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Abstract

The paper “Automatic Nominal Morphology Recognizer and Analyzer for Sanskrit: Method and
Implementation” describes a system “Sanskrit Subanta Recognizer and Analyzer” developed for
the degree of Master of Philosophy submitted to Special Centre for Sanskrit Studies (SCSS),
Jawaharlal Nehru University (JNU) New Delhi .The system presents a model for Sanskrit
nominal morphology (subanta) recognition and analysis (i.e. prakrti-pratyaya vibhaga) for
ordinary (laukika) Sanskrit texts. The authors while describing the components of this model also
reported the research and development (R&D) done by author.

Some of the highlights of the developed system are as follows -
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1. Introduction

Some of the highlights of the developed system are as follows —

= [t a Nominal Morphological for Sanskrit.

= [t is an online system available on http://sanskrit.jnu.ac.in/subanta/rsubanta.jsp. Therefore
zero cost subanta analysis of Sanskrit text could be done by anyone anytime.

= Accept input in Unicode (UTF-8) Devnagari and Display in same format.
= [t uses databases for Sanskrit subanta avyaya and verbs.

= [t produced the vibhakti information as well as the subanta formulations of Panini and
later grammarians to parse a text for subanta.

= [tis delivered in a web format using the OOP techniques in Java and SQL server.
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= It can be used for M (A) T from Sanskrit to other languages.

= [t can be used for self-reading and understanding of Sanskrit words.
= [t is major part of Sanskrit Analysis tool.

The overall model of the developed system “Sanskrit Subanta Recognizer and Analyzer” is as
follows-

Input Unicode Sanskrit Text

Preprocessor

does Preprocessor

Punctuation,

Mo, Remowe Eoth databasze
Englizh text _ return with
e Subatita recognizer verb and

avyaya tagged

remain words
matk as
subanta

Subanta
Recognition

~ Ezample

Display on Web Page
Processed Subanta in
BLACK, Verb,
avyaya and Punct in
BLUE and Zubanta
net processed in RED
Color.

Analyzed Subanta

U

Dizplay on Web page

2. Structure of Sanskrit nominal morphology

In a Sanskrit sentence, all non-verb categories are subanta-padas, which makes it essential to
analyze these padas before any other computer processing can begin. Sanskrit subanta forms can
be potentially very complex. They can include primary (krdanta) and secondary (tfaddhitanta),
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feminine forms (stripratyayanta) and compound nouns (samdsa). They can also include
upasargas and avyayas etc. According to Panini, there are 21 morphological suffixes (seven
vibhakitis and three numbers 7 X 3 = 21), which can attach to the nominal bases (pratipadika)
according to the syntactic category of the base, gender and end character of the base. Panini has
listed the sup suffixes su, au, jas,am, au Sas, a bhyam, bhis, fie, bhyam, bhyas, fias, bhyam,
bhyas, fiasi, os, am, iil, os, sup.

These suffixes are in the sets of these - (su, au, jas) (am, au, Sas) ( a, bhyam, bhis) (iie, bhyam,
bhyas) (fias, bhyam, bhyas) (fiasi, os, am) (iii, os, sup) for singular, dual and plural respectively.
These suffixes are added to the pratipadikas (any meaningful form of a word, which is neither a
root nor a suffix) to obtain inflected forms (subanta padas). Pratipadikas are of two types:
primitive and derived.

The primitive bases are stored in ganapatha (collection of bases with similar forms) while the
latter are formed by adding the derivational suffixes. They denote unity, duality and plurality
respectively. Some words are only in the singular always, like ekah(one), some are always dual
like dvi (two), akshi (eyes) etc. and some are always plural like apah (water), darah (wife) etc.

3. Previous work

Some work has been done by the Indian Heritage Group of the Centre for Development of
Advanced Computing (C-DAC). The system called DESIKA’ which claims to process all the
words of Sanskrit, includes generation and analysis (parsing), has an exhaustive database based
on Amarakosa, a rule-base using the grammar rules of Panini's Astadhyayr and heuristics based
on Nyaya & Mimamsa Sastras for semantic and contextual processing.

Huet developed a Grammatical Analyzer System which tags subanata-padas by analyzing
sandhi,  samasa and sup  affixation this system is available online at:
http://pauillac.inria.fr/~huet/SKT/sanskrit.html. The Huet’s system takes phrases and not full
sentences or texts. The Special Centre for Sanskrit Studies, Jawaharlal Nehru University is
currently engaged in the following research - karaka, verb analysis, POS tagging of Sanskrit,
online Amarakosa. Jha (2004) displayed a subanta generator built in Prolog. The RCILTS
project under Prof. G.V. Singh at the School of Computer and Systems Sciences has prepared
useful linguistic resources for Sanskrit.

4. System components

The work proposes the following modules as shown the tree diagram below —
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System components

v v

Subanta recognizer Subanta Analyzer
v v v
Verb recognition Avyaya recognition Subanta recognition
Subanta Analysis

4.1. Subanta recognizer

This module performs the following tasks in sequence — verb recognition, avyaya recognition
and the subanta recognition.

4.1.1. Verb recognition

Sanskrit verb forms are very complex they carry tense, aspect, and number information all in the
inflection forms. Sanskrit has about 2000 verb roots classified in 10 morphological and semantic
classes. Further, these can have armanepadr and parasmaipadr forms in 10 lakara and 3 x 3
persons and numbers combinations and can also be potentially. Mishra & Jha (2004) have done a
rough calculation of all potential verb forms in Sanskrit to be around 10, 29, 60,000 plus. Storing
all these verb forms would have been arduous. Therefore, we have using about 500 commonly
used verbs and their forms. A sample listing follows -

dhatu_ id gana lat_pra_eka lat_pra_dvi lat_pra_bahu

1 bhi bhavati bhavatah bhavanti
2 edh edhate edhete edhante
3 spardh spardhate spardhete spardhante
4 gadhr gadhate gadhete gadhante
Table-1
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Basic verb root listing as in Panini’s dhatupatha [(organization of verb roots of first roots like

bhvadi (bhuu, edh, aprdh etc.)] has been done in the following format-

dhatu_ id

N B~ W=

dhatu gana Meaning

bhii bhvadi  sattayam

edh bhvadi  vrddhou

spardh bhvadi  safigharsne

gadhr bhvadi  pratiss alipsayorgranthe cha
badhr bhvadi  vilodane

4.1.2 avyaya recognition

Sanskrit sentence must have a tirianta-pada and can have one or more subanta-padas (including
avyayas). We have stored around 524 avyayas with Hindi meanings (for future use in M(A)T )

in the following format-

Db W R —
IN -z

4.1.3. Subanta recognition

After the verbs and avyayas have been identified, the remaining padas in the sentence are
marked for subanta processing. Before the rule based reverse processing starts, the padas are

Table-2

avyaya Meaning

a ak$epa/sambodhana

akasmat achanaka

akande achanaka

aghoh nikrs /pap1

afiga are/sambodhana
Table-3

checked in the exception list as given in the following format —

Sabdaru pratip | pratya | Vibhakti/

pa linga | adika | ya vachana | rule num

trayah PL tri jas 1.3 |1.3.7,7.3.109, 6.1.75, 8.2.66, 1.3.2, 1.4.109
trin PL tri Sas 2.311.3.8,7.3.109, 6.1.75, 8.2.66, 6.1.99
tribhiH | PL tri bhis 3.3|8.2.66,1.3.2,1.4.109

tirbhyah | PL tri bhyas 4.3 |8.2.66,1.3.2,1.4.109
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Table-4

The rule based reverse processing will require the gana information as stored in the following
format -

Id Sabda
1 sarva

2 vi§va

3 ubha

4 ubhaya
5 da ara
6 da ama

Table-5

4.2. subanta analyzer

Analysis of subanta is done according to the end-character of the forms. The present method
stores all possible allomorphs of the 21 (7 x 3) sup suffixes in Sanskrit. The following table
captures subanta dynamics of the sup suffixes. The examples given in table are for ‘a’ ending
masculine nouns-

vibakti Suffix E G Value
1 su a M ah
1 au a M au
1 jas a M ah

Table-6 (1 = prathama, E = Ending, G = Gender.)

Let us look at the following illustrations:
Sentence =  ramah grham gachchhan hasati
(= e TS &l )
Ruled out padas = hasatii (recognized as verb)
(svfa )
Pada marked for subanta processing = ramah, grham, gachchhan
(e T IS )

Analysis:
ramah (77 )
Base = rama (777w )
h>su(g )
vibhakti = su (1-1) (g )
Value of suffix = ah [(su > s = ru —r— h ) [P-4]
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o [('ﬁ > q 2% 2> I -> (ZE:)]
rama + su (1-1) @&@ +g )
1-1 gachchhan (zse )
Base = gachchhat (zaq )
0> su(g )
vibhakti = su (1-1) (g )
Value of suffix = ah [(su — s — 0 ) [P-6]
o [ =" 20)]
Change in base = gachchhat 2gachchhan

(=T Deed )
gachchhat+ su (1-1) (sreoq +g )

2-1 grham (777 )
Base = grha (78 )
am D> m(3F >F )
vibhakti = am (2-1) (3| )
Value of suffix = a (am —-m)[P-7] 33(3&H 7 )
grha + am 2-1) (75 +37 )

5. The Tools and Technique Used
5.1 Frond End
Java Server Pages (JSP), HTML, Java Script
5.2 Java Object
A. Rsubanta (Accept form data and return processed data)
B. Preprocessor (preprocessed data, Subanta Recognition)
C. Sup_analyzer (Analyze subanta with the help of example and rule

Database)
5.3 Back End
Database (SQL Server 2005) and text files in UTF-8
5.4 Web Server

Apache Tomcat
6. Limitations

The system has the following limitations -

e We are stored the commonly found verbs only. Though it is very unlikely that
ordinary Sanskrit literature will overshoot this list, yet the system is likely to start
processing a verb as subanta if not found in the database

e This work assumes initial sandhi processing, without which some results may turn
out to be incorrect.

7. Problems and solutions
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The R&D for this work so far has seen the following problems —
® Ambiguous vibhaktis

o Same forms are available in the dual of nominative and accusative cases like-
ramau, dual of instrumental, dative and ablative cases like- ramabhyam, plural of
dative and ablative cases like- ramebhyh, dual of relative and locative cases like -
ramayayoh. In neutar gender as well, the nominative and accusative singular
forms may be identical as in pustakam (1-1 and 2-1). In such cases, [10] the
system will give all possible results as in

ramau (A ) = au (3 (1.2 &2.2)
ramabhyam (A7 ) =bhyam (sz17 )(3.2,4.2 &5.2)
ramebhyh (A7 )= bhyas (37g ) 4.2 &5.2)
ramayayoh (I7#71: ) = os(ig ) (6.2 &7.2)

pustakam ( g&epa ) = su(g ) (1.1&2.1)

hareh (& ) = iias (3 ) (5.1 &6.1)

® Some krdanta forms (generally lyap, tumun, and ktva sutfix ending) look like subanta
(for example - vihasya vihaya, adaya, gtva, pathitva etc.). In such cases, the system
may give wrong results like

Vihasya (fages ) = viha (7 f2g )+ fas (39 )[(6.1) (masculine ‘a’ ending
)]

Gantum (=g ) = gantu (7=g )+ am(3z ) [(2.1) (masculine ‘u’
ending )]

vihaya (fagrz ) =viha (fag )+ 7ie(2 ) [(4.1) (masculine ‘a’ ending )]

gtva (i )= gtva (i=r )+su(g ) [(1.1) ( feminine
‘@’ending )]

To solve these problems, we are trying to store these krdanta forms of the 500 commonly found
verb roots.

8. Results

System prints result in three color, Black, Red and blue. Black for processed subanta with
analysis, Blue for Verb and Avyaya and Red for which word marked as subanta but system is not
able to process. Here pasting a sample:

Input

gd UH: AWd: A | Thel  H: gETEg o afRAd: I

&I Th Hel g HEID Hudd | AWEHET faar
HIATHI |
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Output

{ &= [ +0 =g Thdad | Tk [Th 4+ g Gy Thdad | ULAH:
[erers  (gfeasar ) + § , g¥a , Thaga | [3mda VERB] [I _PUNCT]
[twar  _AV] & [dq +¥ , g THaad | gaTed [ga + g
uslt , Uhdad | S [orar +f , @meh , Uhaaa | afRa:
[afRq +aq /e R fo|mo, BRE Gl , qgaHe ,
EE Jiot:S N, Thama | [3md VERB] [I _PUNCT] gama [ge7
CusEl ) + o, g , Thaad | TH [th  (gicersar ) + 3,
IEGIEI , Thdad | B [er  (gfcersar ) + 3, fedmn , Thaad |
ae [(g +o@ & Uhaad | AEdD [Feas  +fM , goeh , Thaad |
[3r7aq VERB] [I _PUNCT] e [ererh + 0®H , wEY , Thaaa | e

GE +er , qdnr , Thaad | HIATHAA _SUBANTA eepq 3 R + 0,
walr , Thaad | far [fa=s +a goirar , Thaad |
HIATHT _SUBANTA [1 _PUNCT] }

Conclusion

In this paper, the authors have described a subanta analysis system and the intermediate results
so far. The system has been delivered online in the Java servlet and relational database
technology and is going to be very useful for processing of Sanskrit for any purpose. The system
can be included as a very important component in any larger Sanskrit NL system by first
identifying the subanta- padas in sentences and then splitting it into prakrti-pratyaya according
to  Paninian  formulations. The  system can be  accessed online on
http://sanskrit.jnu.ac.in/subanta/rsubanta.jsp
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