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Motivation

n Sanskrit ...

n

as one of the oldest Indo-European language can provide basis for the
linguistic analysis of modern Indo-European languages.

as a heritage language needs to preserve the rich lexicon of this language.

To preserve the traditional culture and knowledge translation of Sanskrit
texts is needed

Sanskrit wordnet can be a great help in developing Machine aided
translation (MAT) system for Sanksrit.

Text Search facility can be developed using the wordlist of Sanskrit
wordnet.

Sanskrit has a rich lexical tradition but there is no single reference
containing all the these lexicas.



Sanskrit language and its relation with
modern Indo-Aryan languages

p

p

Sanskrit is the oldest member of the Indo-Aryan language
family, a sub branch of Indo-lranian, which in turn is a branch
of Indo European language family.

Traditional four-fold division of the lexical units of Indian
languages —
1. dcddA tatsama - words having their origin in Sanskrit and accepted

In the modern Indo-Aryan languages without any change in their
phonology.

2. dgd tadbhava- words which have their origin in Sanskrit but their
phonological forms are changed as per the rules of the modern Indo-
Aryan languages.

3. 22 deshi- words which are the native words of the particular
language and

4. Tacelr videshr - words borrowed from foreign languages.



p  The links to dcddH tatsama and dgd tadbhava words, In
particular, will be a great pan-Indian linguistic resource for
computational purposes.

HWN Synset Tatsam word HWN synset English meaning




Rich lexical tradition of Sanskrit

Mono-lingual Sanskrit-Sanskrit traditional lexicas ~ p  Modern monolingual and bilingual
that arranged lexical material from the point dictionaries-
of view of synonymy as well as homonymy, — n The first modern-day dictionary of Sanskrit was the

1.Naamamaalikaa of Bhoja (11 C)
2.SiddhashabdaarNava of Sahajakirti- (17th C)

3.Shaaradiiyaakhyaanaamamaalaa of Harsakirti-
(17th C)

4 Paryaayashahdaratna of Dhananjaya-Bhatta.

5.Koshakalpataru
6.Naanaartharatnamaalaa of Irugapa
Dandadhinatha (14th C)

7.Naanaarthamafjarii of Raghava

Sanskrit-English Dictionary compiled by Professor
H.H. Wilson and published in 1819 (Wilson, 1819).
Monier Williams Sanskrit-English Dictionary
(Available online)
Two Indian mono-lingual (Sanskrit to Sanskrit)
dictionaries-
Shabdakalpadruma (Deb, 1988) of Pt. Sir Raja
Radhakanta Dev and
Vacasptyam (Bhattacharya, 2003) compiled by
Pt Taranatha Tarkavacaspati.

Sanskrit wordnet mainly relies on —

n

Monier Williams Dictionary

8.DharaNiikosha of Dharanidas a (12th C) n  Shabdakalpadruma
9.Shivakosa of Sivadatta-Misra n Vacasptyam
10.Ekaarthanaamamaalaa-vyaksharanamamaalaa of n Apte’s Sanskrit Dictionary

Saubhari
11.Paramaanandiiyanaamamaalaa of Makrandadasa



Building Sanskrit Wordnet- Expansion
approach

P  There are two methods to develop a Wordnet:

n (1) Expand method- a wordnet is constructed based on an
existing wordnet.

n (2) Merge method- sub-Wordnets for specific domains are built
and later merged.

p For Sanskrit Wordnet, the Hindi wordnet is considered as the
source resource.

p  Though expanded from Hindi wordnet, care was taken to ensure
that Sanskrit wordnet captures the real lexical structure of
Sanskrit language.

p Sanskrit wordnet follows the hierarchy preservation principle
(HPP) (Tufis et al., 2008).

n In the hierarchy of the Hindi wordnet, if synset H2 is a hyponym of
synset H1, and the translation equivalents in the Sanskrit wordnet for
H1 and H2 are S1 and S2 respectively, then in the hierarchy of
Sanskrit wordnet S2 should be a hyponym of synset S1.



Lexicographers interface
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Synset creation In the first phase

eInitial word list based approach-

List 1-| Most frequent words of Sanskrit] 8338

List of total
words in
the Hindi
wordnet |, List 2-] Unigque words of the Sanskrit epics| 127796

105157

A

*Domain based approach (which later extended to all Indian language wordnets): Based on Naravane’s #Rd™
<gagR el most common words of Indian languages from following domains are selected.

* Part of Speech distribution: 1512 Nouns, 225 Verbs, 180 Adjectives and 52 adverbs




Synset creation In the second phase

p

Common concepts used in Indian
languages are selected from the total
Hindi wordnet synsets.

Selection procedure-

n

P

P

Stage I- All Hindi wordnet synsets
were ranked by 6 language
resource persons of Hindi, Marathi,
Sanskrit and Kannada.

>>> 13205 concepts are
selected.

Stage 2
§ Group voting
§ Online voting

>>> 10312 concepts are
selected.

Synset Ranking
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Creating synonymous sets —
Understanding Hindi wordnet synset.

Looking for the most common word for the concept
expressed by Hindi wordnet synset

Collecting synonymous words from traditional lexical
resources, modern monolingual (RlscheUgH & dIAIEIIH)and
bilingual dictionaries (Monier Williams’ Dictionary, Apte’s
Dictionar and online spoken Sanskrit Dictionary).

Arranging words according to the frequency-

From most common modern or classical word to the least used
Vedic word.
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Sanskrit Wordnet as a one single
reference for researchers and translators.

Asrdzlirstnating daplicate entries & Arranging them in order’

Sanskrit wordnet — 97 words




Inserting Concepts or glosses in the
Sanskrit Wordnet

P

A combination of the glosses given in dictionaries like
Shabdakalpadruma and the translation of the gloss of the Hindi
wordnet synset is used to create the Sanskrit synset glosses.
While writing the gloss, complicated #@i=¥s sandhis' - and ATds
samAsas (compounds) are avoided.

Whenever lengthy compounds (having 5-6 members) became
necessary, the members of the compounds were invariably joined
with the hyphen symbol (-) as in: “3ed-EFATA-M] R el -<ITI
meaning the activity that is helpful in reaching a place”

the gloss of a verb in Sanskrit is generally created using technical
terms like <IURX vyApAra ‘action’, 5I<d janya ‘produced,’ 31l

anukUla ‘helpful,’ etc

Phonological conjoining
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Problems faced in Expansion approach

p Difficulty of finding equivalent words:

@ But Sanskrit does not have a word of its own for this concept.

@ Monier Williams in his Sanskrit-English dictionary (MW hereafter) suggests that “der” cahA (which is actually a
Marathi word) should be used as a borrowed word.

@ In the dictionary of spoken Sanskrit we find two different regional words “<TI” cAya and “dTAT” cAyA belonging to
the North and South regions of India.
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Difficulties with examples:

p Generally, examples associated with Hindi synsets are translated only if
they read sensible when translated into Sanskrit.

p In some cases, quotations from the Sanskrit texts are included in the
example field.

p A special field has been created to record the source of the quotations.
This citation field is incorporated in the lexicographer's interface:

{dsf Reference N

| A || Edil | ﬂelala‘

Saarch: |

| Sgarchld || Searchiord 0

Format: |"mm [<id>]" - Close ‘

| Al o Example: oA o Concept ‘

15




Coverage of words In Sanskrit
wordnet:;




The problem of meaning attestation:

p  Rich lexical tradition.

n Downside of this
fact is that the
lexicographer has
to verify the
consistency of
word definitions at
every step from
multiple sources.

n For example-To
create the synset
of Jg yuddha
(War), a
lexicographer
needs to prepare a
record after
searching each
and every word in
various lexica.




Special features of Sanskrit wordnet

p Verbal concepts:

n

n

n

In Hindi wordnet, verbs are not inserted in their root forms.
Instead, their dictionary forms are included in the synset. For example-
» BT honA (to be),
v @Il karanA (to do),
o @Il khAnA (to eat),
» U plnA (to drink) etc.

The last 1T nA is dropped through suffix stripping in verb morphology and the
verb forms are generated using only the initial parts like & ho, @ kara, @I khA,

i pl.

Sanskrit lexicographers have not conformed to this practice and have
inserted the root forms of verbs like 3 bhU (to be), kR (to do), Wi
khAd (to eat), Ul pA (to drink), in verbal synsets.

18



Gender

p Sanskrit has grammatical gender. The following practice is
followed for tackling the issue of gender in Sanskrit

wordnet:

n

(1) In case of nouns all gender variations are included in the
synset.

(2) Adjectives in Sanskrit have no gender of their own. They
take the gender of the nouns which they qualify.

Hence in the synset of adjectives only root forms are included.

(3) Adverbs- Technically adverbs in Sanskrit do not get
conjugated as nouns and adjectives. But, we find that some
adverbs have fd¥fh (case ending) suffixes attached to them
indicating the closed form of the word in that particular [a#fb
(case ending).

In such cases, they are included as they are, i.e., in the closed

faafh form

19



Challenges

p One of main challenges in creating the Sanskrit wordnet is dealing
with the sheer volume of lexical knowledge accumulated over at
least 2000 years.

n  The synsets tend to become long to accommodate coverage of words
for a concept.

p Extremely rich morphology of Sanskrit- which produces new
words from simple elements.

p The question of trade-off between a complex morphological
interface to the lexical data and the amount of lexicalization needs
to be investigated

20



Future work

p Use of ontology of d<3-aa1g (Navya-NyAya)

n

n

n

The traditional Sanskrit Texts on Philosophy as well as Medicine

contain various discussions on ontological categories and hierarchies.

These texts are closely related to the grammar of the Sanskrit
Language.

The comparison of these ontological structures and hierarchies to the
existing one coming from the Hindi wordnet may shed light on new
Indowordnet specific issues.

p 9l (dhAtu) based WN

n

There are theories in Sanksrit texts which adhere to the view that all
nouns are derived from verbal roots.

There is a need to test this theory and build a lexical structure where
all the verbal roots will be at the nodal level with connected nouns at
the leaf level.

[A brief introduction of this is available in (Kulkarni and Bhattacharyya, 2009). ]
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