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Abstract

India is a country with diverse culture, lan-
guage and varied heritage. Due to this, it is
very rich in languages and their dialects. Be-
ing a multilingual society, a multilingual dic-
tionary becomes its need and one of the major
resources to support a language. There are
dictionaries for many Indian languages, but
very few are available in multiple languages.
WordNet is one of the most prominent lexical
resources in the field of Natural Language
Processing and Information Retrieval, while
IndoWordNet is an integrated multilingual
WordNet for Indian languages. These re-
sources are used by researchers to experiment
and resolve the issues in multilinguality
through computation. However, there are few
cases where WordNet is used by the non-
researchers or general public. This paper fo-
cuses on providing an online interface —
IndoWordNetDictionary to non-researchers
as well as researchers. It is developed to ren-
der multilingual WordNet information of 19
Indian languages in a dictionary format. The
WordNet information is rendered in multiple

views such as: sense based, thesaurus based,
word usage based and language based. Eng-
lish WordNet information is also rendered us-
ing this interface. The IndoWordNet
dictionary will help language researchers as
well as general public to know meanings of

a word in multiple Indian languages.

1 Introduction

Language is a constituent element of civilization.
In a country like India, diversity is its primarg-a
pect. This leads to varied languages and their dia-
lects. There are numerous languages in India which
belong to different language families. These lan-
guage families are Indo-Aryan, Dravidian, Sino-
Tibetan, Tibeto-Burman and Austro-Asiatic. The
major ones are the Indo-Aryan, spoken by most of
Indians while Dravidian spoken by southern Indi-
ans. The Eighth Schedule of the Indian Constitu-
tion lists 22 languages, which have been refewed t
as scheduled languages and given recognition, sta-
tus and official encouragement.

A Dictionary can be called as a resource dgalin
with the individual words of a language along with



its orthography, pronunciation, usage, synonymshich is a linked WordNet for European languages
derivation, history, etymologytc arranged in an (Vossen, 1999) and BalkaNet, which is a linked
order for convenience of referencing the worddVordNet for Balkan Languages (Christodoulakis,
Various criterions used for classifying this resmur 2002). The most innovative aspect of WordNets is
are - density of entries, number of languages itlhat lexical information is organized in terms of
volved, nature of entries, degree of concentratianeaning; that is, a synset contains words of the
on strictly lexical data, axis of time, arrangementame part-of-speech which have approximately the
of entries, purpose, prospective usdt, Some of same meaning. Thus, it is synonymy that functions
the common types of dictionaries are as the essential principle in the construction of
e Encyclopedia: Single or multi-volume publi- WordNets (Vincze et al., 2008). This feature of
cation that contains accumulated and authorit§VordNet is most important for the dictionary con-
tive knowledge on a subject arrangedtruction.
alphabetically. E.g. Britannica encyclopedia. IndoWordNet is used in the field of Natural
e Thesaurus: Thesaurus is a dictionary that listd-anguage Processing tasks like Machine Transla-
words in groups of synonyms and related coriion, Information Retrieval, Information Extrac-
cepts. tion, etc But, not much has been explored to use
e Etymological Dictionary: An etymological this resource beyond research labs. In this paper,
dictionary discusses the etymology/origin ofve present an interfacelndowordNet Dictionary
the words listed. It is the product of research idWN Dictionary in the form of multilingual
historical linguistics. online dictionary which uses IndoWordNet as a
o Dialect Dictionary: These dictionaries dealfésource. The primary focus of this interface is to
with the words of a particular geographical reProvide synset information in a systematic and
gion or social group which are non standard. classified manner which is rendered in multiple

« Specialized Dictionary: These dictionaries VIEWS-

covers relatively restricted set of phenomena. _ 1Ne rest of the paper is organized as follows:
« Bilingual or Multilingual Dictionary: These Section 2 justifies the need of IndoWordNet Dic-

are linguistic dictionaries in two or more |an_t!onary. 'Sectlon 3 details the IndoWordN(_et Dic-
guages. tionary, its components, followed by its design and

« Reverse Dictionary These dictionaries are layout. Section 4 gives the features of the diction

based on the concept/idea/definition to words 27Y:. Section 5 ists its limitations. Finally, tb_en-
i - . . . clusion, scope and enhancements to the interface
e Learner’'s Dictionary: These dictionaries are

meant for foreign students/tourists to learn tha'® presented.
usage of the word in language. 2 Need for IndoWordNet Dictionary
e Phonetic Dictionary. These dictionaries help
in searching the words by the way they soundOur work on developing IWN Dictionary interface
e Visual Dictionary: These dictionaries use pic-is motivated from various available online re-
tures to illustrate the meaning of words. sources. To name someingt ol ang. con? which
includes cross-lingual references across 47 non-
WordNet is a lexical resource composed ahdian languageswor dr ef er ence. cont which
synsets and semantic relations. Synsets are setsnefudes 17 non-Indian languages, and others being
synonyms. They are linked by semantic relationspgosdi cti onary. org® and xobodo. or g°
like hypernymy, meronymyetc. and lexical rela- which has multiple languages including some Indi-

tions like antonymy, gradatiortc (Miller et al., an languages. But, all these resources render not
1990; Fellbaum, 1998) IndoWordNes a linked more than two |anguages ata given instance.

structure of WordNets of 19 different Indian lan- Further survey is done, which reveals that
guages from Indo-Aryan, Dravidian and SinoMohanty et al. (2008) had developed a tool for
Tibetan families (Bhattacharyya, 2010). Other
popular multilingual WordNets are: EuroWordNets hp:/amww.langtolang.com/

4 http://www.wordreference.com
! http:/Aww.ciil-ebooks.net/html/lexico/links.htm 5 http://www.logosdictionary.org/
2 http:/lwww.cfilt.iitb.ac.in/indowordnet/ 8 http://www.xobdo.org/




multilingual dictionary development process to located to that area.
create and link the synset based lexical resowrce f o To improve on one’s own language voca-
machine translation purpose. The aim was to sim- bulary.

plify the process of synset creation and to link it o T address social and educational needs.
with different Indian language WordNets. The tool

was mainly used by lexicographers involved in thg  |ndoWordNet Multilingual Dictionary
process of creating various Indian language

WordNets. Also, Sinha et al. (2006) who have de-

signed a browsable bilingual interface for viewingd.-1 What is IndoWordNet Dictionary?
WordNet information in two languages Hindi and

S'\’/It?rr]athr']' aEheofI?r?gtt tg I::]'S gr(;v;/s;r: d'fhjoseant:ihdoWordNet Dictionar{ or IWN Dictionaryis an
Ing | y W guag utpu dnline interface to render multilingual IndoWord-

::grSiasg:hergfsmsf?;tggglcg}g tlgr;]gelfa%(zzr;—gt?f\'lét information in the dictionary format. It allows
y 9 P ser to view the results in multiple formats as per

semantic information of the search string in bo;%e need. Also, user can view the result in mutipl

E&?I?I;nr?]ul\lﬂtﬁlil;]atggl gic():\;\ilgr\:::' SCaOrrr]r;? dg';ir?ll (ticr)ele nguages simultaneously. The look and feel of the
9 y 9 IWN Dictionary is kept same as a traditional dic-

languagesyiz, Assamese, Bodo and Hindi. The,. A . o
dictionary interface allows searching between Hinf-Ionary keeping in mind the user adaptability. So

. - . ar, it renders WordNet information of 19 Indian
d_|-Assamese and Hindi-Bodo language pairs atIgnguages These languages are: Assamese, Bodo
time. , ' ' '

Bengali, Gujarati, Hindi, Kannada, Kashmiri,

All these interfaces mentioned above could di?(‘onkani Maithili, Malayalam, Manipuri, Marathi

play the meanings in at most two _Iangua_ges W"lt]epali, Odia, Punjabi, Sanskrit, Tamil, Telugu and
all the linguistic information available in the Urdu. The WordNet information is also rendered in

wfgd'\gs? da tilr:?:r.fareenis’ v::nzi\r/e g}i\lﬁllicr)]pid glish. The English WordNet information is
: o - 9Uaaken from Princeton Universftyvebsite and im-
WordNet information in a dictionary format. This ted into  IndoWordNet database  structure
interface s developed keeping in mind the gener%frabhu, et al., 2012). The data is imported te thi
pukl):llcli apart frO”.“ resgarc_:hers. . _database using DB Import tool developed under
0lowing .pc')lnts Jl.JStlfy th,e 'nee_d of onllnethe Indradhanush WordNet ProjecThe work is
multilingual dictionary in today’s time: still going on to include other non-Indian lan-
 Toknow or understand other languages. gyages and storing them in the World WordNet
e To find the meaning of a word in multiple Database Structure proposed by Redkar et al.
languages on a single platform. (2015).
e To understand other languages with the
help of a pivot language (referring one o8.2 Modules of IWN Dictionary

the k I . - .
e known languages) he IWN Dictionary has two major modules: IWN

¢ ;I'o understand ﬁyno_nymOl:ﬁ W:)rds N INpY ictionary Search Module and IWN Dictionary
anguage as wetl as In another languages. Display Module. They are explained in details in

¢ To understand additional information likeihe next section. Figure 1 shows the block diagram
part-of-speech, gender, etc. in input as welf the |WN Dictionary.

as other different languages.
e To understand the semantic variations i3.2.1 IWN Dictionary Search Module

different languages. _ _ o
e To fulfil the social need of bridging the The main function of the IWN Dictionary Search
module is to process the input word in the form

communication gap. ;
gap . . which can be used to search the database and re-
e To understand the script of various langua-

ges. 7 http:/Avww.cfilt.iitb.ac.in/wordnet/iwndictionary
e To understand a local language when ré-https://wordnet.princeton.edu/
® http://indradhanush.unigoa.ac.in/




trieve relevant information. Its function can bditsp IWN Database Lookup

in three sub modules which involve analyzing a

word, database lookup and multilingual data edn IWN Database Lookup module, the word re-
traction. Each of these sub modules are describeeived from Word Analyzer is searched in the

in details below -

Word

l

I'WN Dictionary Search Module

Word Analyzer

|1

WM Database Lookup

b4

| Multilingual Extractor |

|

Multilingual Information of Word

l

IWN Dictionary Display Module

5ense Based

Thesaurus Based

Waord Usage Based

Language Based

Figure 1 Block diagram of IWN Dictionary.

Word Analyzer

IWN database and the corresponding synset ids of
all the senses of word are sent to the Multilingual
Extractor engine for further processing. If the @vor

is not found in the database then the controlng se
back to the Word Analyzer module to look for oth-
er similar or closest words.

Multilingual Extractor

The basic task of Multilingual Extractor module is
to take the input synset ids and extract synset in-
formation of all the languages available in the IWN
database. This extracted synset information,hee. t
multilingual senses of an input word are then sent
to the IWN Dictionary Display module for rending
information in the dictionary format.

3.2.2 IWN Dictionary Display Module

The extracted multilingual senses of a given word
are given to the IWN Dictionary Display module
for rendering purpose. This is an important module
of an IWN Dictionary which renders and ranks
information based on the user response and statis-
tics. Here IWN Click-Based-Rendering Algorithm

is used to rank most frequently used senses using
this interface. The basic task of this algorithntois
record and maintain the number of user clicks on a
sense being viewed and accordingly rank the sense
in the output interface. Similarly, this algorithim
applied to all the other views mentioned below.
The multilingual IndoWordNet data can be ren-

Word Analyzer analyses and processes the inpgéred using different views:

word. It checks whether it is in its root formitlis o
in its root form then it is directly passed on be t

IWN Database lookup module, else it will be pro-
cessed to find the closest possible word in the da-
tabase. The concept of human mediated lemma-
tizer is adopted from the work of Bhattacharyya et o
al., (2014) to find the closest possible words rof a
input word. Here, the trie data structure is create
out of the vocabulary in the input language argl tri
structure is navigated to find the match between
the input word and an entry in trie. Accordingly,
the closest possible word(s) is populated and given
for the next module for the database lookup.

Sense Based viewAll the meanings of an
input word are displayed with respect to the
senses available in the IWN database. Fig-
ure 2 shows the sense based view of an
IWN Dictionary.

Thesaurus Based viewin thesaurus based
view, synonymous words in each language
are rendered. Here, user can click on any of
the words in the list to go to see other sens-
es of that word. This is also displayed in the
thesaurus based view. Figure 3 shows the
thesaurus based view of an IWN Diction-
ary.



e Word Usage Based viewiIn word usage

Apart from these views, transliteration infor-

based view, usage of an input word with remation is displayed for each of these views. The
spect to the languages is rendered. Here, thansliteration information is seen once a user hov
examples of a synset are rendered. Figureefs on any of the content in the dictionary view.
shows the word usage based view of aRor now, we have used transliteration into a roman

IWN Dictionary.

script using the Indic NLP Libraty developed by

e Language Based viewin language based Kunchukuttanet al. (2015). However, we are in the
view, meanings of a word are rendered witjprocess to implement transliteration in all theidnd
respect to the languages. Here, for eacin languages, so that anyone can read other lan-
sense of a word, the meaning in all the larguage in their chosdransliteration language

guages is rendered in horizontal

tabbed

format. Figure 5 shows the language base#3 Design and Layout of IWN Dictionary

view of an IWN Dictionary.

IndoWordNet Multilingual Dictionary

Dictionary View : @ Sense Based

Select an Input Language: Hindi -

Go
(i iE ey ]
Word Usage Based

Search a word: =x
“/Phonetic Transliteration

Thesaurus Based Language Based

Hindi 9, [Nounj, T4 ZT<T ST g4 3¢ £1, ST <1970 § S0HE Te % (oY =S¥ 14T ST & more

\ilssamese [ Bengali @] Bodo =] English @] Gujarati @[ Hindi ] Kannada 1] Kashmiri 1| Konkani &1] Ma\th\l\lJ

Malayalam [ Manipuri -] Marathi ][ Nepal (1] Odia [ Punjabi ] Sanskrit (1] Tamil ] Telegu ([ Urdu

Bengali S, [Nown], =TT FRTAT AT TS 0, A TS T e T 38 more
English house, [Noun], a dwelling that serves as living quarters for one or more families more
Gujarati €2, [Noun], QT e 4T 3 2ul4, 67 dudidl gaid du S more

Kannada =03, [Nounj, sH;00 sASRGE0s 363, 8603 3e0h 80 D0 saEnEs 3,8 more
Konkani ¥, [Noun], FUTeAT STt saaT it ATl A eeett 4a1a  more

Urdu &S, [Noun), 4 Ule Ui 3 S ) S 58S aw ud)lons 52l 09 gy LR w2pd 5 wsibuil more

Hindi F9, [Noun], =TT S & a7 & 52T 5% /AT g T A1 F7 ST (20 more

Hindi 39, [Noun], ag 25T, W91, TS, &1, S5 i 112 Sgf a9 (AT %12 A1<6) Tgd gf more

Hindi I, [Noun), a5 w41 Sigh s dwe a1 2% 5f e gt & Sawdl 6 pesia s /AT €It & more

Hindi 9, [Nounj, T A1 %1 94 H1CT more

Hindi &, [Nounj, TETETE @ § A& Fa & [T FFT,aF21 A= F ZTE I497 21 (90T more

Hindi WRAW, [Noun], TH &€ % AT 4T % &1 @1 & A1 41 G2 & T are a1 more

Do one

Hindi ST, [Nounj, T8 T4T7 g1 F1E TeaT & more

Figure 2 IndoWordNet Dictionary Interface showing rrul-

tiple languages with sense based view.

IndoWordNet Multilingual Dictionary

Dictionary View :

Select an Input Language: Hindi  ~

Search a word: =T Go
TR
Word Usage Based

/'Phonetic Transliteration

SenseBased  © Thesaurus Based Language Based

Hindi [Noun] =<, g, 5919, T, ATET, rerd, =T, fdham, fraa, #aw, o, g, @<, @, fe, @,

samese 7] Bengali [ Bodo | English [ 1| Gujarati ] Hindi ] Kannada #] Kashmiri (1] Konkani [-|] Maithili

bls

Malayalam ] Manipuri 1] Marathi ] Nepali 7] Odia 1] Punjabi 7] Sanskrit £ Tamil £ Telegu [ Urdu |J

Bengali [Nounj T, 57, AV, ST,
Kannada [Noun] =%, 7=, 303, &
Malayalam [Noun] , (0 JaDe, OUEME, SAIMe, AITUDY], GREIRS, meies  more
Nepali /Noun] =%, g, ¥a, &a, e, s1e4, a1, %, fea more

Punjabi [Nounj g, Wars, wraT, o, fsdgs, mami  more

Hindi [Noun] F1, 4, 9%, 18, ¥4, I moare

Hindi [Noun] 31, 5%, T, T2 more

Hindi [Noun] IATE, =%, 9, 30 more

Hindi [Noun] =T more

Hindi [Noun] ST, @I, AT, HI8T, A4 =T more

Hindi [Noun] TR&ET, Fa, F=, TET, BT, AT, TTAT, TTeaTest, HHelT, HEeT, B, BHEeT more

[

Hindi [Noun] smaTe, fame, are, sifttare, e s, =2, atéem, sars, w95, fere, wrE,... more

Figure 3 IndoWordNet Dictionary Interface showing
multiple languages with thesaurus based view.

The IWN Dictionary is designed keeping in mind,
its simplicity and usability, more importantly, the
user friendliness of the system. The frontend is
designed and developed with PHP, CSS, JavaS-
cript, etc. and at the backend MySQL database is
used. The IWN dictionary data is retrieved from
IndoWordNet database using IndoWordNet APIs
(Prabhugaonkar et al., 2012). Figure 2, figure 3,
figure 4 and figure 5 shows sample screen shots of
the IWN Multilingual Dictionary Interface with
different views. In all these views, initial infor-
mation is always shown in the source language.
This initial information is rendered on the horizon
tal tab in all the views. User can click on plus or
minus button to expand or collapse to see the de-
tails in each tab respectively. Also, user can
check/uncheck the checkbox next to each Lan-
guage insense based viewhesaurus based view
andword usage based viete see information in
the checked language.

In figure 3, we can see that the source languag
is Hindi and the target languages are Bengali,
Kannada, Malayalam, Nepali and Punjabi. Here,
thesaurus based vieis enabled; Hence, the IWN
Dictionary renders synonymous words in form of
thesaurus. On clicking hyperlinkore a user can
see the meaning of these set of words. Also, user
can click on any of the words in the list which
takes him/her to multilingual senses of that partic
lar word.

In figure 4, we can see that the source languag
is Hindi and the target languages are English, Gu-
jarati, Hindi, Kannada, Nepali and Odia. Here,
word usage based vieiw enabled; hence, the IWN
Dictionary renders usage of a word by showing the
example sentences in a synset.

10 http://anoopkunchukuttan.github.iofindic_nlp_libyra



IndoWordNet Multilingual Dictionary
Select an Input Language: Hindi -

NN

o Word Usage Based

Search a word: =@
/IPhonetic Transliteration
Thesaurus Based Language Based

Dictionary View: ' Sense Based

@ Hindi /Noun/ T WX H T 9% 2 | / Faerar #7ram 97 R¥aT § w2l 2 | more
pssamese ] Bengali 1] Bodo F] English ] Guiarati #] Hindi 9] Kannada ¥ Kashmiri (1] Konkani £1] Maithili
Malayalam ] Manipuri L] Marathi (] Nepali 1] Odia ] Punjabi 1] Sanskrit L] Tami L] Telegu L] Urdu

English /Nounj he has a house on Cape Cod; she felt she had to get out of the house more
Gujarati  [Noun] wil edi Wi 342 5./ Haal A6 FEd-i € 8 more

Hindi [Noun] &= 9T W= %< 2 | / farera wrar ardy fdawr F d 1 21 more

Kannada [Noun] @, @ 0w 38,0 more

Nepali /Nounj & BXHT ut=aer @1eT 2/ fErear wgamer AT Mdamar afeza more

Odia [Noun] @3 a6 1597 s910a] 23 / 010l Fceerea dual ARl As2  more

Hindi /Noun] %1 %9% 384 9199 T2 | more

Hindi /Noun] ST T2 more

Hindi /Nounj ¥ st afar & &+t 3T 7& w1 | more
Hindi /Noun] =3t M1 #THIXZ | more

Hindi [Noun] T STt ¥ ATt 71 s @ 3 7@ | more

Hindi /Nounj #TT uftare ama # za< @ amT 2 | more

[+

Hindi /Noun] T=% #IT ZaTRR AETH ST % foT ATHETF ST 21 / T 98 & 37 9fe %1 Q8T 2l ... mare

Figure 4 IndoWordNet Dictionary Interface showing rrul-
tiple languages with word usage based view.

IndoWordNet Multilingual Dictionary

Select an Input Language: Hindi -

Search a word: =%
IPhonetic Transliteration  ENEERENNE
Dictionary View : ( Sense Based Thesaurus Based Word Usage Based  © Language Based
B Hindi
1. 5, [Noun), FT=IT ST STAT FHAT I TATT, T AT 8 9FL T F (7 a1 FTT & more

2. WA, [Noun], =TT S & STt & F3=r o< 2rar gom 7 =it v et {Z=1 more

3.3, [Noun], =g 2=, w2, Tirem, &1, stgx e anf sttt e (4 B ) & & more

4, IFATE, [Noun], 3 T &l AT 919 AT (2% 21 1% 21 F I2941 1 S&Aq AL AT 2l af more
5. 9T, fNoun], TFT 411 T T FITT more

6. |, [Nounj, TETaTe &« § TET et o e T, @A ST & S a7 go (&aa0T more

7. U@L, [Nounj, W =T % ST AT UF & Fall & =1 4T Ga0r 3 Tgd arer d more

8. AETH, [Noun], 3 17 g1 H1E Lgal &l more

9. T2, [Noun], ST 38T more

10. SeAgedl T, [Noun], SIS SRTIE & Tgi Hi [eaid Gad et arer ST # & 4% more
11. 9%, [Noun), % =T (3rae #18 Well-wifd 7riad & more

Assamese B, [Nounj, TR M1 e @RI =% 91 512 more

ooeonees

Bengali J119, [Noun), STz VT STRSEE 1% A, A WS TeR M0 T 28 more
Bodo T, /Noun), AT SiTg ATAT AT T STET AT TACh <1 A8791E  more

English house, /Nounj, a dwelling that serves as living quarters for one or more families more

Gujarati #2, [Nounj, gl g2 st-3d 31 24, 67 Al 3204 ¢ 8 more

Hindi 9, /[Noun], T =T % ST a1 U &1 Fa1 % ST aT G2avr & g aner @i more

Figure 5 IndoWordNet Dictionary Interface showing rrul-
tiple languages with language based view.

4

- User types in a word. To input a word, he

can enable phonetic transliteration or use
onscreen keyboard.

- User selects the Dictionary View; by de-
fault, sense based vieis enabled and in-
formation is rendered sense wise.

- User clicks on button GO. Once he/she
clicks on button GO, the meanings of an
input word are displayed in horizontal
tabbed format.

- User can toggle between different views by
clicking on view sense based, thesaurus
based, language based, word usage based
radio buttons.

- User can click omoreto get additional in-
formation under each of these views.

- The transliterated information is provided
under each of these views. User has to
click on checkbox ‘view transliteration’
for this purpose; this is available under the
hyper linkmore However, user sees trans-
literation of each language on mous®/er
in English by default.

Features of IWN Dictionary

The salient features of IndoWordNet Dictionary
are as follows:

In figure 5, we can see that the source languay
is Hindi and in the target languages initially the
information is rendered in Hindi, However, a use?
can click on any of the horizontal bars to see adl

senses in each language. Helaguage based

view is enabled where all senses of an input word
are rendered in each of the horizontal language

tabs.

5

The procedure to use this IWN multilingual dic-

tionary is as follows:
- User selects an input language.

Renders information in multiple languages at a
time.

Different views to display the information:
sense based, thesaurus based, word usage
based, language based

Transliteration feature available in different
languages which helps in reading effectively.
Can assist language translation task where
multilinguality is primary concern.
Can be referred for educational
needs.

Automatic word suggestion is assisted.
Similar / closest word suggestion is assisted.
Usage analysis and statistics available.
Provides statistics such as most frequently
searched word with respect to the selected
language, input language searched, etc.

and social

Limitations of IWN Dictionary

It is a concept based dictionary, i.e., for all the
synonymous words it will show only one gloss
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