Vaijayantikosa Knowledge-Net

Aruna Vayuvegula? Satish Kanugovi! Sivaja S Nair!Shivani Viand Mahalakshmi’
Karnataka Samskrit University
Bangalore, India
33arunalgmail.com, satishk.rao@gmail.com,
sivaja.s.nair@gmail.com, shivani.ksu@gmail.com and prasmax@gmail.com

Abstract

A kosa (lexicon) is a literary work that provides a comprehensive understanding of words
by arranging them along with their synonyms and other words that are semantically
related. Its format has been designed to include not just ontological classification, but
to give a holistic idea of a concept represented by the word. This allows a thorough
understanding of the words, and also the knowledge they embody. Vaijayantiko$a is a
popular Sanskrit lexicon that contains words from spoken language as well those used
in Vedic literature. To facilitate dissemination of this knowledge, a web-based tool,
Vaijayantikosa Knowledge Net, is created for easy access and analysis of the words in
the ko$a. The objective of the tool is to provide information to researchers from different
fields of study to explore the knowledge contained in the kosa with the help of synsets
and ontological structure.
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1 Introduction

Sanskrit is rich with domain-specific and subject-specific koSa literature. They are written in
verse format enabling them to be memorized easily by students. Generally kosa, in the Indian
tradition of knowledge representation, is a grouping of words with semantic relations to
provide comprehensive understanding of the word and its ontological classification. The
ontological classification and knowledge structure in Sanskrit kosas have been described in
detail by Kulkarni, A (2010).

Patkar (1981) in his book “History of Sanskrit Lexicography”, lists at least 81 lexicons that
were written in Sanskrit between 400 BC and 1800 AD. Vogel (1975) in his work, ‘Indian
Lexicography’ details the characterization of Indian lexica and lists down over forty unique
dictionaries, many special, bilingual and multilingual dictionaries. Unfortunately, many of
these works have been lost and we are left with very few of these treasures. Hence, there is a
need to ensure that the existing lexicons are well-preserved for posterity and technology can be
a great asset to achieve this goal.

Amarakosa is the most authoritative and ancient thesaurus of Sanskrit. There have been
several commentaries and translations of the lexicon (Patkar, 1981, pp. 19-21) both in Indian
as well as foreign languages. In recent times, it has also captured the interest of computational
linguists. Nair, in her PhD thesis (Nair, 2011) has detailed the knowledge structure of
Amarakosa and developed the tool, Amarako$a Knowledge Net (AKN), that systematically
represents the links between words based on a structured table in a dynamic manner. She has
suggested in her thesis that AKN can serve as a model for developing tools for other kosas.

As part of the Post-graduate diploma in Sanskrit computational linguistics program, we take
this suggestion forward and develop the Vaijayantikosa Knowledge Net (VKN) tool to capture



the knowledge structure of Vaijayantikosa. The paper introduces Vaijayantikosa and details the
different aspects of the VKN development in the following sections.

2 Vaijayantikosa (VK)

VK is written by Yadavaprakasa between 10th and 11th century (Biihler, 1887). He lived in
the southern part of India, near the present day Kanchipuram in Tamilnadu (Oppert, 1893, p.
2). VK not only has a rich vocabulary of words for common usage, it also has a large number
of terms from the Vedas.

Though there are many manuscripts on VK, in different Indian languages, none of them is
complete, except one manuscript in Malayalam language. (Oppert, 1893, pp. 3-4).
For the purpose of this work, we have referred to the following two texts of VK.

1. The Vaijayant1 of Yadavaprakasa compiled by Gustav Oppert
This version has introduction by Gustav in English and an elaborate section of vocabulary
with meanings in English. Gustav has painstakingly referred to 11 manuscripts and
consolidated all the kandas as one entity (Oppert, 1893).

2. Vaijayantiko$a compiled by Sri. Pandit Haragovindashastri.
This version has introduction by Pandit Haragovindashastri in Hindi and appears, to a
large extent, based on Gustav Oppert’s work itself. He gives a brief commentary on the
uniqueness of the lexicon and adds glossary of words at the end with references to the slokas
where the words appear (Haragovindashastri, 1971).

Biihler (1887) gives an overview of VK, its structure and information about its author.
Kulkarni refers to VK while giving an overview of lexicographic traditions in India and
Sanskrit (Kulkarni, 2010). Kaur also touched upon VK through a taxonomical analysis of
early Sanskrit literature (Kaur & Singh, 2018). Vogel touches upon VK while chronicling
Indian Lexicography and gives brief details about the style and classification adopted by the
author (Vogel, 1975). Some regional scholars have also referred to VK in their works. For
example, Mallinatha, in Amarapadaparijata (commentary on Amarakosa) provides close to 212
citations from VK (Nair, 2011).

For this project, the compilation of VK by Gustav Oppert has been taken because of the
comprehensiveness of his work as well as the detailed vocabulary of words with meanings in
English.

2.1 Structure of VK

The author, Yadavaprakasa has arranged the words into kandas and adhyayas based on a clear
ontological structure. The kandas are named according to the major topic covered. For
example, the antariksakanda consists of all the words related to the sky, universe, astronomy,
astrology etc.

Each kanda is further divided into adhyayas with semantically related words, arranged together
according to context, in the form of slokas. The classification is detailed in the Figure 1.

1. VK consists of nearly 20000 entries of words listed in verse form.

2. It begins with a mangalasloka followed by nine and a half verses of paribhasaslokas which
provide pointers to decode the gender information of the words.
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More rules for interpreting the linga (gender) of the words are described in 58 Slokas of
Lingasangrahadhyaya (of Sesakanda).

3. There are two major divisions of the ko$a - Paryayabhaga (synonymous words) and
Nanarthabhaga (polysemous words).

4. There are five kandas under Paryayabhaga and three under Nanarthabhaga.
5. The kandas are further divided into adhyayas; they are 43 in total.

6. The structure of VK is represented below (Figure 1).
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Figure 1: Classification of VK

7. Slokas in VK contain words, their synonyms and meanings. In some cases, probably where
the author found it necessary, information pertaining to gender, brief description of the
term may also be included.

8. VK emphasizes understanding a concept at greater depth and precision.

2.1.1 Semantic Arrangement of Words in VK

In VK, the kandas are arranged based on a particular theme. Kandas are further divided into
adhyayas which are based on sub-themes. Adhyayas contain Slokas that mostly follow semantic
order with occasional violations. Slokas contain words that are related to a concept. A given
word is typically followed with its synonyms and subsequently other relations, like
gfd—geiHTE: (husband — wife relation), SFI-SH®HIE: (child — parent relation), ¥d—FaTHYId:
(owner — property relation), B[ R O OF (lord - servant relation), &H-€f¥d: (property -
locus relation), ﬂ'UT—ﬂ'ﬁ“:I'I?I: (quality - qualifier relation) etc. For example, in concept Visnu,
first 53 words form a synset. Subsequently, the author lists words that refer to powers of
Visnu. They are followed by possessions of Visnu and so on. Nevertheless, there is a pattern
that perhaps reflects the logic of the times it was written.

Given below is the example of the word how Visnu is dealt in VK.

1Sloka reference: The position of a $loka in the VK is represented numerically as x.y.z, where x=adhyaya
number, y = kanda number in the adhyaya, and z = the §loka number in the kanda. For example in this $loka
1.1.3.



Example 1: Concept of ﬁsﬂt
The $lokas 1.1.10 to 1.1.38 from adidevadhyaya of svargakanda describe the concept of Visnu
with different relations. See Figure 2.
field 1 : word in sanskrit, field 2 : English equivalent in (), field 3 : number in synset in (), field
4 : kanda.adhyaya.sloka in ()
fs: (epithet of Visnu)(53)(1.1.10 - 1.1.15)
AU (power of Visnu)(9)(1.1.16)
Eﬁ'\‘:ﬁ‘q: (jewel of Visnu)(1)(1.1.17)
#ffaeq: (mark on Visnu)(1)(1.1.17)
T<d: (sword of Visnu)(1)(1.1.17)
ars: (bow of Visnu)(1)(1.1.17)
qrIST~IH, (conch of Visnu)(1)(1.1.17)
Fae T (discus of Visnu)(1)(1.1.17)
HHIGH! (mace of Visnu)(1)(1.1.18)
ARRIE: (incarnation of Visnu)(1)(1.1.18)
g (incarnation of Visnu)(10)(1.1.19 - 1.1.20)
WRYNM: (incarnation of Visnu)(2)(1.1.20)
#RM: (incarnation of Visnu)(15)(1.1.20 - 1.1.24)
del¥s: (incarnation of Visnu)(20)(1.1.22 - 1.1.24)
HadaH, (Plough of Balabhadra)(1)(1.1.24)
i (pestle of Balabhadra)(1)(1.1.25)
PT: (incarnation of Visnu)(10)(1.1.25 - 1.1.26)
S®®d: (Charioteer of Krisna)(1)(1.1.26)
agea: (father of Krisna)(3)(1.1.26)
HHY: (god of love, son of Visnu)(25)(1.1.27 - 1.1.29)
3MPE: (son of Manmatha)(3)(1.1.29)
ARARMU: (incarnation of Visnu)(2)(1.1.30)
87fl: (incarnation of Visnu)(2)(1.1.30)
JMMAT: (incarnation of Visnu)(1)(1.1.30)
MY: (incarnation of Visnu)(6
SORY: (incarnation of Visnu
Picd: (incarnation of Visnu

)(1.1.30)
)(1)(1.1.31)
)(1)(1.1.31)
HiUe: (incarnation of Visnu)(3)(1.1.31)
N (incarnation of Visnu)(6)(1.1.31- 1.1.32)
gg: (incarnation of Visnu)(32)(1.1.32 - 1.1.35)
d&fl: (wife of Visnu)(10)(1.1.36)
ToS: (vehicle of Visnu)(12)(1.1.37 — 1.1.38)
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Figure 2: Relations of Visnu



Example 2: Concept of dlet:
In VK, the reference to kala is from sloka 2.1.52 to 2.1.54, which is a total of 43 words in the
jyotiradhyaya of antariksakanda. The concept of kala starts with the smallest unit of time
which is referred to as _g’f%: (moment). Subsequently, higher units of time are mentioned as
depicted below:
Brel: (time)(3)(2.1.52)
gfe: (moment)(2)(2.1.52)
oTed&RP: (space of two moments)(1)(2.1.52)
3{&RUIP: (space of two laghvaksarakas)(1)(2.1.52)
f499: (space of two aksarapatakas)(1)(2.1.53)
AT (space of two nimesas)(1)(2.1.53)
PT8I (space of nine liptikas)(1)(2.1.53)
oq: (space of two kasthas)(1)(2.1.53)
el (space of five lavas)(1)(2.1.53)
A (space of twelve kalas)(1)(2.1.54)
&UT: (space of 16 lesas)(1)(2.1.54)
ST (space of six ksanas)(1)(2.1.54)
gedi: (space of twelve nadis)(1)(2.1.54)
gfcal (space equal to one muharta)(2)(2.1.54)

Here we can see the hierarchical order of the words which is connected through the relation
UG- IqATRIFE=G:. Subsequent lokas i.e. 2.1.55 to 2.1.73 also deal with the concept of kala
but has not been depicted here due to lack of space. A few observations on examining the
concept of the word kala are as follows:

e A very logical and precise structure of division of time has been adopted starting from the
lowest measure of time.

o A very systematic division of time until it spans 24 hours or one day is seen. Then, there
is the first violation of nesting where day is followed by night and the author goes on to
describe night, different kinds of night. Within the nesting of night too, after describing
different kinds of night, he suddenly introduces darkness and then goes on to describe
different types of darkness.

o After this, there is the third violation of nesting when he goes back to day and then defines
different parts of the day followed by different parts of night. Next, he picks terms that
talk about space of three hours (which is relevant to both day and night), lucky portion of
the day, dawn and twilight. He then ends by addressing a lunar day and different days in
a lunar month.

e The list is followed by months, seasons, years, yugas etc.

The author often describes the qualities of a particular term. For example, under the main word
‘sun’, the term sunray is given. The author lists down 22 words under the concept of sunrays.
These words do not appear to be synonymous but indicate a more complex idea that needs
further research.

AT AT T 9HAT giEo |
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3 Vaijayantiko$a Knowledge Net (VKN)

VKN is a web-based tool to access knowledge embodied in VK by providing comprehensive
information related to the word including meanings, synonyms and relations with other words.

2This $loka is only a small extract of the group of verses that are referred under sunrays.



3.1 Scope of the present project

VK is a voluminous lexicon with approximately 20,000 entries of words. However, for
developing this version of the web-tool, the first two kandas mainly the svargakanda and
antariksakanda have been taken, which contain 3,000 entries. The output of the web-tool is
the synset and the set of related words of a given input - padam (word in its first person
singular form) or pratipadikam (stem). The tool consciously confined to the first 3,000 entries
as new fields and features kept evolving through the research. For example, including English
meanings was not part of the initial plan but was included as it would help users. Once the
web-tool is fine-tuned in all respects, it is easier to scale it up to include the entire database.

An Android Application version of the tool is also currently under development. An initial
version is available for volunteer testing to get feedback and suggestions on usability. The
Android App is briefly described in Section 3.8.

3.2 Data Structure

The first step towards the creation of the web-tool is to digitise the entire kosa. The following
categories of information are extracted from the $lokas.

UIfdufdedd (stem), USH (nominative form), H<HH Il (reference), fA§H (gender), 3MET:

(chapter) and PIUS: (section)

For example, the $loka number 47 in the lokapaladhyaya reads as follows:

T ARSTICHTURY AL ARATS e |
TREATET TReaa! ATTRAT TR0 119.2.86 1

The words are extracted and categorized as in Table 1.

uTfaufdes| 9eq Tl | folss | sream: PBIUS: Jrgeref: a1ef: TRITH|
ard EIGH 1.2.47.1.1| G, FANDUTATERRT:| TBIUS: | epithet of vayu | FaI0ed: Toyave: | ang:
SFICHTOT | SFRMIT | 1.2.47.1.2| G FANPUTATEI:| TGDITES: | epithet of vayu | FLIOe: TTwe: | ag:
gt gftret: 1.2.47.1.3| G, FANPUTATEIT:| TADITES: | epithet of vayu | FaIOe: Twe: | arg:
ERE] AT 1.2.47.1.4| G FANPUTATEIT:| TDITES: | epithet of vayu | FILI0E: TTwe: | a1g:
arferet affret: | 1.2.47.1.5] G, APUTATER:| FRIDBIVS: | epithet of vayu | FTILOD: TEANGE: | aR:
TYaE | TFEErE: | 1.2.47.1.5| G APUTATEITT:| FRBIVS: | epithet of vayu | FILUD: TEIHG: | a1
TITE Tyds: | 1.2.47.2.1| §. APUTATEAR:| FFPIUS: | epithet of vayu | THUD: TFIIHS: | AT
qaReq | AaRET | 1.2.47.2.2| G FANDPUTATERRT:| TABIVS: | epithet of vayu | FaI0eD: Tepfavs: | ang:
HHRu RO | 1.2.47.2.3| G, FANPUTATERRT:| FGBIUS: | epithet of vayu | FaI0: Teryaye: | ang:

Table 1: Information extraction of the synset ad:

It is to be noted that words from dTd: till FHRU: are synonyms, i.e. words with the same

meaning.

1. WfAufde™ is the stem of the tokens from $loka and has been used so that it is compatible
with other computational resources such as morphological generator and analyser, various
e-lexicons etc.; many of them use QUG as input and not the U&H,

2. U field contains the nominative singular form of the UTfdUfd®dH, generated using the
morphological generator. In the case of TH<
will be taken. If a WIfAUfG®H has more than one gender, and masculine form is one of

them, the masculine singular form is taken. In case the word has feminine and neuter
forms the neuter form of the UTfAUfE®H, will be used. These guidelines are based on the

~d words, the nominative plural form



rules of the dictionaries such as Sabdakalpadruma, Vacaspatya etc. This option does not
appear in AKN but has been introduced in VKN web-tool to allow users to search for a
word using USH option in case they are unsure about BIT%Q‘%EEI[ of a particular word. It is
hoped that this feature will make the tool user-friendly.

3. '\qf_d"-:l'\‘fcﬁ is the reference indicating the precise position of the word in VK using a 5-tuple
number as kanda, adhyaya, $loka, pada and word number in the pada. The pada number
and word number in the pada are entered manually into the database, whereas the other
fields are derived automatically.

4. 9 - gender information of the word. The gender of a word is decided by the meta-
information mentioned by Yadavaprakaga. Cross reference to fOIgISURIEIART as well as
Oppert’s vocabulary is also consulted.

5. EIN: refers to the chapter or the adhyaya name to which the entry belongs. The adhyayas
are named based on the topic or subject that the word is categorized under. Thus, this field
gives an ontological idea about the word.

6. PIUS: refers to the specific section of VK or kanda to which the entry belongs.

7. JSFATE: or the meaning in English is an additional field that has been included to document
from the translation that Oppert compiles under the vocabulary section of the book. This
has been included to ensure VKN is accessible to those who may not be Sanskrit scholars.

8. 31: refers to the meaning in Sanskrit given by Yadavaprakasa in VK. Where ever the
meaning is not found in VK, other dictionaries have been referred.

9. 9&JUYH or headword represents the synset with synonymous words. Headword is chosen
as follows - if the headword used in AK appears in VK synset, that word is chosen as the
headword. In case, there is no equivalent word in AK, Oppert’s vocabulary at the end of
the kosa is referred to choose the headword. There are some challenges in choosing the
headword because there are no commentaries on VK that a researcher can refer to in case
of doubt. However, effort has been made to ensure that words are chosen as far as possible
based on the available resources - Compatibility with AKN and Oppert’s vocabulary being
a primary guiding forces.

As compared to AKN, three categories, namely - USH, meaning in English and meaning in
Sanskrit are additional fields incorporated into VKN. The decision to incorporate these
additional fields was taken mid-way through the research as it was found to be a useful
improvisation over the AKN.

3.3 Relations in VKN

The various relations amongst different headwords are marked in the database. Twelve
hierarchical or associative relations are marked in different fields - two kinds of ontological
categories, class and attribute are marked in the last two fields. Except ontological categories,
all other relations are marked using headwords.

3.3.1 UIigErEl (Synset)

The set of words that have similar meaning is defined as a synset. See the example of dId: in
table 2. The output synset is displayed in the Figure 6 in the appendix.
3.3.2 3AYI-3qUfA9E: (Part-whole Relation)

The 3EIT—3GINT relation is marked to indicate part and whole relation. For example - the
synset U&T: is a part of the synset U&fl. Each member of the synset U&: is related to the members
of T&ff through this relation®.

3See Figure 7. in appendix



3.3.3 WI-3WEF=Y: (Superset-subset Relation)

This field marks WRT-3URNIFE:. For example - the synset JGdId: is a kind of d:. So the
synset JdId: is related to the synset dig: with URT-3TURT relation. Each member of the synset
fgA1d: is marked to the synset E|'|§:4.

3.3.4 SI-IPHIG: (Child-parent Relation)

This field marks SFI-SM®HE: of two concepts. For example - the synset of Grdd! is related to
the synset 87 through S=I-319a relation. aTdat is daughter of &9 and f@9aM is father of
BIERIR

3.3.5 Ufd-yci™mE: (Husband-wife Relation)

This field is meant for marking Ufd—9e! relation. For example - the synset of /T is related to
the synset $7a: with Husband-wife relation. Here $7%: is the husband of 9=l and 2=t is the wife

of g%:.
3.3.6 TI-FIHHE: (Owner-property Relation)

TI—FGTM relation is marked to indicate owner-property relation. For example - the synsets of
dS=d: - the house of $5: and 3MRIECN - the city of ga: are related to the synset g%: with
owner-property relation. 3: is the ¥ of IS and IMFRTE.

3.3.7 YI-¥aFHE: (Lord-servant Relation)

JI-JaP relation is marked to indicate lord-servant relation. For example - the synset of T0S:,
the vehicle of ﬁug; is related to the synset T%lEE’[: with lord-servant relation. f%f&'{l: is the ¥+ of
TOS: and TOS: is the JqP: of ﬁ‘sﬂ

3.3.8 YH-gfE: (Property-locus Relation)

gH -4 relation is marked in this field. For example - the synsets of %sma“r, the power of ﬁl’sﬂt

is related to the synset f%rstg: with property-locus relation. ﬁ'&g: is the 9T of ST and ST is
the &: of ﬁ'&@

3.3.9 TU-JUME: (Quality-qualificand Relation)

ﬂ'UT—‘\Iﬁ relation is marked in this field. For example - the synsets of $fldc8:, the mark of ﬁ'SEIJ;:
is related to the synset ﬁ'&g: with quality-qualificant relation. ﬁ'&g: is the f,[Uﬁ of #facd: and
HGT: is the TUI: of fasT:,

3.3.10 SUSIII-IUsitaerdd: (Life-livelihood Relation)

IUSIeT—3Usiiaa relation is marked to indicate livelihood. For example - the synset of A& is
related to the synset €1eR: with life-livelihood relation. FeEI: is the SUSIE of elaR: and €ex:
is the SUSiad: of He:.

3.3.11 3gdR: (Incarnation)

In this field the incarnation or 3I9dR relation is marked. For example - the synsets of dMH:,
#RM: and %ﬁTSUP are related to the synset ﬁ'stg: with 3ddR relation.

3.3.12 3IHYN: (Associated With)

This field is meant for other relations which are not defined. For example - the synset <a: may be
related to the synset TR with a relation STTARTEREE:, is not taken care of. The other relations
such as T, e, YId<aH etc. are also not considered here. All such relations are marked
as 3gIHYT:. These relations will be categorised later.

4See Figure 8. in appendix
5See Figure 9. in appendix



3.4 Ontological Categories

The ontological categories are handled based on the corresponding ontological charts as described
in the STTfd: and SUTE: sections below.

3.4.1 Sd: (Ontological Class)

The universal property of a word is considered as jati. The ontological categories are marked
according to the ontological chart proposed by Nair S S. et. al. (2013). The ST chart is given
in the appendix in Figure 12. Each and every entry has ontological class mentioned in the field®.

3.4.2 IUIY: (Attribute)

Any property ie. qualified to be the universal as per the conditions mentioned in the article of
Nair S S. et. al. (2013) is considered as upadhi. The JUTE classes are marked according to the
IuTfer chart proposed. The 34 ¥ chart is given in the Figure 13 in the appendix.

3.5 Frequency Analysis

For frequency analysis set of 3,000 words are considered. Among them 2876 words are found
unique. 2719 words have single sense, 191 words are having two senses, 81 words are having
3 senses and nine words are having four senses. Out of 3000 words 659 Synsets are created.
For each word, one or more relations are marked using headwords. Hierarchical relations such
as IRT—-TRRTEY: and TTT— AT are the highly frequent relations. The frequency of
high frequent occurrences is detailed in the Table 2.

Relation Total Words | Total Synsets
RI-3RF-E: | 1631 356
TG -3 AHTE: | 391 117

ST~ pYTd: 286 15

T 275 83
ISECIRICE 175 21
Tq-qTHHG: 149 68

BTIAR: 106 15

Table 2: Relational statistics

3.6 Data Implementation

Once the lexicon table was ready with the data, three databases were created using dbm engines
of Unix using hashing techniques. Three hash tables were created to represent a data structure
to map a given key to value.

o i. Hash table for §&IUH_ headword (key = U<H_ word and value = J&IUSH _ headword)
o ii. Hash table for synset (key = H&IUcH _headword and value = synset)

o iii. Hash table for UeH_word info (key = word and value = fRM:_ Reference &

ﬁ?ﬁ{_Gender)

With the help of this data structure, a user can key in a desired word and get output in the
form of synonyms, meaning and related information about the word.

The ontological structure adopted for creating the web-tool for Amarakosa has been replicated
here with modifications for two reasons. Firstly, the division of various kandas and
categorization of words in both the lexicons are very similar and therefore what has been

8See Figure 6. in appendix



created earlier can be easily adapted to VK as well. Secondly, this also enables for technical
integration of the two tools in future that will facilitate easy cross-reference.

As this is an ongoing project, the other relations will be supplied in due course as appropriate. It
was felt that the first step to get the synsets in order will provide vital wealth of information to
researchers and students on this lexicon and the emphasis was thus on categorizing the headword
first.

3.6.1 Processing Flow

The input word, the type of requested information (meaning and relation with other words)
along with parameters like input encoding for the identification of input and output encoding
for formatting of the result on the webpage is processed by a series of scripts in the server. The
scripts identify the word and the relation for which the information is requested. They access
the databases corresponding to the relations that have been created a-priori, and extract
information from the database(s) corresponding the selected relation and format the output
into HTML file.

When “All Relations” is chosen as the input, a pictographic representation of all relations is
created and embedded in the resultant HTML file. Refer Figure 11. for the output in the
appendix.

This HTML file is returned as response to the requesting browser for display to the user. The
following flowchart describes the steps in the processing in Figure 3.

(webtool on Browser)

[y .
L fiz Output from Webserver] l L e loput to Webserver

Extract Inputs - input word, relation, nput
Send'output {5 took encoding, output encoding from the HTML
display
file
tput (HTML

le)

Input Word
and Desired
Relation

fo on whic
relation is
equested?

Retrieve head_word
orresponding to input_word

From head word, retrieve set of
synonyms(synset). Set X =input word

For Each Relation
— retrieve related word and|
add to related words set
|
Y
Create pictorial
representation of the input
word, the relations and the set
of related words

Increment relation depth
by 1

Is relation
depth <=4
=]

For each word in the
related words set, set
input word as the related
word, repeat the
processing

For X, retrieve related
word from the database
corresponding to the

selected relation (€

Add retrieved info to the
output

Set X=next synonym
word from the synset

Figure 3: Flowchart for processing in the web tool



3.7 Architecture of VKN

Figure 4 illustrates the architecture of the Vaijayantikosa KnowledgeNet (VKN) tool. It consists
of the following functional components.

o Web user interface
e Webserver

o VK datasets

Response

User Accessing tool
via Browser

Figure 4: Architecture of the VKN tool

3.7.1 Web User Interface

The user interface for the tool is a HTML web page (currently, first version of the tool is
available at http://13.235.131.68/CompLing/vk/) It provides a means to input the word from
the VK lexicon that needs to be analysed for the specific set of relations. See Figure 5.
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Figure 5: VKN tool

Multiple input encoding forms are provided including Devanagari and WX encoding. The input
word can either be FTfAURHH or T2MT Y=oy, The desired semantic relation can be extracted
from the lexicon from the drop-down list. The tool supports analysis of the relations mentioned
in the section 3.3.

3.7.2 Webserver

An Apache webserver hosted on an ubuntu instance running on AWS, is used to interact with
the Web user interface. It captures the inputs from the HTML webpage and passes onto the
CGI script in the backend for processing. The result of the processing is sent as HTML response
to the requesting webpage for display to the user.



3.7.3 VK Datasets

WX encoded original VK $lokas and database (see secton 3.2 and 3.3) that contain manually
created and verified metadata for each word are the input files. The databases are created as per
the data implementation described in section "Data Implementation”. The processing scripts
analyse the inputs for requested information/relations associated with the words in VK, retrieve
desired information from these datasets and display the results in the tool as results.

3.8 VKN Android Application

VKN Android App provides a convenient interface to Android smartphone users to access and
analyse information in the Vyjayantiko$a. It uses the same input data set, words and relation
information used for the web-tool. The Android App collects inputs from the user i.e - the
word and its relation. It then communicates the input parameters to a webserver hosted in the
cloud, where python scripts are used to search and formulate the response using the input data
set. The response is conveyed back to the App on the smartphone for display.

The VKN android App is available for download from the VKN tool webpage. The tool is under
development and has been released for volunteer testing and collecting feedback on usability. It
currently allows input in Devanagari format and supports the synset relation analysis. The App
is being enhanced to support relations and features supported by the web tool as discussed in
the previous sections.(See Figure 10)

4 Conclusions

VK has a rich repository of words from the Sanskrit language and literature. The VKN web-tool
enables convenient access to this knowledge. It is also designed to enable analysis in specific
areas of research by providing a list of words related to that area, which can be used to trace
information related to that area in Sanskrit literature. For example, in a paper published in
the Indian Journal of History of Science, the use of the term hemaghna (destroyer of Gold),
for lead metal was examined in detail (Dube, 2010), and this uncovered, unique properties of
the metal lead, when interacting with Gold. There is scope for deeper research for experts from
different fields - geology, geography, ornithology, metallurgy, sociology, biology and more. In this
context, this tool becomes significant as it provides preliminary information to researchers in
their respective fields with synsets and ontological structure and could become a starting point
for a more comprehensive research. The inclusion of meaning in English, bridges the language
divide, connecting this knowledge base with the large number of English speaking researchers.

5 Future Research

Few suggested future work is as follows:
o Continue updating the kosa with all the remaining entries.

o The child-parent, master-possession, husband-wife relations and other such relations (see
section 3.2)were captured at this stage. There are possibilities of including other relations
such as siblings, dwellings etc.

o Linking each synset to Amarako$a Knowledge Net.
o Linking it with various other computational linguistic tools.
e Using for Word sense disambiguation.

e Currently only four layers of nesting depth is represented in “all relations”. This can be
expanded to more layers in future.
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A Appendix - 1
VKN Sample Outputs

Figure 6: Example of Ontology

Figure 7: Example of 3dJd:

Figure 8: Example of ORI



Figure 9: Example of SI-:
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Figure 10: VKN Android Application




Figure 11: Example of All-relations of Visnu
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