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Natural Language Processing (NLP) aims to use computers to
reduce the language barrier

@ among humans speaking different languages,

@ between a human being and a machine.



This involves two processes
@ analysis, and

@ generation.



Analyser: Analyses a surface string into a semantic structure

Generator: Generates a surface string from the underlying semantic
structure

Semantic structure consists of relations between words



Analysis: Representation

drstva tu pandavanikam vyiadham duryodhanas tada |
acaryam upasangamya raja vacanam abravit [|(BhG 1.2)



kaladhikaranam

Figure: Analysis produced by the parser for BhG 1.2



word index | stem and features relation

1 drsl purvakalah 11
2 tu sambandhah 1
3 pandava-anika {pum eka} karma 1

4 vi+vahl {bhutakarma} visesanam 3

5 duryodhana {pum eka} karta 11

6 tada kaladhikaranam 11
7 acarya {pum eka} karma 8

8 upa_sam+gaml purvakalah 11
9 rajan upadhi 5

10 vacana {napum eka} karma 11

11 brul {kartari anadyatanabhitah}

Table: Machine internal representation of Analysis




Panini uses several relation denoting terms

Theories of $abdabodha further provide fine-grain classification of
such relations.



A set of such relations was compiled by K V
Ramakrishnamacharyulu.
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The granularity of these relations was too fine for mechanical
processing.
For example, karta was sub-classified into

o karta

karma-karta
karana-karta
anubhavi-karta
prayojaka-karta
prayojya-karta
madhyastha-karta
amiurta-karta

utpreraka-karta

Sasthi-karta

The consortium for Sanskrit-Hindi Machine Translation
adapted a subset of these relations for sentence level annotation of
Sanskrit texts.



Granularity was increased and a proper subset is chosen that was
appropriate for computational parsing.

karta

karma

karanam
adhikaranam
desadhikaranam

prayojakakarta
gaunakarma
sampradanam

kaladhikaranam

prayojyakarta
mukhyakarma
apadanam

visayadhikaranam

kartr-sama karma-sama kriyaviséesanam
hetuh prayojanam nisedhyah
purvakalah samanakalah anantarakalah
sambodhanam sambodhyah nirdharanam
tadarthya viéesanam sasthisambandhah
vipsa pratiyogi anuyogi
samuccitam upapadasambandhah | sambandhah




Can we use the same set of relations for generation 7



word index | stem and features relation

1 drsl purvakalah 11
2 tu sambandhah 1
3 pandava-anika {pum eka} karma 1

4 vi+vahl {bhutakarma} visesanam 3

5 duryodhana {pum eka} karta 11

6 tada kaladhikaranam 11
7 acarya {pum eka} karma 8

8 upa_sam+gaml purvakalah 11
9 rajan upadhi 5

10 vacana {napum eka} karma 11

11 brul {kartari anadyatanabhitah}

Table: Machine internal representation of Analysis




Sanskrit Sentence Generator (v04)

1 s 1
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Figure: Generation of BhG 1.2 Shloka from its analysis




A tagset is appropriate for analysis as well as generation, provided
@ it is suitable for computer parsing with high accuracy

@ it is also easily comprehensible by a non-grammarian



This tagset has two problems from the generation point of view
@ Some of the relations are morpho-syntactic
e upapada-sambandhah
e sasthi-sambandhah
@ Special siitras by Panini in Karaka section for certain verbs
with / without prefixes are un-natural for a non-grammarian

o adhisisthasam karma (1.4.46)
o krudh-druh-irra-asiiya-arthanam yam prati kopah (1.4.37)



Upapada: The word placed near / an adjoining word
The case marker governed by upapada: upapada-vibhakti

According to the Consortium guidelines, the analysis of the
sentence

gramam paritah vrksah santi

was

ipapada-sambandhah

gramam

Figure: Morpho-syntactic analysis of (1)




How natural it is to comprehend this analysis?
Requires good knowledge of grammar!
Analysis: not comprehensible

For generation, it is unrealistic to expect a user to provide
upapadasambandhah as a relation !



gramam paritah vrksah santi




Reference point for direction

adhikaranam

iref pt for dir

gramam

gramam paritah vrksah santi



Point of reference for comparison:

ef pt for comp
Parse: 1 of 2; Cost = 64

mahesah harina tulyah asti.



Prayojanam

ramaya bhadram bhiyat

Parse: | of 4; Cost = 48

A1)




Association
Sita ramena saha vanam gacchati
According to the Consortium tagging guidelines

karta \karma

upapadavibhaktih

ramena



Association
Sita ramena saha vanam gacchati

Parse: 1 of 2; Cost = 204




Semantics associated with upapadas
@ Reference point for direction,

paritah, abhitah, puratah, adho’dhah, adhastat, purastat, ...

@ Reference point for comparison,
tulya, sama, samana, sadrsa, ...
© Other relations
@ association,
e prayojanam,
e master / owner, ...
@ Karmapravacaniyas: words which make known an action
e hetu-hetumadbhava
laksana (sign / indication)
sahita (along with)
hina (inferiority)
varjana (exclusion)
adhikya (excess)
maryada (limit)
ittambhutakhyana
puja (worship)
atikramana (surpassing)
vara (lord), ....



Conclusion

@ The tagset is now purely semantic
= The relations are language independent



Dhanyavadah



