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Abstract

Sanskrit is an accented language. The
accent is very prominent in Vedic San-
skrit but classical Sanskrit does not
make use of it. Accent is a disambigua-
tion device which can help to under-
stand the correct sense of a word.

Words in Sanskrit tend to fall in certain
grammatical categories like ghaniantas,
vocatives etc. Words in a category tend
to have an accent governed by either a
general or a special rule of accentua-
tion. Panini’s special (apavada) rules
of accentuation for a specific category
of words can be studied along with the
general (utsarga) rules of accentuation
for the same class. The resulting body
of rules states all the conditions nec-
essary for accentuation of words from
that class. The conditions reveal a set
of features which can be used for de-
termining the correct accent. If the
features of accentuation for a class of
words is understood, computers can
be trained to accentuate unaccented
words from that class. This paper dis-
cusses some features of ghananta words
and how the features can be used to
restore accent on unaccented ghananta
words.

1 Introduction

Broadly, Sanskrit has two streams — Vedic
and Classical. The latter is known as bhasa,
the commonly spoken language which is the
main focus of Panini’s grammar. The for-
mer is indicated in Panini’s grammar by terms
like mantre and chandasi. Accentual contrasts
are one distinctive feature of Vedic. Dur-
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grammar, accentuation must have been a fea-
ture of the language. Panini has made pro-
vision for accents in the morphological ma-
chinery of Sanskrit — the roots (dhatus) and
suffixes (pratyayas). The Astadhyay1 lays out
the mechanisms for production of Vedic forms
as well as those in bhasa using the same mor-
phological framework. Accent was destined to
vanish from written form of classical texts —
none of the Sanskrit classics use accent. Clas-
sics would not have been able to use certain
alanikaras if accentual contrasts were in force!.

Accent plays an important role in ascertain-
ing the senses of words. For example, the
word jyesthdh? means elder when pronounced
with an acute final syllable. If pronounced as
jyésthah?, which has an acute initial syllable,
it means praiseworthy. Both forms are created
by adding the superlative suffix isthan. An-
other example is the base arya which means
honourable, lord or someone earning a living
by doing business. If the word is pronounced
as aryd* it strictly means a lord. If pronounced
as drya it can take other meanings.

Although classical Sanskrit lacks tonal con-
trasts, marking plain text with correct accents
can lower ambiguity and thereby contribute
to high-quality translations of classical San-
skrit texts. Marking plain text with correct
accents can help to reduce ambiguity by nar-
rowing down senses of words. Low ambiguity
can result in high-quality translations.

Paninian grammar is generative — initial

!Devasthali (1967) pp 1 note 1 — kavyamarge svaro
na gamyate

2The derivation begins as vrddha + isthan. See
Astadhyayt rule jya ca (A. 5.3.61). The accent is by
phithsutras, see jyesthakanisthayoh vayasi (P. 1.23).

3The derivation begins as prasasya + isthan. See
Astadhyay1 rule vrddhasya ca (A. 5.3.62). The accent
is by nnityadirnityam (A. 6.1.197).

4See aryasya svamyakhya cet (P. 1.18) and aryah

svamivaisyayoh (A. 3.1.103).
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conditions coupled with the rules from the
Astadhyay1 lead to the final accented form.
This might be the only way Paninian grammar
is designed to work. How, then, can accent be
marked on unaccented words, such as those
found in classical texts, using the Paninian
process? It seems that words have features due
to which they are accentuated a certain way.
If these features are learned and superimposed
on unaccented words, they can be given the
correct accent.

2 Notion of Compositionality

The meaning and accent of a sentence are com-
posed of the meaning and the accent of words.
Similarly, the meaning and accent of a word
are composed of the meaning and the accent
of morphological elements like roots and ter-
minations. Kulkarni et al. (2015) have shown
that sentences are based on the notion of com-
positionality.

An example of this notion of composition-
ality is shown in figure 1. Unlike sentential
meaning, sentential accent is not cumulative.
Sentential accent is not simply a concatena-
tion of accented words. Accented words such
as gopaldh (an agent), gramdm (an object) and
gdcchati (a verb) can be combined to form a
sentence which means ‘Gopala goes to town.
However, the concatenated form gopaldh gra-
mdm gdcchati is not a correctly accented sen-
tence. The correct rendering® is gopaldh gra-
mdm gacchati because the rule tin atinah (A.
8.1.28) makes all syllables of a finite verb low-
pitched when it follows something other than
a finite verb. Just like tini atiriah provides spe-
cial syntactic conditions for accentuation of fi-
nite verbs, other rules lay down semantic, syn-
tactic and lexical conditions for accentuation
of many classes of words.

The accent on finite verbs is subject to
several sentence-level syntactic considerations
(See sections 8.1 and 8.2 of the Astadhyay).
The rule tin atiniah (A. 8.1.28) happens to
be one rule among many which regulates ver-
bal accent. This rule looks at the inter-
nal structure of adjacent words to decide if
a verb follows a non-verb. Some rules gov-
erning accent on compounds also look at

"Roman transliteration uses grave () for circum §0
(svarita) accent and acute (”) for the acute (udatta

gopaldh gramdm gacchati

| gopalédh | | gramam | | gacchati |

gopala H

Figure 1: An example of how sentential accent
develops

grﬁmé| | am | |gém| |éap| | tip ‘

internal structure of words. For example,
the compound mudga-cirpam (paraphrased as
mudgasya curpam) is accentuated by the rule
curnadinyapranisasthyah (A. 6.2.134). The
genetive suffix sya is elided in the process of
compound formation. The rule A. 6.2.134
needs to know if the first word of the com-
pound had a genetive suffix. Thus, the inter-

nal structure of words is important.

3 The Deep Structure of Words

The surface form of a word is the sequence of
phonemes, which are represented by graphic
letters. The word raja is made up of the string
of letters r + a + j + a. The surface form is
the final form used in language.

For accentuation, meta information used by
Paninian rules is required. The form of the
word which contains this meta information can
be called the deep structure of the word. The
meta information annotated in the deep struc-
ture is of two kinds. One kind represents the
samjnas and the second kind represents the
transformations of morphological elements.

3.1 The samjna Labels

As a word is derived using Paninian rules, sev-
eral samjnas are applied to various parts of
the word. These are Paninian labels used in
grammar to identify morphologicial elements
so that operations can be applied to those el-
ements. These labels, such as dhatu (root),
pratyaya (suffix), etc. are pieces of meta in-
formation that belong to the deep structure of
the word. Any keyword, which is important
for a rule of accentuation, can be annotated
onto the corresponding substring of the word
in the deep structure.



3.2 The Transformations

In Paninian grammar, the derivation of a word
begins from an initial set of morphological af-
fixes. The morphological elements undergo a
transformation to become bits and pieces of
the final form of the word. Often, a rule of ac-
centuation specifies accent on an affix and that
accent is honoured even if the affix is trans-
formed later in the derivation. For instance,
in the third person singular Iyt (second future)
form bhavisydti (will become), the typical suf-
fix sya is introduced by the rule syatasi lrlutoh
(A. 3.1.33) and it has an acute initial syllable
due the rule adyudattah ca (A. 3.1.3). Sub-
sequently, sya transforms into sya due to the
rule adesapratyayayoh (A. 8.3.59), but retains
the acute of the original suffix sya.

In general there are six different types
of transformations in Paninian grammar as
shown in Figure 2. The initiation operation
(fig. (a)) refers to the first use (upadesa) of
any kind of phonetic entity such as a root
or suffix. Carrying forward a phonetic entity
without any modification whatsoever is reten-
tion (fig. (b)). In retention the label upadesa
is not applicable. In modification (fig. (c)),
several substitutions (adesas) can modify pho-
netic units as the derivation progresses. Dele-
tion (fig. (d)) refers to Paninian operations
that elide phonetic units due to lopa, luk, $lu
or lup. In disintegration (fig. (e)) agamas
(inserted elements) split the original phonetic
unit into multiple units. Combination consists
of combining multiple phonetic units into a
single one due to operations such as ekadesa.

@ ®

(b) Retention (c) Modification (d) Deletion

®

(a) Initiation

s N

(e) Disintegration (f) Combination

Figure 2: Types of transformations
231

3.3 Notation of Deep Structure

The transformations are shown using the left
arrow. The keywords are shown in square
brackets and apply to the immediate phonetic
unit on the left. If such a phonetic unit is an
aggregate having its own internal deep struc-
ture, parentheses are used around it.

As a matter of convention for easy read-
ing, the Devanagari script is mixed with Latin
script in the annotations of the deep structure.
The latter is used only to mark the samjnas.

The deep structure of the word bhavisydti is
shown below.

(

(3.(3M <- 3T <- &) [udatta])[dhatu]
( $¢[lopa, it]
(1<-9)
q
31 [udatta, active])
) [ardhadhatuka, pratyaya]
(fd 9[lopa, it]) [pratyaya]
)

4 Words Ending in sup Suffixes

A sentence is made of words. The string of
words is not usually punctuated by spaces
in between. Old manuscripts show sentences
written with no spaces between words. In San-
skrit there are very few punctuation marks.
Perhaps the danda and the double danda,
which appear at the end of a half and full
verse, are the most commonly seen punctu-
ations. The dandas are ubiquitous because
there are no morphological markers for end of
the sentence or quarter of a verse.

The rich inflectional morphology of Sanskrit
supplies explicit (but non-unique) nominal ter-
mintions in seven cases and three numbers per
case. The rule svaujasamaut.. (A. 4.1.2) lists
these suffixes in their raw form. Together the
collection is known as sup suffixes. A nominal
base can be used only after it is inflected. Such
an inflection is called a word (pada)®. How-
ever, due to some mechanisms’ the sup suf-
fixes may vanish blurring the word boundary.
However, the status of being a word is retained
in spite of this by virtue of rule pratyayalope
pratyayalaksanam (A. 1.1.62).

SWhatever ends in sup or tir suffixes is a word, cf.
suptighantam padam (A. 1.4.14)

"The rule halriyabbhyoh dirghat sutisyaprktam hal
(A. 6.1.68) deletes the su in words like raja.



Thus, the sup suffixes are an important fea-
ture which helps to establish the word bound-
ary of nominals. The feature can be marked
on words as shown in the examples below.

1) (EI\_:lT(ﬁ[luk,pratyaya])) [...]

2) (e

((((: <- Y 3lopa,it]) <- 1) I[lopa,it]
)[pratyaya]
)] -
3) (UI(3Td, <- E™[pratyayal))[...]

5 Rules for ghan-ending Words

Words ending in the suffix ghan (ghaniantas)
are formed by adding the ghan suffix to
the verbal roots. The rules A. 3.3.16-55 of
the Astadhyayr make gharianta words possi-
ble. These rules apply the ghan suffix under
coocurrence (upasarga + dhatu) and semantic
conditions. For example, the rule bhave (A.
3.3.18) states that the ghan suffix comes after
a root to show pure action regardless of doer-
ship. The rule akartari ca karake samjnayam
(A. 3.3.19) states that it ghanianta words indi-
cate appellatives in which an entity is coupled
with the action in a non-agentive manner. The
rule parimanakhyayam sarvebhyah (A. 3.3.20)
allows any verbal root to receive the ghan suf-
fix in order to show a measure of quantity.

The following rules control the accent® of
ghananta words.

1. nndtyadirnityam (A. 6.1.197)
This rule causes words to have acute ini-
tial syllables when they are formed using
such suffixes that are 7nit or nit. ghan be-
ing a it suffix? will make the initial syl-
lable acute unless other rules override the
provision of this general rule.

2. karsatvato ghano 'nta udattah (A. 6.1.159)
A. 6.1.159 overrides A. 6.1.197 and states
that karsa (a ghanianta stem derived from
the verbal root ykrsd of the bhvadi group,
not the tudadi one) and other ghananta
words that contain @ have a acute fi-
nal syllable. The words formed using
the ghan suffix are nominal bases (prati-
padikas) and get case inflection suffixes.

8In showing accent, the grave and acute diacritical
marks are used for svarita and udatta respectively.
9The i is a marker that gets elided during deri&aj
tion. 2

Examples:
a) karsd = Jkrsa (bhvadi) + ghan
b) pakd = {dupacas (bhvadi) + ghan

3. wvrsadinam ca (A. 6.1.203)
The words that are part of the vrsadigana
have an acute initial syllable. Vrsadigana
contains ghananta words as well as oth-
ers that are differently derived. The three
ghananta words are kama, yama and pada.

Example:
pida = Jpada (divadi) + ghan, Gana:
vrsadi

4. tyagaragahasakuhasvathakrathanam  (A.
6.1.216)
The words tyaga, raga, hasa, kuha, $vatha
and kratha have an acute initial syllable
as an option in addition to their natural
accents which happens to be an acute
final syllable. Thus, there is an optional
accent in the case of ghanantas viz tyaga,
raga, hasa.

Example:
tyagd, tydga = Jtyaja (bhvadi) + ghan.

5. thathaghanktajabitrakanam (A. 6.2.144)
This rule is from the domain of com-
pounds. When a ghananta word ap-
pears second in a compound, the rule
gatikarakopapadat krt (A. 6.2.139) would
have retained its default (prakrti) accent.
One thing stated in rule A. 6.2.144 is that
a ghananta word appearing second in any
compound, such as bhéda in the tatpurusa

compound kasta-bhedd, will have an acute
final syllable.

Example:
kasthabhedd = kastha + (Jbhidir + gha)

6 Outlay of ghananta words

Figure 3 shows a small window in the universe
of words. It captures the outlay of all ghananta
words according to the rules listed above. The
text in italics refers to actual words that the
rules treat. Regular text only mentions the
categories that can be gathered by a sim-
ple analysis of the rule text. The category
called nidantah contains such words that end
in nit suffixes stated in nnityadirnityam (A.



6.1.197). ghanantah is a sub-category of 7i-
dantah containing such words that end in suf-
fix ghan. The rule karsatvato ghano 'nta udat-
tah (A. 6.1.159) treats ghananta words hav-
ing a and the bhvadi ghananta karsa specially,
therefore words from the Having-a class be-
come another subclass of words within ghanian-
tah and karsa is a special ghananta word from
the verbal root ykrsa which appears in the
bhvadi and tudadi compilations of verbal roots
(ganas). The words tyaga, raga and hasa are
ghanantas but are specially treated in tya-
garagahasakuhasvathakrathanam (A. 6.1.216)
so they form a subgroup within the Having-
a class of words in addition to the subgroup of
vrsadigana members kama, yama and pada.

fiidanta

ghafnanta

Having ‘a’
(tydga, raga, hasa)

Vrsadi stems
Karsa
(bhvadi)

(kﬁma, yﬁma,pﬁda)

Figure 3: The outlay of ghanianta words.

7 Accentuation of ghanantas

Figure 4 shows the accent that each class of
ghanantas from figure 3 has. A string of ‘F’s
indicates that words in that class have an
acute initial syllable. A string of ‘L’s indicates
that the corresponding words have an acute fi-
nal syllable. A string of ‘O’s indicates that the
words from that class optionally have an initial
or a final acute syllable. A riidanta (nit-ending
word form) has an acute initial syllable due to
nit accent of rule nnityadirnityam (A. 6.1.197).
A ghananta also has an acute initial syllable
because suffix ghan is a nit suffix. The class
of ghaniantas called ‘Having-a’ has an acute fi-
nal syllable according to karsatvato ghano 'nta
udattah (A. 6.1.159). The specific word karsa,
too, is accented by A. 6.1.159 provided that
it is not derived from the verbal root Jkrsa
belonging to the tudadi group. The members
of vrsadi group of words have an acute initZd3

syllable as stated in vrsadinam ca (A. 6.1.203).
There are only three ghananta stems viz kama,
yama and pada that are members of the vrsadi
group of words. The class called “Without-a’
contains ghanantas that do not have the sylla-
ble a. Finally, the words tyaga, raga and hasa
are optionally accentuated on the first sylla-
ble due to tyagaragahasakuhasvathakrathanam
(A. 6.1.216), in addition to being accentuated
like the GaYantas in the ‘Having-a’ class.

karsd (bhvadi)

LLLLL 1&5

Legend

F = First syllable is acute
L = Last syllable is acute
O = First or last syllable is acute

Figure 4: Accents on ghananta words.

8 Features for Accentuation of
ghanantas

Section §7 shows how ghaniantas are accentu-
ated using Panini’s rules. A derivation starts
from a set of initial conditions which enjoins
the ghan suffix after a verbal root. Over the
course of a derivation, some of the rules ap-
ply at the right juncture to produce the cor-
rect accent. In case of A. 6.1.159, Panini as-
sumes that being ghanianta is a feature of a
word and that this feature be made known.
Similarly, if a ghananta contains ‘a’, that too,
is a feature and must be made known so that
A. 6.1.159 may apply. Thus, features are nec-
essary for proper accentuation. All the fea-
tures necessary for accentuation of ghanantas
are discussed in this section.

In figure 4, each line segment is a feature.
Starting from the left hand side, the class 7ni-
danta implies that 7t is a feature of the word.



The next segment implies that suffix ghan is
a feature too. The property of a word to have
the vowel a is also a feature. Being a mem-
ber of the vrsadi group is also a feature of a
word. Since the rules explicitly treat specific
words like karsa, tyaga, raga and hasa these
words also become features by themselves. If
all these features are noted on a plain-text
word, correct accent can be produced.

Though the set of features discussed above
cannot be compromised upon, all the features
need not be explicitly noted on the plain text,
for some can be deduced. The suffix ghan is a
nit suffix so it feature inheres and need not
be explicitly noted. Similarly, we need not ex-
plicitly note that the words contain a. Finally,
the words tyaga, raga and hasa will be dealt
with in their respective rules and need not be
explicitly mentioned. Since A. 6.1.159 deals
with the word karsa which is derived from the
verbal root krsa in the bhvadi list, it becomes
necessary to include the conjugational class of
a verbal root (dhatugaria) as a feature.

Table 1 summarizes the features that must
be noted on gharnantas for accentuation. The
contents within braces are meant to suggest
an option. The vertical bar separates the al-
ternatives.

SN. | Feature Rule Raqd.
1 | Suffix ghan 6.1.159 | Yes
2 | Verb Group 6.1.159 | Yes
3 | Surface form hasa | 6.1.159 No
4 | Suffix nit 6.1.197 | No
5 | vrsadigana list 6.1.203 | Yes
6 | {tyaga 6.1.216 | No
| raga
| hasa}

7 | 2" word in a com- | 6.2.144 | Yes
pound

Table 1: Features of ghanantas

SN. Word Annotation
a) Jkrsa (1) + ghan

1 harsa bg Vkrsa 263 + ghan

2 pada Vpada (4) + ghan,
vrsadsi

3 hasa Vhasé (1) + ghan

4 veda Juida (2) + ghan

5 lekha Jlikha (2) + ghan

6 | kasthabheda | kastha + (Vbhidir(7) +
ghar) 234

Table 2: Examples of annotations on ghananta
words

8.1 Represenation of Sense

The rules A. 3.3.18-20 (§5) discussed that
ghanantas are formed under three conditions —
(i) bhave (pure action), (ii) samjnayam akar-
tari karake (a non-agentive term) and (iii)
parimane (a measure of quantity). Although,
these are semantic conditions of formation
and not accentuation of ghanantas, they still
need to be represented in the deep structure
of ghanantas. The sense that these condi-
tions represent can be referred to by synset
IDs from IndoWordNet!®. The synset ID
is a reference number assigned to a set of
synonymns. The sense can be annotated as
synset=<SynsetID> in the deep structure.
The senses and synset IDs are discussed below.

bhave The sense of bhava is represented by
the synset ID 12149 which is glossed as
karanasya karye parivartanasya avastha
(state in which a cause produces an ef-
fect).

samjnayam akartari karake The word
samjna can be represented by synset ID
8150 which is glossed as vyakaranasastre
prayujyamanah sah Sabdah yah wvas-
tavikam kalpitam wva wvastu bodhayati
(that word used in grammar which
conveys a real or imaginary thing). For a
purpose such as this, the idea of akartari
karake can be captured by negating the
meaning of the word karta (an agent)
represented by the synset ID 11886 and
glossed as wvyakaranasastranusarena tat
karakam yat dhatvarthasye vyaparasya
asrayah (according to grammar, that
role, upon which the action of the verb
totally depends - an independent agent)

parimane The sense of the word parimana is
given by synset ID 10743 which is glossed
as bharaghanaphaladinam mapanam yena
bhavati (that by which weight, volume
etc. are measured)

8.2 Artificial samjnas

The synset annotation is not a Paninian
samjna, yet the deep structure can be anno-

Phttp:/ /www.cfilt.iitb.ac.in/indowordnet



tated with it. The term active, used to in-
dicate the one active udatta among potential
ones, is another instance of a non-Paninian
samjna. It is used in the deep structure of
the word bhavisydti in Section 3.3. It is not
necessary that only formally defined samjnias
be used in the deep structure. Panini makes
use of terms such as purvapadam and uttara-
padam, without formally defining them, when
discussing samasas (compounds). A fabri-
cated samjna can also be used if it has a use.

8.3 Example of Deep Structure

Table 2 shows a few examples of ghananta
pratipadikas (nominal bases). The examples
below show deep structure of masculine, nomi-
native singular inflections of some of the words
from Table 2.

1. padah
( (4.(3M[udaatta,active] <- 31) g o [lopa,it]
)[gana=4]

(A[lopa,it] A[udaatta] =I[lopa,it]
) [pratyaya]

((((: <-9) Z[lopa,it]) <- 1) I[lopa,it]
)pratyaya]
) [vrshaadigana, synset=!11886 & 8150]

2. hasah
Due to optional accent there are two
forms — hasah and hasdh. The following
is the deep structure of hdsah produced
by the rule tyagaragahasa... (A. 6.1.216).

( (B (3Mudaatta,active] <- 1) H‘i[lopa,it]
)[gana=1]

(A[lopa,it] A[udaatta] =I[lopa,it]
) [pratyaya]

((((: <-9) Z[lopa,it]) <- 1) I[lopa,it]
)[pratyaya]
) [synset=12149]

The deep structure below is for the form
hasah produced by the rule karsatvato...

(A. 6.1.159).
235

( (B (AM[udaatta] <- ) FLQw[lopa,it]
)[gana=1]

(Hd[lopa,it] [udaatta,active] =I[lopa,it]
) [pratyaya]

((((: <- ) Z[lopa,it]) <- 1) I[lopa,it]
)[pratyaya]
) [synset=12149]

3. lekhah
( (S (Yudaatta] <- ) @ 2f[lopa,it]
)[gana=2]

(d[lopa,it] [udaatta,active] =I[lopa,it]
) [pratyaya]

((((: <- 9 Z[lopa,it]) <- 9) I[lopa,it]
)[pratyaya]
) [synset=10743]

9 Deep Morphological Analysis

Sanskrit morphological analyzers are available
online on websites of JNU' and the Dept. of
Sanskrit Studies (Univ. of Hyderabad)!2. A
Sanskrit segmenter is also available at the San-
skrit Heritage Site!'®. Given an unaccented in-
put such as labhah, these morphological ana-
lyzers correctly analyse it as a masculine form
and produce the stem labha and nominative
singular suffix. However, they do not produce
a deeper analysis of the stem [abha in terms
of derivational morphology to show that it is
derived from the suffix ghan. Such analysis is
required for accentuation of ghananta words.
JNU has a separate krdanta analyzer which
gives a deep analysis in terms of the root du-
labhas, krt suffix ghan and the nominative sin-
gular case.

Some of Panini’s rules, such as A. 3.3.18-20
(Section 5), create krdantas in specific senses.
For semantic processing of krdantas which may
happen upstream in a stack of NLP applica-
tions, it would be good to provide deep analy-
sis of words along with senses that Panini in-
tended. In the case of ghananta words, vari-
ous features, including the accent, senses and
gana membership, can be embeded in the deep
structure. For example, the word labhds (a

"http://sanskrit.jnu.ac.in/morph/analyze.jsp
2http:/ /sanskrit.uohyd.ac.in/scl/
Bhttp:/ /sanskrit.inria.fr/DICO /reader.fr.html



pre-final form of the gharianta word labhah) is
shown below.
((E[lopait]
3[lopa,it]
3
(3T <- 3)[udaatta]
H
H[lopa,it]
9[lopa,it]
) [dhaatu, group=1]

(H[lopa,it] [udaatta,active] Si[lopa,it]
) [pratyaya]

(9.3[lopa,it]
) [pratyaya]

)[synset=!11886 & 8150]

The deep structure shown above can be pro-
duced by a morphological analyzer created
using the Stuttgart Finite State Transducer
(SFST!). The following snippet!® shows the
FST mapping'® from the string labhas to the
corresponding deep structure. In the mapping
various portions of the word, namely labh, a
and s, are mapped to different portions of the
deep structure using the language of the SFST
(see constructs having pattern x:y). These
portions correspond to the basic elements such
as the verbal root y{dulabhas from the first
(bhvadi) group, the suffix ghan, and the nom-
inative singular inflectional suffix su.

< ((q[lopa,it]

u[lopa,it]

1 (A<-a)[udaatta]

B a[lopa,it]

z[lopa,it]
)[dhaatu,group=1]>:{1AB}

< (Gllopa,it] a[udaatta,active] Y[lopa,it]
)[pratyaya]>:a

< (s u[lopa,it])[pratyaya]
)[synset=!11886 & 8150]>:s

When a string such as labhas is given to the
transducer, the following output is produced

Yhttp://www.cis.uni-muenchen.de/
/SFST

15Snippet is actually a concatenated string, here it
is formatted for easy reading.

16The mapping uses the Sanskrit Library Phone&i,g
(SLP1) encoding. 6

schmid/tools

which can be parsed as the deep structure of
labhas.
< ((q[lopa,it]
u[lopa,it]
| (A<-a)[udaatta]
B a[lopa,it]
z[lopa,it]
)[dhaatu,group=1]>

< (Gllopa,it] a[udaatta,active] Y[lopa,it]
)[pratyaya]>

< (s u[lopa,it])[pratyaya]
)[synset=!11886 & 8150]>

10 Prioritization of Features

In a traditional derivation, the maxim paran-
ityantraghgapavadanam uttarotaram baliyah is
used to decide which one of the many applica-
ble rules should apply. In the case of accen-
tuation of a ready word, such as tyagah, that
opportunity does not arise. Most features in
table 1 apply to tyagah. Which rule should be
used for accentuation?

The wutsarga-apavada nature of rules dis-
cussed in section 5 allows a prioritization tree
to be created as shown in figure 5. A solid ar-
row points from a high priority rule to a low
priority rule. In the case that a high priority
rule applies, it debars all the low priority rules
up the chain. For example, in accentuating the
compound kasthabhedd, the rule A. 6.2.144 will
debar the other rules. A dotted arrow shows
an optional rule. The rule A. 6.1.216 is an
optional rule. It does not debar A. 6.1.159
but provides an option to it. Accordingly, the
words tyagah, raga and hasa will be accentu-
ated in two ways (See example in Section 8.3
item 2).

The priority of the rules from figure 5 allows
a prioritization of the features to be created
as shown in figure 6. Accordingly, a feature
towards the bottom of the figure debars the
ones above it when connected using solid ar-
rows. A feature connected using a dotted ar-
row allow an option. When a high priority fea-
ture is found on a word, the corresponding rule
noted in the parenthesis should be used for ac-
centuation. In case a high priority feature is
not found the next level of features should be
checked and so on. If none of the special fea-
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Figure 5: The priority of accent rules for
ghananta words

tures exist on a ghananta word, it should be
accentuated by the rule ninityadirnityam (A.
6.1.197) due to the feature ghan.

Suffix ghafi
(6.1.197) [A]

T

vkrs (bhvadi group) + suffix ghafi | |Suffix ghaf +'a'
(6.1.159) [B] (6.1.159) [C]

7 i

(v,rsé.di group of stemsJ L ‘tyaga’, 'raga’ or ‘hasa’ J

+ suffix ghan +'a’ + suffix ghai +'&'
(6.1.203) [D] (6.1.216) [E]

\/

2™ word of compound ends in suffix ghafi
(6.2.144) [F]

Figure 6: The priority of conditions for accen-
tuation of ghananta words

11 The Feature Arrays

All ghananta words must have one or more
primitive features from Table 1. Each of the
prioritized conditions in figure 6 refers to a
bundle of features. The letter in the square
brackets indicates a bundle of features pro-
duced on a ghananta word when the corre-
sponding condition is true. A bundle of fea-
tures can be translated into an array contain-
ing serial numbers of the corresponding prim-
itive feature from Table 1. Referring to figure
6, condition [A] can be represented by the ar-
ray ‘[1]. Similarly the condition [E] can be
represented by the feature array ‘[1, 3, 6]
Table 3 shows the feature array correspond-
ing to each bundle of features. The ellipsis in
the array for cumulative feature [F] is meafid/

to show that other features can coexist but are
ignored because only features 1 and 7 are the
important in the context of compounds.

The primitive feature numbers may occur
only once in the feature array. They need not
occur more than once because their repetition
will not convey more information than what is
conveyed by using them once.

Indicator | Array Acute Accent On
A [1] First syllable
B 1, 2] Last syllable
C 1, 3] Last syllable
D [1, 3, 5] | First syllable
E [1, 3, 6] | First or last syllable
F [1, 7, ..] | Last syllable

Table 3: Possible feature arrays for ghananta
words

12 The Process of Restoration of
Accent

A morphological analysis, which containis el-
ements of derivational morphology, is neces-
sary for restoration of accent. A morpholog-
ical analyzer built on principles discussed in
Section 9 will be able to show accent in the
deep structure. However, some morphologi-
cal anaylzers, such as JNU’s krdanta analyzer,
produce derivational details but do not pro-
vide accent information. Depending upon the
availability of accents in morphological analy-
sis, there are two methods to restore accent on
plain ghananta words.

In the case that derivational morphology of
a word is available without accent information,
a computer program can produce a feature ar-
ray using prioritized conditions shown in Fig-
ure 6. Given the feature array, accentuation
of the surface form can happen according Ta-
ble 3. If accent information is available, the
accent from the deep structure can be simply
copied onto the surface form.

A compound can be split using a Sanskrit
compound analyser into purvapada and uttara-
pada constituents. These words can further be
morphologically analysed to check if the sec-
ond one is a ghananta. For example, kasthab-
heda can be split into kastha + bheda. bheda is
a ghananta. A program can assigin ‘[1, 7]" as
a feature array to the entire commpound and
accentuate it using Table 3.



13 Conclusion and Future Work

The class of gharianta pratipadikaes'” was ex-
amined. wutsarga and apavada rules of accen-
tuation for suffix ghani were studied. At least
seven features used to accentuate ghananta
words were found. Thus, it is possible to create
a set of structural, semantic and accent-related
features for a specific morpheme by studying
the utsarga-apavada rules related to that mor-
pheme.

Words in Sanskrit can be thought to have a
grammatical deep structure, different from the
surface form. The deep structure of words con-
tains structural elements like roots and mor-
phological suffixes. It also notes transforma-
tions of structural elements leading upto the
final form. In addition, it can contain other
features of the word such as senses and gana
membership, if any. Synset IDs from In-
doWordNet are a good way to assign a cer-
tain sense to words for computational purpose.
In this paper, the deep structure for ghananta
words was created by looking at some utsarga-
apavada rules. A general deep structure can be
induced by a thorough study of Panini’s rules
and how they interact with one another.

The deep structure shows the complete for-
mation of a word, including its accent. There-
fore, it can be used to build a morphological
analyzer that analyzes the derivational mor-
phology of words in addition to inflectional
morphology.

To mark accent on unaccented ghanantas
from classical texts, words will have to be mor-
phologically decomposed. Existing morpho-
logical analyzers, such as JNU’s krdanta an-
alyzer, can be used or new faster ones can be
developed using FST techniques. For restoring
accent on compounds having ghanantas for fi-
nal words, compound analyzers or segmenters
like the Sanskrit Heritage Site, will have to be
used.

Paninian entities, such as the wrsadigana,
can be turned into computational resources for
accentution.
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