "(Message type addressig)")
(8,82,"aHeAH","(30)")

(2,83,"31Tq“éi=|1{","(Activity type sensory), (Instrument=skin)")
(2,84,"a8om", " (Emotive type negative)")
(9,87,"amsrmer","(Object becomes wet)")
(5,89,"31T%5T7¢|1=[","(Present physical contact), (emotion positive)')
(2,93,"31m9M","(Emotive type positive)")

(5,94, " 33", "(wishing good)")

(1,95,"amyrmmAq", "(Agent movement rate (fast))")
(1,97,"am=h<"9","(Agent movement movement : horse)")
(2,99,"s181e:", "(Emotive type positive)")

(5,102,"s31","(Object is superior)")

(10,103, "sfsaueas","(Organ becomes inactive)")

(2,105,"g=re=", "(Emotive type negative)")

(6,108,"3ss7","(Source many), (Object type grain)")
(4,110,"3e&T=","(Direction movement upwards)")
(4,112,"Seqmr=","(#1 Present object), (#2 not (#1)), (movement type voluntary®)
(9,114,"3gRom","(Eaten thing comes out)")

(9,115,"3aH:",'(Agent puts effort)")

(9,121,"39mH","(Object compared against reference), (parameter type”)
(7,122,"3ueptor ", "(helps change)")

(7,129,"3uaH", '(Activity taking near), (Activity type preaching)")
(6,130,"3maT==", '(Object type donor), (Agent attribute poor)")
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(7,132,"3w3uw","(Coating with liquid)")
(5,135,"sqdar","(Object is superior), (Activity pleasing)")
(4,137,"3ure 4", "(#1 Possession with any) (#2 possession with agent)”)
(7,139,"&=H9","(Output object more vigorous)")
(9,141,"T7a","(Agent possess control)")
(3,142,"swegq", "(Message type exaggerated)”)

(8,145, HordzH"," (Object type ear)")

(9,146, sHamTRT:"," (Work state finished)")

(5,149, "sweamu|","(Output happiness)”)

(7,152, "si=qeor, "(Object becomes radiant)")

(3,155, "®eiuesr", "(Object secondary time)")

(1,157, "Hleamia:","(Agent movement movement:snake)")

(9.158, "pgrgrom’”,"(Object type or [family, relatives])”)
(8,159,"%zq","(Object becomes powder)")
(2,160,"pH", (Emotive type negative)")

(1,1 62,"§WFT%T","(Agent movement tottering)")

(1,1 66,"§3Crrl'rilv|?","(Agent condition weak)")

(2,179, "art==","(Emotive type positive)')
(2,186,"@=","(Emotive type negative)")
(1,187,"m","(Upasarga=2T), (source=destination)")
(1,187,"nfq","(Upasarga= ™), (previous activity coming)")
(1,188, "mic=mgad”, " (Agent =Horse)")

(1,190, "mawiaana:", "(Agent movement obstructed)")
(1,191 ,"TﬁW‘,"(Agent condition cripple)")
(2,197,"me=","(Emotive type negative)")

(8,201, "Traferguiy", " (Object becomes wounded)")
(3,205,"§HuﬁﬂTErUrl{","(Message type confidential)")
(2,207,"777","(Object type topic)")

(4,216,"599","(#1 location number many), (#2 location number one)")
(5,220,"gw=4", "(Present lips contact), (Emotive positive)")
(9,222,"981","(Activity type reflexive)")

Kk ok kA k Ak kxR KA KKK

(2,235,"9M™=H", (output =knowledge)")
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(2,236,"sire@T", " (Object primary sentient), (Object secondary topic)")
(5,237, "aferar","(Result=or[pain pleasure]))")
(7,238,"a0H","(Object thickness reduces)”)

(9,239, "dgga=H", "(Input type threads), (output type cloth)")
(9,240,"7uq","(Effort type intense)")

(1,241,"s7o", "(Medium=or(air, water))")

(3,242,"<‘-|Gi=|1-t,"(message emotive negative)")
(8,242,"<‘-|Gi=|1=[","(Activity type physical)")

Fkokk kA kK F KA KA K

(7,249,"ﬁTvI=|TE',"(Object sharpness increasses)’)
(9,252,"amT:","(Object is abandoned)")

R e

(8,256, "s9=H", "(Instrument type teeth)")
(9,257,"@3&W',"(Objeet type sentient), (Object state uncomfortable)")*
(2,261 ,"W‘,"(Activity type sensory), (Instrument = eyes)")
(8,268, "zeguETd:", " (Object becomes blind)")

(5,270, "sag=Tr","(Object is deity)")

(7,275,"§Eﬁ7=h‘{'frrl{","(0bject becomes liquid)")

(4,276, "s=Atarmar", " (Object exchanged), (Instrument type money)")
(6,278,"a=aq","(Object type grain)")

(4,279, "ar=mEe=g", " (Object=grain)")

(4,282,"97","(Present movement)")

(5,290, "FE=oT", " (Activity religious)")

(5,298,"F=", " (Activity religious), (follows rules)")
(4,295,"%‘{‘{4:11{',"(Source:body organ), (Object=excrete)")
((2,298,"1%1"%Tr1=l=|1{","(Activity type sensory), (Instrument=or(eyes,ears))")
(4,299,"f=R", " (Object=any)")

(9,301, "f=meR:", " (Object type edible), (Instrument type heat)")
(2,305,"== 0", "(Emotive type negative)")

(9,308, "Tusy", " (Object=person)")

(9,309, "wH=Aq","(Control type absolute)")

(7,314, "groms", " (Object state changes)")

(7,31 8,"uﬁ§%ﬂT=[","(Object size increases)")

(7,321 ,"qﬁaﬁﬂtﬂ',"(ObjeCt form changes)")
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(9,322,"uﬁ6}ErUrFE',"(Object type edible), (Instrument type crockery)")
(4,323,"uﬁé@=@(',"(0bjeet surrounded/covered)")

(4,325,"tl'l:{3'|'UT5[","(#1 Object quantity any), (#2 Object quantity < #1)")
(7,328,"7a°9q","(Object state cleaner)")

(10,329, "areR=", "(Instrument type time)")

(1,330, "IrefaaT", "(Agent type animate)",(instrument = feet)")
(9,331,"aH","(Object state liquid), (Object type edible)")
(3,332,"ure=q", "(Tone=harsh), (content=harsh)")
(9,333,"ar1", " (Output object secure)”)

(9,336,"qfE=","(Output object healthy)")

(4,340,"70","((#1 Object quantity any), (#2 Object quantity or[equal,full])*
(4,341 ,"q%ﬁ{',"((#precond number any), (#postcond number <#1)")
(3,343,"W',"(Me33age emotive negative)")

(4,351 ,"Elﬁ]‘q’HTE',"((Object exchanged), (Instrument type other object)")
(3,354,"qﬁaﬂ1{',"(Message type assurance)")

(4,355, "qfqe=r", " (Movement stopped)")

(4,363,"smr==","(#1 bound), (#2 not (#1))")

(2,365, 999", "(Emotive type negative)")

(1,366,789, "(Agent type animate), (Object type enclosure)")
(3,368,"y@ar","(Message type consent)")

(2,371,"g@s:","(Emotive type positive)")

(4,382, "ymqur","(Present movement), (Object movement dependent agent)")
(9,388,"ﬁTUr1{","(Object type any)")

(9,393,"s=¢7","(Object state confined)")

(9,395,"s7¢"<"(Object mixing with_people)")

(9,396,"s9","(Output object strong)")

(10,399, "sis =", " (Agent type plant)")

(9,400, "dsrgarH", " (Object type seeds)")

(10,401, "333&71","(Agent condition hungry)")

(10,410,"9wor", "(Agent type dog)")

(3,413, "9, "(Message type intention)")

(10,420, "sasmgrars", " (Birth time delayed)")
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(9,425,"wsHtgra:","(Eating not present)”)

(7,431,"77z","(Output essence_of object)")

(1,432, "m=m=s", " (Agent movement rate(slow))")
(7,442,"ﬁm',"(combine objects), (output single object)")
(7,443,"@%’416!?","(Object state solid)")

(5,445,"1321711{',"(Present body contact), (Emotion positive)")
(4,447,"(ﬂﬁ?l=|TE',"(Object like sweat)")

(5,452, AtuTe " (Activity religious), (#2 head shaved), (object=head)")
(8,463,"%=T","(Object condition diseased)")

(1 O,465,"i‘6|11T1{","(Agent category wolf)")

(7,467,"@1Tq=n?:|=|1{","(0bject becomes healthy), (Object type animate)")
(1 ,472,"@311T1{","(Agent movement upwards)")
(2,479,"Eﬁ?:n{","(l\/lental_state:unsteady)")
(4,492,"aTﬁaumTT',"(Object type musical_instrument)")
(4,496,"fgaTs","(#1 Location number one), (#2 Location number many)")
(9,501, "faragea ", "(Object type money)")

(2,503, "faiasH", "(Agent category student)”)

(4,51 6,"%’1?1711{","(((#1 Object quantity equal capacity), (#2 Object quantity nil))*
(9,521, "fg=amas","(Object location outside_limits)")

(3,523, "farere=y", " (Pitch=high)")

(2,527, "fasamar","(Knowledge type sure)")

(4,528, "fa@T:","(Object emitting)")

(9,532,"1%|WTq=|1{","(Object state or[shocked, stunned])")

(1,533, "fagramar",' (Medium=air)")

(7,540,"W‘,"(Objeot condition bad)")
(8,548," (@ pa@d’,"(Object state confused)”)

(1,550, "amma:","(Medium condition occupied)”)

(5,552, aa:","((Activity religious), (follows rules)")

(9,566, "RreqaT", "(Activity type art)")

(8,574, 39", " (Object state dry)")

(2,578,"g79","(Activity type sensory), (Instrument=eyes)")
(7,582,"9@?11{","(Obje0t becomes white)")

(7,583, "=, " (Object size decreases)")

ANNEXURE - E
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(9,586, "F==H"," (Parameter type size)")

(6,599, "g+=","(Object type or[flowers,books])")
(7,600,"ﬁﬁu=|1{',"(0bject becomes brighter)")

(1,601, "gf7eFE=","(Object distance small)")
(7,602,"g7e","(Object has contact)")

(6,619, "g%am=H", "(Result union)")

(1,634, g™ =H", "(Object type unspecified)")

(3,635, "gma=H","(Message emotive negative), (pitch=high)")
(10,635, "\, "(Activity is continous)")

(3,636, 94", "(Message emotive positive)")

(2,644,"dar" (Emotive type positive)")
(5,647,"wa=1","(Object type superior), (Activity singing praise)")
(10,667, "g9er@=","(Agent category animate)")
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PRELIMINARY SEMANTIC LEXICON - (ONTOLOGICAL DATABASE)

Format : lex(headword, [sub-types], [instances], [suffix-types])

lex("sma”, ['5=", "or, R, gEee], [, ()

lex("ge", ["ga", "], ['AE, e, ShE, e, e, ae, e, [))

lex("ga", ['weag!, "Te, e, aiEe, T, e, e, sa], [, e, e, ()

lex("aTge", [‘amres", "ameRTer, "He, ", A, [, [)

lex("Tqor*, ['fammor, e, e, e, W, T, faagha, aREr], (e, e, e, e, e

"=, )

lex("ersg", ["@EA", "FHYEEAE", "qoard”, "], ['eEf, "weR, e, afaws”, "emhfed”, ar, g,

g, MR, TE, U, epdist, 'gEd, '9ed, 'sErsd, g, faeret, ‘faae, tewd, "W,

lex("Tet", ], ["Swr", "Shq", ", "Harer, "w=er, "wger], )
lex("®q", ["amr'], [, "Iy, e, ae, e, e, )

lex("&®", ], ["h", "e3", "Saur’, "HYy", feer", qa", "], [))

o (lf\ o o [

lex("m=r", [], ["ORE", "STHIE", "FHTHMA", "R, "R, "oroeder, "sEe, g, gfanit, e,

‘o], )

o

lex("fagta”, ["ge”, ", "ag], [, [)

lex("gea", [], ['mfa", "g@", "W, T, "R, "TER, T, T, ", arer, fageT, e,
"Fres'], [))

(T, 1), [T, ", )

lex("aag", [], ["dif", "=, "3, g, ", ", i, Ee, e, [))

lex("sror", ], ["=&a", "d@", "BRE", "', "=, "TIES", "Ehé'{'", P "m
qUeR”, erERE”, faat, TR, aoer, 'gas, "em[!, gRurt, 'ugyt, 'uwg!, g, 'Hiet, "sfed, 'we,

WS, "HEE", ", "ERa’, S, e, T, "I, e, "ues”, v, e, gy, "wue,

o o o

"y, T, "TREAR", ", e, [])

lex("werg”, ['Jear, "ager, o], [Tewt, e, [end("q"), gender("IfEET"), suf("Tig")])
lex("s=m@r", [, ['gT", "=, [)

lex("ag=T", ['BT", "STEUE", 'S, "sEawe’], [, 9, we, g, IR, IE, i, 'S,

o o

st e, s, T, T, SERR”, Sase, aee, (g, g, e, e, e, T,
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lex("farg", [, "ufer '], {1, )
lex("sm", [, ["forsx", "arentaT], [)

lex("aremges", [, ["SUTEd”, "IERE, 8", )

ex(are, || [, ", Ay, e, e, e, e, ()

lex("groi, [, ["fR, we, O, R, R, A, ERer, Ee, e, A, e, e, “sEm

"RR, "SR, "R, ", A, e, e, s, T, ()
lex("stgfashes”, [, ['eFg", "Hm", "HOr, AR, gH, gl )

lex("=rer, [, [, "], )

lex("g, ['<rer’], ["ara”, e, ", w, T, [)

lex("afer T, 1, [Ty, "mee", "], )

lex("aer”, ], [, e, g, T, e, e, e, R, e, )

lex("sr=, [], ['913", e, R, e, "], 1)
lex("arfera”, {1, ["gra=t'], )
lex("Tr=", ["EATER", WO, Y, T, e, e, e, ], [er, A, e, e, ()

lex("wmer", [], ["vea", "Fer", "gg="], [])

lex("ame, ], ["arg", "wed, ", "sresard ], [])

lex("areprer, <=1, [, [)

lex("zf==", [], ["o", "Urg", "Suwg", “urfor', ‘o, “werg’, g, e, @, w1, )
0
|eX("é'3T", ["TemerR”, "ﬁ?["], ["g", "'%FQT‘[", RN 01 ) 2= B "‘]3", "W", e, '%QT", "SR, S,

"SR, ", TR, e, afeR, e, R, [])

lex("wepta”, [, ['a=1", "9, "ERma, '], [)

lex("gpE", ["srEemae”, "<adr'], [T, ofed”, ", "meq’], )

lex("ze", "B, "<@ar'], ['ta", g, "aw, ], )

lex("s1aer", [, ["odga”, "w®w, g, ], ()
lex(‘z@", [, ["ere", "o, "gaRa], [)

lex("ar=r", [], ['Hfe", ==, A, "fae", "auge, A, )

lex("fae=r", ["g&reR"], ["ardr", "ug", "ae, g, e, =, )

lex("ama", [], ["dom", "gTF, TR, " e, e, "weE], [))
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lex("qs1”, [], ['F9e", "gHAE, gE", "I, O], [)

lex("q&Tes", [, "=, e, ", R, e, e, e, e, )

lex("sr==r", ["Bfer!, "gr='], [T, o, "o, "om, "sfiE, 'gWw', 'Sy, "%, I, 'wy", g,

"$fiT, e, ST, "HEE], [))

(T, [, [P, ST, A, A, e, e, e, e, )

lex("geEmE", ], ["egda”, g, T gar'], )

lex("®ReR", ['Hg", "FHH", "HOT, "TIEE", ", " fwer], [, [1)

lex("®g", ["vea="], ['wRE"], [)

lex("ww", ", v, [l )

lex("Foem", ["vere”, "Famgta, "gewd], [, [)

lex("eTarer", 'S, "W, e, "], [T, ()
lex(" stfereRoT, ['391, "He'], [, arg”, "y, smeRrer, "wme], [))
lex("=or", ["g=", “ort, "¥g], ['Eort, e, S, e, tawe, e=, o, U, e, e, aee,

"o, A, [suf('ege)])

lex("re”, [, [, AR, g, s, )

lex("wepta”, [, ['a=1", "G, "ERma, '], [)

lex("geaTe”, [], ["e|", "aTe, ", Hiert, "Wfd, i, e, taeny, e, teme”, S, i, "', [))

lex("shem", ['<91", "HIS", "oTeET], ['TEE", Fe", "=, [))

lex("31ea ", [], ["shreT", I, wﬁ’r{ "are"], [)
lex("@eror", [, ['Ster", "ferar'], [)

lex("wea", [], ["amo", "qrEmsTR'], )

lex("&q", ["Fagta’], ["g=", "fa=n, "w|, S, e, A, R, )
lex("fe=r’, [, ["gd", "=feror, "afem, "SR], [))
lex("TerT-g’, [], ["aPa", e, T, e, [))

o

lex( qulfr B It P > P < 2 < I [ e 1

lex("gferg", [, [y, "=%", "y, "glawy, T, "we, Oy, "B, )

lex("gaam ", [, ['Fa", “fasg”, "I9", "IWT", "d)", "IIH", ", "HaH", "qqY”, "FaE, ", I, "IaT”,

", B A L 0 "tﬁi'", TR, "eTER”, "gheTOr”, "SER, "W, "aTeR”, Lk PGS Ee D N U

T R T e, e e, )
xS, [, (5, ", A, TR, e, e, e, g, e, i), )
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lex("afmTor, ], ['STOT", "3MeeR", "Wy, ", "Freer], [)

lex("fsF=m, 11, 0, )

lex("Fery", ["ThiE", "B, ["IfaAiE", S, e, g, A, T, e, [))

lex("TsRE", [], ["3Tea", ", "euw", (e, e, =, e, =], )

lox("fm", [l (o, ", ", e, g, e, e e, e T
v, e, e, e, e, ", )

lex("feranfaersor, {1, ("o, "ERa’, "Fg, "fw, teR, g, i, T, e, e, e, ee, e,

"Sareor”, e, UeeeT, EX, g, g, g, R, g, e, e, e, TR, [)
lex("seafasioor, [‘favrefm, [, ERat, ey, e, eR, g, ‘digt, v, A, e, e,

'z, "I, ", o, e, w, e, e, g, R, g, e, TS, Y, "TeRE ],
0)
lex("farersata", [, ['g=", "HewE, "waer, "y, s, "Hena, 'S, (e, T, R, e,

"I, "It AR, A, A, e, e, SERY, AR, e, "t e, fasma,

"ﬁ'ﬂ?‘l’", "3, II¥“I’I':-I--l\, (qlﬂ-l"l\, "SR, AR, a9, "t "R, "FIBOTH", "%ﬁ'nl_v[", ", ",

o o0 o0

e, e, AR, i, e, "eigy, e, oA, T, ", e, e,

TR, " ST
get, e, e, g, )

lex("fereremr”, ["geatawyor, "fFefaREer], ['g=], "SR, |, e, 9y, e, AR, e, e
oy, "erdie, EEt, SR, T, ', e, wee, feer, afea, ger'], [)
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