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Abstract

San@saor 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#sa-Kart 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 ambiguitetc. in order to enrich
the WordNet. Thé&Sanasa-Kartz can be used
for various applicationsiz., compound cate-
gorization, sandhi creation, morphological
analysis, paraphrasing, synset creataia,

I ntroduction

of the compound word 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 (saniisa) is de-
fined as FamraTHETSATWE: "HEE:  (prthagartha
namelarthibhavah samisah, placing together two
or more words so as to express a composite sense,
which is a compound compositién)Example,
foraaet (sivapatrt, 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) anekY (patri, a married
woman) which are formed from paraphrdge=

Tdr (sivasya patd, wife of siva and a benevolent
aspect ofdevi). Sanskrit language has high usage
of compounds in literature and is rich in producing
compound wordsParini, the most referred San-
skrit grammarian, mentioned various types of
samzsa and compounding system stated in the
form of 110 sutras (rules) in his grammar book
Astadhyayr (Mishra, 2010).

1.1 Typesof Samasain Sanskrit

In Sanskrit, there are four major typesSainasa
o I=mfiwTa (Avyayibhava) - In avyaybhava
samisa, first member has primaty

Word compounding is an essential feature of arbttp://grammar.ccc.commnet.edu/grammar/compoutrds.h
language. In literature, there are various debnsi

2http://lukashevichus.info/knigi/abhyankar_shuklasayram
_dic.pdf
3 primacy — the fact of being pre-eminent or mogtémant.



(TEETSwaT™,  parva-padirtha-pradhing).  comes part of the language and gets lexicdlized
Here, the first member of this type of nom-The grammatical features of Sanskrit are pre-
inal compounds is indeclinable, to whichscribed for use and compounding is an important
another word is added so that the newlfeature of Sanskrit.
formed compound also becomes indeclin- The paper is organized as follows: Section 2 in-
able (.e., =17, avaygd. Example et troducesSan@isa-Kartz and its components in de-
(yathasakti, in accordance with one’s tail. Section 3 lists the salient featuresSafn@isa-
strength). Karta. Section 4 gives the limitation @andsa-

o TegEYW (Tatpurusa) - In tatpurusa san@sa, Karta. Section 5 describes the related work. Final-

second member has primacg=taars- |y, we conclude the paper with the mention of
3o, uttara-padirtha-pradhina) and the scope and enhancements to this tool and its useful-

first component is in a case relationshi?€Ss in the entire WordNet community.

with another. Exampleg=earrer: (sandh-
yakalah, evening time).

e &g (Dvandva) — In dvandvasanmisa both
members have primacyI{FaaTiTeT, _
ubhaya-padrtha-pradhina). Here, the 21 WhatisSamasa-Karta?
members are usually noun stems, connecthe Sand@isa-Kar’, also known asCompound
ed in sense with ‘and. Exampleword Producer is an online tool developed to pro-
THALATALGATAT: (ramalakkmapabharata  duce compound words. The produced words are
satrughnzk, Ram and Laxman and Bharatformed using rule based system which takes two
and Shatrughn words from IndoWordNet database (Prabhu et. al,

o ggfifg (Bahuvrihi) - In bahuvihi samisa  2012) with the help of IndoWordNet APIs
both members refers to a thing which in it{Prabhugaonkar et. al, 2012). The new word which
self is not part of the compoundis produced, is another word, which falls under any
(F=raaTdwemd, anya-padirtha-pradhana).  of the four types ofamisasmentioned above.
Example,===: (gajananak, one whose  There are two types of users for this tool — the

2 Samasa-Kart@a:. The Compound Word
Producer

face is that of an elephant). lexicographer and the validator. The basic job of
lexicographer is to enter words, generate com-
12 IndoWordNet asa Resource pound words and temporarily add these compound

WordNet is a lexical resource composed of synseiords to the synset in WordNet database. The
and their semantic and lexical relations. Synsefdain task of validator is to validate if the com-
are sets of synonyms or synonymous words (Millgfound words are properly produced and added to
et al., 1990). IndoWordN&ts a linked structure of the WordNet database.

WordNets of major Indian languages from Indo; San#sa-Kara basically produces compour)ds
Aryan, Dravidian and Sino-Tibetan familiesPetween Noun-Noun (NN-NN), Noun-Adjective
(Bhattacharyya, 2010). (NN-JJ), Noun-Verb (NN-VM), Adjective-Noun

) . JJ-NN), Adverb-Noun (RB-NN) pairs. However,
In this paper, we have taken Sanskrit WordNe does not deal with the word combinations such

as a resource. Sanskrit is an Indo-Aryan Iangua&g Noun-Adverb (NN-RB), Verb-Verb (VM-VM)

and is one of the ancient languages. It has vast nd Verb-Noun (VM-NN) as they cannot be com-
erature and a rich tradition of creating leXiC?)ounded

(Kulkarni et al., 2010(a)). The roots of most oé th
languages in the Indo European family in India cap2 Components of Samasa-Karta
be traced to Sanskrit (Kulkarni et al., 2010(b))

: . " San@sa-Kart, the tool,has multiple components which
Also, as stated in the article 351 of the consatut follows the pipeline architecture. Figure 1 shows t

of India, the need arises for coining new wordgjock diagram and figure 2 shows the basic interfat
when the new object or an action related to it bene san@sa-Karta.

* http://www.cfilt.iitb.ac.in/indowordnet/ ® http://www.constitution.org/cons/india/p17351.html
5 http://www.cfilt.iitb.ac.in/wordnet/webswn/wn.php 7 http://www.cfilt.iitb.ac.in/wordnet/samaaskarta/



Tnput Words For example, if a lexicographer inputs two
words,\=: (manda:, disinclined to work or exer-
tion) as first word aneifs: (matiz, knowledge and
i intellectual ability) as second word; we get thk fo
[ SammaPreprocessor | lowing synset information:

| Language & Words Selector |

4

Word Generator For the word ®==: (mandal)

I\.f[orph H Samaxa H Cia};;:ﬂ H Saud.hl %’]%1
Synonyms: #=s: (mandak), TraT IS
(tundaparinjah), sreres: (alasyah), sftas:

Samssa Ranker & Accumulator (.fftakah), ST (anLanah), fraer:
(sttalah), F9s: (Kuprhah), s190: (anasuh)
v.-'onf:e: Adder Gloss; W?W’g 3]"5@'% offer:
St | P 2| i || Nt | (avasyakartavyeu apravttisiah)
[ ) Example(s): "wws: farmfe 7 i
l (manda: kimapi na papnoti

Samazsa Word

For the word #fa: (matif)

Figure 1. Block diagram of Samasa-Karta Sensel
Synonyms. 5aq (matan), 3f2: (drszik),

Samasa-Karta 'Fl'ﬁ'l (matih)' ﬁ: (d hl_h)
Gloss. T aeq Fwfa faw ar sty Fd
The Compound Word Producer '%lf_cl_rl'l{l (klmap| vastu kamapi myam v
— — Language: Sinieit M — — Edhlwt)(s( I;ﬂta"m Cl nta;%irn) 3?{ Eh—rj: .
o - xample(s): "sEnTh TATH
Synonyms: 1=, JrRATCL:, AT, SFrr T, ST, A, Synonyms: T8, 3%, TR, " _
S e o Ky o sovicnamy
S Sense 2
SN bl Synonyms: ®fT: (matih), af&: (buddh),
s eft: (dhik), ST=TaT (prajfiata)
S I T R Gloss: fzfeasa:aeorg: TeaT: ae+
eI e g o (niscayatmikantahkarana-
- vritik yasyah balena cintayitin sakyate)

Example(s): "aaaTaTe e §eAT Siadg
Figure 2. Interface of Samasa-Karta fererrest @71 (dhanalibharthe anyasya
matya jivarad bhiksaranan vararm)
The components ddanasa-Kartz are described
in detail as follows:

%
:

Synonyms. 5aq (matan), srfHsm:
2.2.1 Language and Words Selector (abhiprayah), Teafa: (sammaik), 372
In this module, user selects input language, in our (drsrih), F5: (buddhip), Te1: (paksah), sTra:
case, Sanskrit and the words are taken from (bhavah), #=1: (manah), ¢t (dhi), wfa:
IndoWordNet database to form a compound. Here, (matik), sad (akutarn), swerr: (asayah),
the lexicographer types-in any character in the se- @r=: (chanda)

lected input language and all the words in database Gloss: e Ry swdiga: wfE=m:|
starting with typed character appear in the drop (kesucit visayadisu prakaikrtah
down list. Once words are selected, their corre- svéviairaiz) ’ S

sponding synset information is displayed accord-
ingly.



Example(s): "&aut 7dq T3 w1 TF5IF

gaatal” (sarvesam matena idar karyam Fq-A=T: SAYAT-2A=T:
. (svamnta-sabdah) (vyafjarinta-sabdih)
samyak pracalai (vowel-ending words) (consonant-ending words)

HHIC Ao — A AHIC qTF — AT
Here, the lexicographer chooses sense 1 of thekaranta) (m%\wrjab - %:Trwa (cakaranta) |  (vak — vac)
) . AR d SR ﬁqaﬁ—> QW\
Word_ A (mandd_z) and sense 2 of the worf: (akaranta) | (vidya — vidya) | (jakaranta) |(bhisak — bhisaj)
(matiz) to form a compound worda=wfa P e —
(mandamati lacking intelligence). He/she also has (ikaranta) | (matit — mat) (tai'ka"_'r‘d'n‘i'a) b(ﬁhaga\an -
freedom to select/deselect the synonymous words agava)

; . TR TE — T4 TR 9 — 9T
of these selected synsets. Also, in t_hls moduke, '_n(mdma) (nad'— nad) | (dakranta) | (sarad—> sarad)
proper care has been taken to avoid words wWhiClggae T A e e [ g —
cannot formsaniisa There are some words having (ukaranta) | (bhanuz — bhanu) | (nakaranta) | (atma — atmar)
specific case endings which cannot be compound®®ra= | HTdT — A4 SR I S EE

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

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

be compounded; however its synonyme1es Table 1. Words processed through Morph-Karaka

(yatprakirepa), 9_w&reor (yena_prakirepa) can-

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

ing adverbs. words, they are given tBanaisa-Karaka for fur-
After selecting the appropriate synset and iter processing.

synonyms, lexicographer finally proceeds to gen- ~

eratesamisasor compound words. The compound>@masa-Karaka

words are then processed using the followinghe Sangsa-karaka takes the processed words
modules. from Morph-Karaka and applies standashmisa
rules based on grammar. THean@sa-Karaka
works at the semantic as well as syntactic level. A
The Sandisa Preprocessor performs a check whethsemantic level, meanings of the words are consid-
er the input words are valid to formsamisa or  ered from the gloss to form the compounded word.
not. Here, it will check part-of-speech (POS) ofit syntactic level, the inflections are appendet/no
each input word and validates if the combinationgppended to the morphed words. The processed
of POS like NN-NN, NN-JJ, JJ-NN, RB-NNfc. words along with itSan@satype are passed to the
can be formed. San#isaCategorizeas an input.

2.2.3 Word Generator

2.2.2 Samdasa Prepr ocessor

For example,
The Word Generator internally processes each ift) s + 9fxf (atman + sakt)) — Here,Sandisa-
put word by using Morph-Karaka, Samsa- Karaka identifies that both the wordgrss
Karaka, San@isa Categorizerand Sandhi-Kar& to (atmar) anderfzs (sakti) follows 2.2.8 rulest
form a compound word. The details of these sub (sasthi) of Paninian grammar. Hencegreas
modules are as follows: (atmar) is eligible to formSan@sa with the

- afr (sakt). However, the rule number 8.2.7
Morph Karaka FoATT:  WTaatesaer  (nalopah  pratipadikan
Morph-Karaka or Morph Analyzer is executed tasyd of Papinian grammar says that the(n)
once theSan@sa Preprocessor provides it the vali-  ghould be removed from the wordras
dated input words. In this module, each input word (atmar). Hence, wordsares (atma) and Ry

is taken and converted to its root form by applying (sakti) is sent toSan@isa Categorizerfor fur-
standard morphological rules. This is required, as ,q, processing

in Sanskrit WordNet, all nouns are stored in nomi-

native singular form. In order to make compoun%

of these words, we need to bring these nouns 2)
their root form. Table 1 illustrates some of the

words processed throudorph-Karaka.

T + 391 (deva +isa) — Here, there is no infec-
tion, hence these words are directly passed to
the SanasaCategorizer.



Samasa Categor izer (words ending with)
TP
San@isa Categorizer identifies category of 3 (ukaranta) X _W"j’” - b‘ _1a_“d
samisa like Avyaybhava, Tatpurwa, Dvandva& [ (words ending with u) (bhanu + udaya- brviniday3
Bahu_vfhi as per thesamisa rules. Further, it identi- (_r'kai_ 'r'd:n'taﬂ) Siy g w
fies its sub categories. It generates paraphrasegbrds ending with) (Matr + rna — Mmatfna)
information using gloss of input words. This para-
phrased information is stored here, which is furthe SAGEAT-qAeat:
. ) (vyafijarinta-sabdah)
used in the WordNet Adder for paraphrasing of (consonant-ending words)
compound words. T q
P (takaranta) HAAq Tﬁm__) _
Sandhi-Karta (words ending with ta) (bhagavat + @ta — bhagavadga)
HROA
Sandhi-Kar& or Sandhi Joiner helps in joining two|  (dakiranta) TR+ FAT > EET
words together which are passed thro@gmaisa | Words ending with da (farad + havk = faraddhav)
Categorizer. The words are joined together by fql- (nall»'al' lr:dlni:a) AT + T > st
lowing sandhi rules of the language into considerawords ending with na (atman +sakti — atmafakt)
tion. The Sandhi-Kar& performs on all the I s
combinations of the selected synset words and d(:ae‘;’;?:;a\)lvith " (manas + ratha manoratha

produces list of joined words. All these joine
}’VOde a';je Igiven to thBanasa Ranker & Accumu-  Tapje 2. Words processed through Sandhi-Karta
ator module.

Some of the examples 8andhi-Kar& usage for Following are the sub modules of WordNet Adder.

words in Sanskrit are illustrated in table 2. Synset Finder

2.2.4 Samasa Ranker and Accumulator Here, the lexicographer checks if the intended

In this module, all the combinations of words aréYNSet already exists in the WordNet. If it exists
ranked and accumulated together as per the magn the words are directly appended to the intend-
frequent usage of words in the original WordNe§d synsets vocabulary. If the synset does not,exis
synsets. HereSan@isa Ranker Algorithm is used to then it passes through tiitaraphraser to create
rank the accumulatesamisas. Once the ranking 910SS Of the compound word which will help in
and accumulating of words are done, fagiisas Creating new synset

will be passed through the WordNet Adder mOdUIParaphraser

where its validity is checked and added to the

WordNet. The Paraphraser automatically generates most like-
ly gloss of the intended synset on the basis aftinp
2.2.5 WordNet Adder words. This gloss or a concept definition of a

WordNet Adder is a semi-automatic process wherynset i§ given to Paraphrase Validator for further
newly formed samisas are passed through seProcessing.

guence of steps before adding to the synset in tbﬁraphraseVaIidator

WordNet. ] .
- Here, the lexicographer checks if the paraphrased
(svamnta-fabdih) gloss is properly generated. If not, it is created
(vowel-ending words) edited manually by using the three principles of
(a“l«zl'rl d"nfa') T+ 2~ 9 synset creatiorviz., principle of minimality, cov-
(words ending with a) (deva +z5a — devéa) erage and replaceability (Bhattacharyya, 2010).
(a_wgrgr?) BT + AT e This is given to the Word Adder module.
akarania P PR
(words ending wit) (vidya + alaya — vidyalaya) Word Adder
= Qﬁ ind ;l(gi T . . . . .
(ikaranta) ® rati:li';a_,pratyuuara The lexicographer finally fills-in other synset in-

(words ending with i)

R &Y + S > A

(tkaranta) (nad + isa — nadisa)

formation like examples, gendeatc. and adds to
the WordNet using an online synset creation tool -




Synskarta (Redkar et al.,, 2014). The resultantnd paraphrasing. This tool can identify the type o
Sanasaswill either be the member of an existingcompound and suggest its component’s root word.

synset or it can be a new synset altogether. Jha et.al. (2009) proposed an Inflectional Mor-
_ phology Analyzer for Sanskrit that identifies and
3 Salient Features of Samasa-Karta analyzes the inflected noun-forms and verb-forms

. _ _ in any sandhi-free text. The tool checks and labels

Some of the salient features 8an@sa-Kartz are each word as three basic POS categorieanta

as foIIovx_/s. tiranta, and avyaya It is based on a reverse

* Samzsapr compounds are'cr'eate(.j qn the ﬂowpdninian approach to analyzgranta verb forms

¢ Samasain WordNet helps in identifying mean-in, their verbal base and verbal affixes. The
ing or concept of a compound occurring in theyethodology used to create database tables to store
literature. _ o various morphological components of Sanskrit

e Samasa-Kart helps in enriching the standardyerh forms is based on the well defined and struc-
of the language and to simplify the case-endingred process of Sanskrit morphology described by
words in language under consideration. Panini in his Astadhyayi. This analyzer also in-

e It assists in developing vocabulary, which irtjudes the analysis of derived verb roots.
turn, helps in improving the word count in & Gupta et al. (2009) proposed a Rule Based Algo-

language. rithm for Sandhi-Viched of compound Hindi
It helps in automatic generation of paraphrasegords where one letter (whether single or con-
¢ It helps in compound type identification. joined) is broken to form two words. Part of the
e The compound words produced can be helpfliroken letter remains as the last letter of thst fir
to understand the multi-words. word and later part of the broken word forms the
first letter of the next letter. ASandhi-Viched
4 Limitation of Samasa-Karta module breaks the compound word in a sentence

o _ o into constituent words, which enables to under-

Some of the limitations cﬁanmsa—Kar'u are. stand the meaning of the words better. This work

* Used only for words in WordNet. aids in learning about the language grammar in an

* Possibility of over generation of compounds. gasy 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 are Sanskrit compounds and rewrote the grammar as a
not implemented. combination of phrase structure rules and the regu-

e The word combination NN-RB is not possibldar grammar. It listed various semantic features as
as adverbs cannot come as a second wordd@nstraints governing the formation of compounds

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

string or a part thereof termed sapjiasitra, and
In past, many researchers have worked on CORpe others which transform the input string into
pound words, more particularly for Sanskrit Langnother termed asidhisitra. Also, the various
guage. To understand the need of the t0@bmantic information needed by the compound

presented here, a study is done on different kinggmation rules is stated through ontological ap-
of tools available for usage. Some tools and woglgoach.

which were reviewed in the domain of compound ganskrit being a highly inflected language in na-
word and its related fields are presented here.  tre each of its word is inflected. If the words a
Kumar et al. (2010) presented a Sanskrit compt ysed in the correct case-endings, it may lead t
pound processor tool, which automatically segy gifferent meaning altogether, giving different
ments and identifies the type of a compound usingntext. To simplify the usage of these case-
the manually annotated data. To understand tR@dings, compound words are used. Also, if these
compound; their approach involved segmentatiogompound words are added to the WordNet, it may
constituency parsing, compound type identificatiofe|p in identifying meaning of a compound occur-
ring in the literature.
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