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Abstract

This paper outlines the ongoing research
project ¢ a | 10slide Multilingual Amara-
ko@ (OMA)” for a multilingual lexical re-
source for Amarako@ (AK) which not only
lets users store ontological equivalents of
Sanskrit concepts in their languages, but also
lets them search and edit. The work has tre-
mendous applications in Word Sense Disam-
biguation (WSD) process of Machine Trans-
lation Systems, in Knowledge Representa-
tion, and in language pedagogy.

This system hosted at http://sanskrit.jnu.ac.in has a
Java front-end and relational database server as back-
end. At present, it has the following features —

1 facility for online multilingual data entry in
Sanskrit, Hindi, Kannada and English.

1 data storage in multi-scriptural Indian lan-
gauge unicode

9 stores up to 50 synonyms with grammatical

information and detailed glosses

cross-referencing among synonyms

ontology display

search capability in the supported Indian lan-

guage (Jha et al, 2005)
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Near future enhancements include
9 selective data export in the user defined for-
mat

9 display of the scanned imges of the pages
from authorative text

9 smarter search engine

9 text processing based on AK

The system is intended to be used in the following

domains —

9 Multilingual concept acquisition

1 Word Sense Disambiguation

1 Machine  Translation  among
languages by way of Sanskrit

1 As a model for building multilingual online
systems for other seminal texts of Indian
intellectual tradition

9 Sanskrit wordnet (Jha et al, 2006)

Indian

1 Introduction

India has seen amazing strides in Information
and Communication Technology (ICT) applica-
tions for Indian languages in general and for
Sanskrit in particular. Since Machine Transla-
tion from Sanskrit to other Indian languages is
often the desired goal, traditional Sanskrit lex-
icography has attracted a lot of attention of ICT
and Computational Linguistics community.
While several attempts are being made to build
word-nets on traditional Indian epistemological
and logical principles, the need for generating a
multilingual lexical resource for AK, the Sanskrit
lexicon built on ontological principles, has been
largely ignored. AK, the 4™ CE lexicon devel-
oped by Amarasimha has influenced modern lex-


http://sanskrit.jnu.ac.in/

icographic techniques in quite the same way as
P-Hni and Chomsky have done to generative
linguistics. There have been some efforts in
building a bilingual Sanskrit electronic dictio-
nary. Huet (2004) is working on creating a
Sanskrit — French electronic dictionary. Bontes
(2005) had built a standalone system of Monier
Williams dictionary. The Cologne Digital San-
skrit Lexicon contains Monier-Williams San-
skrit-English  Dictionary has approximately
1,60,000 main entries. It has an online search
facility in both Sanskrit and English. Capeller's
Sanskrit-English Dictionary has been converted
to a digital format similar to the Cologne project
and has online search facility in both Sanskrit
and English. It has only 50,000 entries. Apte
Sanskrit Dictionary Search is a web Sanskrit dic-
tionary based on the famous work of V. S. Apte -
The Practical SanskrEnglish Dictionary An-
dre Signoret's French-Sanskrit dictionary is free-
ly downloadable from the net. The
Bh-ratQaBh-<- multilingual dictionary built by
Central Hindi Directorate, New Delhi under
TDIL, Govt. of India funding consists of nearly
5000 common words in 14 different languages. It
is available for download from the TDIL site.
The Sanskrit Dictionary-Database being pre-
pared by Jong-cheol Lee (2005), Academy of
Korean Studies, Seoul, Korea will include map-
pings among Sanskrit, Tibetan, Chinese and Ko-
rean. Mohanty et. Al. (2004) has done some
work on representing ontologies of Sanskrit
words using Navya Ny-ya methodology. As we
can see, none of these works focuses on the AK
and its rich semantic ontologies. In terms of
search, the Col ogne and
comparable.

As a text, AK has three k-ECa (chapters), each
subdivided into varga (classes). The first and
second k-ECa have 10 vargas each. The third
k-ECa has 5 vargas FigureZlillustrates the struc-
ture of AK

There have been attempts to put the text of AK
online or in digital formats. But there has been
no attempt to create a version of this work which
not only allows the users interactively build a
database of AK but also search and test.

2 The AK system

The online system is being developed using Java
servlets as front-end hosted on Apache-Tomcat
platform and MS SQL server with multilingual
Unicode data as backend.
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The system has the following components —
9 the relational database

1 the data entry component
T search component
9 detail search component
9 data editing component
Amarzkosa
| ! |
Prathama-k&nda Dwittya-kanda Trtiya-kanda
SVArga-varga Bhimi-varga Viftesvanighna-varga
Vvoma-varga Pura-varga Sankirna-varga
Dig-varga Saila-varga Nanartha-varga
Kala-varga Vanausadhi-varga Avyaya-varga
Dhi-varga SimhAdi-varga Lingadisangraha-varga

Sabdadi-varga Manusva-varga

Natva-varga Brahma-varga
Patalabhogi-varga Ksatriya-varga
Naraka-varga Vaisya-varga

Viar-varga Shdra-varga

Figure 1: Structure of AK

2.1 The AK Database

The AK database is a relational database de-
signed using MS SQL server objects and proce-
dures. The database includes intricate relation-
ships between the base words, synonyms and
ar e
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Figure 2: AK database-diagram



2.2 Data entry component

This component allows users to enter data in
their language by way of user validation by
password checking. Users can select the basic
Sanskrit entry and provide information in their
language (at present 8 Indian languages includ-
ing English are supported). The screen capture
for this page is given below -

Data Entrv/Edit @er-fdw Search Amarakosha @er-fEm The team GERaRr Fiseh)  Home (UR-YH)

Add Basic Data

Semantic category: 5l
Shabda:

Englch gloss:

Hindi gloss:

Keannada gloss:

Bangla gloss:

Punjabi gloss:

Oriva gloss:

Maithii gloss:

I3

Assemese gloss

Reference:

Category: F’\ v
Number: @ ¥
Gender: T ¥

Figure 3: Basic data entry page

After the basic data, the synonyms (up to a max-
imum of 50) can be entered with other relevant
information.

2.3 Data Search

The search facility procided is of three kinds —
direct search, alphabetical search and search by
AK structure. Search can be done in the base
word (Sanskrit), multilingual glosses and syn-
onyms. There is scope for more languages in fu-

ture. For exa mp | e, t he

displays all the words starting with this letter as:
mr-zgﬁsr-tgs (Search Page for Amarakosha)

Data Entry/Edit @er-ferden Search Amarakosha @er.f2r=on) The

team (3FTHIA_Fselh Home (3fE-q8)
DIRECT SEARCH

(unicode Sanskrit/Hindi/English/Bangla/Punjabi/Oriya/Assamese/Maithili/Kannada
languages)

° [ search Amarakosha Database )

ALPHABET SEARCH
M W ¥ 35 3 FTUT N N EFFT T T T T AT C

o

dg e ad 9 9 d @ FIFIITT T T AT s@TA

SEARCH BY CLASS
=g - [ Getworddist |

al Aha

Figure 4: Direct-search page

The direct search can be done by typing the word
in Devnagari (using an inbuilt Unicode keyboard
for the iTrans scheme) or by clicking on the
word list obtained by alphabet search.

mf—m{! (Search Page for Amarakosha)

Data Entrv/Edit Gerfordy  Search Amarakosha derfiw)  The team (3omalyr afse)  Home (0fecy®)
DIRECT SEARCH

(unicode Sanskrit'HindyEnglishBangla Punjabi Oriya/Assamese Maithil/Kannada languages)

search Amarakosha Database

ALPHABET SEARCH
N8I3t AN RFETGTITAFCS

SEARCH BY CLASS
@ v Gt word-ist

Figure 5: Alphabet-search page

A successful direct search displays the basic in-
formation including the multilingual glosses and
all the synonyms associated with the search
string —

Base Word: ail: English:  cow
Reference: 2967-72 Hindi: %:_'q
Semantic Category: &7 ::;’;:‘tﬂi :;Tﬂ
Category: Noun e T-vz
Number: Singular \
Gender: Stri-linga Punjabi: T
m@ﬁﬁlﬂamﬁrmnm Assamese: |, _
Pt s A
RGN L
R[5 e L R S RS R
. et ey e e g
Synonyms (if any): .
A R LG G R U R A L)
Ontology: Fomsats
> Tt
> TR
>

Figure 6: Search-result page

The search by structure (semantic classes) can be
done by selecting a semantic class from the drop
down box as follows —



|Data Entry/Edit (Ser-Rraen Search Amarakosha (3er-Fsn The team (Ealusiseh)  Home (3MReyE) [

DIRECT SEARCH
(umicode Sanskrit'Hindi/EnglishBanglaPunjabi/Oriya/ Assamese/Maithili Kannada languages)

| | search Amarakosha Database
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SEARCH BY CLASS

@ || Getword-ist ﬁ'{ :V Search the word
o - ——
Search Results for i Maltingeal gloss.
Hen English:  Kube
Base Word: ‘3%1’{: i RS e
T Hindi: %
Reference: 11.68-69 TR
Kannada:
Semantic Category:  Faal IRIH =
X angla:
Category: Noun 5 3?._ o
- ? - Oriya: NI
Number: Singular Pusiabic
Gender: Pum-linga s i
o Assamese:
Tl Shofeed: Mg et RE: \poiohili
A T8 AT TORIST: IRD g
Synonyms (if any):
AT e e e e T

Figure 6: Search by semantic class

Clicking on the synonym link takes to the details
page where each synonym entry is explained ac-
cording to AK. The image that follows shows the
synonym details for the English search string
s COW"

Amarakosha (3TIaIR) Synonym details page

Data Entry/Edit (¥er-frda Search Amarakosha (Ser-Rm The team (GEratwame)  Home (M7
Search String: at:

Sw# Synomym  Gender English Gloss Hindi Gloss

L @l gfee cow which has co-habitated with a bul e 26 1 e gé T

2 W: i cow which has defvered several calves e 3T F AR el Ry

3. o gfec cow with thick udder A Tt (g arelt

4 g W sterile cow ﬁammaﬁﬂammﬁm

3 wfter gﬁvm Yellowish-brown cow ity (el Q{ﬁ') g

6. ol gfoew Theee yearoldcow e ad ey 331 et oy

7w qfcer first tine preguant cow FaR m Uol-Uge 718 YROT et §€ m

Figure 7: Search-result-detail page
3.4  Data Edit

This module lets language experts (by login
only) to edit a wrongly entered data. The experts
are sought through a registration module con-
nected to the OMA  website at
http://sanskrit.jnu.ac.in/user/register.jsp  which
stores the user information in a database and de-

termines who to give access for editing AK data-
base directly on the server. The following screen
allows the logged-in experts to edit AK data on
the server -

DA %auﬁa‘éaqs (Amarakosha Data-Edit Page)

Data Entry/Edit (Serfrdn Search Amarakosha (¥er.firEm The team (R EEN  Home (778
Edit Basic Data

1 Semantic Category: T v
‘ Shabda: it

‘ English gloss: cow

Hindi gloss: T

Kannada gloss: i)

Bangla gloss: =

Punjabi gloss: T

i Oriya gloss: Qg

Maithili gloss: &

Assemese gloss: =

Reference: 296772

1 Category: wov
Number: @ v

{ Gender: wem v

Figure 8: Data edit page

4  Structure of lexical data

The current structure of AK is a change from the
earlier database structure mentioned above.
While the text edition being followed is the same
(R-m-QamOi®- (RT)), the data organization has
undergone significant changes. We have also
allowed POS annotation with two tagsets — the
JNU tagset (Chandrashekar, 2007), and the San-
skrit Consortia tag-set (2009). The abstract data
structure in the base table is as follows —
k-ECa>varga>Qoka

reference of AK according to RT

Word id

Word in the AK according to RT
Nominal base

Word type

Gender

Number

JNU POS Tag

Sanskrit Consortium POS Tag

AK gloss

RT / AmarapadavivEi gloss

Interpolation

Variant reading

Other reading

Inferred reading

P-&ini sGra

A=A A8,

The relations table stores the relations of the
words with only the ids of the words related as
follows —


http://sanskrit.jnu.ac.in/user/register.jsp

9 id of the first word
9 id of the second word
9 relation between the two words

Currently, we have stored the lexical items ob-
tained from AK verses as per the RT, but later on
we may also display respective Qoka (verse)
corresponding to the searched word.

5 Limitations and future enhancements

We would like to include as many langauges as
possible depending on the resources at our hand.
A Sanskrit textual analysis based on AK data-
base is being carried out at the level of Ph.D. re-
search. An analytical research (at the level of M.
Phil.) is being carried out on the homonyms used
in AK. These components will be added in fu-
ture. The system presented here is the first San-
skrit Gstra made available in this format. We
aim to include more and more texts in future.
Other enhancements include improved display of
information in terms of showing the Qokaswith
scanned image of the page where the word oc-
curs. We are also developing a data download
module where data export in customized formats
will be supported.
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