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¬�S æ �¬�� � � �x�� æE�æ¬�­°�ë¼i� ¦�C»� ?

¦�C»��x� «�� i�«� E� ñ¦�  æE�¬�ë¼i� ¼��v»�¬�å ? *

»� ë¼i�, ¼��v�»� ¬�»��, i�n�æ � i«�»�� «��,

èE� �«�� ²�«��i�å ²�«�æi� èE�æS�n�x�ñ­°¬��x�� ? **

What is possible to achieve here, counting only my abilities ? Or

even with what is possible, what is to be accomplished for you, O

ord ( r¢ evÁdhirÁ a vÁm¢) of lephant hill (at Á c¢puram) ? f

any such thing e ists, indly get it done by me, for, even that

would be Y YO  indeed, as What can happen if you were to be

even slightly unwilling ?

 cÁr a Ár a a a r  VedÁ ta eÀ a, VaradarÁ a a cÁÀat, 
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hat which is got by only a single sight (or two) of a uru is not got
by three, eight or thousand of somebody (else  meaning,

respecti ely, Pa upati, Pra pati or r pati)

 Ár a SÁrvabhau a r¢ e Á ta e i a  SubhÁ ita ¢v¢
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 I

t r   Intro t on

1.1 r anisation o  the thesis

The report is organised into five parts,  Prologue, Problem definition, Theoretical details,
System Design and Epilogue. The first part has the Introductory Chapter 1 covering synoptical details of
the pro ect, aims and motivation. The second part has the Chapter  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  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  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 PÁüinian KÁraka Theory
with the K-V Mappings is detailed in chapter . e move to functional analysis of semantics in Chapter
, where, we have looked at verbal root meanings comprehensively from the PÁüini's DhÁtupÁ¦ha 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

Ábda- odha, conceptually and illustratively. The Fourth Part has Chapter  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 1  formally closes the work with
concluding remarks and customary references.

1.  stra t

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 R£pa (finished wordform) may generate multiple answers. It is
frequently the case that a subanta has multiple vibhakti-vacana pair. Sometimes, the PrÁtipadika (stem)
also may be different. A R£pa may also be Subanta and Ti«anta, Subanta and KÛdanta, KÛdanta and
Ti«anta, Avyaya and Subanta or Ti«anta etc. It is the task of the word-level program to give the
exhaustive analysis of a R£pa.

It is intended to design a eneral 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 Áska's ighaü¦u is also built
computationally. This report covers the word and sentence levels fully and passages at design level.
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The word-level program (morphological analyser) extracts information from various categories of
words like Subanta, Ti anta, K danta, Taddhita, Sasvara (accented), Avyaya, Sandhi and SamÁsa. 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-KÁraka Mapping
given in PÁ inian grammar rules.

The sentence analysis as per the grammatical is basically an e pectanc  dri en approac ,
(traditionally called �Ábda-bodha) similar to Se antic 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-KÁraka 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 �Ástra-ic inputs would assist even classical
literature and language leaning/teaching/research.

 i  o  the o e t

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 omputer-based processing of
any variety of its literature. hile most western NLP developments are  I) with English or similar
positional languages as the focus; ii) assuming implicitly that (even natural) language  text, i.e, written;
iii) 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 hile 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 oth these are
predominantly oriented towards Machine Translation applications, the current research has been
launched to design a genera p rpose parser or Sans rit 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 KÁraka-Vibhakti mappings, devise an
ontology for word-sense determination and a detailed activity categorisation for semantic processing.
Survey of the relevant �Ástra-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.
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The first step is word-level program (morphological analyser) which extracts information from
various categories of words like Subanta, Ti«anta, KÛdanta, Taddhita, Sasvara (accented), Avyaya,
Sandhi and SamÁsa 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
e pectanc  ri en appr ac , (traditionally called �Ábda-bodha) similar to e antic net , 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-KÁraka 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 epresentation issues and techniques. We start from the labels meant in the 1
S tras 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 AmarakoÀa wherein classes are also used. Adjectives, modifiers and
qualifiers are treated as another category called ViÀeËya ighna as per AmarakoÀa.

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 mÁ®sÁ
principles and Vedic section of grammar rules. Accent-markers are considered for fixing senses and
connections between sentences or clauses.

.  oti ation

T e ` an  ans rit arser o ..... ` series o  estions at etymological, lexical,
morphological, phonetic, metric, syntactic, semantic, contextual, pragmatic (allegoric), figurative and
socio-religious levels. f it can, e have some use for one.

1. Can we get Pada-pÁ¦ha from Sa®hitÁ-pÁ¦ha computationally ? Given Pada-pÁ¦ha of a Vedic
hymn, can we generate the various VikÛti-pÁ¦ha-s ? ven using VyÁkaraüa, �ikËÁ, PrÁtiÀÁkhya-s etc. ?

. Given a Vedic hymn or word (accented), can we get morphological, syntactic, semantic and
contextual analysis with the help of the six VedÁ«ga-s ? This would help objectively study various
traditional commentaries etc. and work like a ` o ic na yser`, say, in philosophy.

. There are symbolic meanings for all Vedic expressions (it is called Tra  because of
èdhi hautika, èdhidaivika, and èdhy tmika meanings). Can we obtain these details from a parser ?

. Can PramÁüa, Prameya VibhÁga, �akti Graha (arising out of VyÁkaraüa, pamÁna, KoÀa,
pta-vÁkya, VyavahÁra, VÁkya-ÀeËa, VivÛti and Siddha-pada-sÁnnidhya), �Ábda-bodha PrakriyÁ etc. be

simulated  represented in a Computational system ? Will it work at all the three levels of denotation, vi .

AbhidhÁ, akËaüÁ and Vya janÁ ? Is Inferencing possible ?

. 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 ce a  cases and see what gets involved.

1. SvasthÁ Bhavantu Kurava�  - SvasthÁ Bhavantu Kurava� .
If we observe that the question and answer are identical, something has to be amiss. [ ccent is

the answer]. For the importance of this factor and further e amples/details, ref. [1]. {SvasthÁ� = healthy,
cheerful; Sva�-sthÁ� = residents of Heaven, i.e, dead}.

2. MahÁpadopasthitaya� SadÁrÁmÁviyogina� . Ala«kÁrÁÀrayÁ RÁma Bhavanti BhavatohitÁ� ..
(SÁhitya Darpaüam)

This verse speaks of the condition of those disposed favourably or otherwise towards RÁma.
MahÁ-Pada-Upasthitaya�, Sad-èrÁma-A-viyogina�, Ala«kÁra-èÀrayÁ�, RÁma, Bhavanti,

Bhavata�, HitÁ�
Trans. O RÁma ! Those who are favourably disposed towards you will occupy prominent

positions, will not lose company of good gardenly surroundings and will be well-decorated.
MahÁ-èpada�, Apa-sthitaya�, SadÁ, RÁmÁ-Viyogina�, Alam, KÁrÁ-èÀrayÁ�, RÁma, Bhavanti,

Bhavata�, AhitÁ� .
Trans. O RÁma ! 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.

. SovyÁdiË¦abhuja«gahÁravalayastvÁ® SarvadomÁdhava� .
This is an invocation that can address either Lord ViËüu or �iva. Sa�, AvyÁt, IË¦a-bhuja«ga-hÁra-

valaya�, TvÁm, {SarvadÁ, UmÁ-dhava�} OR {Sarva-da�, MÁdhava�}.

. PÁtrÁkalitavedÁnÁ® �ÁstramÁrgÁnusÁriüÁm . TadetadarikÁlasya KarikÁlasya �Ásanam ..
From the stone inscription in an ancient South Indian temple. Describes a certain valiant ruler

called KarikÁla`s injunction. PÁtÛ+èkalita-VedÁnÁm, �ÁstÛ+A-MÁrga-AnusÁriüÁm, Tat+Etat, Ari-KÁlasya,
Kari-KÁlasya, �Ásanam, is the admissible word split, with �Ásanam being the ViÀeËya (qualified). The
word-split, occurring at once, might be  PÁtÛa-èkalita-VedÁnÁm, �ÁstÛa-MÁrga-AnusÁriüÁm, which is
not correct.

. KÛËüa� PhalÁni KhÁdati -
Here, PhalÁni can be inflected from the DhÁtu Phala ViÀaraüe/ iËpattau in Lo¦ LakÁra, Uttama

PuruËa, Ekavacanam and KhÁdati could be in locative case (Sati Saptam¢).

. RÁma� Vanam Gacchati -
Here, RÁma� can be inflected from the DhÁtu RÁ DÁne in La¦ LakÁra, Uttama PuruËa,

Bahuvacanam, besides as a noun inflected from the stem RÁma, Vanam could be nominative or
accusative and Gacchati could be in locative case (Sati Saptam¢).

. MÁtrÁ KhÁdyate -
This sentence is in Passive Voice. [ it. `being eaten by mother` or `tablet is being eaten`].

Accordingly, this admits of two Active forms. `MÁtÁ KhÁdati` (`Mother eats`) and `MÁtrÁm KhÁdati` (`eats
the tablet`).

MÁtrÁ - MÁtrÁsparÀÁstu Kaunteya �¢toËüasukhadu�khadÁ� . (Bhagavadg¢tÁ, .)
MÁtrÁ-sparÀÁ�, Tu, Kaunteya, �¢ta-uËüa-sukha-du�kha-dÁ�. Here, MÁtrÁ is inflected from the

feminine stem MÁtrÁ (trifle or part; also, syllabic instant).
MÁtÁra® MÁtara® a LokÁnÁm . (LakËm¢sahasram, 2). Here, MÁtrÁ is inflectable either from the
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feminine or masculine stem MÁtÛ.

8. RÁjÁ JanÁn RakËati -
This sentence is in Active Voice. In passive, the word RÁjÁ, while inflected from the stem RÁj,

being in instrumental case, becomes incompatible for Active Voice. If it is inflected from the stem RÁjan,
it`s in nominative case and fits the sentence and RÁjµÁ JanÁ� RakËyante would be the Passive form.

9. Yajeta - Yajeta SvargakÁma� (Tai. Sa®. ..)
Yajeta is from the root `Yaja`, which is Ubhaya-pad¢. Inflected in Vidhili«, it is Prathama PuruËa

Ekavacanam in ètmane Pad¢, while Madhyama PuruËa Bahuvacanam in Parasmai Pad¢. The latter does
not agree with the number in SvargakÁma�.

1 . Nara� - ManuËyÁ MÁnuËÁ MartyÁ ManujÁ MÁnavÁ NarÁ� . Syu� PumÁ®sa� PaµcajanÁ�
PuruËÁ� P£ruËÁ Nara� .. (AmarakoÀa� - Dvi.kÁ. ManuËyavarga�, 1)

Nara� and NarÁ� 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. NÛ and
Nara respectively.

11. Yatra PÁrthodhanurdhara� . (Bhagavadg¢tÁ, 18.79)
This might take two splits as  Yatra PÁrtha� Dhanur-dhara� and Yatra PÁrtha� A-dhanur-

dhara�. The latter is said to refer to Bh¢ma as the only PÁrtha ( . son of PÛthÁ  Kunt¢) who didn`t take a
bow, by some interpreters.

12. I) Na�, - inflected from stems Asmad (acc., dat. and gen. plural) or NÛ (Sambodhana
Ekavacanam).

ii) AÀva� - Noun and Verb - Stem AÀva and DhÁtu ôu  vi Gati-vÛddhyo�, La« LakÁra�,
Madhyama PuruËa�, Ekavacanam, meaning you have gone grown

iii) Aruüa� - Noun and Verb - Stem Aruüa and DhÁtu Rudhir èvaraüe, La« LakÁra�, Madhyama
PuruËa�, Ekavacanam, meaning you have prevented

iv) Abibha� - TÁ® Sa®vatsaramabibha� (Tai. Sa®. 2.5.1.2) DhÁtu BhÛµ Bharaüe, La« LakÁra�,
Pra a a Puru a , Ekavacanam

v) VÛkËe - Noun and Verb - Stem VÛkËa and DhÁtu VÛkËa Varaüe, La¦ LakÁra�, Uttama PuruËa�,
Ekavacanam

vi) Parvata� - Noun and Verb - Stem Parvata and DhÁtu Parva P£raüe, La¦ LakÁra�, Prathama
PuruËa�, Dvivacanam.

1 . SakÛdeva PrapannÁya TavÁsm¢ti Ca YÁcate . (RÁmÁyaüam, Yu. KÁ. 17..)
Here, YÁcate is intended as a noun in Dative Case, to agree with the ualifier PrapannÁya,

though it also has an identification as a verb inflected from the root ôu YÁcÛ YÁcane.

1 . DÛË¦e Bhavati Prabhavati Na Bhavati Ki® BhavatiraskÁra� 
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 Bh£ SattÁyÁm, like the second.

15. Nameyam - NameyamuccairitarÁ Gatirna Me . (LakËm¢sahasram)
This can be illustrated to be a benchmark case for a parser, as it admits of over a do en

different valid identifications including a single, two or three word combinations.
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1. Nameyam - DhÁtu ama Prahvatve �abde Ca, Vidhili« LakÁra�, Uttama PuruËa�,
Ekavacanam, 2. Na, Meyam, 3. Nama + Iyam, 4. Na, MÁ + Iyam, . Na, Me + Ayam, 6. Na, Me, Yam,

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

16. MÁta� - MÁta� Parasmin HÛdaya® PrasÁ«kË¢t . (LakËm¢sahasram)
Here, MÁta� can be a noun with stem MÁtÛ (fem. mas.) in Vocative singular, a verb with root MÁ

MÁne, La  LakÁra�, Prathama PuruËa� Dvivacanam or split as MÁ+Ata�, where both MÁ and Ata� could
be indeclinable or MÁ has stem MÁ or Asmad and Ata� is indeclinable. In the verse referred, both
feminine vocative of `mother` and the split MÁ+Ata�, both being Avyaya-s are intended to strengthen the
conviction through Anvaya and Vyatireka.

1 . RÁma� - Vane CarÁmo Vasu CÁharÁmo Nad¢s TarÁmo Na Bhaya® SmarÁma� .
Here, RÁma� can be split from the words CarÁma�, èharÁma� and SmarÁma�. as Ca, èha and

Sma are valid words. Construction of sentences with RÁma� as verb can be an exercise.

1 . ViÀvasya - ViÀvasya anan¢meva ViÀvasya �araüa® VÛüe . (LakËm¢sahasram)
Here, ViÀvasya can be a noun with the pronomial stem ViÀva in gen. sing. or a participial gerund

with Vi as preverb and �vas as root (li . having faith in). The former above is a noun while the latter is a
gerund.

1 . MarutÁm - MarutÁmayeta MarutÁmapi Sthal¢ . (LakËm¢sahasram)
Here, the word MarutÁm is used twice in two different senses, once as a state of being desert,

i.  Maru-tÁ 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).

2 . NÁbhijÁta� - NÁbhijÁta� Sanneva AbhijÁtatama� . (Hastigiri MÁhÁtmyam)
Here, Brahman (mas.) is said to be born from the navel of Lord ViËüu. NÁbhi-jÁta� could also be

split as Na + AbhijÁta�. AbhijÁta� refers to a high-born. Hence, the pun.

21. Bhajanti VibudhÁ MudhÁ Hyahaha KukËita� KukËita� . (VairÁgya Paµcakam, 3)
Bhajanti, VibudhÁ�, MudhÁ, Hi, Ahaha, Ku-kËita�, KukËi-ta� . The word Ku-kËita� is inflected

from the stem Ku-kËit in acc. plural (serve bad kings). The word KukËi-ta� is a Taddhita Avyaya
composed of the stem KukËi with Tasil suffix (for the sake of stomach).

22. Na KaÀcit Samaste Namaste Punaste Nama� . (Garuáadaüáakam, 3)
Samaste can be a single word with stem as Samasta in loc. sing. or two words Sama� with

stem Sama in nom. sing. and Te with stem YuËmad or Tad, or split as Sam and Aste.

23. Dh¢mahi - is Uttama PuruËa� Bahuvacanam - what are its other forms ?
This is an irregular form (Vedic usage) derived from three possible roots, i . Dhyai CintÁyÁm,

Dh¢« èdhÁre, La  LakÁra or  DhÁ  DhÁraüa o aüa o  DhÁne Ca, ¢r  i  LakÁra�, all with some or
other form of Vyatyaya (BÁhulaka) - a lo a, Vikaraüalopa, SamprasÁraüa, ètmanepada, AbhyÁsalopa,
èkÁralopa etc., ...., (Da)dh¢mahi . Manasi Dadh¢mahi Satata® MÁtÁra® MÁtara® Ca LokÁnÁm -
(LakËm¢sahasram, 2)

24. KÁ P£rva� ? - KÁµc¢ P£rüa� .
KÁ, P£�, Va� ? - KÁµc¢, P£�, Na� is the intended split, though KÁ, P£rva� ? - KÁµc¢, P£rüa� or
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KÁ, Ap£rva� ? KÁµc¢-P£rüa� are also (incompatible) possibilities. Literally, the conversation means :
hich is your (pl.) city ? KÁµc¢ is our city.

2 . AlambusÁnÁ® YÁtÁ
AlambusÁnÁ®, YÁtÁ or Alam, BusÁnÁ®, YÁtÁ are the two splits. In the first split, the destination

is specified as AlambusÁ. In the latter, busa (lit. straw) is the noun stem.

2 . SurabhimÁ®sa® BhakËayati
Surabhi, mÁ®sa®, BhakËayati or Surabhi-mÁ®sa®, BhakËayati are the two splits. In the first

split, the meat is ualified as Surabhi, i.e, fragrant. In the latter, it is compound word meaning cow-meat.
(lit. eats fragrant meat (of any animal)/eats cow-meat).

2 . Tad VijijµÁsasva . Vi Upasarga, DhÁtu JµÁ Avabodhane, Sannanta (Desiderative), Vidhili
LakÁra�, Madhyama PuruËa�, kavacanam.

2 . VirÁ¦anagare Ramye K¢cakÁdupak¢cakam .
Vi�, è¦a, Nagare, Ramye, K¢cakÁd, Upa-k¢cakam . More readily occurring split as irÁ a na are

(in the city of VirÁ¦a) is incompatible for a verb is expected. Vi� (a bird) è¦a (wandered) supplies the
missing information.

2 . RÁmastu S¢tayÁ SÁrdha® Sasneha®savilÁsayÁ .
RÁma�, Tu, S¢tayÁ, SÁrdha®, Sasne, Ha®sa-vilÁsayÁ . The more easily occurring a ne a  is

not admissible for want of verb.

3 . VarÁ VarÁhar£piü¢ CarÁcarÁntarasthitÁ SurÁsurÁbhivanditÁ DharÁdharÁdidevatÁ .
SadÁ SadÁvalistutÁ MudÁmudÁraÀevadhi� HitÁ Hi TÁrkËyaketanÁ NatÁnatÁpatÁ® Nayet ..
SadÁvadÁtanimnagÁ Ta¦¢ku¦¢ravÁsin¢ Ka¦isphu¦¢bhavatkarÁ Ki¦¢Àvar¢ Pa¦¢yas¢ .
RasÁrasÁdihoditÁ RasÁlasÁlasa®vÛte VanevaneËu D¢kËitÁ Mad¢kËitÁdidevatÁ ..

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

3 . VidhÁvudeËyatyapayÁmi BhÁmini .. Udantam ... NedantatvamajÁnata ..
Vidhau, UdeËyati, ApayÁmi, BhÁmini, Udantam, Na Idantatvam/Na Idam Tatvam, AjÁnata . Here,

the two meanings are : It-anta, i.e, IkÁrÁnta, i.e, Vidhi �abda, i.e, when luck clicks.
Idam Tatvam = this truth or fact, Udanta, i.e, VÁrtÁ or VÛttÁnta, R Ut-anta, i.e, UkÁrÁnta, i.e,

Vidhu �abda, i.e, when moon rises (by Candra-Udaya).

32. (Muhu� PravÛtta® Navan¢ta-caurye VatsÁn Vimuµcantam Adoha-kÁle . Ul£khale Kutracit
ètta-puüye) Bandhum SatÁ® Bandhum IyeËa MÁtÁ . (YÁdavÁbhyudaya MahÁkÁvye)

Anvaya :- SatÁ® Bandhu® (= BÁndhava®, KÛËüa®) MÁtÁ (YaÀodÁ) Bandhu® (= Bandhayitu®
Ul£khale Iti �eËa�) IyeËa .

33. GÁtu® YajµÁya . GÁtu® Yajµapataye .
Here, GÁtu® has been used as a noun in masc. acc. sing. GÁtu® could be mistaken as an

infinitive from the root GÁ, to sing. Since this is a Vedic expression, the antodÁtta denotes the nominal
base by Phi¦ S£tra

3 . PÁtu® PÁtakino JanÁn A-ÀaraüÁn PÁtu® Tama�-sÁgara® ..... (ViÀvaguüÁdarÀa-camp£�)
Here, both the roots ÔPÁ RakËaüeÔ and ÔPÁ PÁneÔ are used with the suffix ÔTumun , respectively.
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To decide this, we need to look at the èkÁ«kËÁ (expectancy) and its fulfilment.

35. �obhÁ® VakËyatyadhika-subhagÁ® �obhamÁnÁmat¢ndo� .. (Hamsa Sande am)
Both the roots Vaha PrÁpaüe and Vaca ParibhÁËaüe have the same form ÔVakËyatiÔ in ÔL

LakÁraÔ future tense. Here it is Vaha PrÁpaüe. The next example also illustrates the same, in Veda-s.

3 . Na Vo ÁgÁni Havya® VakËyÁma Iti . (Taittir¢ya Sa®hitÁ, 5.1.1)

VakËyÁma� has two possible identifications (both as verbs in future tense, first person, plural)
with Va a PrÁpaüe, i.e, 'to carry' and Va a ParibhÁËaüe, 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
èkÁ«kËÁ, i.e, expectancy for a particular type of object, we can disambiguate.

Additionally, cases where context is to be considered like ¬�� å  ��� �  as in ¬�� �òi�å, ¬�� ¦� � , etc,

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 ¦�òp�� and ¦�òp� , {� i�i�� {�i�� 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.

rere uisi es

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 (ISCII) IS 1319 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 "PadÁrtha VibhÁga�".

r u

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,
DE�I A, at C-DAC. It also covers the computational rendering of PÁüinian grammar rules, creation of
databases of ëgveda Sa®hitÁ, SÁmaveda Sa®hitÁ etc. with all the �Ástra-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 DevanÁgar¢ and Grantha, Samples of Vedic accented texts of
ëgveda, ajurveda - Sa®hitÁ and BrÁhmaüa and SÁmaveda.
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P  II

ter   Pro e  e inition

2.1 e rob e  vervie

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, ] 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 e uations 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 (R£pa i.e word form) may

generate multiple answers. It is the task of the word level program to give the exhaustive analysis of a

R£pa. 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,  parsing, is important for understanding.

2.1.1 banta re o nition

Given a Subanta pada the objective is to obtain : (a) PrÁtipadika  (b) Vibhakti ; (c) Vacana ; (d)

Gender ; (e) End type ; (f) The Paradigm Type information of the pada.

Paradigm Type indicates whether the PrÁtipadika may act as ViÀeËya, ViÀeËaüa or both as

ViÀeËya and ViÀeËaüa or as SarvanÁma. Conventionally, PrÁtipadka-s in Sanskrit are classified according

to their last letter and Li«ga. owever, in a class of PrÁtipadika-s with the same last letter and Li«ga

also, there may be variations due to certain suffix-specific morphological and or phonetic processes

resulting in different R£pa-s.

The concept of Sanskrit Paradigm Type (SPT) is used with the view that PrÁtipadika-s with same

Sanskrit type and same ending letter will undergo identical transformation to give R£pa in the

corresponding Vibhakti and Vacana. The transformation is composed of two steps :

1. rop zero or more characters from the end of the PrÁtipadika string. (Let the number of

characters dropped = n).

. 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).

ow the transformation operator (T
op
) is a function of just four factors.

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

l = Last letter of PrÁtipadika

t = Sanskrit paradigm type of PrÁtipadika

vi = Vibhakti of R£pa

va =Vacana of R£pa. [Li«ga 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 R£pa-s and store them in a database.

2) Store all the PrÁtipadika-s of the language in a lexicon.

Thus, the database of operators are lexicon of PrÁtipadika-s and the essential suffix information

structures for the program.

Subanta analysis is done scanning the R£pa. At any point, the R£pa string is divided into two

parts. The left half is the possible PrÁtipadika 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 PrÁtipadika, then the last letter of PrÁtipadika (l1) 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

PrÁtipadika in the lexicon. Then the database of AS is scanned for matching (d1,l1,t1) combination with a

(d,l,t) combination in the lexicon. If a match is found, then the R£pa is a valid one and the Vibhakti

Vacana answer is given using the triple. All possible PrÁtipadika-s and Vibhakti, vacana-s are obtained

because the above operation is carries out for every PrÁtipadika 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 R£pa has been scanned completely i.  PP = R£pa and AS = null or

2) PP is not the left part of any PrÁtipadika in the lexicon.

xample: R PA = ¨��¬��h�

PP's are ¨å� ¨�� ¨��¬�å ¨��¬�� ¨��¬��h�å

AS's are +�¬��h� ¬��h� Bh� h� +

Bh� is found in the database

¨��¬�å occurs as left substring of entry

¨��¬� 0 in lexicon (0 is the Sanskrit Type)

So, db1 = 1, l1 = A, t1 = 0. This matches with a database associated with Bh�.

So, Vibhakti = 3, Vacana = 1, PrÁtipadika = ¨��¬�

The occurrence of PP as the left substring of a PrÁtipadika in the lexicon is looked for using

binary search. For this, the lexicon is kept in sorted order (lexical). Once such a PrÁtipadika is found, we

identify the whole range of PrÁtipadika-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, i . the range of PrÁtipadika-s for old PP.

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

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

2. .2 i anta o nition:

Given a ti«anta pada, the information provided here are : 1) DhÁtu ; 2) LakÁra ; 3) Puru a ; )

Vacana ; ) DhÁtu type, gives transitivity and other information re uired at sentence level.

The basic idea here is to recognise the D T -A GA dependent string (the string obtained by

the transformation of the dhÁtu), the LakÁra specific string and the Ti«anta 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 con ugational behaviour of most of the DhÁtu's are like those of DhÁtu-s. So for each

LakÁra, it is required to construct TO strings of nine elements each (for three PuruËa's x three Vacana-s,

the position of each element gives the puruËa and Vacana for which it is valid).

Example : For la¦ LakÁra, For TO string in parasmai pad , bhvÁdi ga a
+æi� +i�& +æxi� +æ � +l�& +l� +�æx� +�«�& +� �&

Such lists of TOs (2 per LakÁra), 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, LakÁra, DhÁtu 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 Ti«anta database generation

program can be written to automate it. The program takes as input the LakÁra, R£pas of the LakÁra,

DhÁtu and puruËa, Vacana information. From these it constructs the data structure.

For Ti«anta recognition, the R£pa 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 R£pa is a valid one. So LakÁra, DhÁtu and puruËa, Vacana

information are provided using the hextuple.

Example : R PA = °�æ«�²»�æi�

LH's = °�å °� °�«�å °�æ«� etc. search for °�«�å succeeds

RH = <²»�æi� ; <²»� occurs as such in the list of SOs for °�«�å . So extract it.

Part left = +æi�

So, PuruËa = 1 (3rd person); Vacana = 1 (singular number); DhÁtu = °� ; LakÁra = la¦.

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. oreover, the presence of upasarga often changes the meaning of DhÁtu. So

the essential information to be provided for upasarga analysis are:

1) Some rules of sandhi.

2) Upasarga and changed meaning pair with each DhÁtu.

3) the list of valid upasarga-s.

Example - R£pa : +x«�°�«�i�å

Sandhi in Upasarga : +x�  +°�«�i�å

Sandhi rule : < � »� �æ �

meaning change: The verb becomes transitive with the preverb.

The essential idea behind the procedure is to keep on collecting upasarga from R£pa - if

necessary by applying inverse sandhi - until the R£pa 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 R£pa 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 - R£pa = |�i»��M�SU�i�å

LH s = �å, |�å, |�, |�i�å

till this point no valid upasarga either through character collection or through sandhi breaking.

|�i»�å  Now »� is sandhi character. On breaking and appending,

Upasarga = |�æi�

New string on which recursion is applied = +�M�SU�i�å

y breaking sandhi, new upasarga and r£pa are (+� + +M�SU�i�å)

New collection of upasarga (|�æi� + +�), 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  |�æi� + +� + +M�SU�i�å 

. .  en en e le el r r

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 organi ation

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 ti«anta structure. The subanta structure has various slots like PrÁtipadika, vibhakti, Vacana,

Li«ga etc. Similatrly, ti«anta structure has slots like DhÁtu, DhÁtu type, LakÁra, puruËa, Vacana etc..

PrÁtipadika type and DhÁtu type play important roles in sentence analysis. If the PrÁtipadika type

indicates viÀeËaüa, we know it is a demand word. There are certain PrÁtipadika-s which may act both as

viÀeËya and viÀeËaüa. This is an important information for analysis. Recognising pronoun is also

necessary.

DhÁtu type indicates if the DhÁtu is transitive or not. DhÁtu type also indicates the Vibhakti

requirement of the DhÁtu. or example, in an active voice sentence where main verb is from root M� �å

(gaml  to go), the presence of atleast one prathamÁ Vibhakti (1st case ending) word is essential. The

presense of second (destination), rd (vehicle of requirement) and th (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 ,

DE AND WORDS and SOUR E WORDS. However, in case the assignment of the words into classes is

not unique (e.g, for PrÁtipadika s which may act both as viÀeËya and viÀeËaüa), each possible case is

considered seperately and the procedure is repeated.
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At any stage the D MAND W DS are those that require the presence of words with certain
specific properties. n general, demand words can be grouped in four broad categories:

1) Ti«anta words
2) K danta words
3) Karmapravacan ya words and special words and
4) Adjectives and 6th vibhakti words.

For the first two categories the demand depends on the sense of the DhÁtu 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 SAM AND A (of whom /what) relation.

2 2 t p   o p t t o :

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 li«ga, Vibhakti and Vacana.
b) They should be contiguous in the sentence.
c) At most one of them can be pure vi e ya.

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

[n][p1, p2,....]
 = demand of nth word for words with property p1, p2 .. etc.

X[i,j] [(n)] (p1, p2)] .... = Assignment variable which is 'l' if the jth option of ith word/chain is assigned for demand
D[n] p1, p2....  otherwise it is 0.
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 KÁraka-s , the following equalities must hold :

M
i,k
 :  x

i,k,j
 = 1 

 j

where j'Õs are options of the i  word. M
i,k 

stands for the
 
eqn. formed given a demand word i and k.

3) Setup cost functions of the form
M

A
,k

1
 : x

A
,k

1,a
 + x

A,k1,c
 = 1 for mandatory Karakas k

1
, k

2

M
A
,k

1
 : x

A
,k

2,a
 + x

A
,k

2,c
 = 1

where, X's are assignment variables and c'Õs 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 � � ��, »�� »� ��, �æ �æ � etc.)

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

1
x

1
 + A

12
x

2
 + ... + A

1n
x

n
 > b

1

A
n1
x

1
 + A

n2
x

2
 + ... + A

nn
x

n
 > b

n

4) Find the optimum solution.

) 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 k danta 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.

 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 kÁraka-s in a kÁraka chart for each demand group, there should be
exactly one outgoing edge labelled by the kÁraka from the demand group.
C2. For each of the desireable or optional kÁraka-s in a kÁraka chart for each demand group, there
should be at most one outgoing edge labelled by the kÁraka from the demand group.
C3. There should be exactly one incoming arc into each source group.

nteger 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 kÁraka 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 0 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.

ur Pro osa

Parsing Sanskrit has to cater to various types of inputs like edic, Classical, Prose text, poetry,
S tra, 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 AI
and NLP, the requirements for Sanskrit Parsing are distinct due to the aforesaid features. Also, euphonic
combinations (Sandhi), compounding (SamÁsa), special modes denoted by specific suffixes, like
Causative ( ijanta), Desiderative (Sananta), Intensive (Ya«anta), Frequentative (Ya«luganta), eflexive
(Karma-kartari), voices like active (Kartari), passive (KarmaüI), Impersonal (BhÁve, usages like Parasmai
Pad¢, tmane Pad¢ and ditransitive (Dvikarmaka) roots, preverbs ( pasarga), Indeclinable particles like
Avyaya, NipÁta, Karmapravacan¢ya, ati etc. demand a different approach.

Current esear

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 DÁk iputra PÁüini
devised his grammar for the Sanskrit language, an achievement termed by the famous linguist Leonard
Bloomfield [[2]] as " ne of the greatest monuments of human intelligence". We would expect that the
insights of PÁüini, "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 PÁüini and his successors is in many wys equivalent to the more powerful, currently
researched artificial intelligence (AI) 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 AI software . He goes on to define the PÁüinian
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.

riggs [3,4] has noted the similarity between Semantic Netwrks in AI and Kanthan [5] has
described the formal language system of PÁüini. IIT, Kanpur team has used PÁüinian framework for
Machine Translation among Indian language-pairs in their Anusaaraka system [ -1 ]. However, our effort
is for a Sanskrit parser, e  e, 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 PÁüinian rule encoding
technique in SIMURG Pro ect in Germany, on PÁüini's grammar (auto-semantics) as cognitive knowledge
structure [11], Navya-nyÁya formalisation by a KRL [15] AV Hudli, Univ. of Nebraska, PÁüinian database
at Upenn [14], Two-level morpho-phonology of Sanskrit [12], Oslo University's r. Fosse's work on
lemmatising/tagging Sanskrit texts with Prof. Peter Schreiner's e-text corpus and their statistical and
other analyses, O P, LE A and such other software systems etc. have all been sources of inspiration.

 onc pt al asis

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

honological aspect includes accent recognition of input syllables in their Pada- PÁ¦ha 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 PÁüini's AÀ¦ÁdhyÁyi, various PrÁtiÀÁkhya, �ikËÁ, Varüa-
krama and LakËaüa-grantha-s.

o phological 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.

. Plain single words, accented single words and plain and accented compound words.

The s ntactic aspect requires PÁüini's KÁraka-Vibhakti and Upapada-Vibhakti mapping rule-
base, NyÁya-�Ástra's èkÁ kËÁ, èsatti, ogyatÁ and M mÁ sÁ 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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ma tic aspects involve the communication (or expression) content or knowledge
representation and evolving powerful ontologies with well-defined hierarchies. PadÁrtha-vibhÁga of
NyÁya �Ástra, Pada- akti, �akti-graha, Pada-padÁrtha Sambandha etc. expounded in M¢mÁmsa �Ástra
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 ' bda b d a .

ragmatic  include world knowledge common-sense issues to incude situation-specific factors
to be taken into account where again, Laukika NyÁya-s derived from M¢mÁmsÁ NyÁya-s and techni ues
for discourse coherence are applied. Vedic examples are also considered.

n illustration to highlight these levels is given in Fig. 2.1 through 2.5. Let us consider a
sentence  " pagÁyÁ  ahÁrÁ  ha Á  p rayat". '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 .3.23,
for instance). A brief note on PÁüinian rules and KÁraka Theory is given in Annexure - D.

Consider the first word ' èpagÁyÁ®'. Here, the AnusvÁra becomes 'm' in 'pausa' form. Then its
analysis yields the base-suffix combination for the locative singular. The rules associated are shown.
Pada, KÁraka and Adhikaraüa definitions are applicable here. The base-affix analysis proceeds further
and èpagÁ and yÁ® get further split into their constituents to extract the meaning added at every stage
of the derivation. Finally, the roots èpÇ and amÇ happen to be the roots for the word èpagÁyÁ®. This
also takes accents into account as shown at different steps in Fig. 2.2. Thus, the example covers a
Adhikaraüa KÁraka (Locus), SamÁnÁdhikaraüa (co-referential compound) in SamÁsa, Karma KÁraka
(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. , taking
the case of the sentence 'RÁma  VÁlina® Araüye Áüena aghÁna' ('RÁma killed VÁlin 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, Áska's Nighaü u is
used for nominal bases. Verbal roots and all suffixes have accents specified by PÁüinian grammar rules
and these are invoked to split the sub-strings suitably.

e 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 edic processing extension and include detailed case suffix-relation mappings, syntactic chec
procedures, verbal activity classification and mapping to expected functional roles, creation of an
ontology based semantic lexicon and conflict resolution methods from the three stra-s
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ans rit ord-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). arious 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 ¼��{�å suffixes) and verbal class or

æi�R�xi� (literally those ending with æi�Rå� 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 (E³�n�xi�), secondary derivatives (i�ær�i�) and compounds

(¼�¬��¼�). 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 v��i��{��`�.

There are certain ndeclinable 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 00 types covering a list of about 00 words and

procedures for deriving many more.

ord-type classification and data ases

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  �h�, {�n� , <i�å, E�¬�, < å, +xi�, ¼«�  etc. for æi�R�xi�s and �æi�{�n�� �, �� �æh�E�,

E³�n�xi�, i�ær�i��xi�, and their sub-types etc. for +«»�»�s.

aving 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 v��i��{��`� has been codified as described above and is the verbal root lexicon for

the system. A list of the various types of +«»�»�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 ¼��{�å and æi�Rå� suffixes) with the code cross-

reference which is unique for any base type.

et od of nalysis

The word level analysis then proceeds '  ' 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. atching 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.

or 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.

y increasing the level of complexity, literary constructions and compound words can also be analysed.
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A  III

h pte    ni ueness  the Accente  inputs

3.  istincti n et een Classical and Vedic anskrit

In Vedic Sanskrit, both the utterance and the content are sacrosanct, as ¬�ñ¬��¼�� ��¼j� establishes

Veda-s to be eternal (æx�i»�) and authorless (+{�� ­��»�), and hence infallible and unviolable. Also, the very

utterance/recitation ({��¨��»� �) 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 niversal source for righteous way of life and hence the extraordinary
insistence on ro i tortio ' 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, lassical 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 ob ectives. Sage {�i� æ  in his

¬�°²�³��­»� refers to »��æ �E� 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.  Vedic C aracters and ccent arkers

ased 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. rolated duration of vowels (  long) of different varieties (¨�K" n�ñP��, yôi�, ¨�K"yôi�,

¼��v��æ �¬��j�, ¼��v��æj�¬��j�, �i��¬���j� etc. are some of the characters found only in Vedic usage. edoubled

consonants called '»�¬�'s, two distinct varieties of E��¨�, «�E��¨�, °²E��¨� etc. and many different forms of Vedic

+x��¼«��¨�s in different Vedic branches ( ÁkhÁ-s) like »� ��«�n� and ¼��¬�«��n�, varieties of æ«�¼� ��, the trembling of the

voice in specific situations called 'E�¬{�' of the ¼«� and n�ñP�� and n�� � and ¼«�æ¨�i� variety, the character called

'¼«�¨�³�æ �' with vowel and consonant-like properties, non-sandhi or 'æ«�¨� ' utterance, special elision and
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non-elision of literals in euphonic combinations not covered in {��æh�æx� s + �v»��»�ñ (grammar treatise) etc.

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

(which itself has many additions over «�x�� �¨�ñ of the popular ( indi) variety (like E��¨�, *E��¨�, +«� � , half-

visarga - æ � �¬� *ñ»� and {�v¬��x�ñ»�, various augments, substitutions replacements and elisions and

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

character and accent relation («�h�¼�ëxv� and ¼«�¨�¼�ëxv�).

3 3 S ecia ities  Vedic Sansk it

The various phonetic processes in the Veda-s include, character set actually used in particular
ÁkhÁ-s, exceptions to PragÛhya-s, doubling, elision, elongation, augments, modification,

cerebralization, aspiration, euphonic combinations, distinction and unitization (Anaikya and Aikya), sub-
types of the accents (AnudÁtta as D¢rgha, Vikrama etc., Svarita as Nitya, KËaipra, PraÀliË a, PrÁtihata,
PÁdavÛtta, Tairovya ana, Abhinihata etc.), hand-signs for accents, Kevala and iÀra AnusvÁra-s of
different kinds in different ÀÁkhÁ-s, Kampa, Ra«ga-pluta, Svara-bhakti and its types and description of
the various Varüa-krama parameters.

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

sign. For example: +� � �� ¼¬�¨�.

Vedic ccents

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

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

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

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

Nonetheless, the accent may affect the meaning of a word, particularly a compound [6.1.223,
6.2.1] (e. . s -kÛta, in e lin le. well done  s -kÛt , n n  a good deed). ith rare exceptions, a word

standing alone has at most one vowel accented udÁtta or svarita, the rest being anudÁtta [6.1.1 ].
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dÁtta - The vowel that is percieved as having a high tone is called UdÁtta, or acutely accented. It is

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

dÁtta - The vowel that is perceived as having a low tone is called AnudÁtta or gravely accented. In
writing, it is marked by a line underneath the vowel. it is also denotes UdÁtta in Àatapatha brÁhmaüa. In

KÁ haka text, AnudÁtta is shown as vertical line below the charatcer  .

atapatha rÁhmaüa uses only two accents, udÁtta and anudÁtta : a hori ontal line below the syllable
indicates anudÁtta (as in the ëgVeda) The relationship to the grammatical accents described by Áüini is
rather indirect: the anudÁtta marked here are the syllables before those which would be marked svarita
in the ëgveda.

a ta é - The vowel that is a combination of UdÁtta and anudÁtta tones is said to be Svarita ¼«�æ¨�i�) 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 Ûgveda. owever, the same sign is defined as
UdÁtta in Yajurveda s MaitrÁyaü¢ya text.

 vari a �) - ong Svarita is denoted by two vertical lines above a character �, in some taittir¢ya texts.

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

immediately by an =n��k� (or ¼«�æ¨�i�). In such situations, a low pitched MÁtrÁ is inserted between them. The

recitation se uence consists of high pitch of ¼«�æ¨�i�, followed by low pitch of E�¬{�, and then the high pitch

of =n��k� or ¼«�æ¨�i�, which causes the vibration. The ¬�� �� which is inserted between the ¼«�æ¨�i� and =n��k� (or

¼«�æ¨�i�) is indicated by figure � if the svarita is short and by figure ¸ if it is long. The figures are marked as

both ¼«�æ¨�i� and +x��n��k�, i.e, é�¹ and é¸¹ .

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

E� and J� it is called ihvÁm l¢ya, while before {� and � it is called upadhmÁn¢ya.

xample: +æF¾& + J��næi� = +æF¾áJ��n�æi�  ¨��¬�& + {�¦»�æi� = ¨��¬�á{�¦»�æi�

u pi Á ( ) - This symbol is just a substitute for the spaces between words, and hence is not needed.

a urv i  � ��  - +x��¼«��¨� followed by non-Varga characters is pronounced with a M� element mixed

with = vowel. This is also known as M��E��¨�

 is used in Àukla yajurveda.

is used in KÛËüa yajurveda. This is also used in Àukla Yajurveda.

is an elongated KÛËüa Yajurvedic AnusvÁra.

Û   Û   - are the variants of Yajurvedic AnusvÁra-s found in different editions and seem redundant.
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sar a - There are many variant is the normal visarga (&) found in the vedic texts like  (after =n��k�) ¨ (after

¼«�æ¨�i�)  ,  and ¨ . All of these seems to be redundant.

h rs -   +l�«��«��æn�E� ��i»� ¼«�æ¨�i� is attached after a character. n some texts, it is shown preceding a

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

Sva a   S av a are marked by 1, 2, 3, E , ¨� and = 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. UdÁtta, Svarita and AnudÁtta are marked with the numerals 1, 2,
and 3 respectively; the figure 2 is also used to indicate an udÁtta when there is no following svarita;
ekaÀruti syllables are not marked. Special marking is used for particular accent sequences;

U - U -S => 1- marked - 2¨

U - U - A => u - unmarked - 3

A - Si => 3E - 2¨ See Annexure - B.

 ccented rd ty es

There are nine types of accented words as (ending in UdÁtta) AntodÁtta, (beginning with UdÁtta)
dyudÁtta, AnudÁtta, ca-svarita (Svarita preceded by AnudÁtta), MadhyodÁtta (middle UdÁtta), Svarita,

words with two UdÁtta-s and three UdÁtta-s (PÁüini �ikËÁ. 4 ).

Their examples are : +¹æ &, ¼���¬�é&, �, «�¹&, «�¹ñ»��è¬�å, °¹²æ«� ��¬�å, ¼«�é&, Û�½°¹²¼{�æi�é&, xp¹��Û�½°¹²¼{�i�ñè e ect e . PÁüini

�ikËÁ. 4 4 . Places of accents are daya (heart) for AnudÁtta, M£rdhÁ (head) for UdÁtta, arüam£la
(root of the ear) for Svarita and SarvÁsya (entire mouth) for Pracaya (PÁüini �ikËÁ. 4 ).

A difference in accent accounts for a difference of meaning. As an illustration, the word 'ya as'

is neutral gender and means 'fame' when a is acute, while the same word means 'famous' and
becomes masculine when a is acute.

xamples are : æ �i�é¬�®¹ »�¦�é& (@�. ¼�®. 8.19. );

»�¹¦�¼�® «�¹ñ¨�«�ék�¬�¬�å (@�. ¼�®. 1.1.3);

i«�æ¬�éxp� »�¹¦�� +éæ¼� (@�. ¼�®. 8.9 . ); etc.

Similarly, the word ' ra an' is neutral and means sacred utterance, the supreme being, true
knowledge or penance ( . AmarakoÀa 3.3.114 - vedastattva  tapo brahma, brahm  vipra� pra Ápati�)
when bra is acute,

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

or example, ´�Ë ´�Ë� �é«�l¼«�¹»�¬�å (i�. E��. 3.9.3).

ther examples of ords identica  in or  but distin uis ed b  accent could be :
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. i�� - they, those(nom. pl. of the base i�nå�), as in i�� i��æ# æ{�Û�xi�� æV�¹ «�»��#� (@�. ¼�®. 1.14.8) and i��¹ - to

thee(dat. sg. of the base »��­¬�nå�), as illustrated in »�� i��¹ {�xl��&#� ¼�æ«�i�& {�°«»���¼�&æ# (@�. ¼�®. 1.35.11)

. n��¹¼�& - servant, slave(substantive),as in ¼«�¹»�® n��¹¼� =¨���¹ +®¼��¹«�æ{�æ# Mv� (@�. ¼�®. 1.158.5), while n��¼�&æ#

servile (adjective), illustrated in »��� n��¼�¹ «�h��¹¬�v�æ#¨®�¹ M��°²� &æ## (@�. ¼�®. 2.12.4);

. v�¬��æ#x�å - neuter, meaning ordinance, (solemnity, stay) as in æn�¹«��� v��¬��æ#x�å v�¹ h��æ# ¼��¹n��­���¹ x�x�å (@�. ¼�®.

5.15.2) as against v�¹¬��x�å - masc. ordainer, upholder, as in v�¹¬��� ³��æ#«�u½�V�¹x»�æ#¼»�¹ ¨��V��#� (@�. ¼�®. 9.97.23);

. n��¬�æ#x�å - neuter, cord, rope, as in »�u��¹æV�x���¹ n��¬�æ# ¼�¹xn��x�¹¬�«��æ#i�& (@�. ¼�®. 1.162.8) as against n��¹¬�x�å -

masc. bestower, as in ¨��¹»��� n��¹¬�� ¬�æ#i�ñ¹x��¬�å (@�. ¼�®. 6.44.2);

. u��næ#�¦� - twelve, illustrated by «��n�æ# ¬��¹¼��� v�½°i� �æ#i���¹ u��n�æ#¦� |�¹V��«�æ#i�& (@�. ¼�®. 1.25.8) as against u��¹n�¹¦� -

twelfth as in n��¹«�æ°²æ#æi�® V��M��{��u���n�¹¦�¼»�æ# (@�. ¼�®. 7.103.9);

. ³�ò¬�æ#x�å - neuter, earth, as in S�¬�æ#«���¹n�æ³�¹«»���æ#xn�ëxi�¹ ³�ò¬�æ# (@�. ¼�®. 1.85.5) as against ³�ò°¬�x�å - masc.

abundance as in ¼��v�æ#x«�x��¼�¦S�æ¨�¹i�¼»�æ# ³�ò°¬�x��%%M�æ#S i� ; +¹{��® ³�ò°¬��x�¹¬��{�æ# x�& ¼�½V��¹°² (@�. ¼�®. 1.110.2, 10.98.12);

. »��°«�³»��#�¬�å - to you two as in +¨�æ#æ¬�xp��Mx�ñ ¬�x�æ#¼�� »��°«�³»��#�¬�å (@�. ¼�®. 1.108.2) as against »��«�æ#³»��¬�å - to the

two youths, from the stem yuvan, as in x�¬���¹ »� � »��¹
 and hene inallible and unviolable. lo, the ve utte � ¹¼ � �  . ¼ � . 1. .1 ,  

3.31.7);

. ¨�I�&æ# - neuter, demonhood, (in ury ), as in xp��#�Mx�ñ¹ ¨�I�æ# =ÛV�i�¬�å (@�. ¼�®. 1.21.5) as against ¨�¹I�& -

masc. demon, as in +¹{�¹¼��v�æ# �¹I�¼���æ# »��i��°v��x��æ#x�å ; »��� «��æ# ¨�¹I��& ¦��æS�æ#¨�¹¼¬�ñi»��°²æ# (@�. ¼�®. 1.35.10, 7.104.16);

. «�æ¨æ#�¬�x�å - neuter, expanse as in æ¬�¹i� �æ#«���¹ «�æ¨�æ#¬�¹ �� {�½æ#æl�¹«»��& (@�. ¼�®. 3.59.3) as against «�¹æ¨�¹¬�x�å - masc

expanse, as in æn�¹«�ë¦S�æ#n�¼»� «�æ¨�¹¬�� æ«� {�æ#|�l�� (@�. ¼�®. 1.55.1) etc.

ccents as ord cate or  denoters

t 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. s a generalisation, we see words ending in

dÁtta are substantives ( f.   of ntanava - phi o'nta udÁtta ), while those with initial accent
are adjectives, as these amount to an implied ahuvr hi compound interpretation, i.e, 'one or that which
has (word stem meanin )'. his 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.

ompound words in anskrit 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. hile 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 'indra atru ' which is a compound word, has two constituents, vi ., Indra

and atru�, where atru means a killer. In the case of bahuvr¢hi compounding <xpé�¦�j��&, the first word

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

Alternately, if the second word is accented, i.e, tru is acute <¹xp¹�¦�¹j��& (this compounding is called

tatpuruËa), it would mean 'Indra's killer'. A edic episode explains how a mistake committed in reciting

this word in a sacrifice by t aË  resulted in a counter-productive consequence »�n� �é«�¹ñl¼«��°�²xpé�¦�j��«�� ��¹¼«��æi�¹

i�¼¬��én¹�¼»��xp¹�& ¦�j��é ³�«�i�å (i��. ¼�®. 2.5.2.1)

A similar example is quoted by sage Pata jali in ahÁbhÁËya regarding the word 'sth la Ëat '

appearing as an adjective of a sacrificial cow ¼l�ò}*{�½­�i�ñ¬��æ «�� �ñ¬�x� å«��°²ñ¬��}*³��i�, which, when resolved as

TatpuruËa, ¼l�ò°}¹*{�½°­�¹i�ñ (sth£lÁ ca sÁ pÛËadvat¢ ca), would have Ëa acute and mean 'big (fat) and spotted',

while as a ahuvr¢hi compound ¼l�ò°}*{�½é­�i�ñ (i��. ¼�®. 5.6.12) (sth£lÁni pÛËanti yasyÁ� sÁ) - as opposed to

��°p�{�½é­�i�ñ (i��. ¼�®. 5.6.12), sth  would be acute and mean 'one whose spots are big'. bviously, one has to

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

ange of accent meanings

In general, PÁ ini has referred to various aspects of speech like 
vidhi (optative),
anu aiËaüÁ (seeking permission),
Ámantraüa (giving free choice),
nimantraüa (invitation for a particular thing),
prÁrthanÁ (request), ÁÀiË (benediction),
atisar a (seeking permission for a free choice),
praiËa (order),
kÁmapravedana (expressing one's purpose),
adh¢Ë a (polite),
sambÁvanÁ (probability),
anavak pti (impossibility),
kriyÁprabandha (continuity),
kriyÁtipatti (condition),
kriyÁsamabihÁra (iterative),
samuccaya (simultaneity),
sampraÀna (ascertaining by question),
hetumat (causative),
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hetuhetumat (cause-effect),

prÁptakÁ a (occasion), icchÁ (desire),

Á a sÁ (hope),

abhi Ávacana (recollection),

garhÁ and bhÁvagarhÁ (derogatory and that affecting action only),

pÛË aprativacana (reply to a uestion),

par¢psÁ (hurry),

amarËa (bad feeling, ire),

citr¢kara a (wonder),

prahÁsa (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. ( . hartÛhari in

Ákyapa ¢ya on word-meaning relation, .. k lo vyakti� daya� ... ).

These are the key link to research further to establish a correspondence between spoken and

written (keyed-in) forms of anskrit language in .



De elopment of a eneral purpose Sans rit Parser Chap  Morphological Anal sis

Dept. of CSA, IISc, angalore P. amanu an, M.Sc. ngg.

hap r   orpholo i al al sis

4.  ase o  Accented n uts

There is a need for morphological analyser to apply Accent-Sandhi (from AË¦ÁdhyÁy  - Vaidika
PrakriyÁ, �ikËÁ-s and PrÁtiÀÁkhya-s etc.) rules and provide valid combinations of all possible nuclei and
suffixes with their respective accents also considered. any processes like compounding, elongation,
cerebralisation etc. applicable due to specific accents are to be provided for. This could help in getting
Pada-pÁ¦ha from Sa hitÁ and vi e ve .

PÁüinian rules dealing with Accent-Sandhi-s like 6.3.114-139, .4.66-67 etc. and specific �ikËÁ-
s and PrÁtiÀÁkhya-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 :

¬��%P�¦�Ç�¼�& = ¬�� + +­P�¦�Ç�¼�& (i��. ¼�®. 1.1.1)

x�I� E��&� = x� + °I�ñE��&� (i��. ´��. 3. .1)

«�²j�°¶�%æ¼�� = «�²°j�­°¶� + +­æ¼�­ OR «�²°j�­°¶� + +æ¼�� (i��. ¼�®. 2.4.14)

=n��M��¼�ñi�å = =n��Eå� + +�­¼�ñ­i�å OR =i�å + +­M��­¼�ñ­i�å (i��. ´��. 3.8.21)

There are also several Vik ti-pÁ¦ha-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 rama, a¦Á or Ghana PÁ¦ha-s are learnt. e 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.  Accent deter ination usin  ru es

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

special rules, As an illustration, in .. »��«��xi��� M�²°ç��& ¼¬�¼i��·»��& .. (i��. ¼�®. 1.8.6.1), because of the presence of the

pronomial »��«��xi�&, by »� ²� ��i�å ... (8.1.66) ¼¬�& is UdÁtta and N T Pracaya, even though it is preceded by a

Nitya Svarita, i.e, M�°²ç��&.

In the hymn, ¼�® »���æi�� ��%·�ò«�¬�­�x �ñ¬�å (i��. ¼�®. 1.6.6.2) * ({�n�E��}�* - +­·�ò°«�­¬�å), the word split is as shown in

the brackets, while in .. i�i���­ ¬�� {�¨���·�ò«�­æ¬�æi�� .. (i��. ¼�®. 2. .1.2) * ({�n�E��}�* - ·�ò°«�­¬�å) it is different as seen in the

brackets since the particle occurring before the preverb, i.e  ¬�� invokes the rule of PÁüini 6.4.74 and is

justified. (also similar in ¬�� {�¨��� ·�ò°¬��æi��.. * {�n�E��}�* - ·�ò°¬�­ *). ut, 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 ¼�® is separated from its verb part by a noun invoking the rule of PÁüini . . . Hence,

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

 amples of i ti-s patte s

Krama - ¼�®æ°¶i��»��¬�å - .. »�­i� <�á�­¨��� «�� +á���%»�­i���%|��æi�æ9i�& .. (i��. ¼�®. 5.4.12.3) <æi� *

{�n�{��`�& - .. +á�&� * +»��i�& * +|��æi�æ9i�­ <i»�|��æi� - ë¼ �­i�­& * <æi� *

�¬�{��`�� i�� - .. «�� +á��& * +á���%»��i�& * +»�­i���%|��æi�æ9i�& * .. <i»��æn�

hana - ¼�®æ°¶i��»��¬�å - .. ´�­Ë­«��­æn�x���� «�n�ëxi�­ x»��Rå�R�­æF� ���i�­«»�� (3) .. (i��. ¼�®. 5.5.3.3)

{�n�{��`�& - .. ´�­Ë­«��­æn�x�­ <æi�� ´�Ë-«��­æn�x�&� * «�­n­�ëxi�­ * x»��Rå� * +­æF�& * S��­i�­«»� (3)& * ..

�x�{��`�� i�� - .. * .. «�­n­�ëxi�­ � Rå�x»��Rå�«�n�ëxi� «�n�ëxi�­ x»��Rå�R�­æF�¨�­­æF�x»��Rå�«�n�ëxi� «�n�ëxi�­ x»��Rå�R�­æF�& * ..

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 Vik ti
PÁ¦ha-s. While splitting a Sa®hitÁ text into Pada, these are to be looked out for. (While processing a
speech input, these could be suitably modelled and handled.)

here are cases of different sub ective interpretations in Vedic texts, particularly in the paniËad-
s, where the orpholo ical analysis can help clari y the r le position.

or example, in ü�­r�»��n���«��� n��«�­i«�¬�� ��i�� (i��. E��. 3.3.1 ), it is interpreted as ü�r�»�� and n��«�& by SÁyaüa,

while the word accent should have been ü�­r�»��� and n�­«�& for such a division. (ü�­r�»��� and +n���«�& is the split,

possibly )

Similarly, in '=­i��æ«�­u��x�­¬��® } �­�E®� |��i»��' (i��. +�. 5.14.6), the word is split as '+æ«��u��x�å'. ut then, the

accent should have been =­i��æ«��u��x�å. Hence, 'æ«�­u��x�å' looks suitable. See also in '.. }�­�E�¬���»�­ �|�¼�²�i��­x��¼���¨��x�å ..' (i��.

+�. 2.1) where the split is as 'x�|�¼�²�i��x�', against the other possibility of '+|�¼�²i��x�'.

ven in databases, the lexicon to be used for nominal stem check in the Vedic case is the
ighaü¦u of Sage Áska, besides the Vedic parts of Ë¦ÁdhyÁy .

amples of a a-p a

In general, the procedure (pseudo-algorithm) for getting Pada- pÁ¦ha from Sa®hitÁ or v e ve

is given as below  ( ef. ¼«�¨�¬�\\�¨�  ¼�®æ°¶i��{�n�{��`�æ«�¬� ��& - j»�®Û�E� Û� «�®i� + »�®E�¨)

{� {��  - {��n��� ¬��x�® ¼�®æ°¶i��»��® {�n®� ¬��x�® {�n�� �� S� * E�j»� �i¬�E�& E�¬{�& {�n�{��`�� x� S��¼i»�i�& ** 6

� i��{��`��i� {� {��`�  -
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1 +v���¨��J��æH"i��x�å E��»���i�å ¼«�æ¨�i��x�å |�S�»��x�æ{� * 2 i�i�& {�n��æx� æ«�M�²  ¼�«���æh� S� {�²l�M�å æ}*J��i�å ** 

3 =n��k�® S� w��«�® E²�i«�� æ}*J��i�å |�æi�{�n®� ¼«�¨��x�å * 4 »�æn� E�æ2�k�j� V��i»�¼i�® »�l��«� i�l�� æ}*J��i�å ** 7

5 U��®n�¼�® »�n�¦��r®� ¼»��i�å ¦��r®� E²�i«�� i�� i�æ *J��i�å * 6 «��æ¦�7$Â�æx� S� ¼�«���æh� {�n�{��`�¼»� n�¦��»��i�å ** 7

� �� - ü��v�ñ­ (¼�®æ°¶i��{��`��); ü�°�æv�­ ({�n�{��`�&)

{� �{��`��i� �æ i��{��`�  

1 «��æ¦�7$Â�æx� S� ¼�«���æh� {�n�{��`�¼»� }*��{�»��i�å * 2 +v���¨��J��æH"i��x�å E��»���i�å ¼«�æ¨�i��x�å |�S�»��®¼i�l�� ** 7

3 E��»��� ¾ {�n�¼�®»���M�® ¼�®æv�¦��¼j��x��¼��¨�i�& * 4 =n��k�E��x�å w��«�® E²�i«�� ¨�S�»��i�å ¼«�¨�{�r�æi�¬�å ** 7

5 BE�j»�H"�i¬�E®� E�¬{�® »���M»�¼l��x�� ¼�¬��æ}*J��i�å * 6 U®�n���»���M»�® ¼«��n�ñ ���æn�E®� ¼�«� |�E� {�»��i�å ** 7

iven below are certain sample passages with specific features to be handled while parsing
Vedic texts as input. We typically need to on ert from rose form into or s it ('pausa') form using
rule-bases (besides PÁüinian grammar) like ikËÁ, PrÁti Ákhya, akËaüa-grantha, Vik tipÁ¦ha-niyama-s
etc. and Varüa-krama details. We have given the input as Sa®hitÁ and the Pada-pÁ¦ha expected after
split. s explained earlier, multiple possibilities, where exist, need resolution using these rulebases.

Key  T.S. #.#.#.#  Taittir ya Sa hitÁ of K üa ajur e a  KÁü a, PraÀna, AnuvÁka, Pa cÁÀat

1. Sa®hitÁ pÁ¦ha from T.S. 5.5.3.2; example for P a in Sa®hitÁ

... ´�­Ë­«�­�æn�x���é «�nëxi�­ x»�éRå�R­æF¾2���i�­«»�� (º) =�k�­�x�� (º) <æi�­ «�»�é¼��««�� B­³� |��æi�­¬�»��� S�ñ»�i�� ... *
(Pada-pÁ¦ha)

´�­Ë­«�­�æn�x�­ <æi�é ´�Ë-«�­�æn�x�é& * «�­n­�ëxi�­ * x»�éRå� * +­æF¾& * S��­i�­«»�� (º) )& * =­k�­�x�� (º) <i»��éi�å-i�­�x�� (º) )& * <æi�é * «�»�é¼��¬�å * «�� *

B­³�& * |�­æi�­¬�»��æi�é |�æi�-¬�»��� * S�­ñ»�­i��­ *

2. Sa®hitÁ pÁ¦ha from T.S. 5.6.21.1; example for P a a in Sa®hitÁ

¼���¬��é»� ¼«�­¨��Y��æ x���«�­�°¶�«�éx�­_&�°¶�éæ«�xp­��æF¾·»��é¬���V�­��n��·»�­�¬��7$�é¨��æ«�xp­��æF¾·»���¬Û�}­*n��·»�� é ¼�ñ¨�«�­�°¶�«�«�­ñ u�� v��­x�ò ·�­��¬�ñ æn­�M·»��� «�béÖÛ��­ u�� v��­x�ò

·�­��¬�ñ «��æ¨�­�V�ñ {��éø�­³�ñ u�� v��­x�ò ·�­��¬�ñ «�­�»�«�é +�¨���°¶h�«�­�°¶�«�éx�­_&�°¶��æ «��ø�­h�ñ E²°�³h�� «�­¦�� +é¨�­�bÖÂ��æ æn­�«»��«�²é³�­·��� {�éæ¨�¬�­¨��� **
(Pada-pÁ¦ha)

¼���¬��é»� * ¼«�­¨��Y��­ <æi�é ¼«� - ¨��Y��è * +­x�­��«�­�°¶�æ«�i»�éx�& - «�­�°¶�� * +­x�­_&�°¶��è * <­xp­��æF¾·»�­�æ¬�i�ñèxp­��æF¾ - ·»�­�¬�å * +��­V�­��n��·»�­�æ¬�i»���æV�& -

n��·»���¬�å * =7$�é¨��� * <­xp­��æF¾·»�­�æ¬�i�ñèxp­��æF¾ - ·»�­�¬�å * Û�­}­*n��·»�­�æ¬�æi�é Û�}* - n��·»���¬�å * ¼�­ñ¨�­«�­�°¶�æ«�æi�é ¼�ñ¨� - «�­�°¶�� * «�­ñ <æi�é * u�� <æi�é

* v��­x�ò <æi�é * ·�­��¬�ñ <æi�é * æn­�M·»� <æi�é æn�Eå� - ·»�& * «� é ��­ <æi�é * u�� <æi�é * v��­x�ò <æi�é * ·�­��¬�ñ <æi�é * «��­ ­� �ñ <æi�é * {�­ ­ �ñ <æi�é

* u�� <æi�é * v��­x�ò <æi�é * ·�­��¬�ñ <æi�é * «�­�»�«��è * +�­¨�­��°­¶h�­«�­�°¶�æ«�i»��é¨���°¶h� - «�­�°¶�� * +­x�­_&�°¶�� * «�­�ø�­h�ñ <æi�é * E²°�³h�� <æi�é * «�­¦�� <æi�é

* +­¨�­�bÖÂ��è * æn­�«»��� * ­ ³�­·��� * {�­æ¨�­¬�­¨��æ«�æi�é {�æ¨� - ¬�­¨��� **
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3. Sa®hitÁ pÁ¦ha from T.S. 6.2.1 .3; example for kampa in Sa®hitÁ

...... æ{�­i�²°n��­«�­i»� ó ��i� æ �J��éi�­»»�� ­¨å�æ°¶¨��x�é«�¼i�ñ»�� æ¬�x��°»��i�å ........ *

(Pada-pÁ¦ha)

æ{�­i�²°n��­«�­i»��æ¬�æi�� æ{�i�²-n��­«�­i»�¬�å * æ°¶ * B­i�i�å * »�i�å * æx�J��éi�­æ¬�æi�­ æx�-J�­�i�­¬�åå° * »�i�å * �­¨å�æ°¶& * +x�é«�¼i�­ñ»�i»�x�é«�-¼i�­ñ»��­ * æ¬�­x��°»��i�å *

4. Sa®hitÁ pÁ¦ha from T.S. 1.1.11.2; example for t o consecutive verbs accentin  in Sa®hitÁ

...... B­�i�� +é¼�n�xl¼��E²°�i�¼»�é }­*��E�� i�� æ«�é³h��� {��æ°¶ {�­�æ°¶ »�­Y�¬{�­�æ°¶ »�­Y�{�éæi�¬{�­�æ°¶ ¬��»»��éY�­æx�»��¬�å **

(Pada-pÁ¦ha)

Büi��& * +­¼�­n­�x�å * ¼��°E²°�i�¼»��æi�é ¼��-E²°�i�¼»�é * }­*��E�� * i��& * æ«�­³h�­�� <æi�é * {�­�æ°­¶ * {�­�æ°¶ * »�­Y�¬�å * {�­�æ°¶ * »�­Y�{�éæi�­æ¬�æi�é »�­Y�-{�­æi�­¬�å *

{�­�æ°¶ * ¬��¬�å * »�­Y�­æx�»�­æ¬�æi�é »�Y�-æx�»��¬�å **

5. Sa®hitÁ pÁ¦ha from T.S. 4.6.2.5 6; example for special rules o  rÁti Ák a

«��­S�¼{�æi�� ««��­á�Eé�¬���h�¬�°i�»��� ¬�x�­��»��V�­««���V��� +­t� °�¶�«��¬� **
(Pada-pÁ¦ha)

«��üS�& * {�æi��¬�å * æ«�­á�Eé�¬���h�­æ¬�æi�é æ«�­á�-E­�¬�­��h�­¬�å * ­ i�»�� * ¬�­x�­��»��V�­æ¬�æi�é ¬�x�&-»��V��¬�å * «�� �� * ­t * °¶«��­ �­

6. Sa®hitÁ-pÁ¦ha from T.S. 6.1.1. ; example for ouble kampa in Sa®hitÁ

<xp��é «�²°j�¬��°­¶xl¼��� 1ó {��� 1ó ·»�éæ©�»�i� **
(Pada-pÁ¦ha)

<xpé�& * «�²°j�¬�å * +­°­¶x�å * ¼�& * +­{�& * +­·�ñæi�é * +­æ©�­»�­i�­ **
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a ter   a guage tru ture

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

KÁraka-Vibhakti relations given in PÁüini's KÁraka theory by an expectancy driven approach. The

morphological analysis is the most important step in syntactic analysis. t involves identifying each of the

words to their grammatical forms. et 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.  efinition of  ord

A word, by definition, has �  (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. . , The word "C W", 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.

PÁüini has technically defined a word to be one with a nominal or verbal termination, � {i� i�¬�å

{� ¬�å (1.4.14). Hence a word can be denoted as follows:

W    , 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.  Word tru ture

The igs. 5.1 to 5.5 depict the word structure of Sanskrit. 5.1 gives the categories, 5.  the

chracteristic structural notations, 5.  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. epending on what

form B and T take, the words can be classified into different types. According to PÁüini  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 suffix i.e, T = Sn.

ii. Verbs : Here the terminal suffix T is a verbal suffix i.e, T = Sv.

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 (PrÁtipadika-s), one or

more K t 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.

NO  : n the subse uent sections various notations used are as under :
W = finished word (Pada),

 = nucleus (PrakÛti),
b = base (nominal base - PrÁtipadika or verbal root - DhÁtu),
T = Terminal suffix (Vibhakti),
S  = Nominal suffix - Sup,

S  = Verbal suffix - Ti ,

S  = KÛt suffix,

St = Taddhita suffix,

S  = Vikaraüa suffix, e.g, ap,

Sm = odal suffix, e.g, Yak,

Sm  = Causative mode suffix - ic,

Sm  = Desiderative mode suffix - San,

Sm  = Passive mode suffix - Yak,

S  = eminine (Str ) suffix,

N  = Nominal base - PrÁtipadika,

Vr = Verbal root - DhÁtu,

Sl  non-terminal suffixes of different same form such as taddhita suffix, KÛt suffix etc,

A = represents a word from aüapÁ ha,

r = represents the rt  upasarga (preverb).

. .  Non  ompound o d

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 + S  + S  + S  ....... + Sl + T.

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

 i. Primary Structures  ii. Secondary Structures
R R  STRU TUR S

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 = b + T.
The Non-Compound words with primary structure are of three types and are detailed below.
NO N

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 = Nb + Sn
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e.g, W = ¨��¬�& ;  = ¨��¬� + ¼�� ; = Nb + Sn

E BS

Verbs with primary structures have verbal roots along with the terminal Ti  suffixes. The general

form of a verb with primary structure can be represented as follows:

 W = Vr + Sv

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

because in PÁüinian System, all the DhÁtu-s being divided into ten different conjugations (Gaüa-s) take a

Vikaraüa, which is inserted in between the root, .e, Vr and the terminal suffix, Sv. Every verbal structure

therefore, is composed of three-morpheme-structure of the type Vr + Sw + Sv, where Sw is a

conjugational suffix called Vikaraüa pratyaya.

IN E LIN BLES ( AVYAYA-S)

Indeclinables or Avyaya-s of Primary structure have zero terminal suffix and the nuclei is one

among the list given by PÁüini as Gaüa PÁ ha. The general form of this type of word can be represented

as follows:

 W = A + 0

 Ex: W = S� ; = S� + 0  = A + 0

SECO D R  OR DER ED 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 + S  + S  + S  + ..... + Sl + T.

SECONDARY STRUCTURES WITH ONE NON-TER INA  SUFFI

Secondary structures with only one non-terminal suffix are present in all the types of the words

like verbs, KÛdantas, 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 = b + Sl + T, where, b + Sl = B is the Nucleus of the word and T is the Terminal suffix.

 K DANTAS

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

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

The KÛdantas represent active-substances, with stress on activity performing substances.

(Nouns represent substances and the verbs represent activities). KÛdantas are similar to

Gerunds Participials in English grammar.

e.g, W = ­°¨�& ; = ­°¨å� +  + ¼�� ; = V  + Sk + Sn

The Nominal Singular forms of some of the root-nouns formed by adding KÛt suffixes like ëC«�{�å,

ëC«�x�å, ë «� etc. present a still more interesting case in which both the non-terminal and terminal suffix

o t to zero. Take, for example, the form ¼{�²Eå�, from the root ¼{�²¦�å, with the suffix ëC«�x�å  The

grammatical procedure is as follows:

 W = ¼{�²Eå�

 = ¼{�²¦�å + ëC«�x�å + ¼�� Nb + Sk + Sn)
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 = ¼{�²¦�å + 0æ«�x�å + ¼�� (Eå� is deleted according to, 1.3.8)

 = ¼{�²¦�å + 0æ«�0 + ¼�� (x�å is deleted according to, 1.3.3)

 = ¼{�²¦�å + 000 + ¼�� («�å &  are deleted according to 6.1.6  and 1.3.1; 1.3. )

 = ¼{�²¦�å + 000 + 0 ¼�� is made zero according to 6.1.68)

 = Nb + Sk + Sn here, both Sn & 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 = Nb + St + Sn, where, Nb + St = B is the Nucleus taking Nominal suffix.

e.g, W = ¦�«�& ; = æ¦�«� + + + ¼�� ; = Nb + St + Sn

FEMININES

Some feminine bases take Feminine or Str  suffix along with terminal Sup suffix. They are also a

subtype of nouns. The general form of Feminines is as given below:

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

 e.g, W = +V��¬�å ; = +V� + +� + +¬�å ; = Nb + S  + Sn

VERBS

The simplest form of verbs fall under this category. The only Non-Terminal suffix they take are

the con ugational suffixes or the Vikara a pratyayas. The general form of this type of words is as given

below: W = Vr + Sw + Sv, where, Vr + Sw = B is the nucleus which takes a Verbal suffix.

e.g, W = x�¦»�æi� ; = x�¦�å + »� + æi� ; = Vr + Sw + S

AVYAYA-S

Avyaya-s or Indeclinables of derived form can be classified into two types depending on the

Non-Terminal suffix they take, .e, this type of words have T = 0 and the Non-Terminal suffix S can be

either a t suffix Sk or a Taddhita suffix St. The general form of this type of words con be denoted as

shown below:

 1. W = Nb + St + 0

 2. W = Vr + Sk + 0

e.g, 1. W = E²�i«�� ; = E²� + i«�� + 0 ; = Vr + Sk + 0

 2. W = {�ò«��i�& ; = {�ò«�� + i�æ¼�±�å + 0 ; = Nb + St + 0

 3. W = {�¨�j� ; = {�¨� + j�±�å + 0 ; = Nb + St + 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-TERMINA  SUFFI

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 + S1 + S2 + S3 + ... + Sl + T

Here b + S1 will be the base for the remaining part of th word, this can be represented as,

 W = b + S2 + S3 + ... + Sl + 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 = S���¨�»�æi� ; = S��¨å� > S���¨å� + +»� + æi� ; = S���¨å� + +»�å + + + æi� ; = Vr + S  + S  + S

 2. Taddhita form

 W = E�i�²�i«�¬�å ; = E�¨å� + i�² + i«� + +¬�å ; = V  + S  + 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 «��¼��n��«�E�&. The formation is

obviously from the base «��¼��n��«� with the suffix +E� (PÁüinian «��x�å  in the sense of "One's devotion". The

whole form «��¼��n��«�E�& would then mean "One whose devotion is towards «��¼��n��«�, i.e, ord Krishna". The

form «��¼��n��«� in turn is derived from the word «�¼��n��«� with the suffix +h�å. The declined form «��¼��n��«�E�& can

then be analysed as follows :

 W = «��¼��n��«�E�& ; = «�¼��n��«� + +h�å + +E� + ¼�� ; = Nb + St + St + Sn.

As both the Non-Terminal suffixes, vi , +h�å and +E� are Taddhita suffixes, the word «��¼��n��«�E�& is of

Homogeneous nature.

The KÛdanta suffixes, however, do not provide structures of Homogeneous nature because they

do not follow those of their own class. No two immediately succeeding KÛdanta suffixes can ever be

seen to build a single structure of Homogeneous type. A KÛdanta suffix, however, can be followed by a

taddhita one, as in the example E�i�²�i«�, but never by a KÛdanta suffix. (Note : PÁüinian technique and

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

HOMOGENEOUS STRUCTURES WITH RECURSIVE SUFFI ES

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 unique meaning different from the word

without the additional suffix.

The general structure of such words is as given below:

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

 b will generally be a Nominal base Nb & 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 +,  PÁüinian +h�å according to the sutra ��M�å n� «»�i��� h�å, 4.1.83. Thus, from the

pratipadika ={�M�� a formation signifying "Upagu's child" will be :

 ={�M�� + +h�å > + ; = +��{�M�«�å + + (applying «�²æ � to the first =, according to the sutra .2.115)

 = Nb + St

 Now the formation +��{�M�«� can again become the base for the next suffix signifying "The child of

+��{�M�«�". The suffix in this case is not +h�å but < (i.e, the PÁüinian <\�å, according to the sutra +i�& <\�å,

4.1. 5) because the base +��{�M�«� ends in +. Hence, the next formation is +��{�M�æ«�.

This formation, i . +��{�M�æ«�, can again form the base for the next formation meaning "Child of

+��{�M�æ«�", with the suffix +�»�x�, i.e, originally PÁüinian �Eå�, which is applied according to the sutra »�æ\�\��� S�,

4.1.1 1. Thus

 W = +��{�M�æ«� + +�»�x� ; = +��{�M�«��»�x� (< is deleted according to .4.184)

 = +��{�M�«�å + + + < + +�»�x� ; = Nb + St + St + St
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This formation, i . +��{�M�«��»�x�, again ends in + and is liable to get the suffix <. The next formation

with < will then be +��{�M�«��»�æx�, which would again get the suffix +�»�x�, giving out the formation

+��{�M�«��»�x��»�x�. Thus alternating from this stage onwards, the suffix < �å and �Eå�  +�»�x� 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).

HETERO ENEOUS 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 KÛt suffixes, the verbal

conjugational suffixes etc. all give rise to such structures.

NO INAL STRUCTURES

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

may additionally take feminine (Str ) suffixes.

 W = x��n�«�i�ñ¬�å ; = x��n�«�i�ñ + +¬�å ; = x��n�«�i�å + <� + +¬�å ; = x��n� + «�i�å + <� + +¬�å

 = x��nå� + + + «�i�å + <� + +¬�å ; = N  + S  + S  + S  + S

VER AL STRUCTURES

The Conjugational verbal suffixes also take other suffixes such as modal suffixes etc, thus

generating Secondary or Derived structures.

 W = æS�E�ñ³»��i�� ; = æS�E�ñ³»�� + i�� ; = æS�E�ñ³�� + »� + i�� ; = E� + � + »� + i��

 = V  + S
m

 + S
m

 + S Desiderative Passive Verbal structure)

As discussed with Homogeneous recursive suffixes, it is possible to expand the verbal

formations to the logical extremity, i.e, infinity. These verbal formations will be necessarily Heterogeneous

in nature. It is to be noted here that P ini 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.

.2.2 o o d o d

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 ero or more Non-Terminal suffixes and a Terminal

suffix. Hence, in general, a compound word can be represented as,

 W = b
1 + b

2 + b
3 ... + b

l + S
1 + S

2 + S
3 ... + S

l + T,where,

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

 The Compound words are classified into:

 . Primary Compound word structures, . Secondary or Derived Compound word structures.

PR M R  COMPOU D ORD STRUCTUR S

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
1 + b

2 + b
3 ... + b

l + 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
b1 + N

b2 + N
b3 ... + N

bl + T

 W = ¨��¬�±�I¬�h��� ; = ¨��¬�±�I¬�h� + +�� ; = ¨��¬� + ±�I¬�h� + +�� ; = N
b1
 + N

b2
 + 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 Avyay¢bhÁva, TatpuruËa, Dvandva and Bahuvr¢hi).

SECOND R  OR DER ED CO OUND ORD 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
1
 + b

2
 + b

3
...+ b

l
 + S

1
 + S

2
 + S

3
...+ S

l
 + 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 ¼��æv�i� (derived) and the rest underived.

ii. One in which all nuclei could be ¼��æv�i� (derived).

Ex1 : W = {�C«�Á�±�¬�å ; = {�C«� + Á�±�å + +¬�å ; = Nb1 + Nb2 + Sn

Here the first Nominal base {�C«� is a derived or a secondary base.

Nb1 = {�S�å + H� (according to 1.1.2 )

 = {�H�  This changes to {�C«� from the sutra {�S��� «� , ,2, 2.

Ex2 : W = i��ë³]�E�i��� ; = i��ë³]� + E�i�²� + ¼�� ; = Nb1 + Nb2 + Sn

Here both the Nominal bases are derived or secondary bases.

Nb1 = i��³�å + æ]� ; Nb2 = E²� + i�²

Most of the Compound words so formed are declinable and take non- ero 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 Avyay¢bhÁva SamÁsa type, in the PÁüinian Classification of Compound words.

VE BS : 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 +�­°¨�æi� (+� + ­°¨�æi�), |�æi�M�²¶h��æi� (|�æi� + M�²¶h��æi�), +æ·�M�SU�æi� (+æ·� + M�SU�æi�) can be

considered as compound words. The general form of such words can be represented as, W = U1 +

U2 + U3... + Ul + V  + S1 + S2 + S3... + Sl + T.

Though PÁüini does not explicitly term these verbal structures joined with upasarga-s as

compounds, later commentators on PÁüinian grammar such as Pata jali, Bha¦¦oj¢ D¢kËita etc. have

proved that they can be considered so. or proving this, they have resorted to a technique called

���M�æ«�·��M�,  they split the PÁüinian S tra ¼�­° ¼��{��, 2.2.4, which lays down the nature and pre-requisites

of two words to form a compound.
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OT R C ASSIFICATIONS OF CO O ND ORDS

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 PÁüini

 1. +«»�»�ñ·��«� ¼�¬��¼� (Avyay¢bhÁva Compounds),

 2. i�i{��ø�³� ¼�¬��¼� (TatpuruËa Compounds),

 3. u�xu� ¼�¬��¼� (Dvandva Compounds),

 . Û�­�° �ñæ­° ¼�¬��¼� (Bahuvr¢hi Compounds),

 . E�¬��v��¨�»� ¼�¬��¼� ( armadhÁraya Compounds),

 . æu�M�� ¼�¬��¼� (Dvigu Compounds),

 . ={�{�n� i�i{��ø�³� ¼�¬��¼� ( papada TatpuruËa compounds).

The last three types of Compounds are sub-varieties of TatpuruËa Compounds. The following

discusses briefly these different forms of compounds.

«»�»� ��«� ¼�¬��¼� : 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.
 {�«��{�n��l��|�v��x�& +«»�»�ñ·��«�& *

Generally, atleast one of bases oining 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 = {��¨��M�Rå�M�¬�å ; = M�Rå�M��»��& {��¨�� (Vigraha VÁkya)

Here, both the bases are not avyaya-s.

2. W = ={�E²�³h�¬�å ; = E²�³h�¼»� ¼�¬�ñ{�¬�å (Vigraha VÁkya)

Here, the first base is an avyaya.

3. W = ¦��E�|�æi� ; = ¦��E�¼»� ±��¦�& (Vigraha VÁkya)

Here, the second base is an avyaya.

n general, the compounds of this type are indeclinable, but in some cases like |��i�&E�¬��, they take

the vibhakti pratyaya-s. But, in such cases, PÁüini states that the words are to take vibhakti pratyaya-s

of euter gender only.

i�i � � ¼�¬��¼� : 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.
 = �¨�{�n��l��|�v��x�& i�i{��ø�³�& *

The TatpuruËa Compounds are of three main sub-types, the main types with e amples are

listed below,

 i. æu�M�� ¼�¬��¼� :

 W = ³��h¬��i��¨�& ; = ³�hh��® ¬��i�h��¬�{�i»�® {��¬��x�å (Vigraha VÁkya)

 ii. ={�{�n� i�i{��ø�³� ¼�¬��¼� :

 W = «�X�·�²i�å ; = «�X�¬�å æÛ�·� i� æi� «�X�·�²i�å (Vigraha VÁkya)

 iii. E�¬��v��¨�»� :

 W = x�ñ±�P�]�& ; = x�ñ±�¦S��¼�� P�]�¦S� (Vigraha VÁkya)

There is a fourth minor variety of TatpuruËa called the Gati-TatpuruËa,

 e.g, W = |�M�i� ; = |�  M�i�

There are other types of TatpuruËa compounds called «»�æv�E�¨�h� i�i{��ø�³�, which is again further

divided based on the the case.
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u� u� ¼�¬��¼� : Compound words in which the meaning of all the members is e ually significant are

called Dvandva Compounds.
 �»�{�n��l��|�v��x�& u�xu�& *

There are two types of Dvandva Compounds as listed below with examples.

 i. ¼�¬��­°�¨� u�xu� :

 W = {��æh�{��n�¬�å ; = {��h�ñ S� {��n��� S�  ³��® ¼�¬��­°�¨�& (Vigraha VÁkya)

 ii. <i�¨��i�¨� u�xu� :

 W = V�¬{�i�ñ ; = V��»�� S� {�æi� S� (Vigraha VÁkya)

�­° � ­° ¼�¬��¼� : Compound words in which the members combine to signify the meaning of a

third entity (not represented by any of the members) are called Bahuvr¢hi Compounds.
 +x»�{�n��l��|�v��x�& Û�­�° �ñæ­°& *

e.g, W = |��{i��x�xn�& ; = |��{i�& +�x�xn�& »�® ¼�& (Vigraha VÁkya)

n PÁüinian 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 "+±��Eå� ¼�¬��¼�" or "Non- ero Compounds-Structures" in

PÁüini's grammar. e.g,

 1. W = {��¨�x �ñ (æu�i�ñ»��±��Eå� ¼�¬��¼�) ; = {��¨®� n�v��i�ñæi� (Vigraha VÁkya)

 2. W = +�i¬�x��{�n�¬�å (S�i��l»��±��Eå� ¼�¬��¼�) ; = +�i¬�x�� {� i� <æi� (Vigraha VÁkya) etc.

As can be understood, the above classification is based on the semantic grounds. But Bha¦¦o ¢

D¢k ita in his "SiddhÁnta Kaumud¢" not only classifies the SamÁsa'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 rammarians before PÁüini. This classification is stated by a KÁrikÁ in SiddhÁnta

Kaumud¢, ¼��{��¬�å ¼��{�� æi�R�� x��¬x�� v��i��x��l� æi�R��¬�å æi�R�� * ¼��Û�xi��x��æi� æ«� ��»�& ¼�¬��¼�& ³� å«�v��� Û��v��& **

This means that SamÁsa's in Sanskrit can be formed by the combinations of the words of the

following types  1. Subanta + Subanta ; 2. Subanta + Ti«anta ; . Subanta + NÁma DhÁtu

. Subanta + DhÁtu ; . Ti«anta + Ti«anta ; . Ti«anta + 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.

n sum, we can say that all words in anskrit and conse uently in inian grammar describing

it, are made up of a nucleus and suffix  here 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 E�i�²�i«�¬�»�¬�å

 W = E�i�²�i«�¬�»�¬�å ; = E�i�²�i«�¬�»�å + +¬�å (b + Sn)

 b = E�i�²�i«� + ¬�»�å (b1 + Sk) ; b1 = E�i�²� + i«� (b2 + St) ; b2 = E�¨å� ( E²�) + i�² (Vr + Sk)

 ence, the word E�i�²�i«�¬�»�¬�å is of the structure : Vr + Sk + St + Sk + Sn, .e, 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.

ut, if the terminal suffix is a Ti« suffix, then the word being analysed is a verb. The Ti« suffix also gives

the information about person and number of the word.

rom 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).

PÁüini s grammar for Sanskrit has given lists of pre-classified entities, like a list of verbal roots

(DhÁtu PÁ ha), 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 S tra style.

f this information can be embedded in an a gorithm  then generation of ans rit ords can be

a tomated  nce 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.

  a a s s

The process is as follows 

When a word is input in Devanagari, it is sub ected to base-suffix analysis (Prak ti-pratyaya

i le aüam). 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 (PrÁtipadika) or a verbal root (DhÁtu), rimar  or deri ed. 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 (  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,  to cover multiple identifications for each word.
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As an illustration, let us take the input word: ¨��¬�&

Example 1: ¨��¬�& = ¨å� + +� + ¬�å + + + &
1. ¨��¬� &

2. ¨��¬�å +&

3. ¨�� ¬�&

4. ¨å� +�¬�&

5. ¨��¬�& The full word itself

The second level split :

1. ¨��¬� &
2. ¨��¬�å +&

3a. ¨� +¬�&

3b. ¨� +�¬�&

3c. ¨�� +¬�&

3d. ¨�� +�¬�&

4. ¨å� +�¬�&

5. ¨��¬�& The full word itself.

 beginning with RHS and checking for terminating suffixes, we find

#2 produces an identification as Noun - Nominative singular of mascular base ¨��¬�, meaning 'RÁma'.

#3 produces an identification as erb - active voice, present tense, first person plural of root '¨��' meaning

'we are giving'. Here, we get both answers at the first level itself.

Second level Splits like : ë + Ama�, ë + èma�, ì + Ama�, ì + èma� are also possible and a

root ë and ì exist  and èma� is a valid suffix, but the root ë gets 'ëcch' ède a and hence the verb

should be ëcchÁma�. These are to be handled in con unction with rammar rules.

Example 2: ¬��i�& = ¬�å + +� + i�å + + + &
1. ¬��i� &

2. ¬��i�å +&

3. ¬�� i�&

4. ¬�å +�i�&

5. ¬��i�&

Second level split :

1. ¬��i� &



De elopment of a eneral purpose Sans r t Parser C ap  anguage Structure

Dept. of CS , IISc, angalore P. amanu an, .Sc. ngg.

2. ¬��i�å +&

3a. ¬� +i�&

3b. ¬� +�i�&

 ¬�� i�

3d. ¬�� +�i�&

4. ¬�å +�i�&

5. ¬��i�&

By first level analysis, we find :

#2 produces an identification as oun - vocative singular of feminine base, '¬��i�'  meaning

'addressing mother'.

#3 produces an identification as Verb - active voice, present tense, third person dual of root '¬��'

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 ¬�� + +i�& meaning 'not from this', if both are indeclinables. The first word can also be

fem. nom. sing., meaning 'Lak m¢', 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.

xample 3: »�æn�¶¬��. (Vedic example from .... »�æn�¶¬�� � �¶¬�n�� ��i�� ..... Taittir¢ya Sa®hitÁ 3.4.3.2)

»�æn�¶¬��  »�å + + + i�å +  + ¶ + ¬�å + B.

. »�æn�¶¬��

2. »�æn�¶¬�å B

3. »� � ¬�� 3a. »�æn�� ¬��¶

4. »�i� �¬��

5. »� æn�¶¬��

. »�å +æn�¶¬��

Here, we have to note that vowels and accents are to be together on either LHS or RHS

though, for clarity, the accent (AnudÁtta) is shown separately in the first line.

However, at #3, the word ending AnudÁtta (of LHS) should be restored to its Svarita state as it

is a Tairovyaµjana Svarita (as per the definition, dÁttap rva� Tairovyaµjana� - Taittir¢ya rÁti Ákhya®)

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 AnudÁtta 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 th at word is

AnudÁtta (shown as #3a in brackets).

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

corroborates the split. The Pada PÁ¦ha for the input string is : �i�* <¬�� < i� * In fact, that the second word

is an 'itiga', i.e, Prag hya.

In the case of edic texts, though for Sa hitÁ part, we already have the Pada PÁ¦ha 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

LakËaüa rantha-s) for understanding meanings, and most importantly, for the rÁhmaüa and paniËad

texts' analysis for which traditionally no Pada PÁ¦ha is available. In the traditional teaching, the

importance of this issue is recognised prominently.

 or - plitting - m ltiple splits

he pro lem of generating all the splits gi en a string of length l

The problem involves generating all the splits of a given string of length l. Consider a string of 4

characters in english, i . 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. H E L P

 2. H E LP

 3. H EL P

 4. H ELP

 5. HE L P

 6. HE LP

 . HEL P

 8. HELP

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 l, then the word combinations

that can be generated are 2
-1

. e 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 'l', then, we

should take into account any sandhi's between characters.

Eg : Consider the character string � �

It is made of the following characters, ¨å� + +� + ¬�å + + + #& 

As the string contains 5 characters the total number of string combinations will be 2
-1

 i.e  16, the 16

string combinations are as follows:

 1. ¨å� + +� + ¬�å + + + #&

 2. ¨å� + +� + ¬�å + +&

 3. ¨å� + +� + ¬� + #&
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 4. ¨å� + +� + ¬�&

 5. ¨å� + +�¬�å + + + #&

 6. ¨å� + +�¬�å + +&

 7. ¨å� + +�¬� + #&

 . ¨å� + +�¬�&

 9. ¨�� + ¬�å + + + #&

 1 . ¨�� + ¬�å + +&

 11. ¨�� + ¬� + #&

 12. ¨�� + ¬�&

 1 . ¨��¬�å + + + #&

 14. ¨��¬�å + +&

 15. ¨��¬� + #&

 16. ¨��¬�&

These 16 combinations do not take into account the sandhi s (if they exist). For instance, in the

above example, the character +� can be formed due to any of the following four character combinations,

  +� = + + + ; +� = + + +�  +� = +� + + ; +� = +� + +�

Similarly, ¨å� can be replaced by any of the following characters �, �, #& and the character ¬�å 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 Nm different possibilities including the character in the

original string, then the total word combinations to be generated is,

 Word combinations= 2
L-1

*{ (X
1
*N

1
)*(X

2
*N

2
)*(X

3
*N

3
)*.....(X

m
*N

m
)}

 where X
m
= N

m

 = 1+ 2*(N
m

1) depending on whether the character is replaced by one char or two chars.

 ut 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
L-1

*{(X
1
*N

1
)+(X

2
*N

2
)+(X

3
*N

3
)+... (X

m
*N

m
)}

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 «�x�¬M�SU�æi�  Here, ¬�å and M� 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 «�x�¬�å M�SU�æi�, the splitting of conjunct consonants is necessary.

ii. 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.

I PORTAN E O  GENERATING ALL SPLITS

The algorithm developed for generating all the possible splits of a given input string is very useful for

NL  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, dantas, 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.

or example, consider the string, x�¬��»�¬�å (from MahÁkavi Ve ka Ádhvarin's Lak m  Sahasram '.. �¬� �¬�

SS�æ¨�i�¨�� �æi�x� ¬��  This string may give different meanings by different word splits as below 

i. x�¬��»�¬�å - one word, verb, meaning let me/I shall salute.

ii. x�¬� <»�¬�å - (you) salute, this (fem.).

iii. x� ¬��»�¬�å - not measurable/conceivable.

iv. x� ¬�� »�¬�å - not, for me/mine, whom etc.

v. x� ¬�� <»�¬�å - not, me/Lakshmi, this (fem.) etc.

vi. x� ¬�� »�¬�å - 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. ecause, 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.

hen 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 uni ue 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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a te    enten e na s s

6.  raka i akti mapping  nction assignm nt to or s

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 PÁüini's KÁraka 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. nce 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 KÁraka Vibhakti

mappings. See. Figs. 9.  - 9.21.

6.  yntactic na ysis

For the case and number of the given noun, all possible functional relationships (KÁraka, Sub-

KÁraka-s) are related in the Vibhakti Prakaraüa of PÁüini's AË¦ÁdhyÁy¢ (2.3.1 to 2.3. 3). ence, by

checking against these rules (conditions), the possible functional relationships are assigned to the

nouns. Next, from these possible KÁraka-s, the conditions contained in KÁraka Prakaraüa (AË¦ÁdhyÁy¢

1.4.23 to 1.4. ) are applied and possible specific functional relations are enumerated. These happen to

be possible Semantic identifications for each noun in the sentence `in i o ion . 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 ¨��¬�& «�x�¬�å M�SU�æi� ( Áma goes to Forest) is analy ed as under :

Each of the three words has two Morphological identifications.

They are :-

1. Word = ¨��¬�&

i. ¨��¬�& as a Noun, Masculine gender, Nominative case Singular with ¨��¬� as base

ii. ¨��¬�& as a Verb, meaning ` to give ', active voice, AdÁdi Gaüa, present tense, Parasmai Pad¢,

first person plural with ¨�� as root.

2. Word = «�x�¬�å

i. «�x�¬�å as Noun, Neutral gender, Nominative case singular with «�x� as base.

ii. «�x�¬�å as Noun, Neutral gender, Accusative case singular with «�x� as base.

3. Word = M�SU�æi�

i. M�SU�æi� as Noun, Masculine gender, ocative case singular with M�SU�i�å as base.

ii. M�SU�æi� as Verb, meaning ` to go ', active voice, BhvÁdi Gaüa, present tense, Parasmai Pad¢,

third person singular with M�¬�å 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 re uires 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 �¬�  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 characteri ed

by activity markers. There are two types of activity markers, viz. the verbs and the KÛdanta-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. f the functional sentences do not contain any verbs, then

the KÛdanta-s are taken as the starting point and a similar procedure applies. ut for the Non-functional

sentence, the word with the Nominative case is taken as the starting point and a different procedure

applies. See Fig. . .
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a te    ncti na  e antic

fter 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.

emantic 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 ob ect. 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 NaiyÁyika relations and ontology are used at this stage.

y 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 èkÁ k Á (Expectancy), ogyatÁ ompatibility) and èsatti ( roximity or collocation). These

are obtained from the base and suffixal meanings of the word.

To check for the Expectancy, the erb (or activity marker) forms the pivot (in functional

sentences). Every activity has a given set of expectancies in terms of functional relationships ( Áraka-s)

with certain Noun types. For example, every activity needs to have an agent necessarily.

 oot eanings an  acti it  catego isation

There are about 2000 verbal roots (monosyllabic) listed in Á ini s DhÁtu-pÁ ha. DhÁtu-s have

illustrative meanings, which have a many-to-many mapping. That is, some DhÁtu-s have multiple

meanings while many DhÁtu-s also have a same/similar meaning. n all, about 0 meanings are used

which are listed in Annexure - .

However, root meanings are sub ect to modification with the usage of preverbs (Upasarga-s)

which are about 20 in number, but may be used in combination. Upto  preverbs are fre uent in

prevalent literature (including edic). 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 

={�¼�M� � v��i«�l��& Û� �� x»�j� x� »�i�� * �­°�¨��­°�¨�-æ«�­°�¨�-¼�­°�¨�-{�æ¨�­°�¨�«�i�å **

v��i«�l� Û��v�i�� E�æ2�i�å E�æ2�i�å i�¬�x�«�i��i�� * i�¬��«� æ«�æ �x� x»�& ={�¼�M��M�æi�& æj�v�� **

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. imilar is the case of transitivity getting affected by preverbs. While Áska in irukta has broadly

given hints on their semantic effects and grouping, it is not comprehensive.
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7.  Activity c assification

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. esides 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 ouns 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.  c e e of specification

e have arbitrarily attempted an  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  his effort is prompted by PÁüini himself using in his grammar rules, verbal

stems with specific meanings. Some meanings referred are : M�æi�, ­°¼��, æx�M�¨�h�, S� �x�, � , ��, «��¨�h�, ø�æS�,

��v�, ��­°, <� »���, +¼�ò»��, Û��æ �, �i»�«�¼��x�, ¦�Û �, +v»�»�x�, ø�V��, ¬�h , ¬�æi�, {�òV��, + ¼i�, <S �, ��«»�, {�¦»�� ���  See

Annexure - C.)  The concept of intransitive activities (+E�¬��E�) 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.

n this basis, we analyze the Á in ya hÁtupÁ ha 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 a tivities  However, this is a

tough task. Even PÁüini 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.

hese specific functor re uirements for acti ities 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 e use  intransitive  This detail is described in : v��i���¨�l���xi�¨��
«�¶k��& v��i«�l�x���{�¼�® �­°�i�å * �æ¼�r��¨�æ«�«�I��i�& E�¬��h��� E� ¬�E�� æG�»�� **

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 unctor e pectancies like emotive and kno ledge 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 �Ástra-s

There is a list o  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. «�¶ær�-I�»�-³�»�-V�ñæ«�i�-¬�¨�h�® ±�VV��-¼�k��-ë¼l�æi�-V��M�¨�h�¬�å * ¦�»�x�-G�ñ �- æ �-n�ñ{i»�l�

v��i��M�h�® i�¬�E�¬��E�¬��­�°& ** Also intransitive actions are : crookedness, eagerness, delusion, effort, langour,

decrepitude, power, reviling, quiescence, bursting forth, bathing, crippling deformity, yawn, deceit,
crying, laughing. E���æ]�±»���i¼�� »�- �¬�-»�ix�-M±��æx�-V�¨��-¼��¬�l»��-I�¨�h�¬�å * ¦��ëxi�-¼ ��]-�¬�VV�x�-«��E�±»�® V�¶¬³�h�-n�¬³�x�-¨���n�x�-
­°¼�x�¬�å **

Similarly, in Sanskrit, there are 1  itransitive activities (terms in brackets denote concept type
of object or goal) such as milking (cow, milk), begging (donor, something), cooking (rice, bath), punishing
(guilty, 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). n��­å°-»��S�å- �S�å-n� å- �å- �S å-æS�- �-

��¼�å-æ �-¬�xl�å-¬��²��¬�å * E�¬�»��Eå� ¼»��i�å � � i�l�� ¼»��i�å x� - °-E�²�å- �­°�¬�å ** ctivities 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 ( .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', 'automobile' etc.). or 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.

 ctivity ro in

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
PÁ ini's hÁtu-PÁ ha. If all the activities are classified based on the similarities of expectancies, then
using the principles outlined in yÁya �Ástra (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.

owever, for all original roots, the meaning expectancies in terms of functors required and their
conceptual type can be defined in a preliminary way. rouping root meanings to conceptual type
expectancies, we have formed 11 a or activity classes like Movement, erception sensory
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kno ledge), ransaction, isplacement, motions, Getting, anging, urting, ocations, ntransitive

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. hile dealing with

relations, a corresponding mapping is included under grammatical relations.

An A ti it  g ing i t

apping Format : map (#Group, #Group], [#root meaning(s)])

ro ping Format : ass([#Group, #Group], [#mandatory KÁraka(s)], expected word-type for mand. 

KÁraka(s), [#optional KÁraka(s)], expected word-type for opt. KÁraka(s)])

Groups : 1 - �æi� - ovement; 2 - ��x� - erception (sensory knowledge); 3 - ³�� �h� - Transaction; 4 - ¼ ��x�

- isplacement; 5 - ³�� �x�� - motions; 6 - + ��x� - Getting; 7 - {�æ h��¬� - hanging; 8 - ¼�� - 

urting; 9 - æ �»��¼��¬��x»� - ocations; 10 - +E�¬��E� - ntransitive; 11 - �æi�{�� x� - Giving;

raka s) : 1 - Karta; 2 - Karma; 3 - Karana; 4 - ampradana; 5 - Apadana; 6 - Adhikarana.

map1([11], [6, 76, 263, 526]) 

map1([10, 8], [405, 524, 570, 590]) 

map1([10, 4], [447]) 

map1([10, 1], [188, 192, 255, 302, 307]) 

map1([10, 9], [98, 284, 329]) 

map1([10, 3], [558, 561]) 

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

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

map1([10], [8, 10, 117, 253, 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,

553, 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, 5 01, 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, 433, 595, 604, 201, 546, 230, 439, 242,

256, 262, 264, 411, 268, 463, 466, 591, 548, 541, 574, 667]) 

map1([7], [568]) 
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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], ["|�i»�X¾å"], [2], [" �� �"]) class(2, [1, 2], ["|�i»�X¾å", "p�«»�"], [], []) 

class(3, [1, 2], ["|�i»�X¾å", "|�i»�X¾å"], [], []) class(4, [1, 2], ["|�i»�X¾å", "p�«»�"], [], []) 

class(5, [1], ["|�i»�X¾å"], [2], ["|�i»�X¾å"]) class(6, [1, 2], ["|�i»�X¾å", "|�¬��»�"], [], []) 

class(7, [1, 2], ["|�i»�X¾å", "p�«»�"], [], []) class(8, [1, 2], ["|�i»�X¾å", "|�i»�X¾å"], [], []) 

class(9, [1], ["|�i»�X¾å"], [2], ["|�¬��»�"]) class(10, [1], ["|�¬��»�"], [2], [" ¬�"]) 

class(11, [1, 2, 4], ["|�i»�X¾å", "|�¬��»�", "|�i»�X¾å"], [], [])

 cti it  aract ri ati

o   o e e

ransitive : Direct, Voluntary, niform rate

ntransitive : Indirect, efle ive, Variable rate

I. Agent : ust

Animate - Primary meaning Agency, Direct, Voluntary

Inanimate  Abstract - econdary

ii. b ect :

- Place denoter (destination) - Transitive

- Time denoter (if Intransitive only)



De elopment of a eneral purpose Sans rit Parser C ap  unctional Semantics

Dept. of CS , IISc, angalore P. amanu an, .Sc. ngg.

- 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 . no in

ni te agent : Hunger, Sleep, Fear, Copulation

entient : Discrimination, States/Emotions

en or  erce on : Agent awake

Sound - Hearing - Ears

Touch - Feeling - Skin

Form - Seeing - Eyes

Taste - Tasting - Tongue

Smell - Smelling - ose

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

n erence (Extra sensory)

Intellect : States - Learning, Mistaking, Thinking, Meditating, Considering

Mind  Information related nowledge ( riting, 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 Pad rtha) :

State :- Sleeping

 - Dream - with only mind agent

 - Diseased/ nconscious

 - Intention

Distance of Agent from Object and auxiliaries for particular sense organs.

Group . r a  ommuni a ion

Speaking - Transitive; (Making Sound - Intransitive)

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

. Agent :

Speaker and Addressee - both Animate/Sentient

Different aspects - Praising, Blaming, Ordering, Re uesting, Sharing info., Debating, Arguing, Asking ...
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Speaker should be Expressive (not dumb; presupposes - knowing what and how to communicate)
2. bject :

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 Áraka and ibhakti sections of AË ÁdhyÁy¢ is
given in Fig. 9.29-9.32. A preliminary semantic lexicon is found at Annexure - F.

 on li t solution and disa i uation

asically, 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.

onsider the three sentences : B²�& ¼l��h��& * B²�& ¼��S� ��i� � �i�� * æ¼� �� »�®  }® �»�S æi� * Here, from

the Amarako a, ¼l��h�  �� �æi�&  the word ¼l��h��& 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 (AbhiËeka) and by hala, fruit or desired results. This is an illustration of discourse
level ambiguity, which needs M¢mÁ sÁ yÁya-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 :

( ) �æ �  - irect statement i.e., which cannot be mistaken or a given thing; for example, a statement

that Ôwe are going to discuss mathematics, where the topic is unanimously understood with a
particular connotation. This level is context-invariant and is the strongest i.e., will not be affected by
other levels.

 

(2) æ} å �¬�å - Expressive power of words at absolute and relative levels; as for example, when we say Ôall

expressions have an HS and an RHS. Here, the word expressionÕshould denote a mathematical
equation and not just any sentence, though expression  can refer to both. The word ÔallÕ 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) �� �¬�å - 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)  2 , fixes the value of X based on the conditions specified by the other components of the
expression. ith 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.

 
(4) |�E�¨�h�¬�å - 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 :
 ohn reads.
 Mary also.
 Bill jumps.
 Mary also.

 Here,Ô'Mary also'Õoccurring in a particular se uence after certain sentences conveys different
meanings. entential expectancies are involved here.

 
(5) ¼l��x�¬�å - 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,
i.e., by virtue of some sentence being present under some heading, we inherit certain meaning for
part or whole of the sentence.

 
(6) ¼�¬�� »�� - 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-  of something  is meant
to denote ÔeverythingÕ 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 permutations i.e., 15 in this case, besides conflicts among
sentences of the same type in terms of meanings.

o d sense disa i a ion

hile 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 stra-s.

Among rammarians, Bhart hari 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. («�� »��i�å |�E�¨�h��i�å +l���i�å +��æS�i»�� � n��¦� E��ª�i�& *
¦�Ûn��l���& |�æ«� � »�xi�� x� ¦�Ûn��n��«� E��«�ª��i�å ** ¼�®¼�M�� æ«�|�»���M� � ¼��­°S�»�� æ«�¨���æv�i�� * +l��& |�E�¨�h�¬�å æª� åM�® ¦�Ûn�¼»��x»�¼»�

¼�æ �æv�& ** ¼��¬�l»��¬���æS�i�  n��¦�& E��ª��� «»�æ �& ¼«�¨��n�»�& * ¦�Ûn��l��¼»��x�«�S ��n�� æ«�¦�� �¼¬�æi� ­�°i�«�& ** - akyapadiya

.314-316).

o e connection: Ô¼�«�i¼��� M���&  Cow with calfÕdenotes milch cow.

e e tion : æ«�«�i¼��� M���& 'Cow without calfÕ denotes barren cow.
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Association  Ô¨��¬�ª ¬� ��� - RÁma and LakËmaüaÕ means aÀaratha's son RÁma (for doubt about

RÁma's identity).
Contrariety: ¨��¬��V��x� �æi�¼i�»���  RÁma and ArjunaÕ denotes ara urÁma and king Ártav r a r una

because of the relation between them not the popular RÁma and Arjuna.
Purpose: V�æªx�� V�� ��æi� - The word Aµjali means folded palms related to wishing while it denotes

opened palms related offering oblations in sacreficial fire.
Context/topic : Ô¼��x � �¬��x�»�  Get SaindhavaÕ- denotes a horse of Sindhu origin in going to battle field

while it denotes ommon salt while eating.
ignificant expression: ÔAnointed pebblesÕ means anointed ith ghee due to the presence of a

sentence of a sentence commending ghee in the context.
Presence of ot er wor s: ÔRÁma, the son of amadagni  means ParaÀurÁma.
Power/potency: ÔFind a good matchÕ means cutter as an instrument of cutting.
Particu ar region: ÔThe Lord reigns hereÕmeans ing, if the place is a capital city, else it could mean

od.
i e factor: Ô itra hÁnu glowsÕ- denotes Sun in day time and fire during night.
otion o  indi id  o t: Ô itra helpsÕ- 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.

here the same word- form could result from different compounding processes, their accents are
necessarily different. Thus, the word '¼ �ª- � �i� ' (fat-dotted cow) can denote a cow with large dots

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

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

In yÁya-S tra (2.2.62) ¼� S�¨�h�-¼l��x�-i��n�l»�-«�¶ �-¬��x�-v��¨�h�-¼��¬� {»�-»���M�-¼��v�x��æv�{�i»��³»�& �� h�-¬�X¾-E�]�-¨��V�-

¼�H��-S�xn�x�-M�K"�-¦��]�E��z�-{�� ²��²«�i� �«�� +æ{� i�n��{�S��¨�&

In the case of (a) 'BrÁhmaüa', (b) 'Maµca' (platform) (c) ' a¦a' (mat) (d) 'RÁjan' (king) (e) 'Saktu'
('flour) (f) 'Chandana' (sandal) (g) 'Ga gÁ', (h) ' a¦aka' (cloth) (i) 'Anna' (food) (j) 'PuruËa' (man) there
is secondary (indirect) application, due respectively to - (a) association (b) location (c) purpose (d)
behaviour (e) 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: »�æ E��® ³���V�»� - Feed the stick, means feed the Brahmin holding the stick.

(2) Location: ¬�X¾�& ���¦�ëxi� - Platforms are shouting, means people on the platform shout.

( ) Purpose: E�]®� E�¨���æi� - e makes a mat, means he aims at making the mat.

( ) Behaviour: »�¬�& ¨��V�� - amaÕ (Chastiser) means a kingÕ by the similarity in punishing.

( ) Measure: +� E�¼�H�«�& - Bushel of flour, means flour measured by a bushel.

(6) Containing:Ôi�� �S�xn�x�¬� - A balance-sandal, means sandalwood held in the balance.

( ) Proximity: M�K"�»��® M��«� �¨�ëxi� - Cows are grazing in the Ganges, means cows grazing in the adjoining
lands of the Ganges.

( ) Connection: E¶�²h�& ¦��]�E�& - A black (cloth), means a cloth marked with blackness.

( ) Cause: +z�® ��h��& - food is life, means that is the cause of life.
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 overeignity  +»�® �� �  � ¬�å  +»�® �� �¬�å - Mr. X is the clan, means X is the head of the clan.

The M m saka-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.

{� �¬���{�¼� � � + »��¼��� {�«��i�� �ª�¬�å * + ��«�� ��{�{� �  � æª� å �¬�å i��i{�»�� æ � ��»�� **

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. n formal situations these two aspects are

invariably present.

Mid-way through discourses maintaining continuity of the topic is accomplished by repeatin  or re-

stating the initial goal. This may also be in the form of emphasis.

o elty 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. tility deals with the purpose of each sentence meaning to be unique.

llustration serves to amplify or explain the content of the discourse through instances, narration,

supporting facts etc.

 ropriety enjoins the logical compatibility of sentential meaning and inter-sentential relation.
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hapter   bda odha erba  port 

8.  oncept of �Ábdabodha

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 techniques for the nglish-like languages).

�Ábda-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 ¬�� »� æ«�¦� »� (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 ogicians treat the |�l�¬��xi��l��

(Agent) as central in sentence meaning, while rammarians view the v��i«�l�� (verbal meaning, i.

activity) and ¬� ¬�� � s feel the °��«�x�� (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 nowledge, 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. e develop a classification scheme for all substances in a structured form ({�n��l�� æ«�°�� �  -

Ontology) to explain meanings and facilitate 'machine understanding'.

8.  undamental etaphysical categories

All knowable things are divided into � �� �  eans of valid knowledge) and Prameya (Object of

knowledge). There are three |�¬�� �s, i . |�i»� � (Perception), +x��¬��x� ( nference) and ¦�Ûn� ( erbal

testimony), and these include {�¬��x� (comparison), +l���{�æ � (presumption), +x��{�±� Ûv� (non-

apprehension) etc. suitably. erce tion is knowledge generated by the direct contact of sense organs

with objects. n erence is the knowledge of probandum based on probans established by logical

concomitance. erbal no le ge is the one arising from spoken words or verbal statements through the

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

inference as if-then rules in the machine.

Prameyas are classified under two broad headings as p�«»� (substance) and +p�«»� ( non-

substance). bstance is defined as '+«� l�� �»�¬�å  (having states or substratum for modifications). This

is of two classes as V�bÖ (material) and +V�bÖ ( non-material or spiritual). |�E�æi� ( osmic matter) and E��±�

(time) are material substances. Spiritual substances could further be |�i»�Eå� (self-revealed) or {� �Eå�

(revealed to others). Sentient beings are self-revealed.
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on 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 att ibutes,  sattva, rajas and tamas - representing whatever is fine or light,

whatever is active and whatever is heavy - the three attributes of Cosmic matter; ¦� n� ( sound), ¼{�¦��

(touch), {� ( colour), ¨�¼� (taste) and M�x � ( odour) - the five attributes of gross elements; ¼�®»���M�

(conjunction) and ¦�æH� (potency). These cover the innumerable other qualities belonging to substances

in conformity with the |�¬��h�as. otenc  is the special property of a causal substance by virtue of which,

it brings out the necessary effect. on unction is a form of relation which holds between two physical

objects.

ubstance and attribute are distinct but +{�l�Eå� æ¼� � ( 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 unique 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

¬��H�� E�±��{�a of «��n��xi�a n��æ¦�E�a, a Logician-philosopher of 13th century A. . [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 x»��yas', which are akin to formulation of common

sense. esides, ¬� ¬��®¼�� also has clearly defined criteria for relative priority among various means of

knowledge like, ��æi� (express mention), æ±� å M� (word meaning or explicit indication), «�� »� ( syntactic

connection, |�E�¨�h� (context  ={� �¬� - beginning, ={�¼�® �¨� - end, + »��¼� - emphasis, +{�«��i�� - novelty,

�±�¬�å - purpose and ={�{�æ � - propriety), ¼l��x� ( relative position) and � �� �� 

Considering a passive sentence like '¬�� �� �� i��' ('being eaten by mother' or 'tablet is being

eaten'), we get the first word to be nominative or instrumental case. hen 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. ore examples are given in [ 3].

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

 ase e a s se

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 -

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 enitive and 19 for Locative cases. f these, 8 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. e have appended a sample preliminary semantic lexicon used in E�  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. owever, 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.

he  e cl sive or istinct relations ro  the a ove are 

(1) æx�9%i«�¬�å (2) æ«�­�»�i«�¬�å (3) æ«�¦��­»�i«�¬�å (4) |�E��¨�i«�¬�å (5) |�æi�»���æ �i«�¬�å (6) æx�¡�æ{�i�i«�¬�å (7) «»��{�E�i«�¬�å (8) E�i�²�i«�¬�å (9)

E�¨�h�i«�¬�å (10) Y��x�Y��{»�i«�¬�å (11) +°��n�& (12) ¼��æ³¶i»�¬�å (13) ¼�¬�«��i�i«�¬�å (14) ¼�¬��x�E��æ}*E�i«�¬�å (15) +«� SU�z�i«�¬�å (16)

= ��¦»�i«�¬�å (17) i�²æu¾|�»���V�E�i«�¬�å (18) æx�­{�æk�|�»���V�E�i«�¬�å (19) æ«�E��æ¨�i«�¬�å (20) «�²æ �|�»���V�E�i«�¬�å (21) +�æ �i�i«�¬�å (22)

¼«��{�³¶¨�h��SU��|�»���V»��SU��æ«�­�»�i«�¬�å (23) |�»���V�E�i«�¬�å (24) <SU��v�ñx� <SU��æ«�­�»�i«�¬�å (25) +«�æv�¬�k«�¬�å (26) V�x»�i«�¬�å (27)

¼«�E�i�²�E���P¾�¨�h��v�ñx�i«�¬�å (28) +�¨�¬°�& (29) {�»��xi�& (30) i�n�{�� �i«�¬�å (31) «�²æk�& (32) ¼«��æ¬�i�� æx�¡�æ{�i� ¼«�i«�¬�å (33)

|�æi�{��n�E�i«�¬�å (34) =P¾æ¨�i�i«�¬�å (35) E�¬��i«�¬�å (36) +«�»�«�i«�¬�å (37) ¼«�¼�¬�æ°�«»�� i� {�n��l��i��«�SU��n�E� V��æi� ¦�òx»� ­�9%Âxi�{�n��l��

«»��«�²k�i«�¬�å (38) +�v��»�i«�¬�å (39) «»��{�E�i«�¬�å (40) +«�SU��ti«�¬�å (41) � E�i«�¬�å (42) |�æi�{��ti«�¬�å (43) ¼��¬��x��æv�E�¨�h»��i¬�E�

«�æ¦� Â¬�å (44) {�ò«��E��æ}*E�i«�¬�å (45) =k�¨�E��æ}*E�i«�¬�å (46) ¼«�æ«�­�»�E��SU��v�ñx�i«�¬�å (47) ¼«� ¼�¬�æ°�i»�� ¶i� {�n��l��i��«�SU��n�E�

V��æi�¦�òx»� ¼�u¾¬»�xi�{�n��l�� «»��«�²k�i«�¬�å (48) E��»��E��¨�h� °��«�&

 E a
a Á a a a �Á da d a

onsider the sentence - . ¨��¬�& +z�¬�å {�S�æi� - RÁma cooks rice. It should first be analysed into the

constituent lexical and grammatical elements (altogether six such elements here) as

- ¨��¬� ¼�å +z�å +¬�å {�S�å + æi� -

It is the activity, which is presently taking place, which is tied to the substratum which is identical

with one (single) RÁma and which is conducive to the softening located in the substratum which is

identical with rice. This follows the old VaiyÁkaraüa-s.

The ew VaiyÁkaraüa-s have a slightly different structural description. They would say 

The activity of cooking occuring in present time has an agent (qualified by RÁma as its agent) which is

identical with RÁma and qualified by rice which is connected with it by way of being its object.

. ¨��¬�& E��­`��x� +z�¬�å {�S�æi� - RÁma cooks rice with fire - wood.

¨��¬�& E��­`��x� {��E��x� +z�¬�å E�¨���æi� - RÁma 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 ( . ., qualified by cooking), which

(cooking) has rice as its object - goal ( arma) and is done through the instrumentality of firewood, and it

is the making function qualified by RÁma as its agent.

. ¨��¬�& ¬�³¶�x�¼�� E��­`��x� +z�¬�å {�S�æi� - In the kitchen RÁma cooks rice with firewood.
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"It is RÁma who is qualified by the effort that is conducive to cooking, which cooking has rice as its
object - goal, ( . ., qualified by the 'object - hood' in rice), which is qualified by instrumentality in
firewood, and it is the same RÁma who is qualified by being located in the kitchen".

4. � �  � �� �� � � - " ook, the deer runs".

The VaiyÁkaraüa-s argue that since this is to be treated as a single sentence with one principle
qualificand 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".

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

E��æx� �x� x�»��æ»�E� ��Ûn�Û��� � n�� h��æx� 

1. æh� �x � �»��� �  * =n�� - S��j�& ¬��j�® M�¬�»�æi� * - Caitra makes Maitra go.

{��®¼i«��E�i«�-æ«�æ¦�­ -¬��j�æx�­ -=k�¨� �n��¦�¼�®»���M��x��Eò�±�-«�i��¬��x�E��æ±�E�-E²�i»��E�i«�{��®¼i«��ü�»�& S��j�& *

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. �Ábdabodha identifies two
activities  (1) oing to Maitra (2) The activity causing the going of Maitra for which Caitra is responsible.

2. æ¦�«�& +V�x��»� ¦�¼j�®� +»�SU�i�å * - �iva gave the weapon to Arjuna.

¦�¼j�E�¬��E�-+ ���x���q��¦»�E�-¼«�¼«�i«�-æx�«�²æk�{�ò«��E�-{�¨�¼«�i«�-+�{��n�x��x��Eò�±�-°�òi�E��æ±�E�-«»��{��¨��ü�»�& æ¦�«�& *

�iva is the substratum of an activity favourable to transfer of (TvÁ of hood  possessivehood) ownership
pertaning to past time which (activity) has Arjuna as the beneficent and �astra (weapon) as object.

. ¨��¬�& +¨�h»�� Û��h��x� «��æ±�x�® V� ��x� * - RÁma killed VÁl¢ in the forest with an arrow.

+¨�h»��æv�E�¨�h�E�-Û��h�E�¨�h�E�-«��æ±�E�¬��E�-³¶x�x��x��Eò�±�-°�òi�E��æ±�E�-«»��{��¨��ü�»�& ¨��¬�& *

RÁma is the substratum of activity favourable to killing pertaining to past time, which has VÁl¢ as object
and location of the activity is the Araüya (forest) and Áüa (arrow) is instrumental in the activity.

4. S��j�& ¨��¬�¼»� M� ® M�SU�æi� * - Caitra goes to RÁma's house.

¨��¬�¼�¬Û� xv�-M�²³¶�æ°� ���k�¨�n��¦�-¼�®»���M��x��Eò�±�-«�i��¬��x�E��æ±�E�-«»��{��¨��ü�»�& S��j�& *

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 RÁma.

. »�n�� ¦�Û�¨�  ¨��¬��»� �±�®� +»�SU�i�å i�n�� ¼�& i�i�å + ��n�i�å * - hen �abar¢ gave RÁma a fruit he ate it.

¦�Û�¨�ñE�i��²E�- �±�E�¬��E�-¨��¬���q��¦»�E�-¼«�¼«�i«�æx�«�²æk�{�ò«��E�-{�¨�¼«�i«��{��n�x��x��Eò�±�-=k�¨�E��±�ñx�-M�±�æÛ�±��v�&-¼�®»���M��x��Eò�±�-°�òi�E��æ±�E�-

«»��{��¨��ü�»�& ¨��¬�&*

RÁma 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 �abar¢ as the agent, hala
as the object and RÁma as the beneficent.
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. i«�® E��j� M�S æ¼� ? - here are you going ?

E� n�²¦�¼ �±���q��¦»�E�- k�¨�n��¦�¼�»���M��x��Eò�±�-«�i��¬��x�E��æ±�E�-«»��{��¨��ü�»�& i«�¬�å ?

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

 +³®¶ æ«�á�æ¼�æ¬� »�i�å E²�­h�& �M�«��x�å * - I believe that KÛËüa is God.

'n��«��æ°� �& E²�­h�&' i»��E��¨�E�-æ«�á��¼��x��Eò�±�-«�i��¬��x�E��æ±�E�-«»��{��¨��ü�»�& +³¶¬�å *

I am the substratum of an activity pertaining to present time favourable to the belief that KÛËüa is none

other than God.

. E²�­h�& + ���x�® ¼�¬��á��¼�»�i�å * - KÛËüa comforted Arjuna.

+ ���x���q��¦»�E�-¼�¬��á��¼�x��x��Eò�±�-°�òi�E��æ±�E�-«»��{��¨��ü�»�& E²�­h�& *

KÛËüa is the substratum of an activity pertaining to past time which resulted in comfortment of Arjuna.

. S��j�& ¼���³¶�n���i�å n��«�n�k��»� +��n�x�® � � +æMx�x�� {�S�æi� * - ut of friendship Caitra cooks rice for Devadatta in a

pot with fire.

+æMx�E�¨�h�E�- � �æv�E�¨�h�E�-¼���³¶�n��E�¨�h�E�-n��«�n�k���q��¦»�E�-+��n�x�E�¬��E�-æ«�æ ±�k»�x��Eò�±�-«�i��¬��x�E��æ±�E�-«»��{��¨��ü�»�& ��j�& *

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.

1 . n��«�n�k�³¶¼i��x� {��j�¼»� M���& �� h��»� ¬���³¶�i�å n� »�i�� * - Son's cow is given by Devadatta's hands to BrÁhmaüa

out of affection.

{��j�¼�¬ � xv�-M���E�¬��E�-³¶¼i�E�¨�h�E�- �� h���q��¦»�E�-¬���³¶E�¨�h�E�-¼«�¼«�i«�æx�«�²æk�{�ò«��E�-{�¨�¼«�i«��{��n�x��x��Eò�±�-«�i��¬��x�-E��æ±�E�-«»��{��¨��ü�»�&

n��«�n�k�& *

Devadata is the substratum of an activity pertaining to present time, favourable to transfer of ownership

which has BrÁhmaüa as the beneficent, Devadatta's hand as the instrument, love as the cause and the

cow possessed by his son as the object.

oints of difference in perception amon  yÁ ara a  yÁya and mÁ sÁ vie s

A. ailure of nominative ualificand

1. {�¦»�  ¬�²M��� v��«�æi� - See the deer runs.

1a  ¬�²M��� v��«�æi�, i�¬�å {�¦»� - Deer runs, see him.

1b. v��«�x��x��Eò�}-E²�æi�¬��x�å ¬�²M�& - he deer possesses the volitional effort conducive to running.

and ¬�²M�E�¬��E� - n�¦��x��ü�»�& i«�¬�å - You resort to the act of seeing in which deer is the object.

1c. v��«�x��x��Eò�} - E²�æi�¬�x�å - ¬�²M�æx�  - E�¬��i�� - æx� {�E� - n�¦��x��ü�»�& i«�¬�å

You resort to the act of seeing, determined by the objective status of deer, possessing the volitional

effort, conducive to running.

1d. v��«�xi�® ¬�²M�® {�¦»� - See the running deer.
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1e. ¬�²M��æ°�z��E��ü�»�-«�²æk�- k�¨�n��¦�¼�®»���M��x��E��}-*«��M�V�x»�-æ«�}*I�h�-«»��{��¨�E�¬��E�- �I�h��x��Eò�}*«»��{��¨�& i«�n�æ°�z��E��ü�»� «�²æk�&

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. ��«�x�E�i�²� - ¬�²M�E�¬��E� - n�¦��x��ü�»�& i«�¬�å - You resort to the action seeing, the object of which is the deer, the

agent of running.

2. ¦�²h��, M�V��æi� ¬��P�& - Hear the cloud roars.

3. x�]��� M��»�æi�, ¦�²h�� - Hear, the dancer sings.

4. P�]��� x�¦»�i�å, {�¦»� - ee, the pot destroyed.

2a. M�V��x��ü�»� - ¬��P� - E�¬��E� - ü�«�h��ü�»�& i«�¬�å

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

3a. M��x��ü�»� - x�]�E�¬��E� - ü�«�h��ü�»�& i«�¬�å

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

4a. +i�ñi���i{�æk�E� - x��¦�|�æi�»���æM�E� - P�]� - E�¬��E� - n�¦��x��ü�»�& i«�¬�å

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  ¬��P��æ°�z��E��ü�»�«�²æk� - M�V��x� - E�¬��E� - ü�«�h�® i«�n�æ°�z��E��ü�»�E ¬�å

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

3b. x�]��æ°�z��E��ü�»�x�²æk� - M��x� - E�¬��E� - ü�«�h�® i«�n�æ°�z��E�ü�»�E ¬�å

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

4b  P�]��æ°�z��E� - |�æi�»���æM�i��E� - +i�ñi���i{�æk�E� - x��¦� - æ«� �»�E�n�¦��x�¬�å i«�n�æ°�z��E��ü�»�E�¬�å

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 - ai. �Á.  2b, 3b, 4b - ai. �Á.

5. ¦�®J��& ü�ò»�xi�� - The conches are heard.

5a. ¦�®J��æ°�z� - � �i«��«�ë z� - E�¬��«�²æk� - ü�«�h��x��Eò�}*�� «»��{��¨�& (+ë¼i�, °�«�æi�)

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

6. j�»�& E��}*�& (¼�ëxi�) - Three times (exist).

6a. æj�i«� - æ«�æ¦� �æ°�z��& E��}*�& (|�i�ñ»�xi��, ��»�xi��) - Times ualified by the number three.

. ai re o  ac ion re o inance (Taddhita suffixes)

7. «��»��E�¨�h�& - rammarian, i.e, person who knows or reads grammar (4.2.5 ).

8a. ¨� »�& - horse, who bears or carries the chariot (4.4.76).

8b. »��M»�& - bullock, who bears or carries the yoke (4.4.76).

8c. |��¼� & - a trainee, who bears or carries the yoke-like weed for cattle (4.4.76).
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C. Particle a  t e main alificand

9. °�òi�}�* x� P�]�& - There is no pot on the ground.

9a. °�òi�}*�x��»���æM�E�-P�]�|�æi�»���æM�E�& +°��«�& - The absence in which pot is counter positive and ground is locus.

10. æ �«��»� x�¬�& - Obeisance to ord iva.

11. + ®*E�¨���æi� - mbellishes.

12. +�æ«�­E�¨���æi� - Discovers.

13. x�¬�¼E�¨���æi� - Hails / alutes / reets.

1 . �¨�¼E�¨���æi� - Makes forward.

1 . ¼�� ��i ¨���æi� - Meets.

1 . æi�¨�¼E�¨���æi� - Discards.

17. ³¶¨�»�� x�¬�& - Obeisance to Hari.

18. ¼«� ¼i� °�«�i�� - lessings to you.

17a. ¼«� - |�»���H²� - {�� ­� - E�i�²�E� - x�¬�& - |�»��H� - i»��M�& - Offering by a person who uses the very word.

18a. °�«�n�ñ»� - æ³¶i�æ«�­�æ»�h�ñ - ¬�æn�»�� - S � - My wish (embedded in the meaning of the word svasti) in which

your welfare is the content.

D. Pro lem of meanin  of a ord

19. {��j��h� ¼�³¶ +�M�i�& - (He) has come with son.

19a. {��j�«�²æ � - E�i�²�i��E� - +�M�æi� - E��}*ñx� - +�M�æi� - E�i�²�i��«��x�å

He is possessed of agency of the act 'coming', contemporary with the act of agency of which lies in son.

20. {��j��h� ¼�³¶ æ¬�j�® |��u¾& S��j�& - i. Caitra with (his) son obtained a friend. ii. Caitra obtained a friend with (his)

son.

20a. {��j�E�i�²�E� - æ¬�j� - |��æu¾ - E��}*ñx� - æ¬�j� - E�¬��E� - |��æu¾ - E�i�²�i«�«��x�å S��j�&

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. S��j�¼»� {��j�E�¬��E� - |��æu¾E�i�²�i«�¬�å

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. �x��x� ¼�³¶ +»�¬�å ��¬�® |��u¾& - This man obtained village with wealth.

22. P�]�i«��x� ¼�³¶ P�]�¬�å +«�M��³¶i�� ��æ �& - The knowledge receives jar with jarness.

23. {�]�& {�]�i«��x� ¼�³¶ °��¼�i�� - The cloth appears (simultaneously) with clothness.
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24. {� »��  +æ ¬�å +�n�v»��i�å - ne should consecrate the sacrificial fire with his wife.

oints of difference in perception amon  yÁ ara a  yÁya and mÁ sÁ vie s

. ailure of nominative ualificand

1. {�¦»�, ¬�²M��� v��«�æi� - See the deer runs.

1a  ¬�²M��� v��«�æi�, i�¬�å {�¦»� - eer runs, see him.

1b. v��«�x��x��Eò�}-E²�æi�¬��x�å ¬�²M�& - The deer possesses the volitional effort conducive to running.

and ¬�²M�E�¬��E� - n�¦��x��ü�»�& i«�¬�å - You resort to the act of seeing in which deer is the object.

1c. v��«�x��x��Eò�} - E²�æi�¬�x�å - ¬�²M�æx�  - E�¬��i�� - æx� {�E� - n�¦��x��ü�»�& i«�¬�å

You resort to the act of seeing, determined by the objective status of deer, possessing the volitional

effort, conducive to running.

1d. v��«�xi�® ¬�²M�® {�¦»� - See the running deer.

1e. ¬�²M��æ°�z��E��ü�»�-«�²æk�- k�¨�n��¦� �®»���M��x��E��}-*«��M�V�x»�-æ«�}*I�h�-«»��{��¨�E�¬��E�- �I�h��x��Eò�}*«»��{��¨�& i«�n�æ°�z��E��ü�»� «�²æk�&

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. v��«�x�E�i�²� - ¬�²M�E�¬��E� - n�¦��x��ü�»�& i«�¬�å - You resort to the action seeing, the object of which is the deer, the

agent of running.

2. ¦�²h��, M�V��æi� ¬��P�& - Hear the cloud roars.

3. x�]��� M��»�æi�, ¦�²h�� - Hear, the dancer sings.

4. P�]��� x�¦»�i�å, {�¦»� - See, the pot destroyed.

2a. M�V��x��ü�»� - ¬��P� - E�¬��E� - ü�«�h��ü�»�& i«�¬�å

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

3a. M��x��ü�»� - x�]�E�¬��E� - ü�«�h��ü�»�& i«�¬�å

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

4a. +i�ñi���i{�æk�E� - x��¦�|�æi�»���æM�E� - P�]� - E�¬��E� - n�¦��x��ü�»�& i«�¬�å

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  ¬��P��æ°�z��E��ü�»�«�²æk� - M�V��x� - E�¬��E� - ü�«�h�® i«�n�æ°�z��E��ü�»�E ¬�å

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

3b. x�]��æ°�z��E��ü�»�x�²æk� - M��x� - E�¬��E� - ü�«�h�® i«�n�æ°�z��E�ü�»�E ¬�å

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

P�]��æ°�z��E� - |�æi�»���æM�i��E� - +i�ñi���i{�æk�E� - x��¦� - æ«� �»�E�n�¦��x�¬�å i«�n�æ°�z��E��ü�»�E�¬�å

The action seeing, in which the content is destruction produced in past, the counter positive of which is

pot, resorts to you.



De elopment of a eneral-purpose Sans r t Parser Chap  bda-Bodha ( erbal Import)

Dept. of CS , IISc, Bangalore P. amanu an, .Sc. ( ngg.)

5. ¦�®J��& ü�ò»�xi�� - The conches are heard.

5a. ¦�®J��æ°�z� - �³�¶i«��«�ëSU�z� - E�¬��«�²æk� - ü�«�h��x��Eò�}*�� «»��{��¨�& (+ë¼i�, °�«�æi�)

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

6. j�»�& E��}*�& (¼�ëxi�) - Three times (exist).

6a. æj�i«� - æ«�æ¦� �æ°�z��& E��}*�& (|�i�ñ»�xi��, ��»�xi��) - Times ualified by the number three.

B. ailure of action redominance (Taddhita suffixes)

7. «�»��E�¨�h�& - Grammarian, i.e, person who knows or reads grammar (4.2.59).

8a. ¨� »�& - horse, who bears or carries the chariot (4.4.76).

8b. »��M»�& - bullock, who bears or carries the yoke (4.4.76).

8c. |��¼� & - a trainee, who bears or carries the yoke-like weed for cattle (4.4.76).

. Particle a  t e main ualificand

9. °�òi�}�* x� P�]�& - There is no pot on the ground.

9a. °�òi�}*�x��»���æM�E�-P�]�|�æi�»���æM�E�& +°��«�& - The absence in which pot is counter positive and ground is locus.

1 . æ¦�«��»� x�¬�& - Obeisance to ord iva.

11. + ®*E�¨���æi� - mbellishes.

12. +�æ«�­E�¨���æi� - Discovers.

1 . x�¬�¼E�¨���æi� - Hails / alutes / Greets.

14. �¨�¼E�¨���æi� - Makes forward.

15. ¼�� ��i ¨���æi� - Meets.

16. æi�¨�¼E�¨���æi� - Discards.

17. ³¶¨�»�� x�¬�& - Obeisance to Hari.

18. ¼«� ¼i� °�«�i�� - Blessings to you.

17a. ¼«� - |�»���H²� - {�� ­� - E�i�²�E� - x�¬�& - |�»��H� - i»��M�& - Offering by a person who uses the very word.

18a. °�«�n�ñ»� - æ³¶i�æ«�­�æ»�h�ñ - ¬�æn�»�� - SU�� - My wish (embedded in the meaning of the word svasti) in which

your welfare is the content.

D. Pro lem of meanin  of a ord

19. {��j��h� ¼� ¶ +�M�i�& - (He) has come with son.

19a. {��j�«�²æk� - E�i�²�i��E� - +�M�æi� - E��}*ñx� - +�M�æi� - E�i�²�i��«��x�
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e is possessed of agency of the act 'coming', contemporary with the act of agency of which lies in son.

20. {��j�� � ¼�³¶ æ¬�j�® |��u¾& S��j�& - i. Caitra with (his) son obtained a friend. ii. Caitra obtained a friend with (his)

son.

20a. {��j�E�i�²�E� - æ¬�j� - |��æu¾ - E�� x� - æ¬�j� - E�¬��E� - |��æu¾ - E�i�²�i«�«��x�å S��j�&

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. S��j�¼»� {��j�E�¬��E� - |��æu¾E�i�²�i«�¬�å

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. v�x��x� ¼�³¶ +»�¬�å ��¬�® |��u¾& - This man obtained village with wealth.

22. P�]�i«��x� ¼�³¶ P�]�¬�å +«� �� ¶i�� ��æ �& - The knowledge receives jar with jarness.

23. {�]�& {�]�i«��x� ¼�³¶ ��¼�i�� - The cloth appears (simultaneously) with clothness.

24. {� »�� ¼�³¶ +æ ¾¬�å +� �v»��i�å - ne should consecrate the sacrificial fire with his wife.

es of senten es for ill stratin  bdabod a
1. Active voice without object. {da,dv} ; 2. Active voice with object. {da,o,dv}

3. Active voice with two objects. {da,o,o,dv} ; 4. Active voice with two agents. {da,da,o,dv}

. Passive voice. {ia,o,iv} ; . Passive voice with two agents. {ia,ia,o,iv}

. Passive voice with two objects. {ia,o,o,iv} ; . Passive voice with agent as object. {o,iv}

. mpersonal Passive voice. {ia,iv}

 key - da = direct agent ; dv = direct verb ; o = object ; ia = indirect agent ; iv = indirect verb.

. E�¬��E�i��æ¨ �|�»���M�& * =n�� - ¨��¬��� æ«�¨��V�i�� * 'RÁma shines'. ¦��Ûn�Û���v�¦S� -

x��»��æ»�E�-¬�i�� - æ«�æ¦�­]�n�ñ{i»�x��Eò�±� - «�i��¬��x�E��æ±�E� - E²�æi�¬��x�å ¨��¬�& *

«��»��E�¨�h�-¬�i�� - ¨��¬��æ°�z��E�E�i�²�æx�­`� - «�i��¬��x�E��±� - æ«�æ¦�­]n�ñ{i»�x��Eò�±�& «»��{��¨�& *

¬�ñ¬��®¼�E�-¬�i�� - ¨��¬�æx�­`�E�i�²�i«�¼�¬��x��æv�E�¨�h�� æ«�æ¦�­]�n�ñ{i»�x��Eò�±�� «�i��¬��x�E��æ±�E�ñ °��«�x�� *

. �E�¬��E�i��æ¨� |�»���M�& * =n�� - ¨��¬�& °�¬�h ±�® +{��±�»�i�å * 'RÁma ruled the Earth'. ¦��Ûn�Û���v�¦S� -

x��. - °�ò¬�hbÖ±�E�¬��E� - ¨�I�h��x��Eò�±� - +x�ti�x�°�òi�E��æ±�E� - E²�æi�¬��x�å ¨��¬�& *

«��. - BE�i«��«�ëSU�z�-¨��¬��æ°�z�-E��i�²�æx�­`�& +x�ti�x�°�òi�E��æ±�E�& °�ò¬�hbÖ±��æ°�z�-E�¬��æx�­`�-¨�I�h��x��Eò�±�& «»��{��¨�& *

¬�ñ. - °�ò¬�hbÖ±�æx�­`�¨�I�h��x��Eò�±�� ¨��¬�æx�­`�� +x�ti�x�E��æ±�E�ñ °��«�x�� *

. E�¬��æ � |�»���M�& * =n�� - ¨��¬��h� °�æ«� +x»�� �¦�ñ E�ñíi�& {��íV�i�� * ' ni ue fame was earned on Earth by RÁma'.

¦��Ûn�Û���v�¦S� -

x��. - ¨��¬�æx�­`�°��«�x��æ«�­`»�E� - ¼�«�¾i�¨�æ«�±�I�h�-°�ò-+æv�E�¨�h�E� - °�òi�E��æ±�E� - ¼�®{��n�x�V�x»� - �±�¦��±�ñ E�ñ i�& *

«��. - ¨��¬��æ°�z�E�i�²�æx�­`�& °�òi�E��æ±�E�& °�ò-+æv�E�¨�h�E�& BE�i«��«�ëSU�z�-¼�«�¾i�¨�æ«�±�I�h�-»�¦���æ°�z�-E�¬��æx�­`�& ¼�®{��n�x��x��Eò�±�& «»��{��¨�& *

¬�ñ. - ¼�«�¾i�¨�æ«�±�I�h�-»�¦���æ°�z��æ �i�-E�¬��i«�-¼�¬��x��æv�E�¨�h�� °�ò-+æv�E�¨�h�E�� ¼�®{��n�x� �»���æV�E�� °�òi�E��æ±�E�ñ ¨��¬�æx�­`� -

E�i�²�i«�¼�¬��x��æv�E�¨�h�� °��«�x�� *

. æ E�¬��E� E�i��æ¨ �|�»���M�& * =n�� - ¨��¬� �x �& �¦� �ñ«�® {�¨�±���E®� +x�ñx�»�i�å * 'RÁma took (sent) RÁva a to the other

world'. ¦��Ûn�Û���v�¦S� -
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x��. - n�¦�O�ñ«�-E�¬��E� - {�¨�±���E�-+E�æl�i�E�¬��E� - x�»�x��x��Eò�±� - °�òi�E��æ±�E�E²�æi�¬��x�å ¨��¬�S�xp�& *

«��. - n�¦�O�ñ«��æ°�z�E�¬��æx�­`�& {�¨�±���E��æ°�z�-+E�æl�i�E�¬��æx�­`�& ¨��¬�S�xp��æ°�z�E�i�²�æx�­`�& °�òi�E��æ±�E�& x�»�x��x��Eò�±�& «»��{��¨�& *

¬�ñ. - n�¦�O�ñ«�æx�­`�E�¬��i«� - {�¨�±���E�æx�­`��E�æl�i�E�¬��i«� - ¼�¬��x��æv�E�¨�h�� ¨��¬�S�xp�æx�­`�� °�òi�E��æ±�E�ñ x�»�x��x��Eò�±�� °��«�x�� *

. æu�E�i�²�E�-E�i��æ¨ �|�»���M�& * =n�� - ¼�ñi��{�æi�& ¼«�»�® E�æ{�æ°�& ¼��i��® �x �»��¬��¼� * 'RÁma (got) b ilt a bridge by monkeys'.

¦��Ûn�Û���v�¦S�

x��. - ¼��i��æx�­`�E�¬��E� - Û�³�¶E�æ{�E�¨�h�E� - ¼«�E�i�²�E� - {�¨���I�°�òi�E��æ±�E� - Û�xv�x��x��Eò�±�E²�æi�¬��x�å ¼�ñi��{�æi�& *

«��. - BE�i«��«�ëSU�z�-¼�ñi��{�i»�æ°�z�-i�iE�i�²�æx�­`�& Û�³�¶i«��«�ëSU�z�-E�{»�æ°�z�E�¨�h�æx�­`�& ¼��i«�æ°�z�E�¬��æx�­`�& {�¨���I�°�òi�E��æ±�E�& Û�xv�x��x��Eò�±�&

«»��{��¨�& *

¬�ñ. - ¼��i��æx�­`� - E�¬��E�� ¼��I��k«�æ«�æ¦�­]�-¼�ñi��{�æi�æx�­` -� E�i�²�E�� Û�³�¶i«�æ«�æ¦�­]�-E�æ{�æx�­`� - E�¨�h�E�� {�¨���I�°�òi�E��æ±�E�ñ Û�xv�x��x��Eò�±��

°��«�x�� *

. æu�E�i�²�E�-E�¬��æh� |�»���M�& * =n�� - «��»��{��j��h� ¨��¬��h� � å E�� °�¼¬�¼��i�å +E��æ¨� * ' a kÁ was rendered to ashes by

an mÁn and RÁma'. ¦��Ûn�Û���v�¦S�

x��. - «��»��{��j�æx�­`�-¨��¬�æx�­`�-¼�¬��ëSS�i�°��«�x��æ«�­`»�E� - °�òi�E��æ±�E� - n�³¶x�V�x»�Á�±�¦��æ±�x�ñ ±�Rå�E�� *

«��. - «��»��{��j��æ°�z�-¨��¬��æ°�z�-¼�¬��SS�»�æx�­`� - æu�E�i�²�E�& °�òi�E��æ±�E�& ±�Rå�E��æ°�z�E�¬��æx�­`�& n�³¶x��x��Eò�±�& «»��{��¨�& *

¬�ñ. - «��»��{��j�æx�­`�-¨��¬�æx�­`� - E�i�²�i«�u�»�¼�¬��x��æv�E�¨�h�� ±�Rå�E��æ°�z��æü�i� - E�¬��i«�æ«�æ¦�­]� - n�³¶x�æ �»��Á�±�|�»���æV�E�� °�òi�E��æ±�E�ñ

°��«�x�� *

. æu�E�¬��E�-E�¬��æh� |�»���M�& * =n�� - �¦��¼»�& V��x�E�ñ¦��x� æj�æ«� {�® +x��æ»� * ' RÁ a a was taken (sent) to the other

world by RÁma'. ¦��Ûn�Û���v�¦S� -

x��. - V��x�E�ñ¦�æx�­`� - °��«�x��æ«�­�»�E� - °�òi�E��æ±�E� - æj�æ«�­]�{��æv�E�¨�h�E� - x�»�x�V�x»�Á�±�¦��±�ñ n�¦��¼»�& *

«��. - V��x�E�ñ¦��æ°�z�E�i�²�E� - °�òi�E��æ±�E� - BE�i«��«�ëSU�z�-n�¦��¼»��æ°�z�E�¬��æx�­`� - æj�æ«�­]�{��æv�E�¨�h�E� - x�»�x��x��Eò�±�& «»��{��¨�& *

¬�ñ. - V��x�E�ñ¦�æx�­`�-E�i�²�i«�¼�¬��x��æv�E�¨�h�� n�¦��¼»��æ°�z��æü�i�-E�¬��i«� - æj�æ«�­]�{��ü�»�-+æv�E�¨�h�i«�- ¼�¬��x��æv�E�i�h�� °�òi�E��æ±�E�ñ

x�»�x��x��Eò�±�� °��«�x�� * ¦��Ûn�Û���v�¦S� -

. E�¬��E�i��æ¨� |�»���M�& * =n�� - ¨��¬�& ¼«�»�® {�òV»�i�� * 'RÁma is being worshipped'. ¦��Ûn�Û���v�¦S� -

x��. - «�i��¬��x�E��æ±�E� - {�òV��V�x»� - Á�±�¦��±�ñ ¼«��æ°�z�& ¨��¬�& *

«��. - ¼«��æ°�z�æ«�æ¦�­]��E�i«��«�ëSU�z�-¨��¬��æ°�z�E�i�²�æx�­`�& «�i��¬��x�E��æ±�E�& {�òV��x��Eò�±�& «»��{��¨�& *

¬�ñ. - ¼«��æ°�z�i«�æ«�æ¦�­]-¨��¬��æ°�z��æü�i�-E�¬��i«�-¼�¬��x��æv�E�¨�h�� «�i��¬��x�E��æ±�E�ñ {�òV��V�x»� Á�±�|�»���æV�E�� °��«�x�� *

. �� �� |�»���M�& * =n�� - ¨��¬� �x ��h� °�ò»�i�� * '( t is) being e isted by RÁma'. ¦��Ûn�Û���v�¦S� -

x��. - «�i��¬��x�E��æ±�E� - ¼�k��|�»���V�E� - E²�i»��ü�»�& ¨��¬�S�xp�& *

«��. - ¨��¬�S�xp��æ°�z��ü�»�E�& «�i��¬��x�E��æ±�E�& ¼�k��x��Eò�±�& «»��{��¨�& *

¬�ñ. - ¨��¬�S�xp�æx�­`-E�i�²�i«�-¼�¬��x��æv�E�¨�h�� «�i��¬��x�E��æ±�E�ñ ¼�k��x��Eò�±�� °��«�x�� *
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R  

a er   Re ar

10.1 onc us on

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.  u ure co e

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 KÁraka - 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, S£tra-s, conversations etc. eb-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, S£tras (terse aphorisms) also re uire
such control and larger rulebase.
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ara i m anal sis o  ominal st ms in ans rit

The methodology of PÁ inian grammar may be illustrated by its generalisation of the nominal

declensional and verbal inflexional affixes. y A ÁdhyÁy  4.1.2, it gives the following archetypal affixes

for the nominal declension :

Singular Dual Plural

Nominative ¼�� +�� V�¼�å

Vocative ¼�� +�� V�¼�å

Accusative +¬�å +��]å� ¦�¼�å

nstrumental ]�� ­»��¬�å æ­�¼�å

Dative R�� ­»��¬�å ­»�¼�å

Ablative R�æ¼� ­»��¬�å ­»�¼�å

enetive R�¼�å +��¼�å +�¬�å

ocative æR� +��¼�å ¼�� �å

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. ¼�å (=)

0 after consonantal stems, feminine stems ending in long [<�  ] (6.1.68)

[+¬�å] after neuter stems ending in [+] (7.1.24) and first and second 

personal pronouns [+nå�båÖå] for bÖ � �æn� (7.1.25)

2. Voc. Sing. ¼�å (=)  0 after stems in short vowels and monophthongs [ , +��] (6.1.69)

. Nom-Voc. Acc. Dual [+�� (]å�)]

[(¦�å) <�] after feminine stems in [+�] (7.1.18) and all neuter stems (7.1.19)

[+¬�å] after first and second personal pronouns (7.1.28)

4. Nom. Voc. Plural [(V�å) +¼�å]

[(¦�å) <�] after pronomial stems (7.1.17)

[(¦�å) <] after neuter stems (7.1.20)

[+�� (¦�å)] after [+ �å-] (7.1.21)

[0] after numerals designated by the technical term [ �]å� 1.1.24] (7.1.22)

[+¬�å] after 1st and 2nd pers. pronouns (7.1.28)

5. Acc. Sing. [+¬�å]
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0 after neuter stems (7.1.23)

[+¬�å] after neuter stems ending in [+] (7.1.24)

6. Acc. lur. [(¦�å) +¼�å]

long owel + x�å in masc. stems (6.1.103)

[(¦�å) <] after neuter stems (7.1.20)

[+�� (¦�å)] after [+ x�å] (7.1.21)

[+¬�å] after 1st and 2nd pers. prons. (7.1.28)

7. Instr. sing. [(]å) +�]

[x��] after masc. stems defined b  æ � (1.4.7:ending in short <, ) (7.3.120)

[<x�] after masc. and neut. stems ending in short [+] (7.1.12)

8. Inst. dat.  abl. dual [­»��¬�å]

9. Inst. plur. [æ­�¼�å]

[B¼�å] after stems ending in short [+], masc. as well as neut. (7.1.9)

10. Dat. sing. [(Rå) B]

[»�] after stems ending in short [+], masc. as well as neut. (7.1.13)

[¼¬��] after masc. pronomial stems (7.1.14)

[¼»�� (]å�) + (Rå) B] after fem. pron. stems (7.3.114)

[+¬�å] after 1st and 2nd pers. pronomial stems (7.1.28)

[+� (]å�) + (Rå) B] after fem. stems in both short and long [<�, >°] (7.3.112)

[»�� (]å�) + (Rå) B] after fem. stems ending in long [+�] (7.3.113)

11. Dat. plur. [­»�¼�å]

[+­»�¬�å] after 1st and 2nd pers. pron. (7.1.30)

12. Abl. sing. [(R å) +¼�å (<)]

[+�i�å] after stems in short [+] (7.1.12)

[+i�å] after 1st and 2nd pers. pron. stems (7.1.32)

[+�(]å�)+ (Rå)+¼�å(<)] after fem. stems in short and long [<�, >°: x�  1.4.3ff.] (7.3.112)

[»�� (]å�) + (Rå) +¼�å (<)] after fem. stems in [+�] (7.3.113)

13. Abl. plur. [­»�¼�å]

[+i�å] after 1st and 2nd pers. pronominal stems (7.1.31)
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14. Gen. sing. [(R�å) +¼�å]

[¼»�] after stems in [+] (7.1.12)

[¼»�� (]å�) + (R�å) +¼�å] after pronomial stems (7.3.114)

[+� (]�å) + (R�å) +¼�å] after fem. stems in short or long [<, =] (7.3.112)

[»�� (]å�) + (R�å) +¼�å] after fem. stems in [+�] (7.3.113)

15. Gen. Loc. dual. [+��¼�å]

16. Gen. plur. [+�¬�å]

[x�å (=]å�) + +�¬�å] after stems ending in short vowels and fem. stems in [<, =, 

long and short, and +�] (7.1.54)

[¼�å (=]å�) + +�¬�å] after pron. stems (7.1.52)

[+�E�¬�å] after 1st and 2nd pers. pronomial stems (7.1.33)

17. Loc. sing. [(R�å) <]

[+�¬�å] after fem. stems in [+�, <�, ] (7.3.116) and after fem. stems in short 

[<, =] (7.3.117)

[+� (i�å)] after stems denoted by the technical term æP� (1.4.7) (7.3.118)

[+� (]�å) + +�¬�å] after stems denoted by the ¼� �� [x�n�ñ 1.4.3ff] (7.3.112)

[»�� (]å�) + +�¬�å] after fem. stems in long [+�] (7.3.113)

18. Loc. plur. [¼� ({�å)]

[Ref. ntroduction in Á yÁy   Á i i, Roman Transliteration and nglish Translation by   ].

This has been applied to all the different bases obtaining in marakoÀa, PÁ ini's Li gÁnuÀÁsana
etc. and similar works like abda-ratnÁval , Prof. orvankar's and Prof. unnarkar's categories etc. as
also with a view to apply for morphological analysis and 'parsing' including edic te ts, (even treating
cerebralisation as a distinct type etc.) the following list has been arrived at 

¼��Û� i�-¦�Ûn�- � �n��& - æi�{� �- �n�¦�-¦�Ûn�-¼�æ i��&

{��æ &   � � �  1. ¨��¬� - +Eò�{��¨�, +I�, +I�¨�, +æ �� �, + ¨�

 2. n��«� - +E��  +I�i�, +M�, +M���{�, +P�  3. ¼�«�� - +x»�i�¨�, <i�¨�, E�i�¨�, i�i�¨�, »�i�¨�

 4. æ«� � - +x»�, E�i�¬�, i�i�¬�, i«�, »�i�¬�  5. {�ò«�� - +v�¨�, +xi�¨�, +{�¨�, +«�¨�, {�¨�

 6. n�æI�h� - ¼«�  7. � �¬� - +v��, + {�, E�æi�{�»�, æu�i�»�

 8. �¨�¬� - {�ò«���{�¨�, «�h��� �¬��i�¨  . x��¬�

 1 . æu�i�ñ»� - i�i�ñ»�  11. =­� - =­�E�

 12. =­�»�  13. E�
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 14. æx�V��¨�  15. {��n�

 16. n�xi�  17. ¬��¼�

 18. »�ò³�  19. <)  «»�<), ¼��»��<)

� E��¨��xi�&  20. æ«� �{�� - M���{��, v�ò �{��, ¦� v¬��, ¼���¬�{��

 21. ¶²�¶²� < E��¨��xi�&

 22. ¶²æ¨� - +æp�, <xp��æ¨�, >° ¬�, @�æ³�, E��æI�  23. ü�ñ{�æi� - +æ ¾, +Y¾æ}*, +æi�æ �, +æi�æu�, +æi�¼�æJ�

 24. {�æi�  25. ¼�æJ�

 26. +�b�Ö}*��æ¬�  27. +æi�ë¼j�

 28. æ|�»�æj�  29. ¼��¼�æJ� - +æi�¼�æJ�, {�¨�¬�¼�æJ�

 30. æu�  31. æj� - {�¨�¬�æj�

 32. æI� < E��¨��xi�&

 33. �¶�²ü��»�¼�ñ  34. +æi�}*I¬�ñ

 35. E��¬��¨�ñ  36. x�ñ - +O�h�ñ, = �ñ, O��¬�h�ñ, ¼��x��x�ñ

 37. ¼�J�ñ  38. «��i�|�¬�ñ - {�{�ñ, »�»�ñ

 39. «��i�|�¬�ñ - V�}*{�ñ, |�v�ñ, «��M�ñ  40. ¼��v�ñ - {�  ñ, {�¨�¬�v�ñ, »�«�G�ñ, ¦�� �v�ñ, ¦��³E�ñ

 41. ¼��J�ñ - I��¬�ñ, |�¼i�ñ¬�ñ, }ò*x�ñ, ¼�J�ñ, ¼��i�ñ  E��¨��xi�&

 42. M��ø� - <³��, @�­��, E��ø�, E��¼��¬��³��, æn�f(I��  43. «��»�� - + ¾�, +®®¦��, @�i��, +��i��, E�hbÖ�

 44. G���7�$  45  ¼��x��

 46. Ih�� - n��, p��, , »��, ø�, ü��, ¼i��, ��, ¶�²  E��¨��xi�&

 47. ¶ò²¶ò²  48. +æi�S�¬�ò

 49. ¼«�­�ò - +�i¬�­�ò, E� |�ò, E��¨��­�ò, f(M­�ò, |�æi�­�ò  50. «�³���­�ò - = ò*, J�}*{�ò, f(x­�ò, f(¬­�ò, {��x�­��ò

� E��¨��xi�&  51. v��i�· - +�¨��v�æ»�i�·, = (�i�·, E�i�·�, I� �·, i«�7·$

 52. x�·  53. æ{�i�· - V��¬��i�·, n��«�·, ¤��i�·, ¼�«»��7·$

� E��¨��xi�&  54. E§� - i�§

 E��¨��xi�&  55. ¦�E�� - M�¬��

 E��¨��xi�&  56. ¼�� - ¼¬�·i��

� E��¨��xi�&  57. V�}*¬��S�å - {�»���¬��S�å, ¼��«��S�å

 58. ¼��«�· �å  59. |��X¾å - +n�p�ÂX¾å, +n�¬��»�X¾å, +x«�X¾å, +¬��¬��»�X¾å,

 60. |��S�å - +«���S�å, +«��S�å, {�¨��S�å  61. |�i»�S�å - +n�p�ÂS�å, +n�¬��»�S�å, +¬��¬��»�S�å, n��«�p�ÂS�å

 62. +x«�S�å - æ«�³«�S�å  63. =n�S�å

 64. æi�»��S�å  65. +S�å

� E��¨��xi�&  66. æ­�³�V�å - >°V��å, @�ëi«�V�å, G�i��­��V�å, i�x��i»�V�å, ¼��J�­��V�å

 67. »��Y¾å  68. æ«�¤��V�å - ¼��»��V�å
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 69. æ«�á�¨��V�å  70. ­�· ¾å

 71. � ¾å  72. ¨��V�å - n��«��V�å, {�æ¨�¬�·V�å, {�æ¨� ��V�å, æ«�¤��V�å, æ«�á�¼�·V�å

� E��¨��xi�&  73. ¼��M�h�å - ¼��M��h�å

i� E��¨��xi�&  74. n�n�i�å - +¬Û��­�·i�å, <x �æV�i�å, I¬��­�·i�å, M�ø�i�å, S�E��¼�i�å,

 75. ¬�¶²i�å  76. ­�«�i�å - +n�i�å, +v�ñ»�i�å, =n�»�i�å, E��«��i�å, æS�xi�»�i�å

 77. v�ñ¬�i�å - +æF¾¬�i�å, <SU�i�å, =n�x«�i�å, Bi��«�i�å, M���¬�i�å � E��¨��xi�&

 78. +æF¾¬�l�å  E��¨��xi�&

 79. æn�æ«�³�nå� - +æi�i»�nå�, G�«»��nå�, ¨��V�x��nå�, ¦��¼j�æ«�nå�, ¼�� ²nå�  80. i»�nå�

 81. »�nå�  82. Bi�nå�

 83. +i»�¼¬�nå�  - (i«��® ¬��® «�� +æi�G��xi�& <æi� æ«�O�¶�²)  84. +æi�»��³¬�nå� - (i«��® ¬��® «�� +æi�G��xi�& <æi� æ«�O�¶�²)

 85. +i»�¼¬�nå� - (»��«��¬�å +�«��® «�� +æi�G��xi�& <æi� æ«�O�¶�²)  86. +æi�»��³¬�nå� - (»��«��¬�å +�«��® «�� +æi�G��xi�& <æi� æ«�O�¶�²)

 87. +i»�¼¬�nå� - (»��³¬��x�å +¼¬��x�å «�� +æi�G��xi�& <æi� æ«�O�¶�²)  88. +æi�»��³¬�nå� - (»��³¬��x�å +¼¬��x�å «�� +æi�G��xi�& <æi� æ«�O�¶�²)

 89. ¼��{��nå� - æj�{��nå�, æu�{��nå�  90. i�nå�

� E��¨��xi�&  91. Û��v�å

x� E��¨��xi�&  92. ¼��j��¬�x�å - G��«�x�å, M�æ¨�¬�x�å, O��«�x�å, i�I�x�å, «�·³�x�å

 93. ¬�òv��x�å - +æh�¬�x�å, ¬�æ¶²¬�x�å, ¼�¶² �v��¬�x�å, ¼��n��¬�x�å  94. +�i¬�x�å - {��{¬�x�å, »�V«�x�å

 95. ´�Ëx�å - +x�«��x�å, æ«�á�E�¬��x�å, ¼��i�¬��x�å, ¼��{�«��x�å  96. ¤�òh�¶²x�å - +¬�ñ«�¶²x�å, M���¶²x�å

 97. «�·j�¶²x�å - {�òø�³�¶²x�å, ´�Ë¶²x�å, ¨�I���¶²x�å  98. M��æh�x�å - +v�ñæi�x�å, E·�æi�x�å, M��æ¬�x�å, M�·¶²ñæi�x�å, i�{�ë¼«�x�å

 99. E�æ¨�x�å - +x��¼��æ¨�x�å, U�æj�x�å, n�hbÖv��æ¨�x�å, n���æ³�x�å, {�æI�x�å  100. {�ò³�x�å - +»��¬�x�å

 101. {�æl�x�å - ¬�æl�x�å  102. ¨��V�x�å - æ|�»�{� ¾x�å

 103. |�æi�æn�«�x�å  104. ¬�P�«�x�å

 105. á�x�å  106. +«��x�å

 107. »��«�x�å  108. ­��æI�x�å

 109. n�ñP���¶²x�å  110. ¬�P�«�x�å

 111. æ|�»��7$x�å - {�¨�¬��7$x�å � E��¨��xi�&

 112. M��{�å � E��¨��xi�&

 113. æE�¬�å  114. <n�¬�å

 115. <n�E�¬�å  116. |�¦��¬�å

¨� ��xi�&  117. æ|�»�S�i��¨å�

 118. S�i��¨å� - {�¨�¬�S�i��¨å�, æ|�»�S�i��¨å� � E��¨��xi�&

 119. æ«�¦�å - ¤�¦�å, ¬�·¦�å  120. x�¦�å

 121. {��¨���bÖ�¦�å  122. i��f(¦�å - P�·i�¼{�·¦�å, »��f(¦�å, ¼{�·¦�å

� E��¨��xi�&  123. ¨� ¾¬��³�å - n��¶²{��³�å, æu�³�å, x�ñ ëi«�³�å, ¼��¨�æu�³�å

 124. n���³�å  125. n�v�·³�å

 126. æ{�{�æ ³�å  127. æ|�»�³�³�å
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 128. æS�E�ñ³��å  129. æ«�æ«�I�å - i�I�å

 130. M���¨�I�å - i�I�å, æn�v�I�å, æ{�{�I�å, æ«�«�I�å � E��¨��xi�&

 131. «��v�¼�å - +¬�·i��xv�¼�å, S�xp�¬�¼�å, æn�«���E�¼�å, æÛ�bÖ��V�¼�å, ¼��¬�x�¼�å  132. =¦�x�¼�å

 133. {��¬¼�å  134. +n�E�¼�å

 135. ¼��æ{�¼�å  136. ¼��i��¼�å

 137. æ«�u�¼�å - n��á�¼�å, ¬�ñ ¼�å, ¼�� ¼�å  138. i�ë¼ �«�¼�å - ={��æ»�«�¼�å, >°æS�«�¼�å, ¼��æn�«�¼�å

 139. +x��¶²¼�å - {��ø�n�¼�¼�å  140. ü��»�¼�å - E�x�ñ»�¼�å, M�¨�ñ»�¼�å, V»��»�¼�å, |��»�¼�å

 141. ¼��æ¶²¬¼�å - æV�P��¬¼�å  142. �¼�å - v«�¼�å

 143. ¼��«�¼�å - æ{�hbÖO�¼�å, æ{�hbÖM}*¼�å  144. =n�íS�¼�å - M�·¶²ñi�v�x��¼�å, V»���æi�¼�å, æj�­��«�x�«�{��¼�å, n�ñP���»��¼�å

 145. +n�¼�å  E��¨��xi�&

 146. æ}*¶å² - n��¬�æ}*¶å², ¬�¶²ñø�¶å²  147. n��¶å²

 148. p��¶å²  149. +x�b�Ö¶å²

 150. i��¨��¼��¶å²  151. ­�ò«��¶å²

 152. ¬��¶å² - x�¶å², æ6�¶å², 6��¶å²  153. æ«�á�«��¶å² - ­��¨�«��¶å², á��i�«��¶å², ¶²«»�«��¶å²

 154. á��i�«�¶å²  E��¨��xi�&

 155. E�¬�}å*   E��¨��xi�&

 156. æ}*Rå� - }*Rå�, }�*Rå�, }·*Rå�

  � E��¨��xi�&  157. ¨�¬�� - +v�ñi��, +x��n�¨��, =n��¨��, I�h�|�­��, M���j��

 158. +ë¬Û�E�� - +K"x��, +S�}*�, +V��, +i��}*�, +x�xi��  159. ¼�«��� - +v�¨��, +xi�¨��, +x»�i�¨��, +x»��, +{�¨��

 160. {�ò«��¾k�¨�� - =k�¨�{�ò«���, {�ò«��¾k�¨��  161. æu�i�ñ»�� - i�·i�ñ»��

 162. +¬Û�� - +  �, + *�  163. V�¨��

 164. x��æ¼�E��  165. æx�¦��

 166. {�·i�x��  167. BE��

 168. =­�»��  169. =­��

< E��¨��xi�&  170. ¬�æi� - +K"æ}*  + æx�, +¬�æx�, +¨�æh�, +«�æx�

 171. >°í¬� - +x��{�}*ëÛv�, +æü�, E·�æ³�, J��æ¨�, n�í«�  172. æ|�»�æj�

 173. +æi�ë¼j�  174. æj�

< E��¨��xi�&  175. M���¨�ñ - +x�·­��I�ñ, =«� , E��ø�S�¨�ñ, E���Û��¨�ñ, ��� ñ

 176. ¼�J�ñ - + «�ñ, +� �»�ñ, +�O�¶²�»�h�ñ, B�xp�ñ, B�¨��«�i�ñ  177. ¼j�ñ

 178. +«�ñ - |�v�ñ  179. }*I¬�ñ - i�xj�ñ, i�¨�ñ, ¬�¶²�}*I¬�ñ, ¼i�¨�ñ

 180. ü�ñ - ñ  181. |�v�ñ - v�ñ, ­�ñ

 E��¨��xi�&  182. v��x�� - E�¨��h��, E�E��xv��, æE�³E��, E��, E��¶�²

 183. ¼�¨�»�� - ³��  E��¨��xi�&

 184. «�v�ò - +}*�Û�ò, +�bòÖ, E�S ò, E�hb�Ö, E��¼�ò  185. ¨�¬­���¡� - +�¡�, E�³�ò�, E�¦��¡�, E��¡�, J�V�ò�
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 186. «�³���­�ò - {��x�­�ò�, ¬�ò  187. ­�ò

 188. ¤�ò - ¼��¤�ò  E��¨��xi�&

 189. ¼«�¼�· - x�x��xf(, »��i�·  190. ¬��i�· - n��æ¶²i�·

� E��¨��xi�&  191. «��S�å - V»��S�å, i«�S�å, ¦��S�å, ë¼ �S�å, È��S�å

� E��¨��xi�&  192. È�V�å - æ­�³�V�å, ø�V�å

i� E��¨��xi�&  193. ¶²æ¨�i�å - S�i«��æ¨�¬¦�i�å, i�æ i�å, æj�¬¦�i�å, {� �¦�i�å, {��i�å

 E��¨��xi�&  194. ¬��nå� - +�{�nå�, {�æ¨�³�nå�, |�æi�{�nå�, æ«�{�nå�, ¦�¨�nå�

 195. i�nå�  196. i»�nå�

 197. Bi�nå�  198. »�nå�

� E��¨��xi�&  199. I��v�å - ��v�å, »��v�å, «�ñø�v�å, ¼�æ¬�v�å

x� E��¨��xi�&  200. n��¬�x�å - ¼�ñ¬�x�å

 201. �¶�²¨��V�x�å � E��¨��xi�&

 202. +{�å � E��¨��xi�&

 203. E�E��­�å - æj� �­�å � E��¨��xi�&

 204. <n�¬�å  205. æE�¬�å

 206. <n�E�¬�å ¨� ��xi�&

 207. M�ñ¨å�  208. u��¨å� - «��¨å�

 209. {�ò¨å� - V�ò¨å�, i�ò¨å�, v�ò¨å�, ¬�ò¨å�, ¶ò²¨å�  210. S�i��¨å�

� E��¨��xi�&  211. æn�¦�å - f(¦�å, v�·¦�å, æ«�¦�å, ¼�f(¦�å

 212. æ«�{��¦�å � E��¨��xi�&

 213. |��«�·³�å - i�·³�å, ëi«�³�å, æu�³�å, ø�³�å, æ«�|��³�å  214. ¼�V��³�å

� E��¨��xi�&  215. +n�¼�å

 216. +�æ¦�¼�å  217. ­��¼�å

 218. ¼��¬�x�¼�å - +{¼�¨�¼�å, =³�¼�å  219. æn�¼�å - + S�¼�å

 E��¨��xi�&  220. ={��x�¶å²

 221. =ë³h�¶å²  222. E��¬�n��¶å²

� � �    E��¨��xi�&

 223. ��x� - +H", +Hô"¦�, +K", +K"h�, +K"n�  224. M�·¶² - +I�, + �, +Kô"æ j�, +V�È�, +æV�¨�

 225. E�i�¬� - +x»�, i�i�¬�, »�i�¬�  226. E�i�¨� - +x»�i�¨�, <i�¨�, i�i�¨�, »�i�¨�

 227. ¼�«�� - +v�¨�, = �¨�, BE�i�¨�, {�¨�, {�ò«��  228. æ«� � - n�æI�h�, ¼«�

 229. {�ò«�� - +v�¨�, +xi�¨�, +{�¨�, +«�¨�, {�¨�  230. n�æI�h� - ¼«�

 231. BE�  232. =­�»�

 233. +V�¨�  234. ²n�»�

 235. +�¼»�  236. =n�E�

 237. ¬��¼�  238. =­�
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 E��¨��xi�&  239. «��æ¨� - +æv�ë¼j�, ­�òæ¨�, ¼��¨�æ­�

 240. ¦��æS� - = (�æ¼�, {��n�{��æh�, ¦���æ­�  241. +æI�

 242. |�æv�  243. ¼��æv�

 244. +æi�ë¼j�  245. æ|�»�æj�

 246. n�æv�  247. +ë¼l� - +æi�n�æv�, n�æv�, æ|�»�n�æv�, æ|�»��ë¼l�, ¼�ë l�

 248. +æi�æ¨� - +x��æn�, |�æ¨�, ¼�æJ�  249. æj�

 E��¨��xi�&  250. ¬�v�� - +¬Û��, E�¬�hbÖ}�*, V�i��, i��}�*, j�{��

 251. M��ø� - +ü��, =ø�, E�¦��ø�, S��ø�, ¦¬�ü��  252. æ|�»� ��� �

 253. ¼��x��  E��¨��xi�&

 254. E�i�·� - ��i�·, v��i�·, {��i�·, ¦��¼i�·, ¶²i�·� � E��¨��xi�&

 255. ¼��«��S�å  256. M�«��X¾å

 257. æi�»��X¾å - +n�p�ÂX¾ å, +n�¬��»�X¾å, +x«�X¾å, +¬��¬��»�X¾å  258. |��S�å - +«���S�å, +«��S�å, {�¨��S�å

 259 |�i»�S�å - +n�p�ÂS�å, +n�¬��»�S�å, +¬��¬��»�S�å, n��«�p�ÂS�å  260. +x«�S�å - æ«�³«�S�å

 261. =n�S�å  262. æi�»��S�å

� E��¨��xi�&  263. +¼�·V�å

 264. V��å  265. Û�¶ò²V��å

 266. J� ¾å i� E��¨��xi�&

 267. v�x�«�i�å - +n�i�å, =n�æ �i�å, M��h�«�i�å, V�M�i�å, {�·³�i�å  268. ¬�¶²i�å

 269. {�S�i�å - M�SU�i�å, æS�E�ñ³��i�å, S���¨�»�i�å, n�ñ«»�i�å, ­�«�i�å  270. n�n�i�å - V�I�i�å, V�� �i�å, n�v�i�å, ¦��¼�i�å

 271. i��n�i�å - = *¼�i�å, n��¼»�i�å, x��n�i�å, ­��i�å, »��i�å  272. »�E·�i�å - ¦�E·�i�å

 E��¨��xi�&  273. i�nå� - i»�nå�, »�nå�

 274. Û��æ­�nå� - S��ëSU�nå�  275. Bi�nå�

x� E��¨��xi�&  276. � x�å - E�¬��x�å, S�¬��x�å, x�¬��x�å, ­�¬��x�å, «�¬��x�å

 277. V�x¬�x�å - v�x«�x�å, «�i¬��x�å  278. |��¬�x�å - Û�¶�²{�ò³�x�å, Û� »��¬�x�å

 279. ¼��¨��V�x�å  280. ¼��{�æl�x�å

 281. Û�¶�²«�·j�¶²x�å - Û�¶�²«�·j�¶²x�  282. +¶²x�å - n�ñ ���¶²x�å

 283. x��¬�x�å - n��¬�x�å, v��¬�x�å, ­�¼¬�x�å, ¨���¬�x�å, «»���¬�x�å  284. n�ëhbÖx�å - M��æh�x�å, «��ëM¬�x�å

 285. �ëM«�x�å � E��¨��xi�&

 286. ¼«�{�å � E��¨��xi�&

 287. æE�¬�å  288. <n�¬�å

 289. <n�E�¬�å ¨� ��xi�&

 290. S�i��¨å�  291. «��¨å�

� E��¨��xi�&  292. æ«�¬�}*æn�«�å - ¼��æn�«�å

� E��¨��xi�&  293. i��f(¦�å - Bi��f(¦�å, »��f(¦�å
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³� E��¨��xi�&  294. ¨� ¾¬��³�å - x�ñ}* i«�³�å

 295. æ{�{�æ ³�å  296. n���³�å

¼� E��¨��xi�&  297. ��»�¼�å - +h�ñ»�¼�å, +xv�¼�å, +h��¼�å, +�M�¼�å, =¨�¼�å

 298. +n�¼�å  399. æ«�u�¼�å

 300. ¼��{��¬¼�å  301. ¼��æ¶²¬¼�å - æV� ��¬¼�å

 302. �¼�å - v«�¼�å  303. ¶²æ«�¼�å - +íS�¼�å, =n�íS�¼�å, ín�¼�å, V»���æi�¼�å

 304. v�x��¼�å - + ¼�å, +�»��¼�å, S� ��¼�å, V�x��¼�å, i�x��¼�å  E��¨��xi�&

 305. ¼«�x� �¶å²  306. æ}*¶å²

{��®/¼j�ñæ}*K"E�& - < E��¨��xi�&

 307. �v�ñ � E��¨��xi�&

 308. ¨�� +�� E��¨��xi�&

 309. M��� - t��, ¼��t��, ¼¬�i��� +� E��¨��xi�&

 310. M}*�� - x���, ¼��x��� � E��¨��xi�&

 311. +«�»��V�å � E��¨��xi�&

 312. ¼��æn�«�å - æn�«�å ¼j�ñ/ �{��®¼�E�æ}*K"E�& - < E��¨��xi�&

 313. æu� æj�æ}*K"E�& - < E��¨��xi�&

 314. æi�  E��¨��xi�&

 315. »��³¬�nå�  316. +¼¬�nå�

x� E��¨��xi�&  317. {�X¾x�å - S�i��n��¦�x�å, n�¦�x�å, u��n�¦�x�å, x�«�x�å, {�¨�¬�{�X¾x�å

 318. +7$x�å - {�¨�¬��7$x�å ³� E��¨��xi�&

 319. ³�³�å - {�¨�¬�³�³�å ¼� E��¨��xi�&

 320. = �¦��¼�å

 : e e  : 1st Col. = (cum.) Sl. No. of word-type; 2nd Col. = Illustrative ead-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.

urther 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. ultiple word identifications are a major gain of this process. Accent-related sub-
types are covered in the algorithm using Sup-Svara rules. YÁska s Nighaü¦u may be adopted for

lexicon in accented word analysis.

This list is about 95  complete. ord-types with TadrÁja suffixes (Aµ, Aü, ¯ya , ya, Iµ, ¯ya, 
¯ya¦, eüyaü, Cha, Yaµ) etc. which, while denoting plurality (in non-feminine stems) get these 

suffixes elided. (2.4.62ff.) Certain special (  pronomial) compound formations, words formed 

with suffixes like  etc. are to be accounted for. edic types also require handling as per 

details found in ha¦¦a-bhÁskara-bhÁ ya etc.
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e 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, i�¼¬��� ��x��n��«�­i»��éæx�­ � i�é

«��»�­«»���x»��S»�xi�� (i��. ¼�®. 6.4.6.7); [nÁnad atyÁni] santi  is a noun here;

+æKé"¨�¼�& ¼��«�­M� }­*��E®� �­i�  {��é¨�­�� �¦�é& Eò°�¬�� ²�ò°i«��x��° ��¼�é{��i�å (i��. ¼�®. 5.2.8.4); yata� [ r Á a�  - yata� is a
noun here [mas. acc. plural in at  ending], only yata� derived from yad pronoun, as its suffix tasil is lit -

»�i�é& - changes verb accents;

yathÁ - i�® x��­æ¬�¬�³°²�«���æ »�­l��%%x�é¬�¼«�­ ¼�°òé¶æi�æ²�& (i��. ¼�®. 2.6.11.1); +� ¼�­«�Ç ¼�éæ«�­i��»��æl�­� ²�M�é¼»��«� ²��°æV�Ç °�é¶«�� (i��. ¼�®.

3.1.11.8); when meaning similarity or analogy, yathÁ is unaccented - »�­l�­� - [as in these two cases] and

does not accent verbs and only yathÁ derived from yad pronoun, as its suffix thÁl is lit - »�l��� - changes
verb accents).

Á ini has enumerated various circumstances for the change of default accents for nouns,
verbs, particles, compounds, affixes etc. in AË¦ÁdhyÁy¢. ew examples are 

1. The word vi vÁhÁ 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 ti es' or lit. 'on all days'] -

i). <xp���æ x�­¼i�j�é «�³j�­°¶� æ«�éá�­�°¶� ¦�¬��æ »�S i�� (i��. ¼�®. 4.6.4.5); {�n�{��`�� - æ«�­á�­�°�¶æi�é æ«�á� - °¶� *

<K"Â® ¼�¬�¼i�® {�n�¬�å *

ii). i�� M�°³°¶�¼���æ# ¬�v��°¦S��i��­� æ«�á��°¶�#�%¼¬�� ¦�¨�­h��¼¼�­xi«�j�æ#; and æi�}é*«�l¼�­� V��æ¬�¼¬��­ n��°¶�éx�­� æ«�á��°¶�é ¼�­xi«�x�é{�¼ ��¨�xi�ñ& (i��.

+�. 4.7.1) * {�n�{��`�� - ?  {�n�u�»�® »�u�� +�¨�h»�E�æ¦�I�»�� ¼«�¨�¼»� ¼��v��i«�¬�å ?

iii). i�j�­� ¨�l�­¬��{�é ¦�­M¬�Ç ¼�én��¬� æ«�­á��°¶�é «�­»�Ç ¼��é¬�x�­¼»�¬��éx��& (i��. ¼�®. 4.6.6.3) * {�n�{��`�� - æ«�­á��°�¶æi� # æ«�á�� - +°¶�#� -

¼�¬�¼i�® <K"Â® {�n�¬�å *

iv). æ¼�­ ¾�¬�é°¶� +«�­ ¬��°æp�h�®æ «�­»�® æ«�á��°¶�%né�¼i�­¬�æI�éi�¬�å (i��. ¼�®. 4.2.5.5) * {�n�{��`�� - æ«�á���  +°¶�� * <æi� «»�¼i�®

+æx�K"Â® {�n�u�»�¬�å *

. the word ind Á n  (three accent patterns),

i). i��¼¼�³° � <éxp­��F¾ñ +{��éM�ò°¶i��¬�å (i��. ¼�®. 2.2.1.1); {�n�{��`�� - <­xp­��F¾ñ <i�ñèxp� - +­F¾ñ *

ii). ­²�� «��éæ¬�xp��F¾ñ +�°�°¶«�v»��è (i��. ¼�®. 1.1.14.1); {�n�{��`�� - <­xp­��F¾­ñ <i�ñèxp� - +­F¾­ñ *

iii). <xp��F¾­ñ +� M�éi�¬�å (i��. ¼�®. 1.4.15.1); - {�n�{��`�� - <xp��éF¾­ñ <i�ñxpé� - +­F¾­ñ *

3. the word dyÁvÁ thiv  (three accent patterns),

i). <­n®� t�é«��{�³æl�«�ñ ²�­p�¬�é²�òi�å (i��. ¼�®. 2.6. .5); - {�n�{��`�� - t­�«�­�{�³°æl�­«�­ñ <æi�é t�«�� - {�³°æl�­«�­ñ *

ii). +­xi�¼i��æ n�v��æ¬�­ t�«��é{�³æl�­«�ñ +­xi� ­«��æxi�æ¨é�I�¬�å (i��. ¼�®. 1.4.3.1); {�n�{��`�� - t�«��é{�³æl�­«�ñ <æi�­ t�«��� - {�³°æl�­«�ñ *

iii). <xp���F¾­ñ t�«��é{�³æl�«�­ñ +�{�é +�� �v�ñ& (i��. ¼�®. 1.2.1.2); - {�n�{��`�� - t�«��é{�³æl�«�­ñ <æi�­ t�«��� - {�³°æl�­«�­ñ
4. and vÁ ayanta  (accent change causing it to be a single word or a compound word)

i). +­¦»��¬�­ «��V�é¬�­æ²� «�­�V�»�éxi�­��%¦»��¬�é t�° �® (i��. ¼�®. 1.3.14.3); {�n�{��`�� - «�­�V�»�éxi�& * «»�¼i�® {�n�¬�å ( »�V�xi�¬�å ?)

ii). i«�»�­� «��V�®æ «��V�­»�xi���æ V�»��¬� (i��. ¼�®. 1.4.46.3); «��­V�­»�xi���æ# °¶«��¬�°�¶ (i��. ��. 2.4.6.4); {�n�{��`�� - «�­�V�­»�xi�­ <æi�é

«��V� - »�xi�é& * <K"Â¬�å ¼�¬�¼i�® {�n�¬�å *

Ver al accents as sentence delimiters

The author's study of about 30000 verbal forms occurring in Taittir¢ya a hitÁ have revealed
many interesting aspects of word-meaning relations thru' accents. erbal accents are dealt with in great
detail in AË¦ÁdhyÁy¢ and are uite significant in semantic extraction at sentence level. All words are
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unaccented except one syllable (anudÁtta® padamekavar am - AË¦ÁdhyÁy¢. 6.1.158) is the default rule.
Then, verbs are all unaccented except at the beginning of a foot of a hymn (anudÁtta® sarvamapÁdÁdau
- AË¦ÁdhyÁy¢. 8.1.18) or when in association with the pronomial forms of yad (yadv ttÁnnityam -
AË¦ÁdhyÁy¢. 8.1.66) or with certain particles designated nipÁta etc (nipÁtairyadyadihanta ... - AË¦ÁdhyÁy¢.
8.1. 0) or when followed by another verb (ti««ati«a  - AË¦ÁdhyÁy¢. 8.1. 8).

By default the verb is unaccented as in - {�¨���%¼»�­ ��i�³é«»��� ²�«�æi� (i��. ¼�®. 3.4.6.2) - {�n�{��`�� - ²�­«�­æi�­ .

A  ill st ti s of accented verbs are 

{��n��n��� - «��n­��°¶¬��­i�® {�� é ¸�® ¬�­°¶�xi��¬�å (i��. +�. 3.7.7);

+æ¼�é »�­¬��� +¼»��éæn­�i»�& (i��. ¼�®. 4.6.7.1);

æi� æi� & - i�� æ«�æ#¸ ��� {��æ°¶ {��°¶æ°¶ »�°¶Y�¬�å (i��. ¼�®. 1.1.11.2) (|�l�¬�® - {��°¶æ°¶°¶ ; æ �i�ñ»�® - {��°¶æ°¶) ;
¼�«� æ {�­�{¬��x�®æ i�¨�æi�­ i�¨é�æi� ´� °­¶i»��® (i��. ¼�®. 5.3.12.1-2);

¼«��x�é ²�� �­v��»��­x���{�év��«�æi�­ v��«�éæi�­ «��V��¬�å (i��. ¼�®. 2.2.4.6);

æ{� �éxi��° ¬�né�xi�� æ«�­»�xi��° ¼���¬��¬�å (i��. ´��. 2.6.11.10);
i�¼¬��� Y���{�«�ñ°¶i»��æ#«��v�ñæ#»�ñi� »��°¶V�»��°¶tV��æ#i� «�� »�°¶Y�¼»�°¶ |�¼�³æ#i»�� (i��. +�. 2.1.1) - æi�R�xi�j�»�® ;

»�¼¬��� ­ñ¸��%«��æææ{�9%�& {�­}*�æ»�é9%�¼¼�­¬�Y���¼l��& (i��. ´��. 3.7.8.2) - æi�R�xi�j�»�® BE�¬��{�¼�³7®$ ;
»�l¼�­ ¨é�i»��{�­æ«� �éi»��°æk� éi�� S� (i��. +�. 6.64.1); - ={�¼�³7®$ æi�R�xi�j�»�® ;
+�ü��é«�­»��¼i��°ü��� �­ V�­»��»�V��é¬�° �¶ «�¸�¶ �°¶¨�& (i��. ¼�®. 1.6.11.2); - æi�R�xi�{� ¾E�¬�å  .

»� �k��i� - + ¾�­ »�® »�­Y�¬�év«�­¨®� æ«�­ �i�é& {�æ¨�­²�¨�æ¼�é (i��. ¼�®. 4.1.11.1);

»�¼»�é ¼�¬��°p�  ¨�­¼�»��é ¼�­°¶�%%°�¶& (i��. ¼�®. 4.1.8.4-5) * ({�n�E��}�* +�­°�¶&  ;

+x»�j� - ¸�é»�­ Bx�é¼��%%°�¶& (i��. ¼�®. 3.2.8.1-2); - {�n�E��}�* +�­°�°¶& ;

|��S»��®è æn­�æ¦� i«�æ¬�éxp��æ¼�­ ¨��V���­i���n�ñèS»��® «�³j�°¶x«�³j�­°¶�%æ¼�é (i��. ¼�®. 2.4.14.1); *

{�n�{��`�� - «�³°j�­°­¶æ �æi�é «�³j� - °­¶x�å * «�³°j�­°�¶æi�é «�³j� - °¶� * +­æ¼�­ **
ere, as accented and unaccented forms both give rise to the same surface combined  form,

the study of accent change is necessary for proper vÁ yÁnta v ¦ana during rama pÁ¦ha, , «�³°j�­°¶� +

+æ¼�é = «�°³j�­°¶�%æ¼�é ; «�³°j�­°¶� + +­æ¼�­ = «�³°j�­°¶�%æ¼�é ;
æx�{��i��»�tæn  �«��»��� �� ..� - »�æné� æÛ�²�­ñ»�� �°� �¬��æ ²�æ«�¸»�­�¬�ñæi�é ({�n�{��`�� - æÛ�­²�­ñ»��i�å - i��. ¼�®. 2.2.10.3);

+«�é S�­��I�æi�­ |� S�é æE�¨�æi�­ ¦��r� �è ({�n�{��`�� - =­I�æi�é - i��. ¼�®. 6.2.7.4);

æ°¶ �� »�� - +�{�­�� æ°¶ 9%� ¬�é»�­��²��«�é& (i��. ¼�®. 4.1.5.1); {�n�E��}� - ¼l� <æi� =n�� �® {�n�¬�å *

n�­�«�� �æi�¬��xv�éi� (i��. ¼�®. 2.5. .1); {�n�E��}� - B�xv��i� *
<xn��«��� «��¬��°¦�ëxi�­ æ°¶ (i��. ¼�®. 1.4.4.1). {�n�E��}� - =­¦�ëxi�� * (»�ær�i��{�¨®� xn�æ¼� 8.1.56)

In long prose form of BrÁhma a texts, sentence demarcation is easily done with the accent
study. Kalpas tras and M¢mÁ®sÁ Ástra also deal with these considerably.

ey oard o er ay or ed

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 8 -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 alant), Vowel or another
stand-alone Vedic symbol.
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e ded I CII Code o  ed

The Extension character (E T), defined in ISCII, can be follo ed 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 ISCII Vedic Name
ex. Dec Char Char

------- ------ ------ -----

A1 161 # Visarga 1

A2 162 # Filler

A3 163 Yajurvedic AnusvÁra 1

A4 164 + Û Yajurvedic AnusvÁra 2

A5 165 +� �ukla Yajurvedic AnusvÁra

A6 166 < Yajurvedic AnusvÁra 3

A7 167 < Yajurvedic AnusvÁra 4

A8 168 Visarga 2  

A9 169 Visarga 3

AA 170 ¨ Visarga 4

AB 171 B� ¨ Visarga 5

AC 172 B jihvÁm l¢ya

AD 173 B� KÛËüa Yajurvedic AnusvÁra

AE 174 B� KÛËüa Yajurvedic Long AnusvÁra

AF 175 +�� Û Yajurvedic AnusvÁra 5

B0 176 +�� Yajurvedic AnusvÁra 6

B1 177 +� Yajurvedic AnusvÁra 7

B2 178 +�� Short Kampa

B3 179  Long Kampa
S A

B4 180 � JÁtya Svarita-Atharva Veda

B5 181 � Svarita

B6 182 � Long Svarita

B7 183 Kampa

B8 184 � AnudÁtta

B9 185  JÁtya Svarita (�ukla Yajurveda)

BA 186 � JÁtya Svarita (MaitrÁyaü¢ya)

BB 187 � Sentence Ending UdÁtta

BC 188 � JÁtya Svarita (Non-Taittir¢ya Yajurveda)

BD 189 Svarita (MaitrÁyaü¢ya)

BE 190 AnudÁtta (KÁ haka)
MISCELLANE US

BF 191 Abbreviation sign
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A E  ED C TE T ACCE TED

�  �® ��

* l� �l�¬�® ¬� ¬� *

* +l� |�l�¬���% E�& *

|�l�¬� ��%v»��»�& ** «�M���& 1 37
(9) (¬�.1, +.1, ¼�ò.1)

@�æ¸�&:- ¬�v��SU�xn��& «��á��æ¬�j�&

U�xn�&:- M��»�j�ñ

n��«�i��:- +æ &

 +­æF¾¬�ñæ �  {��°¨���æ°é¶i�® »�­Y�¼»�é n�­�«�¬�³°ëi«�V�é¬�å * °¶��i��é¨®� ¨� ¾­v��i�é¬�¬�å ** 1 **

+­æF¾& {�ò«�¾ææ²�­ � æ¸�éæ²�­¨�ñ ­�� x�òi�éx� ­i� * ¼� n�­�«�� B°¶ «�éI�æi� ** 2 **

+­æF¾x��é ¨�­æ»�¬�é �«�­i{���¸�é¬��­«� æn­�«��æné�«�� * »�­¦�¼�®æ «�­ñ¨�«�ék�¬�¬�å ** 3 **

+F¾�­ »�® »�­Y�¬�év«�­¨®� æ«�­ �i�é& {�æ¨�­²�ò¨�æ¼�é * ¼� < �­�«��¸��é M�SU�æi� ** 4 **

+­æF¾°¶�¾i��é E­�æ«� é�i��& ¼�­i»�æ2�­ �ü�é«�¼i�¬�& * n�­�«��� n�­�«��æ²�­¨�� M�é¬�i�å ** 5 ** 1 **

»�n­�K" n­��¦��¸��­ i«�¬�F¾�æ ²�­p®� Eé�æ¨�­¸»�æ¼�é * i�«��k�i¼�­i»�¬�éæK"¨�& ** 6 **

={�é i«��F¾� æn­�«��æné�«��­ n���¸��é«�¼i�ív�­»�� «�­»�¬�å * x�¬�­�� ²�¨é�xi�­ B¬�éæ¼� ** 7 **

¨��V�éxi�¬�v«�­¨�� ��®æ M�­��{��¬�³°i�¼»�­ n�ñæné�æ«�¬�å * «�v��æ¬��x�®­ ¼«�� n�¬��æ **  **

¼� x�é& æ{�­i��«�é ¼�ò°x�«��%F¾�æ ¼�ò{��»�­x��� ²�é«� * ¼�S�é¼«�� x�& ¼«�­¼i�»��æ **  ** 2 **

(9) (¬�.1, +.1, ¼�ò. )

@�æ¸�&:- ¬�v��SU�xn��& «��á��æ¬�j�&

U�xn�&:- M��»�j�ñ

n��«�i��:- «��»��& 1-  x �«��»�ò -  æ¬�j��«� ��� -9

«��»�­«�� »��éæ°¶ n�¦��i��­¬�� ¼���¬�­� +¨®æ�E³�i��& * i��¸��®æ {��æ°¶ ü��°v�ñ °¶«�é¬�å ** 1 **

«��»�é =­ l��æ²�éV��¨�xi��­ i«��¬�SU��é V�æ¨�­i��¨é�& * ¼��°i�¼���æ¬�� +°­¶í«�né�& ** 2 **

«��»�­�� i�«�é |�{�³ ¾­i�ñ v��x��é æV�M��æi� n­��¦��¸��æ * =­ ­S�ñ ¼���¬�é{�ñi�»�� ** 3 **

<xpé�«��»�ò <­¬�� ¼��°i�� ={�­ |�»���ææ²�­¨�� M�éi�¬�å * <xné�«��� «��¬��°¦�ëxi�­ æ°¶ ** 4 **

«��»�­æ«�xpé�2� S��i�l�& ¼��°i��x��®æ «��æV�x�ñ«�¼�ò * i��«�� »��éi�­¬��{�é p­�«�i�å ** 5 ** 3 **

«��»�­æ«�xpé�2� ¼��x«�­i� +� »��éi�­¬��{�é æx�¸E³°�i�¬�å * ¬�­ëI«�  il�� æv�­»�� x�é¨�� ** 6 **
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A E  A A ED C TE T ACCE TED

** ü�ñ¨�¼i��** 

�»� � � ñ»� i�æ � ñ»� �æ i��

|�l�¬� �  |�l�¬�& |� �& **

°¶æ¨�  +��(4)¬�å **

<­¸�� i«�­��V�¾ i«��é «�­�»�«�é¼¼l���{�­�»�«�é¼¼l� n�­�«��� «�é¼¼�æ«�­i�� |��{��æ»�i��° ü�� éi�¬��»�­ E�¬��æh�­ +� {»��é»�v«�¬�æ ¾»��

n��«�²�­�M�¬�òV��æ¼«�i�­ñá {�»�é¼«�i�ñá |�­V��«�éi�ñ¨�x�¬�­ñ«�� +é»�­I¬�� ¬�� «�é¼¼i��­x� <�æ¦�i�­ ¬��%P�¦�Çé¼��� ø�­p�¼»�é °�­¶æi�á {�æ¨é� «���

«�³h� �� ��°«�� +­ë¼¬�xM���{�éi��� ¼»��i� Û�­=)ñ»��V�é¬��x�¼»� {�­¦�òx{��éæ°¶ ** 1

<­¸�� æj�S�éi«��æ¨�Ç¦�i�å * (1)

»�­ �¼»�é P�­��¸�né�æ¼�­ |�i»��é7­$Ç­ ¨�I�­á |�i»��é7­$� +¨��éi�»�­á |��»�¬�éM��ær­�¸�h��é Û�­¨�å°æ°¶¨�SU­� ¬�x��éx�� E³°�i�� ¼«�­v�»�­� æ«�i�é7­$� i�

+�«�é°¶ëxi� E­�«�»�éá {��°¨�¼i��� �­�«��²»�­�� V��7é$æ¬�­°¶ Û�­¨�å°æ°¶¨�­�¼�n�æ� n�­�«��x���¬{�æ¨�¸�ò°i�¬�éæ¼� «�­¨�å°¸�«�³ér�¬�æ¼�­ n��«�éÛ�¨å�æ°­¶¬��� i«�­�%x«� "�

æi�­»�� {�«��æ i�� ¨��v»��¼�¬��SU�­�k�� i��­ ¬�� æ¨é�¸�­xn��«�éÛ�¨å�æ°¶¦¦�­i�«�é}å*¦�­ ««� ¨���æ°¶ ¼�­°¶È�é«�}å*¦�­� [2] æ«� «�­»�Ç øé�°�¶¬�

{�³æl�­«»��¼¼�­¬{�³S�éá {��æ°¶ ¼��¼�­¬²�³i��� i«�­� ¼�¬²�é¨�­�¬»�æné�i»��­ ¨�� ��é%¼�ñxp­��h»�� ¼�­ �°é¶x�¬{�ò°¸�� i��è O�­ëxl� å O�é ¾�i��° ¼� i��­

¬��%%¼l�­�æn�xpé�¼»� i«�� Û�­�°�¶²»�­�¬��téSU�­� Û�³°­¶¼{�i��è¬�ò�° ¾�� °é¶¨��¬»��°«��æxi�æ¨é�I�­¬�ëx«�éæ°¶ n��«� °"¬�¬�éæ¼� ** [3]

¼�­°¶È�é«�}å*¦�� +­7$�æj�Çé¦� ¾ * (2)

¦��xv�év«�­xn��«»��é»�­ E�¬��æh�� n��«�»�­V»��»��æ ¬��i�­æ¨�á�éx��� P�­¬��¾æ%æ¼�­ t��¨é�æ¼� {�³æl�­«»�éæ¼� æ«�­á�v��é»�� +æ¼� {�¨�­¬��h�­ v�� �­�

Ç°é¶¼«�­ ¬�� =­)�«��¼�òéx��¬{�­æ«�j�é¬�æ¼� ¦�­i�v��é¨�­««�¼�òéx��¬{�­æ«�j�é¬�æ¼� ¼�­°¶È�év��¨�Ç °�°¶i�¼¼i�­��E��� °�°¶i��� p­� ¼���è% ¾»��æ Û�³°­¶i�� x��E��é»�­

¼«��°­¶� t�«��é{�³æl�­«�ñ²»�­�Ç­ ¼�� æ«�­á��»��°¼¼�� æ«�­á�«»�éS�­�¼¼�� æ«�­á�Eé�¬�­�� ¼�¬{�³éS»�v«�¬�³i��«�¨�ñ ­ ¬�h�­ñ¬��v��é¬�k�¬�� ¬�­xp��

v�x�é¼»� ¼�­�i�»��­ ¼���¬��æx�­ i«��%%i�éx�­S¬�ñxp��é»�­ n�æv�­ æ«�¸h���æ °­¶«»�Ç ¨é�I�¼«� ** [4]

¼���¬��æx�­�7$�� S�é * (3)
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A E  A A ED C TE T ACCE TED

h�»� � � ñ»� � � ñ»� �� h� �

** |�l�¬�� E� |�l�¬�|� �� E� |�� � ** 

** °¶æ¨�& +�� 3 ¬�å ** 

´�Ë­ ¼�®v�ék�®­ i�x¬��æ æV�x«�i�¬�å * I�­ij�Ç ¼�®v�ék�®­ i�x¬��æ æV�x«�i�¬�å * <¸�­Ç­ ¼�®v�ék�®­ i��® ¬��æ æV�x«�i�¬�å * V��­Ç­ ¼�®v�ék�®­

i��® ¬��æ æV�x«�i�¬�å * ¨�­æ»�Ç ¼�®v�ék�®­ i��® ¬��æ æV�x«�i�¬�å * {��æ7­$Ç­ ¼�®v�ék�®­ i��® ¬��æ æV�x«�i�¬�å * |�­V��Ç ¼�®v�ék�®­ i��® ¬��æ æV�x«�i�¬�å *

{�­¦�òxl¼�®v�ék�®­ i��x¬��æ æV�x«�i�¬�å * ¼i��°i���æ%æ¼�­ V�x�év��& * n�­�«��¼i«��é ¦��G­�{��á |�h�é»�xi�� **1** ¼��°«�ñ¨���á |�­V��á

|�éV�­x�»�­x{�¨�ñææ°¶ * ¦��°G�¦¦��°G�¦���ææS�¸�� * ¼i��°i���æ%æ¼�­ V�x�év��& * n�­�«��¼i«��é ¬�ëxl�­{��á |�h�é»�xi�� * ¼��°|�­V��á |�­V��á

|�éV�­x�»�­x{�¨�ñææ°¶ * ¬�­xl�ñ ¬�­ëxl�¦���ææS�¸�� * ¼�®­V�­M¬�­�x��� æn­�«� +�{�³éæl�­«»��»��é& * ¼�®v�ék�®­ i�x¬��æ æV�x«�i�¬�å * |�­�h�Ç ¼�®v�ék�®­ i�®

¬��æ æV�x«�i�¬�å * +­{�­�x�Ç ¼�®v�ék�®­ i�® ¬��æ æV�x«�i�¬�å ** ** «»�­�x�Ç ¼�xv�ék�®­ i�® ¬��æ æV�x«�i�¬�å * S�I��°¼¼�®v�ék�®­ i�x¬��æ æV�x«�i�¬�å

* ü���j�­Ç­ ¼�®v�ék�®­ i�x¬��æ æV�x«�i�¬�å * ¬�x�­¼¼�®v�ék�®­ i�x¬��æ æV�x«�i�¬�å * «��S�­Ç­ ¼�®v�ék�®­ i��® ¬��æ æV�x«�i�¬�å * +�»��é¼¼l�­ +�»��é¬�¾

v�k�¬�å * +�»��é»��­Y��»�é v�k�¬�å * +�»��é»��­Y�{�éi�»�� v�k�¬�å * |�­�h�¼¼l�éá |�­�h�® ¬��æ v�k�¬�å * |�­�h�® »�­Y��»�é v�k�¬�å **3** |�­�h�®

»�­Y�{�éi�»�� v�k�¬�å * S�I��é¼¼l�­2�I��é¬�¾ v�k�¬�å * S�I��é»��­Y��»�é v�k�¬�å * S�I��é»��­Y�{�éi�»�� v�k�¬�å * ü���j� é ¼l�­¦ü���j�®æ ¬�� v�k�¬�å *

ü���j�®æ »�­Y��»�é v�k�¬�å * ü���j�®æ »�­Y�{�éi�»�� v�k�¬�å * i��� n�æ�«��� ¦��G��¬�ëxl�x��� * E­�±{�»�éi�®­ n��«�­ñí«�¦�é& * E­�±{�»�éi�®­ ¬��x��é¸�ñ&

** ** <¸�­¬�òV��æ¬�­¼¬��¼��é v�k�¬�å * |�­�h��x{�­¦��¸��é * |�­V��® ¬�æ»�é S�­ »�V�é¬��x�� S� * æx�¨é�¼i�­¦¦�hbéÖ& * æx�¨é�¼i�­�� ¬�E�æ�& *

+{�éx��k�­�� ¦�hb­Ö�¬�E��æ ¼�­°¶�¬��x��� * ¦��°G�¼»�é ¼�­æ¬�né�æ¼� * ¬�­ëxl�x�é¼¼�­æ¬�né�æ¼� * ¼� |�él�­¬�¼¼�®E³é�æi�í«�­ �Eé�¬��� * ¼� |�él�­¬���

æ¬�­j��� «� é h��� +­æF¾& * ¼� |�él�­¬��� �³°­¶¼{�æi�éæ2�æE­�i«��x�å * i�¼¬�­� <x ��é»� ¼��°i�¬��V��é°¶��æ¬� ** **

x�­»�­xi«�­{�­�x�Ç ¼�xv�ék�®­ i�® ¬��æ æV�x«�i�¬�å |�­�h�® »�­Y��»�é v�k�®­ ¬��x��é¸�ñ¨�­æF¾u¾� S�é **1** 

´�Ëé I�­ij�® i�æn�¸�­¬�òV��Çæ ¨�­è»� {��è7æ$ |�­V��® i��® {�­¦�òxi��x�å ** ¼�®v�ék�®­ i�i|�­�h�¬�é{�­�x�® «»�­�x�® i�® S�I��° ¦ü���j�®­ ¬�x�­¼i�u��S�®­ i��¬�å *

<­¸��æn­� {� ¾éE�­� «��S�®­ i��® ¬��æ {�­¦�òxl¼�xv�ék�®­ i��x¬��è |�­�h��æn­� æj�i�é»��­ i�® ¬��­%x»�j�­ i�x¬��è ** 

E³�æk�éE��¼«�­æF¾¬��né�v�ñi� * B­i�u�� +­F¾�x��I�éij�¬�å * »�iE³�æk�éE��& * ¼«��»��é¬��­«��x�®æ n�­�«�i��é»��¬�­�v��»�é * ´�­Ë­«�­S��­¼�ñ

²�é«�æi� * ¬��J�®­ «�� B­i� �I�éij��h��¬�å * »�iE³�æk�éE��& * »�á E³�æk�éE��¼«�­æF¾¬��év�­k�� * ¬��J»�é B­«� ²�é«�æi� * +l�­�� J� �é **

** +­æF¾­x�­I�­ij�æ¬�i»�{�éS��»�ëxi� * M�³°°¶�x�å °­¶ n��°�é¶E��� ²�«�æi� * |�­V��{�éi�ñ ¨���æ°­¶h»��¬�­æF¾¬�é¼�³V�i� * i�® n�­�«��

¨���ææ°­¶h»��¬��né�v�i� *
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ist of ver al meanings (Activities) Anne ure  C

e t. of CSA, IISc, angalore  . amanu an, .Sc. ( ngg.)

ist o  er a  root eanin s

001 +Rå�M��æ �¼¼�¨�h�¬�å - (waving/moving member of

the body)

002 +I�¨�æ«�x»��¼�& - (writing)

003 +ëMx� ¼�®»���M�& - (blowing air/fuelling) 004 + �M�¬�x�¬�å - (leading)

005 +Rå�E�x�¬�å - (marking/defining) 006 +æi�G�¬�& - (exceeding)

007 +æi�¼�V��x�¬�å - (giving) 008 +n�x�¬�å - (eating)

010 +n�¦��x�¬�å - (disappearance) 011 +v�& {�i�x�¬�å - (falling)

012 +v��­]� �¬�å - (fear) 013 +x�«�¼l��x�¬�å - (non stationary/mobile)

014 +x��n�¨�& - (ignore/neglect) 015 +x��æ¦�ë­]�& - (instruction/order/command)

016 +x�i�²��­�h�¬�å - (lying) 017 +xi�E�¬��x�å - (loss)

018 +ëx«�SU�� - (searching) 019 +x«��­�h�¬�å - (searching)

020 +{�x�»�x�¬�å - (taking away/removal) 021 +{�«��¨�h�¬�å - (veiling/covering)

022 +{�³¶¨�h�¬�å - (stealing) 023 +|�n��x�¬�å - (not giving/refusal)

024 +|�ñæi�& - (anger/not being pleased) 025 +æ²�E��®I�� - (desire)

026 +æ²�M�¬�x�¬�å - (to approach/go upto) 027 +æ²�|�ñæi�& - (to be pleased)

028 +æ²�²�«�& - (to win/humble) 029 +æ²�»���M�& - (to meet)

030 +æ²�«�v��x�¬�å - (to hail) 031 +æ²�«��n�x�¬�å - (to salute/to regard/greet)

032 +æ²�­�«�& - (bathe/dismembering) 033 +²»�«�³¶�¨�& - (eating)

034 +²»��¼�& - (practice/repeat/memorise) 035 +V��x�¬�å - (earning)

036 +n��x�¬�å - (to hurt) 037 +±�®E��¨�& - (to decorate/adorn)

038 +±�¬�l��& - (to suffice) 039 +±��²�& - (not getting/to miss)

040 +±�ñE�¬�å - (to be defective/faulty) 041 +±{�ñ²��«�& - (shrink/reduce)

042 +«�E�±E�x�¬�å - (mix/consider) 043 +«�I��{�h�¬�å - (deride)

044 +«�J�h x�¬�å - (cut) 045 +«�M�¬�x�¬�å - (make known/teach)

046 +«�M�¬�& - (knowing) 047 +«�M��³¶x�¬�å - (submerge/immerse)

048 +«�i�®¼�x�¬�å - (to sound/to make noise) 049 +«�n��¨�h�¬�å - (dig)

050 +«�v«�®¼�x�¬�å - (damage) 051 +«�Û���v�x�¬�å - (enlighten/know/think)

052 +«�»�«�& - (to form a part) 053 +«�¼��n�x�¬�å - (to decay/to perish)

054 +«�¼l��x�¬�å - (residing/dwelling)/to hold/carry/

bear up)

055 +«�¼»�xn�x�¬�å - (oo ing/trickling)/to dance/to act)

056 +«� �®¼�x�¬�å - (falling off/dropping down) 057 +«��ë{i�& - (to get)

058 +æ«�¦�Ûn�x�¬�å - (to sound) 059 +«»�H�� «��Eå� - (to speak barbarously)

060 +«»�H�& ¦�Ûn�& - (to hum/to coo/to whistle/to

make any inarticulate sound/to roar/to neigh/..)

061 + �� æ«�¬���S�x�¬�å - (to cry)

062 +¼�®¼E��¨�& - (to speak ill/to deceive) 063 +¼�x�¬�å - (throwing/sending)

064 +¼�«��{�»���M�& - (to leave as a residue/remaining/

deficient)

065 +�G���¦�& - (to curse/to imprecate)

066 +�I��{�& - (to blame) 067 +�J»��x�¬�å - (speaking/making known/to know)

068 +� ��i�& - (to strike/to beat) 069 +� ��h�¬�å - (to smell)

070 +�SU��n�x�¬�å - (covering/surrounding/hiding) 071 +�n�¨�& - (to regard/to care for/to have regard)

072 +�n��x�¬�å - (taking/receiving) 073 +�n��¦�& - (to instruct/advice)

074 +�v��¨�& - (holding/containing) 075 +�v»��x�¬�å - (to recollect)

076 +�{»��»�x�¬�å - (the act of making full) 077 +�|�«�h�¬�å - (to raise/to lift)



ist of ver al meanings (Activities) Anne ure  C
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078 +�{±��«»�¬�å - (to bathe) 079 +�²�h x�¬�å - (to see/to look at)

080 +�²�ñC­h»�¬�å - (continued/repetition) 081 +�¬�x �h�¬�å - (to sound/to call/to invite)

082 +�¬�n��x�¬�å - (crushing/squeezing) 083 +�¬�¦��x�¬�å - (to touch)

084 +�¬�­��h�¬�å - (to be angry) 085 +�»��¬�& - (stretching/extending)

086 +�V��«�¬�å - (to make/be straight) 087 +�p� ²��«�& - (to make wet/moist)

088 +�±�¼»�¬�å - (to resist/to oppose/idleness) 089 +�æ±� åM�x�¬�å - (to embrace)

090 +�±���S�x�¬�å - (seeing) 091 +�«�¨�h�¬�å - (cover)

092 +�æ«�­E��¨�& - (make/bring forth) 093 +�¦�� - (desire/hope/speculation)

094 +�¦�ñ& - (to bless/to wish good to) 095 +�¦��M�¬�x�¬�å - (to run)

096 +�¼��S�x�¬�å - (wetting/the act of pouring into) 097 +�¼E�xn�x�¬�å - (an attack/to ooze)

098 +�¼«��n�x�¬�å - (testing) 099 +�·±��n�x�¬�å - (gladdening)

100 +�·«��x�¬�å - (to challenge/a call or invitation) 101 <SU�� - (desire)

102 <V»�� - (teaching/initiating/introducing a pupil) 103 <ëxp�»�- �±�»�& - (to fail in faculties/to go numb/to

become hard or stiff)

104 <�{¼�� - (desire) 105 <�­»���l��& - (envious/to feel impatient at others

success)

106 <�­� �¼�x�¬�å - (to smile/laugh gently ) 107 =SU��»�& - (height/exalted)

108 =\U�& - (gleaning) 109 =iC±��¦�& - (sickness)

110 =iI��{�& - (to move/throw up/shake) 111 =iI��{�h�¬�å - (throwing upwards)

112 =i¼�M��& - (emission/pouring out) 113 =i¼��³¶& - (effort/increase of energy/

perseverance)

114 =ënå�M�¨�h�¬�å - (ejecting/vomitting) 115 =t¬�& - (continued effort)

116 =t¬�x�¬�å - (effort/raising/elevation) 117 = ��M�& - (to tremble/to shake)

118 =xn�x�¬�å - (to wet/to moisten) 119 =xn�& - (to wet/to moisten)

120 =x¬�l�x�¬�å - (killing/slaughter) 121 =x¬��n�& - (madness/extravagance)

122 =x¬��n�x�¬�å - (to be mad) 123 =x¬��x�¬�å - (measuring)

124 ={�E�¨�h�¬�å - (to assist/to aid/to favour) 125 ={�I�»�& - (waste/decay/expenditure)

126 ={� ��i�& - (to hurt/damage/injury) 127 ={�S�»�& - (accumulation/increase/addition)

128 ={�i��{�& - (sickness/disease) 129 ={�n��¦�& - (instruction/advice/teaching)

130 ={�n��³¶& - (to cover) 131 ={� ��¨�h�¬�å - (to study/to practice repeatedly/to

exercise)

132 ={�x�»�x�¬�å - (to invest with the sacred thread) 133 ={�»��S\�� - (request/prayer/soliciting)

134 ={�¨�¬�& - (to stop/to restrain) 135 ={�±��{�x�¬�å - (smearing an ointment)

136 ={�«��¦�x�¬�å - (sitting down) 137 ={�¦�¬�& - (becoming quite/assuagement)

138 ={�¼��«�� - (service/worship/honour) 139 ={�¼E��¨�& - (beautifying/ornamenting)

140 ={��n��x�¬�å - (taking/receiving) 141 ={��V��x�¬�å - (acquiring/gaining/earning)

142 V��x�¬�å - (making animate) 143 BE�S�»��� - (unmarried)

144 B� �»��¬�å - (power/sway/supremacy) 145 E�il�x�¬�å - (boasting)

146 E�n��æS� �¦��x�¬�å - (rare sight) 147 E�¬{�x�¬�å - (trembling/shaking)

148 E�¨�h�¬�å - (doing/performing/executing) 149 E�h��²��n�x�¬�å - (piercing ear lobe)

150 E�¬��x�å ¦��²�¬�å - (to do holy) 151 E�¬��¼�¬��ë{i�& - (extremity/end)

152 E�±�³¶E�¬��x�å - (quarrel) 153 E�±E�x�¬�å - (deceiving/overreacting)

154 E�±»��h�¬�å - (holy/auspicious) 155 E��I�� - (wish/desire)
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156 E��ëxi�& - (wish/desire) 157 E��ëxi�E�¨�h�¬�å - (beautifying/illuminating)

158 E��¬�& - (desire) 159 E��E��¦»�¬�å - (hardness)

160 E��±���{�n��¦�& - (denoting time) 161 æE�ë S�i�å S�±�x�¬�å - (to move)

162 E��æ]�±�� M�æi�& - (to move torturously) 163 E��]��Û� v��¨�h�¬�å - (raising/supporting family)

164 E�� �x�¬�å - (cutting/pounding/abusing) 165 E��i¼�x�¬�å - (abuse/contempt/abusive language)

166 E��i¼�� - (abuse/contempt/abusive language) 167 E��i¼�� M�æi�& - (running torturously)

168 E��ëi¼�i�& ¦�Ûn�& - (contemptible/mean/hateful

words)

169 E��(ëi¼�i� ¼¬�»�x�¬�å - (laughing in a bad sense)

170 E°�S  �ñ«�x�¬�å - (living in distress) 171 E°�{�� M�æi�& - (slack movement/limping due to

sickness etc.)

172 E��i�«�¬�å - (deceit/falsehood) 173 E���{�& - (passion/wrath/anger)

174 E���æ]�±»�¬�å - (deceit) 175 æG�»�� - (doing/performing/executing)

176 G�ñbÖx�¬�å - (playing/sporting) 177 G���v�& - (anger/not being pleased)

178 C±��n�x�¬�å - (to moisten/to become wet) 179 C±��¦�x�¬�å - (pain/anguish/trouble/suffering)

180 I�¬�� - (patience/to be patient/to endure) 181 I�»�& - (loss/decay/diminutive)

182 I�¨�h�¬�å - (the act of drooping/flowing/oozing) 183 I�¨�h��l��& - (to ooze/to drop/to drip)

184 I��ëxi�& - (patience/forgiveness/forbearance) 185 I��{�& - (to throw)

186 I��{�h�¬�å - (throwing/sending) 187 I���n�& - (pounding)

188 J�hbÖx�¬�å - (cut) 189 J�n�x�¬�å - (to hurt)

190 J��n�x�¬�å - (eating) 191 J��n�& - (to be distressed)

192 M�æi�& - (going/moving/knowing) 193 M�æi�S��i��»��¬�å - (to go quickly/to run/to trot)

194 M�æi�i«�¨�h�¬�å - (to go quickly/to make haste) 195 M�æi�æx�«�°æ �& - (to cease to move/to stand still)

196 M�æi�|�æi�P��i�& - (to be idle/to be lame/to be

impeded)

197 M�æi�«��E�±»�¬�å - (lame/crippled)

198 M�i»�l��& - (to go/to move) 199 M�i»��I��{�& - (obstruct movement)

200 M�i»��æn�& - (going etc.) 201 M�xv�& - (smell)

202 M�xv�x�¬�å - (hurting/killing) 203 M�xv���{��n��x�¬�å - (to smell)

204 M�«��& - (to be proud) 205 M�³¶x�¬�å - (hide/die)

206 M��j�|�I�¨�h�¬�å - (to sweat/perspire) 207 M��j�|� �«�h�¬�å - (to sweat/perspire)

208 M��j�æ«�I��{�& - (to dance) 209 M��j�æ«�S�h��x�¬�å - (to injure)

210 M��j�æ«�x��¬�& - (yawning) 211 M��v»� - (to desire eagerly/to long for something)

212 M��h�«�S�x�¬�å - (describe/praise/extol) 213 M��n�G�ñbÖ� «� - (to play/sport)

214 M��{i� ��­�h�¬�å - (confidential communication) 215 M���{�x�¬�å - (to guard/to protect)

216 O�xl�& - (to compile/to string or weave together) 217 O�xl�x�¬�å - (to tie/connect together)

218 O�³¶h�¬�å - (take) 219 M±��æx�& - (fatigued/tired)

220 M±��{�x�¬�å - (to move slowly) 221 P�x�i«�¬�å - (thickness/robustness)

222 P��i�x�¬�å - (striking/killing) 223 P���¨�«��æ¦�i�¬�å - (harsh sound/like frogs)

224 S�C»�l��& - (to satisfy/please) 225 S�»�x�¬�å - (piling/heaping)

226 S�±�x�¬�å - (shaking) 227 æS�æE�i¼�� - (to give medicine)

228 æS�j�ñE�¨�h�¬�å - (to cause wonder/to be an object

of wonder)

229 æS�xi�� - (to think of/to recollect)

230 S��¬Û�x�¬�å - (kissing) 231 S��i�x�� - (to know)

232 S��­]�� - (motion/action) 233 S���n�x�¬�å - (throwing)
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234 S���»��¬�å - (to steal) 235 U� M�æi�& - (go crookedly/deceit)

236 U��n�x�¬�å - (a cover/screen) 237 U��n�x�¬�å - (cutting/dividing)

238 V�x�x�¬�å - (to give birth) 239 V�»�& - (conquest/triumph/victory)

240 æV�P��®¼�� - (desire of killing/injuring/acting as an

enemy against)

241 æV� «���x¬� �x�¬�å - (to loll the tongue)

242 V�ñ«�x�¬�å - (to be weary) 243 V��M��{¼�� - (dislike/separate)

244 Y��x�¬�å - (to know/understand) 245 Y�ñ{¼�� - (the desire of knowing)

246 i�ëi �»�� - (pain/pleasure) 247 i�x�òE�¨�h�¬�å - (to be thin/small/emasculate)

248 i�xi��¼�xi��x�� - (to weave) 249 i�{�& - (to make efforts/to exert oneself)

250 i�¨�h�¬�å - (crossing over) 251 i�V��x�¬�å - (threatening)

252 i�{��h�¬�å - (pleasing/satisfying) 253 i��bÖx�¬�å - (beating/whipping)

254 æi�æi�I�� - (endurance/patience/to bear) 255 i��ë­]�& - (satisfaction/gratification/pleasure)

256 i�°ë{i�& - (satisfaction) 257 i�°ë{i�»���M�& - (to be glad/to be pleased)

258 i��V�x�¬�å - (sharpening) 259 i���bÖx�¬�å - (hurting/injuring)

260 i���­�h�¬�å - (to know/satisfaction/contentment) 261 i»��M�& - (quit/give up/abandon)

262 ��¼�& - (frightening) 263 i«�S�x�¬�å - (to wound/cut/chisel)

264 i«�¨�h�¬�å - (hurry/move with speed) 265 n®�¦�x�¬�å - (the act of hitting)

266 n�hbÖæx�{��i�&(x�¬�å) - (punishing) 267 n�xn�¦�òE�& - (snake)

268 n�¬ �& - (deceit/fraud) 269 n�{��& - (pride/arrogance)

270 n�¦��x�¬�å - (observing/looking) 271 n�¦�x�¬�å - (biting)

272 n��x�¬�å - (giving) 273 n��³¶& - (burning)

274 n�ñë{i�& - (brightness/splendour/lustre) 275 n��M��æi�& - (to be poor/ail)

276 n��M��xv�& - (bad odour) 277 �­]�Â�{�(¼�®³¶�¨�&)P��i�& - (to blind/obstruct vision)

278 n��«�x�¬�å - (to sport/play/gamble) 279 n��«�{�òV�� - (to worship)

280 n��«�¦�Ûn�& - (thunder) 281 n��x»�¬�å - (sorrow/grief/low spiritedness)

282 n��P»��¬�å - (length/longness) 283 n���Û��±»�¬�å - (weakness)

284 �æi�& - (shine/lustre/brightness) 285 p�«�ñE�¨�h�¬�å - (melt/liquefy)

286 p�«»�æ«�æx�¬�»�& - (buy/purchase) 287 ��v�ñE�¨�h�¬�å - (to cut into two pieces)

288 v��x»�¬�å - (grain/corn) 289 v��x»��«�¨���v�& - (to hoard grain)

290 v��¨�h�¬�å - (holding/carrying/preserving) 291 v��­]�Â�¬�å - (violence/arrogance/impudence)

292 x�»�& - (guiding/leading/managing) 293 x��¦�x�¬�å -

(death/destruction/ruin/removal/expulsion)

294 æx�E��¨�& - (effort/sending) 295 æx�E��i�x�¬�å - (an abode)

296 æx�M�¨�h�¬�å - (swallowing) 297 æx�p��I�»�& - (to be awake)

298 æx�xn�� - (to censure/blame/defamation) 299 æx�¬�VV�x�¬�å - (bathing/diving)

300 æx�¬�ñ±�x�¬�å - (shutting the eyelids) 301 æx�¬��­�h�¬�å - (to close the eyes)

302 æx�»�¬�& - (a religious observance) 303 æx�»���(V�x�¬�å)M�& - (command/order/instruction)

304 æx�¨�¼�x�¬�å - (expelling/ejecting) 305 æx�«��¼�& - (a house/an abode)

306 æx�¦��x�¬�å - (sharpening) 307 æx�¦��¬�x�¬�å - (seeing/sight)

308 æx�­E�­��& - (drawing out/extraction) 309 æx�­{�æk�& -

(completion/termination/consummation)

310 æx�­{��E�& - (to boil/to digest) 311 x�ñS��& M�æi�& - (going slow/moving slowly)

312 x�°æi�&(æk�&) - (dance/dancing) 313 x���S»�i�� - (general activity)
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314 x���{�±�²»�i�� - (to seek/to obtain) 315 x»�CE�¨�h�¬�å - (humiliation/degradation)

316 {�n�& - (define) 317 {� l��& - (attain/go to)

318 {�¨�|��­»�& - (to send out) 319 {�¨�¬�� �»��¬�å - (to rule supreme)

320 {�æ¨�E�±E�x�¬�å - (to cheat/to deceive) 321 {�æ¨�Eò�V�x�¬�å - (to rejoice)

322 {�æ¨� �³¶& - (taking/grasping) 323 {�æ¨�P��i�& - (killing/striking)

324 {�æ¨�i�E��h�¬�å - (guess/hurt) 325 {�æ¨�i�{��h�¬�å - (satisfaction/pleased)

326 {�æ¨�i��{�& - (to suffer pain) 327 {�æ¨�n��«�x�¬�å - (lamentation)

328 {�æ¨�Û�°®³¶h�¬�å - (prosperity/welfare) 329 {�æ¨�²��­�h�¬�å - (speaking)

330 {�æ¨�¬��h�& - (measuring/weighing) 331 {�æ¨�«�i��x�¬�å - (turning back or around)

332 {�æ¨�«��­�h�¬�å - (serving eatables) 333 {�æ¨�«��­]�x�¬�å - (surrounding/covering)

334 {�æ¨�­«�®M�& - (an embrace) 335 {�æ¨�³¶�h�¬�å - (decrease/loss/deficient)

336 {�æ¨�³¶�¼�& - (to jest/joke/laugh at) 337 {�»���ë{i�& - (preserving/guarding/warding off)

338 {�«�x�¬�å - (purification) 339 {��E�& - (cooking/baking)

340 {��n�æ«�I��{�& - (to walk/step/jump) 341 {��x�¬�å - (drinking)

342 {�� ­»�¬�å - (roughness/hardness) 343 {��±�x�¬�å - (guarding/protecting/fostering)

344 æ{�{��¼�� - (feeling thirsty) 345 {��¨�ñ­���i¼�M��& - (the voiding of excrement)

346 {��ë­]�& - (nourishing/supporting/increasing) 347 {�òV�x�¬�å - (worshipping/honouring)

348 {�òV�� - (to worship) 349 {�òi�ñ²��«�& - (cleaning/purifying)

350 {�ò¨�h�¬�å - (filling up/completing) 351 {�ò«��æx�E��i�x�¬�å - (earlier place)

352 {�°l�CE�¬��x�å - (to divide/to distribute) 353 {�°l�M²��«�& - (to divide/to separate)

354 {��¦��x»�¬�å - (wickedness/backbiting/roguery) 355 {���­�h�¬�å - (nourishing/fostering/supporting)

356 |�E�l�x�¬�å - (to tell/to communicate) 357 |�E��¦�x�¬�å - (to shine/making bright/illuminating)

358 |�I��{�& - (throwing/casting) 359 |�I��{�h�¬�å - (throwing/casting)

360 |� »��x�¬�å - (to become well known/famous) 361 |�V�x�¬�å - (birth/delivery)

362 |�æh�n��x�¬�å - (to exchange/barter) 363 |�i��{�x�¬�å - (inflicting/punishment)

364 |�æi�P��i�& - (to strike against/to resist) 365 |�æi� ��x�¬�å - (to promise)

366 |�æi�n��x�¬�å - (to restore) 367 |�æi�Û�xv�& - (stopping/arresting/opposing/

obstacle)

368 |�æi�»�ix�& - (wish/desire) 369 |�æi�­]®�²�& - (obstruction)

370 |�æi�­ � - (fixity/strength/firm/foundation) 371 |�æi�³¶­��& - (joy/happiness/delight)

372 |�i�ñP��i�& - (resistance) 373 |�{�ò¨�h�¬�å - (satisfying)

374 |�¬�n��x�¬�å - (crushing/destroying) 375 |�¬��n�& - (a blunder/mistake/to err)

376 |�¬���S�x�¬�å - (setting free/liberating) 377 |�»�ix�& - (taking efforts)

378 |�±�®²�x�¬�å - (deceiving/cheating) 379 |�«��¦�x�¬�å - (entrance/penetration)

380 |�«��¦�& - (entrance/penetration) 381 |�¼�«�& - (source/origin)

382 |�¼�³¶x�¬�å - (defeating/overcoming) 383 |�¼� E�¨�h�¬�å - (taking forcibly)

384 |�¼��n�& - (to be pleased) 385 |� �«�h�¬�å - (flowing/oo ing/dripping)

386 |� «�i«�¬�å - (bowing humbly/stooping) 387 |��M�±²»�¬�å - (confidence/boldness)

388 |��h�i»��M�& - (to die) 389 |��h�v��¨�h�¬�å - (to live/to be alive)

390 |��h�x�¬�å - (breathing/living) 391 |��æh�M�²��æ«�¬���S�x�¬�å - (to give birth)

392 |��æh�|�¼�«�& - (birth) 393 |��n��²���«�& - (arising)

394 |��v��x»�¬�å - (superiority/predominance) 395 |��{�h�¬�å - (conveying/leading into)

396 |��ë{i�& - (ac uisition/gain/attainment) 397 |�ñh�x�¬�å - (pleasing/satisfying)
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398 |�ñh�x��l��& - (pleasing/satisfying) 399 |�ñæi�& - (liking/fondness/affection)

400 |��I�h�¬�å - (to see) 401 |��¨�h�¬�å - (sending/despatching)

402 {±�«�M�æi�& - (leaping/jumping) 403 {±�«�x�¬�å - (floating/swimming)

404 {±��i�M�æi�& - (a particular pace of a horse) 405 {±��æi�& - (hopping/jump)

406 Û�xv�& - (union/connection) 407 Û�xv�x�¬�å - (fastening/binding/tying)

408 Û�xv��& - (a relation) 409 Û�±�¬�å - (strength/vigour)

410 Û��v�x�¬�å - (annoyance/oppression) 411 Û��±»�¬�å - (childhood/boyhood)

412 Û�ñV�V�x¬�x�å - (to grow/to increase) 413 Û�ñV�¼�xi��x�¬�å - (to sow/to plant)

414 Û��²��I�� - (hunger/desire of eating) 415 Û���v�x�¬�å - (instruction/teaching)

416 ²�I�& - (eating/consuming) 417 ²�I�h�¬�å - (eating)

418 ²�®M�& - (breaking/destroying) 419 ²�»�& - (fear/alarm/dread)

420 ²�¨�h�¬�å - (bearing/supporting/nourishing) 421 ²�V��x�¬�å - (roasting/baking)

422 ²�i¼��x�¬�å - (threatening) 423 ²�­�h�¬�å - (the barking of a dog)

424 ²�¼¬�ñE�¨�h�¬�å - (to make into ashes/burning) 425 ²��«�E�¨�h�¬�å - (to act/to make)

426 ²��­�h�¬�å - (speaking) 427 ²��­��l��& - (speech)

428 ²��¼�x�¬�å - (shining/glittering) 429 æ²�I�h�¬�å - (asking for alms/begging)

430 ²�ñ¬��l��& - (frightful/terrible) 431 ²�ò& - (becoming)

432 ²�òi�|��n��²���«�& - (to come forth/to appear) 434 ²�ò­�h�¬�å - (decorating/adorning)

435 ²�ò­�� - (jewel/ornament) 436 ²�æi�& - (bear/support/maintain/nourish/service

for wages)

437 ²��n�( & x�¬�å - (divide/break) 438 ²���V�x�¬�å - (eating)

439 ²�¬�h�¬�å - (to turn around) 440 ¬�hbÖx�¬�å - (the act of decorating/adorning)

441 ¬�n�& - (to be proud) 442 ¬�n�x�¬�å - (make arrogant)

443 ¬�xn�� M�æi�& - (to move slowly/to creep) 444 ¬�xl�& - (churning/agitating)

445 ¬�n��x�¬�å - (crushing/grinding) 446 ¬�­��h�¬�å - (endurance/patience)

447 ¬�³¶ «�¬�å - (great/much/extensive) 448 ¬��®M�±»�¬�å - (auspicious/prosperity/welfare)

449 ¬��x�¬�å - (pride/haughtiness) 450 ¬��x�¼�¬�å - (mutter/whisper)

451 ¬��¨�h�¬�å - (killing/slaughter/destruction) 452 ¬��M��h�¬�å - (an arrow)

453 ¬��M��¼�®¼E��¨�& - (paving) 454 ¬��V��x�¬�å - (cleaning)

455 æ¬� �h�¬�å - (mixing/combining) 456 ¬�ò i�²��«�& - (to become hard)

457 ¬��v�� - (intelligence/the power of memory) 458 ¬��l��x�¬�å - (copulation)

459 ¬���I�h�¬�å - (resigning/rescuing/setting at liberty) 460 ¬���S�x�¬�å - (freeing/discharging)

461 ¬���n�& - (delight/gladness) 462 ¬���n�x�¬�å - (joy/pleasure)

463 ¬���³¶& - (swoon/fainting) 464 ¬���³¶x�¬�å - (arrogance)

465 ¬���hbÖ ¬�å - (to initiate a pupil) 466 �I�h�¬�å - (heaping up)

467 ¬±��S x�¬�å - (speaking barbarously) 468 »��S�x�¬�å - (begging)

469 »��S �� - (begging/solicitation) 470 »�� �& - (war)

471 »���M�& - (junction/union) 472 ¨�I�h�¬�å - (guarding/protecting/watching)

473 ¨�I�� - (defence/protection) 474 ¨��M�& - (dying/color/hue)

475 ¨��²�¼»�¬�å - (to begin/commence) 476 ø�V�� - (disease/illness)

477 ø�V��æ«� �¨�h�¬�å - (suffer sickness) 478 {�æ �»�� - (figuring/beholding)

479 ¨��­�h�¬�å - (howling/neighing/roaring/yelling) 480 ¨���M�& - (disease)

481 ¨���M��{�x�»�x�¬�å - (to cure) 482 ¨���n�x�¬�å - (weeping/crying)
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483 ¨���v�x�¬�å - (to stop/to restrain) 484 ¨���­�& - (anger/wrath)

485 ¨���­�E°�i�¬�å - (to be angry) 485 ¨���­�h�¬�å - (angry/shout)

486 ¨���³¶h�¬�å - (the act of mounting/growing) 487 ±�I�h�¬�å - (a mark/sign)

488 ±�VV�� - (feeling of shame) 489 ±�®²�x�¬�å - (attainment/acquiring)

490 ±�«�x�¬�å - (cutting) 491 ±��²�& - (obtaining/gaining/acquisition)

492 æ±�{¼�� - (obtaining/to search for/to seek/to

inquire for)

493 ±���bÖx�¬�å - (disturbing/agitating)

494 ±���±»�¬�å - (fickleness/unsteady) 495 «�Cj�¼�®»���M�& - (to kiss)

496 «� �æx� ��­�& - (a clap of thunder) 497 «�n�x��E�n��¦�& - (the whole side of the face

including the temple)

498 «�¬�x�¬�å - (vomiting) 499 «�»���³¶�æx�& - (to become old/aging)

500 «�¨�h�¬�å - (to choose/select) 501 «�V��x�¬�å - (abandoning/losing/giving up)

502 «�h��& - (color) 503 «�h��æG�»�� - (to paint)

504 «�i��x�¬�å - (being) 505 «�­��� - (raining)

506 «�¼�x�¬�å - (clothing/dressing) 507 «��C»�|�Û�xv�& - (connected composition)

508 «��æn�j� �³¶h�¬�å - (to play on an instrument) 509 «��¨�h�¬�å - (opposition/resistance)

510 æ«�E�¼�x�¬�å - (blossoming/opening/expanding) 511 æ«�G�� xi�& - (heroism/prowess)

512 æ«�I��{�& - (casting/throwing/pro ecting) 513 æ«�S��¨�h�¬�å - (discussion/understanding)

514 æ«�æV�M�ñ­�� - (desire to conquer) 515 æ«� ��x�¬�å - (knowledge/science)

516 æ«�i�E��& - (to consider/think) 517 æ«�k�¼�¬��i¼�M��& - (to expend)

518 æ«�n��¨�h�¬�å - (to break/split/crack) 519 æ«� ��{��n��x�¬�å - (learn/to acquire knowledge)

520 æ«�v��x�¬�å - (to rule/govern) 521 æ«�v�x�x�¬�å - (agitation/tremor)

522 æ«�æx�xn�x�¬�å - (blame/reproach/censure) 523 æ«�{�¨�ñi� ¬��l��x�¬�å - (intercourse)

524 æ«�|�»���M�& - (disunion/separation) 525 æ«�Û��v�x�¬�å - (pain/agony/anguish)

526 æ«�Û��v�� - (pain/agony/anguish) 527 æ«�²��M�& - (division/apportioning)

528 æ«�²��V�x�¬�å - (distributing) 529 æ«�¬���S�x�¬�å - (liberation/emancipation)

530 æ«�¬���³¶x�¬�å - (tempting/seducing) 531 æ«�»���V�x�¬�å - (division/separation)

532 æ«�¨��S�x�¬�å - (evacuation/to empty) 533 æ«�±�¼�x�¬�å - (sporting)

534 æ«�±��¼�& - (to sport) 535 æ«�±�� �x�¬�å - (splitting/dividing)

536 æ«�±���bÖx�¬�å - (agitation/shaking/churning) 537 æ«�«��¼�& - (banishment/exile/expulsion)

538 æ«�¦�Ûn�x�¬�å - (to announce/declare) 539 æ«�¦�¨�h�¬�å - (splitting)

540 æ«�¦��­�h�¬�å - (distinguishing) 541 æ«� ��h�x�¬�å - (distribute)

542 æ«� ��¼�& - (trust/confidence) 543 æ«�¼�M��& - (confidence)

544 æ«�¼i��¨�& - (let go/let loose) 545 æ«�¼i��¨� «�S�x�¬�å - (expansion/extension)

546 æ«�¼i�°æi�& - (spread out/extended) 547 æ«�¼¬��{�x�¬�å - (illusion/deceit)

548 æ«�¼¬�°æi�& - (forgetfulness) 549 æ«�³¶�»�¼�� M�æi�& - (flying up)

550 æ«�³¶�¨�& - (sport/play) 551 «�°h���i»�l��& - (choose/select)

552 «�°æ �& - (increase) 553 «�°nå�v»�l��& - (to increase)

554 «��æi�x�� i��±»�¬�å - (weaving) 555 «��­ x�¬�å - (surrounding/encircle)

556 «��E�±»�¬�å - (agitation/flurry) 557 «��E°�i»�¬�å - (change/alter)

558 «��C±�«»�¬�å - (confusion/grief) 559 «��æS�k»�¬�å - (grief/mental distraction)

560 «»�H�� «��Eå� - (to speak/tell) 561 «»�æH�& - (distinction)

562 «»�H�ñE�¨�h�¬�å - (explaining/clarifying) 563 «»�l�x�¬�å - (giving pain)
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564 «»�«�³¶�¨�& - (business/profession) 565 «»��E��±�i«�¬�å - (perplexing/confusion)

566 «»��V�ñE�¨�h�¬�å - (deception/deceive/defraud) 567 «»�� {i�& - (extending/widely spread)

568 «»��»��¬�& - (stretching out/to bring out of) 569 µ�i��n��¦�& - (investiture with the sacred thread)

570 µ�ñ & - (shame) 571 ¦�æH�& - (ability/power/strength)

572 ¦�æH�Û�xv�x�¬�å - (to be capable of generating) 573 ¦�C»�(#�)l��& - (being capable)

574 ¦�®E�� - (doubt/uncertainty) 575 ¦�®E��Û�xv�x�¬�å - (forcibly/violently)

576 ¦�Ûn�& - (sound/noise) 577 ¦�Ûn�& i��¨�& - (to utter a shrill cry)

578 ¦�Ûn� E��i¼�� - (to laugh at/ridicule/mock) 579 ¦�Ûn�æG�»�� - (to sound/make any noise)

580 ¦�Ûn��l��& - (to sound) 581 ¦�»�& - (sleep)

582 ¦��i�x�¬�å - (withering/decaying) 583 ¦��¼�x�¬�å - (order/command/ruling)

584 ¦��¼ �¬�å - (order/instruction) 585 æ¦�±{�»���M�& - (shine/glitter)

586 ¦�ñ ��l��& - ( uick/speedy) 587 ¦��ær�& - (purification)

588 ¦��æl�±»�¬�å - (looseness/laxity) 589 ¦���E�& - (sorrow/grief/anguish)

590 ¦���v�x�¬�å - (cleaning/purifying) 591 ¦���²��l��& - (to look beautiful)

592 ¦���­�h�¬�å - (drying up) 593 ¦���S�& - (cleansing/purification)

594 ¦���S�E�¬��x�å - (purification) 595 ü�r�� - (composure)

596 ü�«�h�¬�å - (to hear) 597 ¦±��P�� - (praise/self praise)

598 ¦±��­�h�¬�å - (embrace/cling) 599 ��i»�¬�å - (whiteness)

600 ¼�®E���S�x�¬�å - (contract/shrink) 601 ¼�®C±��¦�x�¬�å - (suffering/pain)

602 ¼�® »��x�¬�å - (counting) 603 ¼�®M�æi�E�¨�h�¬�å - (worship/sacrifice)

604 ¼�®M�¬�& - (meeting/union) 605 ¼�®P�­��& - (emulation/rivalry)

606 ¼�®P��i�& - (multitude) 607 ¼�®S�»�& - (collection/gathering)

608 ¼�®S�±�x�¬�å - (trembling/shaking) 609 ¼�®S�h��x�¬�å - (grind/crush)

610 ¼�®S��i�x�¬�å - (the mind) 611 ¼�®S���n�x�¬�å - (sending/directing)

612 ¼�® ��x�¬�å - (knowledge) 613 ¼�®i�V��x�¬�å - (blame/censure)

614 ¼�®i��x�& - (extending/spreading) 615 ¼�®i��x�æG�»�� - (extending/spreading)

616 ¼�®i��{�& - (heat/fire) 617 ¼�®n�²��& - (weaving/collecting)

618 ¼�®n�ñ{�x�¬�å - (inflaming/kindling) 619 ¼�®n��¦�(«�S�)x�¬�å - (information/news)

620 ¼�®æx�E�­��h�¬�å - (approximating/approaching) 621 ¼�®{�E��& - (contact)

622 ¼�®{�S��x�¬�å - (to join/mix) 623 ¼�®{��(|��)­�h�¬�å - (to strike against)

624 ¼�®|� �«�h�¬�å - (to sprinkle) 625 ¼�®|�³¶�¨�& - (striking/wounding/beating)

626 ¼�®Û�xv�& - (connection) 627 ¼�®²�æH�& - (to honour/worship)

628 ¼�®²�¬�& - (haste) 629 ¼�®»�¬�x�¬�å - (to bring into contact)

630 ¼�®¨��ær�& - (to cook/prepare) 631 ¼�®«�¨�h�¬�å - (covering)

632 ¼�®«��­ x�¬�å - (surrounding/encircling) 633 ¼�®¦�Ûn�x�¬�å - (telling/narrating)

634 ¼�®¦�»�& - (doubt/uncertainty) 635 ¼�®¦±��­�h�¬�å - (to obstruct)

636 ¼�®¼�M��& - (mixture/union/contact) 637 ¼�®æ¼�ær�& - (complete accomplishment)

638 ¼�®¼i»��x�¬�å - (assemblage) 639 ¼�®¼{�¦��(x�¬�å)#& - (contact)

640 ¼�®M�& - (joining/uniting/come in contact) 641 ¼� �� - (existence/being)

642 ¼�¬�«��»�& - (conjunction/union/cohesion) 643 ¼�¬��P��i�& - (war/battle/killing/slaughter)

644 ¼�¬��æv�& - (perfect absorption of thought into the

object of meditation)

645 ¼�¬��S �»�& - (height/elevation)

646 ¼�¬�ær�& - (prosperity/well being) 647 ¼�¬»�M�«�²��­�h�¬�å - (to speak ill)
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648 ¼�³¶x�¬�å - (enduring/bearing) 649 ¼��i�i»�¬�å - (continuity)

650 ¼��i�i»�M�¬�x�¬�å - (to go constantly) 651 ¼��xi«�x�¬�å - (reconcile)

652 ¼��¬�(xi«�) �»���M�& - (reconcile) 653 ¼��¬�l»��¬�å - (force/power/ability)

654 ¼��J�¬�å - (joy/pleasure) 655 ¼��J�x�¬�å - (make happy/please)

656 ¼�� �x�¬�å - (sprinkling) 657 ¼��«�x�¬�å - (serving/attending)

658 ¼��«�� - (service/attendance) 659 ¼J� x�¬�å - (cutting/hurting/harassing)

660 ¼i�®²�& - (to fix/to make rigid/to paralyse) 661 ¼i�®²�x�¬�å - (paralysing/numbing/stunning)

662 ¼i�«�x�¬�å - (praising) 663 ¼i��æi�& - (praise)

664 ¼i��»�& - (theft/robbery) 665 ¼i��»�E�¨�h�¬�å - (stealing)

666 ¼l��x�¬�å - (standing/staying/being stationary) 667 ¼l��»��¬�å - (firmness)

668 ¼l��� »�¬�å - (bulkiness/being big) 669 ¼x��³¶( &)x�¬�å - (anointing/lubricating)

670 ¼{� ��� - (envy/rivalry/emulation) 671 ¼{�¦��& - (touch/contact)

672 ¼{�¦��x�¬�å - (touching/handling) 673 ¼¬�¨�h�¬�å - (remembering)

674 ¼¬�æi�& - (memory/remembrance) 675 �«�h�¬�å - (oo ing/flowing)

676 ¼«�{x�& - (sleep/sleeping) 677 ¼«��¬»�l��& - (mastership/lordship)

678 ³¶xi»�l��& - (killing) 679 ³¶¨�h�¬�å - (partake/stealing/destroying/carrying)

680 ³¶æ¨�i�²��«�& - (greening) 681 ³¶­��& - (joy)

682 ³¶­�� �»�& - (to grow weary/despond/be dispirited) 683 ³¶¼�x�¬�å - (laughing)

684 ³¶�æx�& - (decrease/damage/abandon) 685 ³¶�«�E�¨�h�¬�å - (express co uettishly)

686 è³¶¼�x�¬�å - (hurting/injuring/killing) 687 è³¶¼�� - (hurting/injuring/killing)

688 è³¶¼��l��& - (hurting/injuring/killing) 689 ³¶ �x�¬�å - (deceiving/arrogating)

690 «�¨�h�¬�å - (to be crooked/to deceive)

ome root me nin s re erred to in Á ini s Ád yÁy    dhyÁya,pÁda,s£tra , £tram)

1,3,015 x� M�æi�è³¶¼��l�¾²»�& 1,3,087 æx�M�¨�h� S�}*x��l�¾²»�&

1,4,025 ²�ñ ��l���x��¬�å ²�»�³�¶i��& 1,4,027 «��¨�h��l���x��¬�å <� {¼�i�&

1,4,033 ø�S»�l���x��¬�å |�ñ»�¬��h�& 1,4,037 G��v� ��³�¶­»���%¼�ò»��l���x��¬�å »�® |�æi� E���{�&

1,4,052 M�æi�Û��ær�|�i»�«�¼��x��l�� ¦�Ûn�E�¬���E�¬��E��h��¬�æh�

E�i��� ¼� h���

2,3,012 M�i»�l��E�¬��æh� æ �i�ñ»��S�i��l»��� S�� �»��¬�x�v«�æx�

2,3,052 v�ñM�l��n�»��¦��® E�¬��æh� 2,3,054 ø�V��l���x��® ²��«�«�S�x��x��¬�V«�¨��&

3,2,148 S�}*x�¦�Ûn��l���n�E�¬��E�� �S�å 3,2,151 G��v�¬�h �l�¾²»�2�

3,2,188 ¬�æi�Û��ær�{�òV��l�¾²»�2� 3,3,129 U�xn�æ¼� M�i»�l�¾²»�&

3,3,146 èE�æE�}*�¼i»�l�¾­�� }°*]å� 3,3,157 <SU��l�¾­�� æ}*Rå�}*��]���

3,3,160 <SU��l�¾²»��� æ«�²��­�� «�i��¬��x�� 3,4,048 è³¶¼��l���x��® S� ¼�¬��x�E�i�°�E��h��¬�å

3,4,065 ¦�E�v�°­� ��M}*� �]�¨�²�}*²�G�¬�¼�³¶�³¶��¼i»�l�¾­�� i��¬��x�å 3,4,072 M�i»�l���E�¬��E�æ *­�¦�ñRå�¼l��¼�«�¼�V�x�ø�³¶V�ñ»��æi�²»�2�

3,4,076 ���%æv�E�¨�h�� S� ���«»�M�æi�|�i»�«�¼��x��l�¾²»�& 6,2,080 {�¬��x�® ¦�Ûn��l��|�E°�i��«��«�

8,1,025 {�¦»��l��2��x��}*��S�x�� 8,1,051 M�i»�l��}*��]�� }°*hx�S��iE��¨�E®� ¼�«���x»�i�å
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Á inian 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 tructure:

The grammar rules are formally structured by PÁüini in his A ÁdhyÁy¢. PÁüini's A ÁdhyÁy  is

arranged in eight chapters (AdhyÁya), each chapter containing four sections or quarters (PÁda-s) and

every section containing several number of rules (S£tra-s). S£tra-s are not sentences - but like formulae

or program code, it would run out to sentences after certain algebraic operations were carried out. n all,

PÁüini'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.

PÁüinian 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 PÁüini. The grammar rules are of various types with a section on metarules 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 -

) e initional ( µ µ ) 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 4 such technical terms defined by PÁüini. For eg.,

gha denotes the two suffixes tarap and tamap. Similarly, feminine words ending in i or u are termed as

nad¢. Operational rules applicable to the denoted terms are greatly facilitated by the use of technical

terms. They are called saµjµÁ.

) Interpretive (pari hÁ Á) Rules : ost of the operational rules describe one of the three

character/string processes of addition (augmentation), deletion (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., HS/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.

) urisdictional (adhi Ára) Rules : Rules are arranged on topical basis and the scope of this is

defined as AdhikÁra. All operational rules coming under a particular topic will inherit the AdhikÁra s£tra

words. The above two types may be called meta-rules, i.e, rules about rules.

4) Inheritence (anuv tti) 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 Anuv tti (partial inheritence) which is used for achieving brevity.

) perational (vidhi) Rules : These define one of the three above said processes for particular

operands. These are njunctive in nature i.e., say, if this condition is satisfied then do the follo ing. The
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next type will be the exception to these processes fully or partially. These are respectively called niËedha

(exception) and niyama (restriction).

6) is ellaneous ati e a  ules : There are also a few rules which list certain finished ords

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 aË¦ÁdhyÁy  namely :

 i) Latter rule supercedes the former.

 ii) ules applicable to a particular member or subset suprecede those of a generic class or set.

 iii) First 2  quarters (pÁda-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.

eneral algorit  or using a inian rule :

) Choose the particular rule and note down its position or reference number in terms of

chapter, quarter and s£tra number.

2) Check if the rule contains any echnical terms and if so take its denoted term.

) Check for AdhikÁra under which urisdiction the rule under question falls and supply the

AdhikÁra rule words.

) Find out if any word(s) are to be inherited from other rules through Anu tti. f so, add those

words.

) yntactically 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.

) Construct the long hand form of the selected rule from the details obtained through these

steps.

) ake a mention of databases involved for reference like dhÁtupÁ¦ha (list of verbal roots),

gaüapÁ¦ha (list of nominal words sharing certain common syntactic properties), uüÁdi-s£tra (list of

suffixes) etc., if any.

We illustrate this procedure through an example :

Let the rule chosen be Ád guüa .
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1) The reference number of this rule is 6.1.87.

2) This rule contains a technical term guüa� (refer 1.1.2). This technical term refers to the three

characters a, e and o. e now replace the word guüa� with a, e and o.

) This rule comes under the AdhikÁra (jurisdiction) of Sa®hitÁyÁm (6.1.72) i.e., in continuous

utterance.

4) By A uv tti we inherit the words ekah and p£rva-parayoh from 6.1.84 and aci from 6.1.77.

5) This rule has two words Át and guüa�. After syntactic analysis, the base and case of the two

words are respectively (a,5) and (guüaa,1). For Sa®hitÁyÁm the base is Sa®hitÁ and case 7, for aci it is

(ac,7), for ekah it is (eka,1) and for p£rva-parayoh it is (p£rva-para,6).

6) Applying the interpretive rules, the base a of Át 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 1.1.5 . By traditional interpretation, case 1 denotes

the substituend. Also p£rva denotes LHS and para the RHS. eka denotes singularity.

7) From the above steps we arrive at the £tra 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 or o". The

actual replacement among a, e and o is the one that is closest to the RHS vowel.

8) This rule does not re uire any database for interpretation.

For implementation of this procedure we need all the rules of a ÁdhyÁy  with the reference

number, jurisdictions, inheritances, list of all technical terms, all interpretive conditions and analysis

package.

Á i i  Ára a r

By observation of the language Sanskrit used by native speakers of his times, particularly the

educated class, Á ini 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 (vivak Á) is

another factor in ascribing active roles to the functors.

Six basic categories or case relations were propounded with their syntactic markers as below.



PÁ inian Rule-type  an  Ára a eory ANNE RE - D

Dept. o  SA, IISc, angalore P. Ra anu an, .Sc. Engg.

( ) An independent thing signifying existence of a substance, its gender, quantity or number with no

special marker other than just a noun.

hen an active role is intended, an animate category of functor is usually used. For example:

'RÁma kills RÁvaüa by arrows',

'The enemy is getting killed by RÁma',

'I worship RÁma',

'RÁma 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,

' a aratha sends Rama to the forest',

'RÁma goes to the forest',

'RÁma gets the feast cooked by the cooks'.

olition 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'.

ertain reflexive actions do not involve using the independence present in the actor. For example,

'The food is being cooked by RÁma 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.

( ) 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).

(ii) 'The goldsmith embeds diamond in RÁma's earring' (refining).

(iii) 'I pray RÁma' (attaining mental).

(iv) ' ut of lust RÁvaüa steals S tÁ' (undesirable).

(v) 'Angered, he consumes poison' (undesirable).

(vi) 'The hungry child eats polluted food unknowingly' (desired and undesired).

(vii) 'The cow is milked by üa' (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.

( ) 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..



PÁ inian Rule-type  an  Ára a eory ANNE RE - D

Dept. o  SA, IISc, angalore 1 1 P. Ra anu an, .Sc. Engg.

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) 'RÁma cuts off RÁvaüa's head by sharp arrows' .

(ii) 'RÁma reaches AyodhyÁ by palanquin with tÁ'.

(iii) 'I mentally pray RÁma'.

(iv) 'LakËmaüa signals RÁma by his eyes'.

( ) 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'.

(ii) 'RÁma grants release to his devotee'.

(iii) 'The hermit brings fruit for RÁma'.

(iv) 'The devotee offer prayers to God'.

( ) 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)

(ii) ' arrior falls from a running horse'. (mobile reference)

(iii) '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 aratantu'. (systematic learning)

(ix) 'K Ëüa hides from his mother'. (veil or cover)

(x) 'Arjuna is the best among the archers'. (picking)

(xi) 'Ganges flows from HimÁlaya-s'. (source)

(xii) 'Living beings emerge from God'. (material instrumental cause)

( ) 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) 'RÁma sits on the throne', 'the teacher taught for thirty years' (partial contact).

(iii) 'He is good in mathematics', 'the climate is fine in spring' (topical).

(iv) 'The hamlet is on the river', 'I reside in .G. Road', 'I am just joining you' (proximity').

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 Áraka s (agent and ob ect) 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 ÁmÁya a  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 cate o ies  a ent o ect o  t pe peci ication

Format : (#Meaning Group, #Activity Meaning, (semantic type/condition)

(1,3,"+O�M�¬�x�¬�å","(¼»��i�å : ¼�®J»�� : E�i��� 1 )") (1,5,"+æi�G�¬�&","(¼l��x�¬�å : +i�ñi�&(E�¬��))")

(1,9,"+v�&{�i�x�¬�å","(æn�Eå� : +v�&)") (1,24,"+æ �M�¬�x�¬�å","(E�¬�� æ«�v�& S��i�x�&)")

(1,77,"+�|�«�h�¬�å","(æ«�v�& : ¬��°�²&)(æn�Eå� : >³v«��¬�å))") (1,78,"+�{}�«»�¬�å","(æ«�v�& : ¬��°�²&)(æn�Eå� : >³v«��¬�å))")

(1,95,"+�¦��M�¬�x�¬�å","(æ«�v�& : i«�æ¨�i�&)") (1,97,"+�¼E�xn�x�¬�å","(E�i��� : p�«»�¬�å : +á�& : æi�»��Eå� :

¬�òi��¬�å:)")

(1,157,"E��æ]�}*�M�æi�&","(E�i��� : p�«»�¬�å : ¬�òi��¬�å : æi�»��Eå� : ¼�{��&)") (1,162,"E��i¼��M�æi�&","(æ«�v�& : ¼J�æ}*i��)")

(1,166,"E�{�M�æi�&","(E�i��� +«�¼l�� n�ñx��)") (1,187,"+�M�¬�x�¬�å","(={�¼�M�� : +�)({�ò«�� ¼l��x�¬�å E�¬��)")

(1,187,"æx�M��¬�x�¬�å","(={�¼�M�� : æx�¨å�)({�ò«�� æG�»�� +�M�¬�x�¬�å)") (1,188,"M�æi�S��i��»��¬�å","(E�i��� : +á�&)")

(1,190,"M�æi�|�æi� ��i�&","(æ«�v�& : æx� ��)") (1,191,"M�æi�«�E� »�¬�å","(E�i��� +«�¼l�� J� ¾&)")

(1,225,"U� M�æi�&","(E�i��� SU�� æx�}*»�x�¬�å)") (1,241,"i�¨�h�¬�å","(+æv�E�¨�h�¬�å : +x»�i�¨�&(«��»��&, V�}*¬�å))")

(1,330,"{��n�æ«�I��{�&", (E�¨�h�¬�å : {��n&)") (1,366,"(|�«��¦�&","")

(1,432,"¬�xn��M�æi�&","(æ«�v�& ¬�xn�&)") (1,472,"¨���°²h�¬�å","(æn�Eå� >³v«��¬�å)")

(1,533,"æ«�°²�»�¼��M�æi�&","(+æv�E�¨�h�¬�å : «��»��&)") (1,550,"«»��æu¾&","(+æv�E�¨�h�¬�å +«�¼l�� «»��u¾�)")

(1,601,"¼�®æx�E� ��&","(¼l��x�¬�å æx�E�]�¬�å(E�¬��))") (1,634,"¼��i�i»�M�¬�x�¬�å","(E�¬�� : +æx� n�7$&)")

Activity s eci icatio s (in alphabetical order of root meanings)

 Format : (#Activity Group, #Activity, Root_Meaning, (functor type/semantic condition)

(2,1,"+I�¨�æ«�x»��¼�&","(Object=Topic),(Instrument=writing_material)")

(9,2,"+æ ¾¼�®»���M�&","(Instrument type pipe),(Output oven burn)")

(1,3,"+O�M�¬�x�¬�å","(Agent number greater(1)) (Agent=first_agent)(Agent t )

(2,4,"+H"x�¬�å","(output attribute definition)")

(3,4,"+H"x�¬�å","(Object secondary topic)")

(1,5,"+æi�G�¬�&","(Object position (beyond normal)")

(9,6,"+æi�¼�V��x�¬�å","(#1 Agent has Object), (#2 Recipient has Object)")

(9,7,"+n�x�¬�å","(Object type edible)")

(10,8,"+n�¦��x�¬�å","(output Object lost)")

(1,9,"+v�&{�i�x�¬�å","(Agent movement downwards)")

(10,10,"+v��¨å�7$ ¬�å","(Object state afraid)")

(2,11,"+v»�»�x�¬�å","(Object= Topic), (Activity type continuous")

(2,12,"+x�«�¼l��x�¬�å","( nowledge type false)")
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(10,12,"+x�«�¼l��x�¬�å","(Agent movement rotary)")

(5,13,"+x��n�¨�&","(Attention nil)")

(3,14,"+x�æ¦� &","(Object secondary command)")

(3,15,"+x�i�­��·�h�¬�å","(Message type false)")

(8,16,"+xi�E�¬��x�å","(Object becomes non e istent)")

(2,17,"+ x«� �","(present=Object),(location object domain)")

(3,19,"+{�x�»�x�¬�å","(Messge emphasis negative)")

(4,19,"+{�x�»�x�¬�å","(#precond Object),(#postcond location)")

(4,20,"+{�«��¨�h�¬�å","( esult = Object  not seen)")

(4,21,"+{�°²¨�h�¬�å ,"(#1 Possession with owner) (#2 Possession with Agent)

(2,22,"+ �ñæi�&","(Emotive type negative)")

(2,23,"+æ­�E�� å I��","(Emotive type negative)")

(1,24,"+æ­�M�¬�x�¬�å","(Object type sentient)")

(10,26,"+æ­�­�«�&","(Object state victorious)")

(8,27,"+æ­�»���M�&","(Activity type aggressive)")

(3,28,"+æ­�«�v��x�¬�å","(Message emotive positive)")

(5,29,"+æ­�«��n�x�¬�å","(Object is superior)")

(8,30,"+æ­�·�«�&","(Object lose juice)")

(10,30,"+æ­�·�«�&","(Object state cleaning)")

(2,32,"+­»��¼�&","(Object =Topic),(Activity type repeated)")

(4,33,"+æ¬� �h�¬�å","(#precond contact with other (object)),(#postcond **)

(6,34,"+ ��x�¬�å","(Effort present), (output desired Object)")

(7,36,"+}*E�¨�h�¬�å","(output loo  pleasent)")

(6,39,"+}*�­�&","(effort present),(output absent)")

(3,40,"+}*ñE�&",")")

(2,42,"+«�E� E�x�¬�å","(Object =Topic)")

(3,43,"+«�I��{�h�¬�å","(message emotive negative)")

(10,46,"+«�M��°²x�¬�å","(medium type water)")

(8,48,"+«�n��¨�h�¬�å","(Object becomes pieces)")

(2,50,"+«�Û���v�x�¬�å","(Object primary sentient),(Object secondary topic)")

(4,53,"+«�¼l��x�¬�å","(#precond any location), (#postcond = #1)")

(6,56,"+«��æ &","(Output desired Object)")

(10,58,"+«»� �&¦�Ûn�&","( ound type unintelligible)")
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(10,60,"+ ��æ«�¬���S�x�¬�å","(Output eyes tearful)")

(7,61,"+¼�®¼E��¨�&","(Object look unpleasent)")

(4,62,"+¼�x�¬�å",'(#precond any location), (#postcond object moved away)")

(5,63,"+¼�«��{�»���M�&","(Activity utilizing), (output not zero)")

(2,68,"+� ��h�¬�å","(Activity type sensory)"), (instrument = nose)")

(5,70,"+�n�¨�&","(Attention full)")

(6,71,"+�n��x�¬�å",'(Accept object)")

(1,77,"+�|�«�h�¬�å","(Agent movement and (repeated, upwards))")

(1,78,"+� �«»�¬�å","(Agent movement and (repeated, upwards))")

(2,79,"+�­�® x�¬�å","(Object = opic), (knowledge type true)")

(3,81,"+�¬�x �h�¬�å","( essage type addressig)")

(8,82,"+�¬�n��x�¬�å","(30)")

(2,83,"+�¬�¦��x�¬�å","(Activity type sensory), ( nstrument=skin)")

(2,84,"+�¬�·��h�¬�å","(Emotive type negative)")

(9,87,"+�p� ­��«�&","(Object becomes wet)")

(5,89,"+�æ}* x�¬�å","(Present physical contact), (emotion positive)')

(2,93,"+�¦��","(Emotive type positive)")

(5,94,"+�¦�ñ)","(wishing good)")

(1,95,"+�¦��M�¬�x�¬�å","(Agent movement rate (fast))")

(1,97,"+�¼E�xn�x�¬�å","(Agent movement movement  horse)")

(2,99,"+� �n�&","(Emotive type positive)")

(5,102,"< »��","(Object is superior)")

(10,103,"< xp�»�|�}*»�&","(Organ becomes inactive)")

(2,105,"<�·»�� ��&","(Emotive type negative)")

(6,108,"=\ &","( ource many), (Object type grain)")

(4,110,"=i ��{�&","( irection movement upwards)")

(4,112,"=i¼�M��&","(#1 Present object), (#2 not (#1)), (movement type voluntary*)

(9,114,"= ñ¨�h�¬�å","(Eaten thing comes out)")

(9,115,"= ¬�&",'(Agent puts effort)")

(9,121,"=x¬��x�¬�å","(Object compared against reference), (parameter type*)

(7,122,"={�E�¨�h�¬�å","(helps change)")

(7,129,"={�x�»�x�¬�å",'(Activity taking near), (Activity type preaching)")

(6,130,"={�»��S\��",'(Object type donor), (Agent attribute poor)")
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(7,132,"={�}�*{�x�¬�å","( oating with li uid)")

(5,135,"={�¼��«��","(Object is superior), (Activity pleasing)")

(4,137,"={��n��x�¬�å","(#1 Possession with any) (#2 possession with agent)")

(7,139," ��x�¬�å","(Output object more vigorous)")

(9,141," � �»��¬�å","(Agent possess control)")

(3,142,"E�il�x�¬�å","(Message type exaggerated)")

(8,145,"E�h��­��n�x�¬�å","(Object type ear)")

(9,146,"E�¬��¼�¬��æu¾&","( ork state finished)")

(5,149,"E�±»��h�¬�å","(Output happiness)")

(7,152,"E��ëxi�E�¨�h�¬�å',"(Object becomes radiant)")

(3,155,"E��}*��{�n�� �&","(Object secondary time)")

(1,157,"E��æ]�}*�M�æi�&","(Agent movement movement snake)")

(9 158,"E��]��¬Û� ��¨�h�¬�å","(Object type or family, relatives )")

(8,159,"E�� �x�¬�å","(Object becomes powder)")

(2,160,"E��i¼�x�¬�å",'(Emotive type negative)")

(1,162,"E��i¼��M�æi�&","(Agent movement tottering)")

(1,166,"E�{��M�æi�&","(Agent condition weak)")

(2,179," ��ëxi�&","(Emotive type positive)')

(2,186," ��n�&","(Emotive type negative)")

(1,187,"M�æi�&","(Upasarga= �), (source=destination)")

(1,187,"M�æi�&","(Upasarga= æx�¨å�), (previous activity coming)")

(1,188,"M�æi�S��i��»��¬�å","(Agent = orse)")

(1,190,"M�æi� �æi� ��i�&","(Agent movement obstructed)")

(1,191,"M�æi�«�E�±»�¬�å","(Agent condition cripple)")

(2,197,"M�«��&","(Emotive type negative)")

(8,201,"M�� �æ«�S�h��x�¬�å","(Object becomes wounded)")

(3,205,"M��u¾{�æ¨�­�� �h�¬�å","(Message type confidential)")

(2,207," �xl�&","(Object type topic)")

(4,216,"S�»�x�¬�å","(#1 location number many), (#2 location number one)")

(5,220,"S��¬Û�x�¬�å","(Present lips contact), (Emotive positive)")

(9,222,"S�� �","(Activity type reflexive)")

******************

(2,235," ��{�x�¬�å",(output =knowledge)")
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(2,236," �ñ{¼��","(Object primary sentient), (Object secondary topic)")

(5,237,"i� i �»��","( esult=or pain pleasure ))")

(7,238,"i�x�òE�¨�h�¬�å","(Object thic ness reduces)")

(9,239,"i�xi��¼�®i��x�¬�å","(Input type threads), (output type cloth)")

(9,240,"i�{�¼�å","(Effort type intense)")

(1,241,"i�¨�h�¬�å","( edium=or(air, water))")

(3,242,"i�V��x�¬�å',"(message emotive negative)")

(8,242,"i�V��x�¬�å","(Activity type physical)")

**************

(7,249,"i��V�x�¬�å","(Object sharpness increasses)')

(9,252,"i»�� �&","(Object is abandoned)")

***************

(8,256,"n®�¦�x�¬�å","(Instrument type teeth)")

(9,257,"n�h æx�{��i�x�¬�å","(Object type sentient), (Object state uncomfortable)")*

(2,261,"n�¦��x�¬�å","(Activity type sensory), (Instrument = eyes)")

(8,268," �{� ��i�&","(Object becomes blind)")

(5,270,"n��«�{�òV��","(Object is deity)")

(7,275,"p�«�ñE�¨�h�¬�å","(Object becomes li uid)")

(4,276,"p�«»�æ«�æx�¬�»�&","(Object exchanged), (Instrument type money)")

(6,278,"v��x»�¬�å","(Object type grain)")

(4,279,"v��x»��«�¨���v�x�¬�å","(Object=grain)")

(4,282,"x�»�&","( resent movement)")

(5,290,"æx�¬�x �h�¬�å","(Activity religious)")

(5,293,"æx�»�¬�&","(Activity religious), (follows rules)")

(4,295,"æx�¨�¼�x�¬�å","( ource=body organ), (Object=excrete)")

((2,298,"æx�¦��¬�x�¬�å","(Activity type sensory), (Instrument=or(eyes,ears))")

(4,299,"æx�·E�·��&","(Object=any)")

(9,301,"æx�·{��E�&","(Object type edible), (Instrument type heat)")

(2,305,"x»�  ¨�h�¬�å","(Emotive type negative)")

(9,308,"{�¨� ��·»�¬�å","(Object=person)")

(9,309,"{�¨�¬� �»��¬�å","( ontrol type absolute)")

(7,314,"{�æ¨�h��¬�&","(Object state changes)")

(7,318,"{�æ¨� �® h�¬�å","(Object si e increases)")

(7,321,"{�æ¨�«�i��x�¬�å","(Object form changes)")
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(9,322,"{�æ¨�«��·�h�¬�å","(Object type edible), (Instrument type croc ery)")

(4,323,"{�æ¨�«��7$x�¬�å","(Object surrounded covered)")

(4,325,"{�æ¨� �h�¬�å","(#1 Object quantity any), (#2 Object quantity < #1)")

(7,328,"{�«�x�¬�å","(Object state cleaner)")

(10,329,"{��E�&","(Instrument type time)")

(1,330,"{��n�æ«�I��{�&","(Agent type animate)",(instrument = feet)")

(9,331,"{��x�¬�å","(Object state liquid), (Object type edible)")

(3,332,"{�� ·»�¬�å","( one=harsh), (content=harsh)")

(9,333,"{��}*x�¬�å","(Output object secure)")

(9,336,"{��æ7$&","(Output object healthy)")

(4,340,"{�ò¨�h�¬�å","((#1 Object quantity any), (#2 Object quantity or equal,full )

(4,341,"{� �  ¬��x�å","((#precond number any), (#postcond number <#1)")

(3,343,"{�¦��x»�¬�å","(Message emotive negative)")

(4,351,"|�æh�n��x�¬�å","((Object exchanged), (Instrument type other object)")

(3,354,"|�æi� ��x�¬�å","(Message type assurance)")

(4,355,"|�æi�Û�xv�&","(Movement stopped)")

(4,363,"|�¬��� �x�¬�å","(#1 bound), (#2 not (#1))")

(2,365,"|�}®*­�x�¬�å","(Emotive type negative)")

(1,366,"|�«��¦�&","(Agent type animate), (Object type enclosure)")

(3,368,"|�¼�«�&","(Message type consent)")

(2,371,"|�¼��n�&","(Emotive type positive)")

(4,382,"|��{�h�¬�å","( resent movement), (Object movement dependent agent)")

(9,388,"|��¨�h�¬�å","(Object type any)")

(9,393,"Û�xv�&","(Object state confined)")

(9,395,"Û�xv��&"<"(Object mixing ith people)")

(9,396,"Û�}*¬�å","(Output object strong)")

(10,399,"Û�ñV�V�x¬�x�å","(Agent type plant)")

(9,400,"Û�ñV�¼�®i��x�¬�å","(Object type seeds)")

(10,401,"Û��­��I��","(Agent condition hungry)")

(10,410,"­�·�h�¬�å","(Agent type dog)")

(3,413,"­��«�E�¨�h�¬�å","(Message type intention)")

(10,420,"­�òi�|��n��­���«�&","( irth time delayed)")
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(9,425,"­���V�x�æx�«�¶æk�&","(Eating not present)")

(7,431,"¬�xl�&","(Output essence_of object)")

(1,432,"¬�xn�M�æS�&","(Agent movement rate(slow))")

(7,442,"æ¬�ü�h�¬�å","(combine objects), (output single object)")

(7,443,"¬� i�­��«�&","(Object state solid)")

(5,445,"¬��l��x�¬�å","(Present body contact), (Emotion positive)")

(4,447,"(¬���S�x�¬�å","(Object like sweat)")

(5,452,"¬���h� &","(Activity religious), (#2 head shaved), (object=head)")

(8,463," V��","(Object condition diseased)")

(10,465,"¨��·�h�¬�å","(Agent category wolf)")

(7,467,"¨���M�{�x��»�x�¬�å","(Object becomes healthy), (Object type animate)")

(1,472,"¨���°²h�¬�å","(Agent movement upwards)")

(2,479,"}*��±»�¬�å","(Mental_state=unsteady)")

(4,492,"«��æn� � �°²h�¬�å","(Object type musical_instrument)")

(4,496,"æ«� ��{�&","((#1 Location number one), (#2 Location number many)")

(9,501,"æ«�k�¼�¬��i¼�M��&","(Object type money)")

(2,503,"æ«� ��{�n��x�¬�å","(Agent category student)")

(4,516,"æ«�¨��S�x�¬�å","(((#1 Object quantity equal capacity), (#2 Object quantity nil))

(9,521,"æ«�«��¼�&","(Object location outside_limits)")

(3,523,"æ«�¦� n�x�¬�å","(Pitch=high)")

(2,527,"æ«�á��¼�&","( nowledge type sure)")

(4,528,"æ«�¼�M��&","(Object emitting)")

(9,532,"æ«�¼¬��{�x�¬�å","(Object state or shocked, stunned )")

(1,533,"æ«�°²�»�¼��M�æi�&", (Medium=air)")

(7,540,"«��E¶�i»�¬�å","(Object condition bad)")

(8,548,"(«»��E��}*i«�¬�å","(Object state confused)")

(1,550,"«»��æ &","(Medium condition occupied)")

(5,552," �i�&","((Activity religious), (follows rules)")

(9,566,"æ¦�±{�»���M�&","(Activity type art)")

(8,574,"¦���·�h�¬�å","(Object state dry)")

(2,578,"ü�x�h�¬�å","(Activity type sensory), ( nstrument=eyes)")

(7,582,"á��i»�¬�å","(Object becomes white)")

(7,583,"¼�E���S�&","(Object si e decreases)")
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(9,5 6,"¼�® »��x�¬�å","( arameter type si e)")

(6,599,"¼�®n� ��&","(Object type or flo ers,boo s )")

(7,600,"¼�®n� {�x�¬�å","(Object becomes brighter)")

(1,601,"¼�® x�E�·��&","(Object distance small)")

(7,602,"¼�®{�E��&","(Object has contact)")

(6,619,"¼�®¼i»��x�¬�å","( esult union)")

(1,634,"¼��i�i»� �¬�x�¬�å","(Object type unspecified)")

(3,635,"¼��i�i»�¬�å","(Message emotive negative), (pitch high)")

(10,635,"¼��i�i»�¬�å","(Activity is continous)")

(3,636,"¼��xi«�x�¬�å","(Message emotive positive)")

(2,644,"¼�«��",( motive type positive)")

(5,647,"¼i�«�x�¬�å","(Object type superior), (Activity singing praise)")

(10,667," ·�� �»�&","(Agent category animate)")
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RELIMINAR  SEMANTIC LE ICON - (ONTOLO ICAL ATA ASE)

  ( ead rd, [su -types], [instan es], [suffix-types])

lex("|�¬��»�", ["p�«»�", "M��h�", "æG�»��", "¼�®Û�xv�"], [], [])

lex("p�«»�", ["¬�òi��", "+¬�òi��"], ["Y��x�", "+�i¬�x�å", "V�ñ«�", "<�á�¨�", "P�]�", "{�]�", "Û��­{�"], [])

lex("¬�òi��", ["|�i»�X¾å", "i��V�¼�", "+�{»�", "{��íl�«�", "{�¨��X¾å", "°�²i��", "}*I»�", "p�«�"], ["P�x�", "æS�j�", "¦�5¾"], [])

lex("+¬�òi��", ["«��»�«»�", "+�E��¦�", "E��}*", "<ëxp�»�", "æ«�­�»�"], [], [])

lex("M��h�", ["æ«�¦��­�h�", "¦�Ûn�", "¼{�¦��", "¡�{�", "¨�¼�", "M�xv�", "æS�k�«�³æk�", "{�æ¨�¬��h�"], ["M��h�", "v�¬��", "»���M�", "¼«�i«�", "+®¦�",

"¼�®Y��"], [])

lex("¦�Ûn�", ["¼�«��x��¬�", "E�¬��|�«�S�x�ñ»�", "i��±»��l��", "}*I�h�"], ["v«�æx�", "E� ��¨�", "«»�H�", "+æ«�¦�n�", "+�©��æbÖi�", "¼��xi«�", "¼�®M�i�",

" ²n�»�®M�¬�", "æx� �¨�", "{�ø�­�", " ��¬»�", "+ *ñ}*", "¼�òx�³i�", "¼�i»�", "+«��S»�", " ��«»�", "æ«�¼{�7$", "æ«�i�l�", "+x�³i�", " i�",

"¼�¬»�X¾å", "i�l»�", "E�}*", "¬�xp�", "M�®·�ñ¨�", "i��¨�"], [])

lex("¼{�¦��", [], [" ­h�", "¦�ñi�", "E���­h�", "E�«���­h�", "¬�xn���­h�", "E�n��­h�"], [])

lex("¡�{�", ["«�h��"], ["¼��¬�l»��", "i��V�¼�å", "i�ñIh�", "P�x�i«�", "|�E��¦�", "¦���·��"], [])

lex("¨�¼�", [], ["E�]��", "+¬}*", "}*«�h�", "¬�v��¨�", "æi�H�", "i��«�¨�", "E�­��»�"], [])

lex("M�xv�", [], ["{�æ¨�¬�}*", "+�¬���n�", "¼�¬��E�í­�x�å", "æx�°²��æ¨�x�å", "¼��¨�æ·�", " ��h�i�{��h�", "<7$M�xv�", "¼��M�ëxv�", "{�òæi�M�ëxv�", "n��M��xv�",

"æ«� �"], [])

lex("æS�k�«�³æk�", ["¼�i«�", "¨�V�¼�å", "i�¬�¼�å"], [], [])

lex("¼�i«�", [], ["|�ñæi�", "¼��J�", "¼l��»��", "°²­��", "|�¼��n�", "|�¬���n�", "Y��x�", "+v»�«�¼��»�", "+æ·�¬��x�", "·��«�x��", "æ«�«�I��", "+x��Y��",

"¼���°²�n��"], [])

lex("¨�V�¼�å", [], ["<SU��", "}* ¾�", "|�»� ¾"], [])

lex("i�¬�¼�å", [], ["·�ñæi�", "·�»�", " ��­�", "n��&J�", "E��¬�", "G���v�", "E���{�", "¬�n�", "¬��i¼�»��"], [])

lex("«�h��", [], ["á��i�", "{�ñi�", "°²æ¨�i�", "¨�H�", "¦»��¬�", "æ{�K"}*", "E�Û���¨�", "¦�� ", "
""), suf("�i�")]) 

"{��hbÖ¨�", "+«�n��i�", "æ¼�i�", "M���¨�", "«�}*I�", "v�«�}*", "+V���x�", "°²æ¨�h�", "{��hb�Ö¨�", "{��hb�Ö", "v�ò¼�¨�", "x�ñ}*", "+æ¼�i�", "E��}*",

"¦»��¬�}*", "¬��S�E�", "{��}*�¦�", "°²æ¨�i�", "}*��æ°²i�", "¨���æ°²i�", "¨�H�", "¦���h�", "+ø�h�", "{��]�}*", "¦»��«�", "E�æ{�¦�", "v�ò©�", "E�æ{�}*",

"E�p��", "æS�j�", "æE�¬� ¨�", "E�±¬��­�", "¦�Û�}*"], [])

lex("|�i»�X¾å", ["n��«�i��", "¬�x��­»�", "æi�»��X¾å"], ["{��ø�­�", "5¾ñ"], [end("i�"), ender("{��æ *K"&"), suf("¦�i�³")])

lex("n��«�i��", [], ["¼��¨�", "n��«�"], [])

lex("¬�x��­»�", ["U��j�", "+v»��{�E�", "Û��xv�«�", "+K"æ«�E�}*"], ["x�¨�", "n�ñx�", "J� ¾", "I��æv�i�", "n�æ¨�p�", "n��¼�", "|��­»�", "n��i�³",

"æ«�V�æ»�x�å", "|�ñ»�¬��h�", "M�SU�i�å", "¨��¬�", "E³�­h�", "n��«��¼��¨�", "n��«�n�k�", "»�Y�n�k�", "+¼¬�nå�", "»��­¬�nå�", "¨��¬��", "¬��j�", "S��j�", "¼�ñi��",

"¦�Û�¨�ñ", "æ¦�«�", "Û¨�� h�", "+V���x�", "}*I¬�ñ"], [])
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lex("æi�»��X¾å", ["¬�³M�", "{�æI�x�å"], [], [])

lex("U��j�", [], ["æ¦�­»�", "+xi��«��æ¼�x�å"], [])

lex("+v»��{�E�", [], ["={��v»��»�", "+�S��»��", "M��ø�"], [])

lex("Û��xv�«�", [], ["æ{�i�³", "¬��i�³", " ��i�³", "¼«�¼�³", "{��j�", "n��æ°²i�³", "{�æi�", "{� ¾ñ", "E��]��¬Û�"], [])

lex("|��h»�®M�", [], ["æ¦�¨�¼�å", "¬�¼i�E�", "{��n�", "°²¼i�", "E�¨�", "«��S�å", "S�¨�h�", "S�I��¼�å", "+æI�", "x��j�", " ¦�å", "ü���j�", "ü�«�h�",

"¦�¨�ñ¨�", "n�¦�x�", "+��9%", "¬��J�", "x��æ¼�E��", "i«�S�å", "+I�", "<ëxp�»�", "¬�x�¼�å"], [])

lex("+K"æ«�E�}*", [], ["+xv�", "E��h�", "E��æh�", "Û�æv�¨�", "¬�òE�", "{�K""], [])

lex("n���ç", [], ["M���", "+V��"], [])

lex("¬�³M�", ["n���ç"], ["+á�", "¼��xv�«�", "¼�{��", "á�x�å", "«�³E�"], [])

lex("{�æI�x�å", [], ["M�³ �", "M�ø�bÖ", "E��E�"], [])

lex("i��V�¼�", [], ["n�ñ{�", "x�I�j�", "¼�ò»��", "S�xp�", "V»���æi�¼�å", "æ°²¨�h»�", "¨�V�i�", "æ«�t�i�å", "+æ ¾"], [])

lex("+�{»�", [], ["V�}*", "x�n�ñ", "æ¦�æ¦�¨�", "æ°²¬�", "+{�å"], [])

lex("{�� l�«�", [], ["{�³æl�«�ñ"], [])

lex("{�¨��X¾å", ["¼l��«�¨�", "|��h»�®M�", "{��­{�", "«��t", "+¬��v»�", "°�²»�", "¬�l»�¬��x�", "·���V»�"], ["i�³h�", "x���", "+ �", "+I�"], [])

lex("¼l��«�¨�", [], ["{�«��i�", "«�³I�", "¼�¬��p�"], [])

lex("«��»�«»�", [], ["«��»��", "¬�ø�i�å", "|�E�¬{�x�", "Z� Z��«��i�"], [])

lex("+�E��¦�", ["n��¦�"], [], [])

lex("<ëxp�»�", [], ["{��n�", "{��»��", "={�¼l�", "{��æh�", "«��S�å", "S�I��¼�å", "ü���j�", " ��h�", "¨�¼�x��", "i«�S�å", "¬�x�¼�å"], [])

lex("E��}*", ["x�I�j� }�*{�å"], ["E��}*", "æn�x�", "¼�¬�»�", "{�I�", "¬��¼�", " i��", "+»�x�", "¼�®«�i¼�¨�", "«�­��", "¨��æj�", "|�·��i�", "+°²x�å"],

[])

lex("n��¦�", ["¼l��«�¨�", "æn�¦�å"], ["J�", "æ«�»�i�å", "M�¬»�¼l��x�", " ��¬�", "«�x�", "M�³°²", "n��«��}*»�", "+�ü�¬�", "n��¦�", "V�x�{�n�", "¼l��x�",

"+xi�¨�", "I��j�", "|��¼��n�", "{��]�æ}*{��j�", "¬�ëxn�¨�", "+�{�h�", "x�M�¨�"], [])

lex("|�E³�æi�", [], ["i�xi��", "¬�³i�å", "æ°²¨�h»�", "+»�¼�å"], [])

lex("|�E³�7$", ["+v»��{�E�", "n��«�i��"], ["{�òV»�", "¬�æ°²i�", "¼�i�å", "¬�°²i�å"], [])

lex("<7$", ["U��j�", "n��«�i��"], ["æ|�»�", "¼�� ²i�å", "·� �", "¦��­�"], [])

lex("+¬��v»�", [], [" �¬�� ��æi�", "{��¨�ñ­�", "¬�òj�", "æx�9% òi�"], [])

lex("°�²»�", [], ["+v�¬��", "{��{�", "n�� �æ¨�i�"], [])

lex("v��x»�", [], [" �ñæ°²", "»�«�", "¬��­�", "æi�}*", "i�hb�Ö}*", "Û�ñV�"], [])

lex("æ«�­�»�", ["{��¼i�E�"], ["«��i���", "v�¬��", "{�� ", "¼�xn��¦�", "¦��¼�x�", "¨�°²¼»�"], [])

lex("«��t", [], ["«�ñh��", "¬�³n�K"", "n��xn��æ·�", "·��¨�ñ", "+�i���t", "+�x�E�", "{�]�°²"], [])
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lex("{��­{�", [], ["E�¬�}*", "¼��¬�x�¼�å", "¼��¬�", "{��­{�", "¬�æ *E��"], [])

lex("{��¼i�E�", [], [" �xl�", "E��«»�", "{��¨��h�", "ü��æi�", "¼¬�³æi�", "<æi�°²�¼�", "+�M�¬�", "¦�� ¾"], [])

lex("·���V»�", ["°²æ«�¼�å", "v��x»�"], ["{�»�¼�å", "·���V»�", "+n�x�ñ»�", "+ �", "+��n�x�", "¼�ò{�", "+{�ò{�", "Á�}*", "n�æv�", "¬�v��", " �³i�",

"I�ñ¨�", "¼��xv�«�", "}*«�h�", "¬���n�E�"], [])

lex("p�«�", [], ["{�»�¼�å", "V�}*", "I�ñ¨�", "»�«��M�ò", "+¬�³i�", "¬�v��", "¨�¼�", "n��Mv�"], [])

lex("¬�l»�¬��x�", [], ["+¬�³i�", "¼��¨�", "x�«�x�ñi�", "¼��v��"], [])

lex("E��¨�E�", ["E�i�³�", "E�¬��", "E�¨�h�", "¼�®|�n��x�", "+{��n��x�", "+æv�E�¨�h�"], [], [])

lex("E�i�³�", ["|�i»�X¾å"], ["E��¨�E�"], [])

lex("E�¬��", ["{�¨��X¾å", "|�¬��»�"], [], [])

lex("¼�®|�n��x�", ["|�i»�X¾å", "æS�k�«�³æk�", "{��ø�­��l��"], [], [])

lex("+{��n��x�", ["n��¦�", "·�»�°�²i��", "°�²i��", "|�E³�æi�"], ["{��j�"], [])

lex("+æv�E�¨�h�", ["n��¦�", "E��}*"], ["V�}*", "«��»��", "{�³æl�«�ñ", "+�E��¦�", "¼l��}*ñ"], [])

lex("E�¨�h�", ["p�«»�", "M��h�", "°�²i��"], [" ��h�", "·�æ �", "}�*J�x�ñ", "+æ ¾", "v�¬�x�ñ", "v�x�", "¬��x�", "{��j�", "E�� ", "æ«�k�", "¼��v�x�",

"E�¨�h�", "»��x�"], [ ("±»��]å�")])

lex("·�»�°�²i��", ["¬�³M�"], ["S���¨�", "S���¨�", "¬�³i»��", "n��«�"], [])

lex("|�E³�æi�", [], ["i�xi��", "¬�³i�å", "æ°²¨�h»�", "+»�¼�å"], [])

lex("{��ø�­��l��", [], ["v�¬��", "+l��", "E��¬�", "¬���I�", "|�ñæi�", "i�³æ ¾", "v�x�", "»�¦�¼�å", "ü�ñ", "+¬�³i�", "ü��»�¼�å", "E�ñ i�", "Á�}*"], [])

lex("E�±¬�", ["n��¦�", "E��}*", "+v«�x�å"], ["M���n���°²", "E��ø�", "{��X¾�}*"], [])

lex("+v«�x�å", [], [" ���¦�", "¬��M��", "{�æl�x�å", "+v«�x�å"], [])

lex("}*I�h�", [], ["V�]��", "æ¦�J��"], [])

lex("}*I»�", [], ["i��{�¼�", "{�æ¨� ��V�E�"], [])

lex("°�²i��", ["æS�k�«�³æk�"], ["v�x�", "æ«� �", "¦�i�", "V�� ", "|� ��", "æx�æ¬�k�", "E��¨�h�"], [])

lex("æn�¦�å", [], ["{�ò«��", "n�æI�h�", "{�æ �¬�", "=k�¨�"], [])

lex("x�I�j� }�*{�å", [], ["+�æá�x�", "+�{�·�¨�h�", "{��­»�", "¬�ò}*"], [])

lex("i��±»��l��", [], ["¼� ¦�", "i��±»�", "æx�·�", "¼�®E��¦�", "i��}*�", "={�¬��"], [])

lex("°²æ«�¼�å", [], ["¼�æ¬�v�å", "S�ø�", "+�V»�", "°²æ«�¼�å", "«�{��", "¬��n�¼�å", "{�¦��", " �M�"], [])

lex("¼�«��x��¬�", [], ["¼�«��", "æ«�á�", "=·�", "=·�»�", "i�i�¨�", "i�i�¬�", "E�i�¨�", "E�i�¬�", "»�i�¨�", "»�i�¬�", "<i�¨�", "+x»�", "+x»�i�¨�",

"i«�i�å", "i«�", "x��¬�", "¼�¬�", "æ¼�¬�", "{�ò«��", "{�¨�", "+«�¨�", "n�æI�h�", "=k�¨�", "+{�¨�", "+v�¨�", "¼«�¬�å", "+xi�¨�¬�å", "i»�nå�", "i�nå�",

"»�nå�", "Bi�nå�", "<n�¬�å", "+n�¼�å", "BE�", "æ �", "»��­¬�nå�", "+¼¬�nå�", "·�«�i��", "æE�¬�å"], [])

lex("E�¬��|�«�S�x�ñ»�", [], ["+x��", "={�", "+{�", "{�æ¨�", "+�", "|�æi�", "+æ·�", "+æv�", "¼��", "+æi�", "+æ{�"], [])
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lex("{�æ¨�¬��h�", [], ["p���h�", "+�f¿E�", "J��¨�ñ", "¬��æx�E��", "E��­���{�h�"], [])

lex("æG�»��", [], [], [])

lex("¼�®Û�xv�", ["BE�æx�9%", "æu�æx�9%"], ["|�æi�»���æM�x�å", "+x��»���æM�x�å", "¼�®Û� xv�x�å", "E�i�³�", "E�¬��x�å", "E�¨�h�", "+æv�E�¨�h�"], [])

lex("BE�æx�9%", [], ["+�ü�»�", "+�æü�i�", "æx�¡�{�E�", "æx�¡�{»�", "V�x�E�", "V�x»�", "«»��{�E�", "«»��{»�"], [])

lex("æu�æx�9%", [], ["æ{�i�³", "¬��i�³", " ��i�³", "¼«�¼�³", "{��j�", "n��æ°²i�³", "{��j�ñ", "¼��i�", "·�³i»�", "¼«��æ¬�x�å", "¼��«�E�", "·� ", "¨��V�x�å", "{�æi�",

"{� ¾ñ", "·�i�³�", "·��»���", "+�S��»��", "æ¦�­»�", "+xi��«��æ¼�x�å", "M��ø�", "¬�j�"], [])

lex("æG�»��æ«�¦��­�h�", [], ["¦�ñQ�", "i«�æ¨�i�", "}*P��", "æI�|�", "+¨�", "p��i�", "i�ñµ�", "BE��xi�", "æx�i��xi�", "M��f¿", "Û��f¿", "f(f¿", "E���­h�",

"E�«���­h�", "æi�M¬�", "i�ñIh�", "J�¨�", "{��{�", "{��h»�", "¼��J�", "æ¦�«�", "·�p�", "E�±»��h�", "¬�®M�}*", "¦��·�", "|�E��hbÖ"], [])

lex("p�«»�æ«�¦��­�h�", ["æ«�¦��­»�æx�G¾"], ["¦�ñQ�", "i«�æ¨�i�", "}*P��", "æI�|�", "+¨�", "p��i�", "i�ñµ�", "BE��xi�", "æx�i��xi�", "M��f¿", "Û��f¿",

"f(f¿", "E���­h�", "E�«���­h�", "æi�M¬�", "i�ñIh�", "J�¨�", "{��{�", "{��h»�", "¼��J�", "æ¦�«�", "·�p�", "E�±»��h�", "¬�®M�}*", "¦��·�", "|�E��hbÖ"],

[])

lex("æ«�¦��­»�æx�G¾", [], ["v�x»�", "¬�°²�¦�»�", "|�«�ñh�", "æx�{��h�", "+æ·�Y�", "æx�­h��i�", "E³�æi�x�å", "E��¦�}*", "{�V»�", "«�n��x»�", "Û�°�²|�n�",

"+�»��­¬�i�å", "{�¨�ñI�E�", "«�¨�n�", "|�¬�x�¼�å", "n��¬��x�¼�å", "æ«�¬�x�¼�å", "¼�¨�}*", " n��¨�", "i�i{�¨�", "+�¼� �", "|�æ �i�", "J»��i�", "æ«�Y��i�",

"æ«�ü��i�", "+�f¿ ", "v�æx�x�å"  "¼«��æ¬�x�å", " � �¨�", "x��»�E�", "|�·��", "+æv�{�", "n�»��}�*", "E��ø�æh�E�", "ü�ñ¬�i�å", "¼«�i�xj�", "{�¨�i�xj�",

"{�¨��v�ñx�", "+v�ñx�", "æx�G¾", "+�»�k�", "¬�xn�", "I��æv�i�", "}�*Ûv�", "}*��}�*{�", "+æ«�x�ñi�", "æ«�x�ñi�", "¬�k�", "E��¬��E�", "æ«�v��»�", "«�¦»�",

"v�³7$", "|�M�±·�", "¼i�Ûv�", "Y��i�³"], [])

lex("æ«�¦��­�h�", ["p�«»�æ«�¦��­�h�", "æG�»��æ«�¦��­�h�"], ["¼��xn�¨�", "ø�æS�¨�", "S��ø�", "¼��­�¬�", "¼��v��", "¦���·�x�", "¬�x���°²¨�", "E��xi�", "¬�x���Y�",

"¬� ¾�", "+·�ñ7$", " ² ", "n�æ»�i�", "«� *·�", "æ|�»�", "æx�E³�7$", "|�E³�7$", "æn�«»�", "¬�æ}*x�", "¬��v»�"], [])
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