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Abstract

Sanaisaor compounds are a regular feature of
Indian Languages. They are also found in
other languages like German, Italian, French,
Russian, Spanishetc. Compound word is
constructed from two or more words to form
a single word. The meaning of this word is
derived from each of the individual words of
the compound. To develop a system to gener-
ate, identify and interpret compounds, is an
important task in Natural Language Pro-
cessing. This paper introduces a web based
tool —San@isa-Kariz for producing compound
words. Here, the focus is on Sanskrit lan-
guage due to its richness in usage of com-
pounds; however, this approach can be
applied to any Indian language as well as oth-
er languages. IndoWordNet is used as a re-
source for words to be compounded. The
motivation behind creating compound words
is to create, to improve the vocabulary, to re-
duce sense ambiguitgtc. in order to enrich
the WordNet. Thé&an@isa-Kartz can be used
for various applicationsiz., compound cate-
gorization, sandhi creation, morphological
analysis, paraphrasing, synset creatéeio,

pushpakbh@nmai | . com

1 Introduction

Word compounding is an essential feature of any
language. In literature, there are various detngi

of the compound wofd A compound word is a
lexeme that consists of more than one stem. An
English compound is a word composed of more
than one free morpheme. However, in Sanskrit, a
compound, also known asATE (samisd) is de-
fined as TerrAtATRETATWTE: TETE:  (prthagarthi
namelarthibhavah samisak, placing together two

or more words so as to express a composite sense,
which is a compound compositidn)Example,
foraet (sivapatri, wife of siva and a benevolent
aspect ofdev) is asanisaor a compound formed
from two wordsfara (siva, a major divinity in the
later Hindu pantheon) anekT (patry, a married
woman) which are formed from paraphragees

Tt (sivasya patdy wife of siva and a benevolent
aspect ofdev). Sanskrit language has high usage
of compounds in literature and is rich in producing

! http://lgrammar.ccc.commnet.edu/grammar/compoutrds.h
2http://lukashevichus.info/knigi/abhyankar_shuklayssagram
_dic.pdf



compound wordsParini, the most referred San-(Bhattacharyya, 2010).

skrit grammarian, mentioned various types of In this paper, we have taken Sanskrit WordNet
samisa and compounding system stated in thas a resource. Sanskrit is an Indo-Aryan language
form of 110sutras (rules) in his grammar book and is one of the ancient languages. It has vast li

Astadhyayr (Mishra, 2010). erature and a rich tradition of creating lexica
(Kulkarni et al., 2010(a)). The roots of most of th
1.1 Typesof Samasain Sanskrit languages in the Indo European family in India can

. . _ be traced to Sanskrit (Kulkarni et al., 2010(b)).
In Sanskrit, there are four major typesSainisa Also, as stated in the article 351 of the constitut

. W (Avyayibhava) - In avyaybhava o ngia, the need arises for coining new words
samisg first member has primaty \yhen the new object or an action related to it be-
(‘ﬁwﬁsrenfr, parva-padirtha-pradhing).  comes part of the language and gets lexicdiized
Here, the first member of this type of nom-The grammatical features of Sanskrit are pre-
inal compounds is indeclinable, to whichscriped for use and compounding is an important
another word is added so that the newlyesture of Sanskrit.
formed compound also becomes indeclin- The paper is organized as follows: Section 2 in-
able (.e., =17, avayd. Example 7=maf<F  troducesSan@isa-Karti and its components in de-
(yathasakti, in accordance with one’s tajl. Section 3 lists the salient featuresSangisa-
strength). Karta. Section 4 gives the limitation @Ganasa-

e TR (Tatpurusa) - In tatpurusa san@sa,  Karta. Section 5 describes the related work. Final-
second member has primacyagaard- ly, we conclude the paper with the mention of
947, Uttara-padirtha-pradhzna) and the scope and enhancements to this tool and its useful-
first component is in a case relationshimess in the entire WordNet community.
with another. Examplegeegrra: (sandh-
yakalah, evening time). 2 Samasa-Karta: The Compound Word

e g (Dvandva) — In dvandvasaniisa, both Producer
members have primacy3{ITaaTIver,
ubhaya-padrtha-pradhana). Here, the 2.1 What is Samasa-Karta?
members are usually noun stems, connecly . g, rea.

ed in sense Wlth and. EXampleWord Producer is an online tool developed to pro-
THALHTALIHT: (ramalakkmazabharata

) - duce compound words. The produced words are
satrughrzh, Ram and Laxman and Bharatformed us?ng rule based syst(gm which takes two
and Shatrughn i i _ words from IndoWordNet database (Prabhu et. al,
e g (Bahuwrzhi) - In bahuvihi san@isa 5012y with the help of IndoWordNet APIls
both members refers to a thing which in itypraphugaonkar et. al, 2012). The new word which
self is not part of the compoundig hroduced, is another word, which falls under any
GARREIRELIES anya-padrtha-pradhind).  of the four types osamisasmentioned above.
Example, === (gajanand:, one whose  There are two types of users for this tool — the
face is that of an elephant). lexicographer and the validator. The basic job of
12 IndoWordNet as a Resour ce lexicographer is to enter _Words, generate com-
pound words and temporarily add these compound
WordNet is a lexical resource composed of synseffords to the synset in WordNet database. The
and their semantic and lexical relations. Synsetsain task of validator is to validate if the com-
are sets of synonyms or synonymous words (Millground words are properly produced and added to
et al., 1990). IndoWordNe&ts a linked structure of the WordNet database.
WordNets of major Indian languages from Indo- Sand@sa-Kartz basically produces compounds
Aryan, Dravidian and Sino-Tibetan familiesbetween Noun-Noun (NN-NN), Noun-Adjective

Kar@’, also known asCompound

5 hitp://www.cfilt.iitb.ac.in/wordnet/'webswn/wn.php
8 primacy — the fact of being pre-eminent or mogténtant. & http://www.constitution.org/cons/india/p17351.html
4 http://mww.cfilt.iitb.ac.in/indowordnet/ 7 http://www.cfilt.iitb.ac.in/wordnet/samaaskarta/




(NN-3J), Noun-Verb (NN-VM), Adjective-Noun The components dban@sa-Kart: are described
(JJ-NN), Adverb-Noun (RB-NN) pairs. However,in detail as follows:

it does not deal with the word combinations such

as Noun-Adverb (NN-RB), Verb-Verb (VM-vM) 221 Languageand Words Selector

and Verb-Noun (VM-NN) as they cannot be comin this module, user selects input language, in our
pounded. case, Sanskrit and the words are taken from
IndoWordNet database to form a compound. Here,
the lexicographer types-in any character in the se-
Sand@isa-Kari, the tool,has multiple components which lected input language and all the words in database
follows the pipeline architecture. Figure 1 showe t starting with typed character appear in the drop
block diagram and figure 2 shows the basic interfac  jown list. Once words are selected, their corre-

2.2 Components of Samasa-Karta

the SanasarKarta. sponding synset information is displayed accord-
fpu ords ingly.
(g & v S| For example, if a I_exif:ographer inputs two
words,®v=: (mandak, disinclined to work or exer-
| e | _tion) as first vvgrd andfa: (matiz, knowledge and
intellectual ability) as second word; we get the fo
A lowing synset information:
Word Generator
om ol i fof S, o For the word ¥v=: (mandalt)
Sensel
Synonyms: #==: (mandalt), TraTTIT:
Samisa Ranker & Acoumlater (tundaparinrjal), sreres: (alasyah), ofras:
! (stakah), sIgo: (@anusnah), ofiae:
WordNer Adder (smtalah), Tvs: (Kuathak), st190: (anasuh)
B [ petieer [ T || T | Gloss: saeasa=T g rrehier:|
' + (avasyakartavysu apravitisialk)
l Example(s): "aez: frmfer 7 st
Semtsa Word (mandda& kimapi na papnoti)
Figure 1. Block diagram of Samasa-Karta For theword wsfa:
Sensel
Samasa-Karta Synonyms: #a¥ (matan), @: (drstih),
wfa: (matih), ¢ft: (dhik)
The Zc:::zu:::lord Producer Gloss ﬁmﬁ ER-_@ ’ch‘Flﬁ ﬁw aT Q’@W %
Wordl: 7 Gender Nele Wore2 . Gender Fenals %Td_rn:ﬂ (klmapl vastu kamapi Sﬂya’l’l va
e : ot adhiktya ktam cintanamn)
T ram tm i e Example(s): "s#aTE W 9adry 38 w1 T
Fone) TR S THif=E" (asnikam matena bhavamn
B idam karyam na sanfcinam)
e Synonyms: #fa: (matik), Ff5: (buddhi),
A R oft: (dhih), STstaT (prajfiata)
?Zipfmﬁm%‘ Gloss: ﬁ"‘élq REAGS :W@Fﬂ: JET: a?v\lT-]'
— freafag sl (niscayatmikantakkarapa-
vrttiz yasyih balena cintayitm sakyate)
Figure 2. Interface of Samasa-Karta Example(s): "eaaTaTs seaeT 7T Siadg

ferearest a1 (dhanakbharthe anyasya
matya jivarad bhiksaranan varam



Morph Karaka

%
8

Morph-Karaka or Morph Analyzer is executed

Synonyms: wa (matan), s once theSand@sa Preprocessor provides it the vali-

(abhipraya), Teafd: (sammath), 3f: dated input words. In this module, each input word

(drs._l‘lh), afa: (ouddhk), T=1: (paksah), 919 s taken and converted to its root form by applying

(bhavah), w: (manah), =t (dhi), wfa: standard morphological rules. This is required, as

(matih), srgaH (akutam), swerT: (asayah), in Sanskrit WordNet, all nouns are stored in nomi-

@e=: (chandd) native singular form. In order to make compound

Gloss: Fyfee fawarfay wréa: =fa=mz:1 of these words, we need to bring these nouns to

(kesucit visayadisu prakaikrtah their root form. Table 1 illustrates some of the

svaviairah) words processed througorph-Karaka

Example(s): "aaut waq T2 w1 ¥ g

EEEIG] (sarveram matena ida karyam (S\m_‘;'fb’déh) (Vy;mai!:f@)

Samyak pracala}' (vowel-ending words) (consonant-ending words)
I 7T — T THR g — AT

Here, the lexicographer chooses sense 1 of th@karanta) |(mandd — mandg | (cakaranta) | (vak — vac)

. : Fae | e fEr SERr | g — fas
word ww=: (manda) and sense 2 of the wordd: | A7 | (i~ Vi | Gakaranta) | (bhisak—» bhisal)
(math) to form a compound wordaeHf AT — ST

. . . TR wft: — wf T N .
(mandamati lacking intelligence). He/she also has qarantg) | (matih — maty | (takaranta) b(rtl)gaagaawn -
freedom to select/deselect the synonymous words gava)
of these selected synsets. Also, in this module, thgrant | (nad— nad) | (dakaranta) | (sarad— sarad)

T — TE T AT — AT

proper care has been taken to avoid words whiChesramr AT — A TR | ST — A
cannot formsamisa There are some words having (ukiranta) | (bhinuz — bhanu) | (nakaranta) | (atma — atman)
specific case endings which cannot be compound®®ra= | =TT — ¥1q TR | T T

(karanta) | (mata — maty) | (sakaranta) | (tejah — tejas

ed, e.g.,a wordzr (yatha, in which manner) can

be compounded; however its synonysms=HoT Table 1. Words processed through Morph-Karaka

(yatprakirepa), a_vs&rwr (yena_prakrepa) can-

not be compounded, as they are specific case endonce the morphological analysis is done on input

ing adverbs. words, they are given t8an@sa-Karaka for fur-
After selecting the appropriate synset and ither processing.

synonyms, lexicographer finally proceeds to gen-

eratesamisasor compound words. The compoundS@masa-Karaka

words are then processed using the followinghe San@sa-Kiraka takes the processed words

modules. from Morph-Kairaka and applies standashniisa

rules based on grammar. Thean@sa-Karaka

works at the semantic as well as syntactic level. A

The Sandisa Preprocessor performs a check whettsemantic level, meanings of the words are consid-

er the input words are valid to formsansa or  ered from the gloss to form the compounded word.

not. Here, it will check part-of-speech (POS) oAt syntactic level, the inflections are appendeti/no

each input word and validates if the combinationsppended to the morphed words. The processed

of POS like NN-NN, NN-JJ, JJ-NN, RB-NMtc. words along with itSan@isatype are passed to the

2.2.2 Samasa Pr eprocessor

can be formed. San@saCategorizeas an input.

2.2.3 Word Generator For example,

The Word Generator internally processes each ih) s + af<F (atman + sakt) — Here,Sand@sa-
put word by using Morph-Karaka, Samsa- Karaka identifies that both the wordgreaq
Karaka, San@isa Categorizerand Sandhi-Kar& to (atman) and«f=F (sakti) follows 2.2.8 rulewst

form a compound word. The details of these sub (sasthi) of Parinian grammar. Hencesreag
modules are as follows: (atman) is eligible to formSanasa with the



o<k (sakti). However, the rule number 8.2.7quence of steps before adding to the synset in the
;. rtaatesaer  (nalopa:  pratipadikan  WordNet.
tasyg of Paninian grammar says that tie(n)

should be removed from the wordra= TA-AeT:

_ _ h (sva@nta-sabdah)

(atman). Hence, wordsirew (atma) and erf=r (vowel-ending words)

(sakti) is sent toSand@sa Categorizerfor fur- FFTA NN -

. (akaranta) .
ther processing. (words ending with a) (deva +isa— devea)
AR
2) =9 + =91 (deva +isa) — Here, there is no infec- (akaranta) faem + e freTem
tion, hence these words are directly passed |tords ending wits) (vidya + dlaya — vidyilaya)
the SangsaCategorizer. (isk‘;r'afn":a') afe + I > TR
] d di ith i (prati + uttara — pratyuttarg

dsa Categorlzer (words ending with i)

_ . . ‘e (ikaranta) A+ 3 A
Sanuisa Categorizer identifies category of & o s ending with) (nad: + isa— nadsa)
samisa like Avyaybhava, Tatpurwa, Dvandva& F——

. B o . o 9T + 33T > ATET
Bahuvihi as per thesamisa rules. Further, it identi- (ukaranta) (bhanu + udaya— bhanadayd)
fies its sub categories. It generates paraphrag&¥pds ending witt)

information using gloss of input words. This pard- (r'ikd'r';n'ta“) AT+ FW AT

phrased information is stored here, which is furthewords ending witt) (matr + rpa — mitna)
used in the WordNet Adder for paraphrasing of

FEAT-T:
compound words. (wyaRjaninta-sabdi)
Sandhi-Karta (consonant-ending words)
-Karta
TR

e A + AT - ST
Sanéjhit-Karfhor Se;]r?drr:i Joiner helgst;]n joinin_g A d(;agrdc;:;alvima] (bhagavat + gtz — bhagavadga)
words together which are passed thro@ginasa A oz + 2

Categorizer. The words are joined together by fal-  (dakaranta)

lowing sandhi rules of the language into considerg2rds ending with da

(sarad + havi — saraddhavj)

tion. The Sandhi-Kar& performs on all the (nakiranta) e + A - st
combinations of the selected synset words an@ords ending with na (atman +sakti — atmasakt)
produces list of joined words. All these joined TR T T > BATT
;N(t)rds a:je Igliven to thBanasaRanker & Accumu- | G20l (manas + ratha- manorathy
ator module.

Some of the examples $&ndhi-Kar& usage for  Taple 2. Words processed through Sandhi-Karta

words in Sanskrit are illustrated in table 2. .
Following are the sub modules of WordNet Adder.

. o Synset Finder
In this module, all the combinations of words are

ranked and accumulated together as per the moigre, the Iexmog_raph_er checks if the |_ntenQed
frequent usage of words in the original WordNe ynset already exists in the WordNet. If it exists
synsets. HereSanaisa Ranker Algorithm is used to tNen the words are directly appended to the intend-
rank the accumulatesaniisas. Once the ranking ed synset's vocabulary. If the synset does not,exis
and accumulating of words are done, tagmisas €N it passes through tiaraphraser to create

will be passed through the WordNet Adder modul@ 0SS of the compound word which willhelp in
where its validity is checked and added to th&"€ating new synset

2.25 WordNet Adder The Paraphraser automatically generates most like-

WordNet Adder is a semi-automatic process whef¥ 910Ss Of the intended synset on the basis aitinp

newly formed saniisas are passed through sewords. This gloss or a concept definition of a

2.2.4 Samasa Ranker and Accumulator



synset is given to Paraphrase Validator for furthdy Related Work

processing.
In past, many researchers have worked on com-

Paraphrase Validator pound words, more particularly for Sanskrit Lan-

Here, the lexicographer checks if the paraphras@§@9€: To understand the need of the tool
gloss is properly generated. If not, it is creategPresented here, a study is done on different kinds

edited manually by using the three principles o‘?thOﬁ'S available fo:j u_sa%e. dSome_ toc;ls and WO:jk
synset creationyiz., principle of minimality, cov- WHICh were reviewed in the domain of compoun

" d and its related fields are presented here.
erage and replaceability (Bhattacharyya, 2010§/°' .
This is given to the Word Adder module. Kumar et al. (2010) presented a Sanskrit com-
pound processor tool, which automatically seg-

Word Adder ments and identifies the type of a compound using

. i - . the manually annotated data. To understand the

The lexicographer finally fills-in other synset in- i . . .
compound; their approach involved segmentation,

formation like examples, gendegic. and adds to constituency parsing, compound type identification
the WordNet using an online synset creation tool - yp 9, b P

Synskarta (Redkar et al.,, 2014). The resultanfﬁlnd paraphrasing. This t.OOI can identify the type o
Sam@isaswill either be the’member of an existin compound and suggest its component's root word.

svnset or it can be a new svnset altoaether 9 Jha etal. (2009) proposed an Inflectional Mor-
y y 9 ' phology Analyzer for Sanskrit that identifies and

3 Salient Features of Samasa-Kartd analyzes the inflected noun-forms and verb-forms
in any sandhi-free text. The tool checks and labels

Some of the salient features $an@isa-Kart: are each word as three basic POS categorgebanta

as follows: tinanta, and avyaya It is based on a reverse

e Sand@saor compounds are created on the flowparinian approach to analyzenanta verb forms

e San@sain WordNet helps in identifying mean-into their verbal base and verbal affixes. The
ing or concept of a compound occurring in th&ethodology used to create database tables to store
literature. various morphological components of Sanskrit

e San@sa-Kartz helps in enriching the standardverb forms is based on the well defined and struc-

of the language and to simplify the case-endin%”e_d_p_roce_SS of Sanskrit morphology described by
words in language under consideration. anini in his Astadhyayr. This analyzer also in-

e It assists in developing vocabulary, which iffludes the analysis of derived verb roots.
turn, helps in improving the word count in a_ GuPta et al. (2009) proposed a Rule Based Algo-
language. rithm for Sandhi-Viched of compound Hindi

e It helps in automatic generation of paraphrase‘é’f’rd(sj V_Vh%re kone Ie]:[ter (whetherdsmgle orfcan—
¢ It helps in compound type identification. joined) is broken to form two words, Part o the
e The compound words produced can be helpfblroken letter remains as the last letter of thst fir
A Word and later part of the broken word forms the
to understand the multi-words. first letter of the next letter. ASandhi-Viched
4  Limitation of Samasa-Kartd module breaks the compound word in a sentence
into constituent words, which enables to under-

Some of the limitations ddan@isa-Kartz are: stand the meaning of the words better. This work
e Used only for words in WordNet. aids in learning about the language grammar in an

» Possibility of over generation of compounds. €asy way. . _
e In Sanskrit, verbs are in its root form: hence Satuluri et al. (2013) studied the generation of

word pairs such as VM-VM and RB-VM areSanngnt tg:ompfoulz]ds an? re\t/vrote tlhe gra:jnlﬂwar as a
not implemented. combination of phrase structure rules and the regu-

L . .. lar grammar. It listed various semantic features as
* The word combination NN-RB is not poSS'blec.onstraints governing the formation of compounds
as adverbs cannot come as a second word

if'Sanskrit. The rules taken froRanini for com-
the compound. pound formation are classified into two sets — the
ones which designate a technical term to the input



string or a part thereof termed sanjfigsitra, and 7  Future Scope and Enhancements
the others which transform the input string into ]

semantic information needed by the compouri@ languages belonging to Indo-Aryan, Dravidian
formation rules is stated through ontological ag2nd Sino-Tibetan familieaz, Hindi, Marathi, Gu-
proach. jarati, Bengali, Konkani, Kannadefc It can also
Sanskrit being a highly inflected language in na2€ extended to other non-Indian languages like
ture, each of its word is inflected. If the worde a ENnglish, German, Italiaretc. This tool can have
not used in the correct case-endings, it may lead@dditional features such as non-WordNet words.
a different meaning altogether, giving diﬁerenfrms W!|| be useful in the light of development of
context. To simplify the usage of these caséMProving the vocabulary of the language, thus
endings, compound words are used. Also, if the§@hancing the richness of the language. Some of
compound words are added to the WordNet, it mdf)e major modules of this tool such &forph
help in identifying meaning of a compound occurkaraka, Sandhi Kartz, Sanaisa Categorizer, Para-
ring in the literature. phraser, etc. can be made available independently.
Hence, we have developed a web based tool
called San@isa-Karz. The approach used in thisAcknowledgments
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