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Intrtoduction

Pali is a language of Buddha’s Upadesa or teachings collected in Tipitakas namely
Suttapitaka, Vinayapitaka and Abhidhammapitaka, There are bhasyas or commentaries written on
these Tripitakas. Pali has a rich heritage of literary works which need to be explored. Pali computer
linguistics efforts are required considering growing interest in Buddha’s teaching in India and
abroad. Pali being highly inflectional language, generator for this language will help create more
learning and teaching tools for Pili and allied languages. This paper is about the morphological
generator for Pali.

Pali

Pali is the name given to the language of the texts of Theravada Buddhism, although the
commentarial tradition of the Theravadins state that the language of the canon is Magadhi, the
language supposedly spoken by the Buddha Gautama. For the linguistics, Historical research,
Buddhism, Buddhist philosophy and such major factors are the reasons why Pali should be studied
and paid attention to. Therefor it is essential to have a modern system to study Pali . Buddha taught
his principles through Pali which was spoken language then. Now we do not have many people who
understand Pali. This system is a first step towards bringing it closer to people in modern era.

Morphological Generator

In linguistics Morphology is study of words, their formation and relationships with other
Words.In grammar, inflection is the modification of a word to express different grammatical
Categories such as tense, case, voice, aspect, person, number, gender, and mood. The inflection
of verbs is also called conjugation, and inflection of nouns, adjectives, adverbs, pronouns,
determiner S, participles, prepositions, postpositions, numerals, articles etc., as declension.
Languages can be highly inflected (such as Latin, Greek, Spanish, Biblical Hebrew, and Sanskrit),
or weakly inflected (such as English). Pali also is highly inflectional language and suitable for
T“orphOIOgical generation and analysis. Morphological generation means given the morphological
nformation of a word base in terms of number, category, stem, and so on, the intended word form
IS retrieved, For example:

Input

pratipadika: deva
Category : namapada
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Gender : Pumlinga
Vibhakti : Tytiiva (instrumental case)
Number : ckavacana
Ouiput of gencrator : A7
The other type of generation is given a word base, generating ull its possible morphological
forms.
Previous Work:
No complete Natural Language Processing Systems are available for Pili. The ones
available are: Pali lookup System by Aukana Trust We could not find downloadable version. But it

is not available for public. Another one is Pali morphological analyzer and generator developed by
David Alfter. It is not downloadable. Hence could not evaluate both the systems.

Morphological generator for Pali :

Grammar books on Pili language always discuss Pali grammar with Sanskrit background.
It was our Sanskrit background that prompted us to take up this task of developing Morphological
generator for Pali. We took it as advantage to learn Pali grammar and explain Pali morphologically.
The strong relationship between languages also became a basis for us develop this tool based on
Sanskrit Morphological analyzer and generator. Though Pali is similar to Sanskrit in many ways, it
has its own peculiarities. Therefore it needs its own computational tools. Pali is written in various
scripts all over the world. This tool takes Unicode input. Following are the constituent blocks of
this tool.

¢ Nominal Declension Generator

Pali is highly inflectional language as Sanskrit. Pali does not have dual form. It has only
singular and plural forms .This means nominal base (pratipadika) + suffix = nominal form.
Eg 3@z+R=gg+=ga1

Following is a table of nominal suffixes.

The=T qgaAT
TSHT = T
AT 1,31 3
RIS & a
afaar AT ?
TqeT q 7
THT & g
EXl q q
qHT =) q
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After noticing this it \\':\\‘ dc

: . cided to use h.umhwn table ax is lhu case with Sunﬂkrn because
all akaranta pullinga i.e

dt\\ 1 RN \‘\‘1\\'1“‘1 \“‘\l ‘I\‘ S Was thc case A\

ith most of the p gramimar we u.lcncd to.So the paradigm
table for ak\mmt.l pullinga words look\ ll‘\L this:

| S
s S

TSHT v EChi

| -

s |3 R

TR | e o

e s NP,

B e e

R - Rl

‘snwrrr ECECH Zar

During paradigm table creation following were the observations ‘All nominal roots are
ending in vowels.

) Akarant nominal roots

[T, 99, A, W, I

‘ Ukarant nominal roots

g, T1g, oy
bkarant Napumsakalinga A% ‘\

Though in above examples each row nominal roots have same ending but paradigm tables
are different.e.g. afearfawi=r singular forms of some pratipadikas are given below.

\%Errrsr ENl ™ I

sl T, o, T 3R, 3T T, A, AT T, T

We can see nakaranta pratipadika influence in form ¥S3T and akaranta pratipadika
influence in form TSI and conjunct 3 is simplified by insertion of vowel in the form 1 T,

We have created separate paradigm table for special words. And based on Sanskrit we are
recognizing approximately the ending varnas for e.g. words declining like raja (rajan in Sanskrit).
Similar to Sanskrit there is a ganapitha in Pali. So with the help of ganapatha we have grouped
Some paradigms like AT gana has 99, I, 9T T, T4, AT ete. Here these are all akaranta

Reaching the Unreached through Science and Technology | 533



' aradigm "7 T, But for
napumsakalinga but are grouped under one pana so they are assigned paradigm . Bu

TTLAY do not come under any gana where we have to identify which ones hehave like =T and

which ones like ﬁ'rj assign them respeetive paradigm. After generation we arc testing against
validated forms from grammar books that are available.

For reference we have used Pili-English dictionary by Rhys Davids and William Stede
which is taken as the basis for the lexical database. This dictionary has few issues though it helped
us with collection of almost 16000 words. This dictionary can be regarded fairly as the standard,
since there are only a handful of dictionaries for Pali. We have manually added this data and

processed computationally.
e Verbal conjugation Generator :

Verbal forms in Pali are generated based on Sanskrit verbal form generation. In Pali also

verbal forms are derived by adding verbal suffix to verbal root.
e.g. T+ 3 + fy = ufy
verbal root + vikarana + verbal suffix = verbal form

Verbal suffix table for vartamana kala(present tense )is as follows:

SERN g
T fa afa
s fa q
TG q fr

It is seen here that verbal forms do not have fi== form . Verbal forms have only we== and

@ga= forms. Also in Sanskrit all roots are either Atmanepadin or Parasmaipadin or Ubhayapadin .
In case of Pali , most of the times they assume both atmanepadin and parasmaipadin forms. But
there is no specific rule as to which root is parasmaipadin and which is atmanepadin. Therefore for
each verbal root we generated both forms namely parasmepadi forms and Atmanepadi forms. This
led to over generation problems. As per most of the books atmanepadin forms are less
frequent.Verbal forms available in grammar books at hand only could be validated.

Ganas are groups under which dhatus in Pali are classified. Clearly similarity between
Sanskrit and Pali is seen here. Having three schools of grammar , It is observed that are followed
in different ganas in different grammars. For e.g. In Moggalana vyakarana dhatus are classified into
following ganas . Bhuvadi, Rudhadi, Divadi, Tudadi, Jyadi , Kiyadi, Tanadi, svadi, churadi .
Where as in Kaccayana they are classified into 7 ganas. Saddaniti school of grammar follows
kaccayana but it has created separate gana for ™ .So that makes it 8.After talking to experts we
decided to follow Moggalana Vyakarana.

Lakara or tenses in Pali with respect to Moggalana are Vattamana, Bhavissati, Parisamapti,
anajjatana, parokkha, hetuhetumdboot, vidhiling and Anudnya.

Sample verbal forms table
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¢ Parasmaipadi forms

RN GRIL T

e Atmanepadi verbal form table

TSR THT T
afsagRes T T
SALK(E) T TR

Verbal roots from Saddaniti and Moggallana Dhatupatha were consolidated for the purpose
of verbal forms generation. Around 1600 verbal roots are consolidated and above mentioned lakara
forms generated.

Challenges

There are multiple schools of grammar as we understand. Kacchayana Grammar is the
traditional one and is divided into 8 chapters based on combination, Declension, syntax,
Compounds, Nominal derivatives, Unnadi affixes. But total number of sutras is 687.Moggalayana’s
grammar which is written in imitation of Kachchayana and has rules, vruttis and examples.
Saddaniti is in line with Kaccayana. There is variation in terminology like Vidhiling in Moggallana
is called Sattami in Kachchayana, Anujnya in Moggalayana is called Panchami in Kachchayana
grammar. But Panchami and Saptami are Vibhakti also in Pali as in Sanskrit. After talking to experts
it was decided to follow Moggalayana School of grammar. Also due to unavailability of Standard
book of Noun Declensions and Verb forms all the forms generated couldn’t be tested. Validation
of only forms which are in the grammar books for Pali could be done. The way we have Dhaatu
Ratnakara and RoopChandrika for various noun and verb form as standard books we are still in
search of similar books for Pali forms. Also for nominal forms standard paradigm tables were

created from Moggallana vyakarana book.

Outcome of the Project:

The Morphological Generator can take Pali stems or roots and generate the word forms. A
User friendly web based GUI (Graphical User Interface) has been created for this tool. By clicking
the options it opens the generator. Front page of the Pali Web page is given below:
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Noun table Ganerator

Maphological Geperator

Pall morphalogical analyser

eext

This 1s the Main Menu of the morphological generator tool. When morphological generator
button is clicked following page is displayed where we can give morphological information.

Input:

Two options are there for giving input.
1. Giving morphological information such as gender, vibhakti, lakara, number etc.
and getting that particular nominal/verbal form generated. Following is the

webpage for inputl. . ,
areilve et

. Pali Morphological generator
 wEn
> R

Lt

- [Gorrom (some]
14 Back [HEE

c

Giving nominal root and gender and getting a paradigm table generated

2. In the main menu when noun table generator button is clicked following page gets
displayed.
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aeft noun Declenalon generator
e
™o

T T e
Nnok

Generator output for TPET]

RN . T .o G T
) T
SN (v U e 3
s ol TR P e,
A (YRR S
S (VR s

This tool also generates all forms of given lakara of given verbal root.

It can also generate individual form if we give input of verbal root and morphological
information of required form.

Future work to be done

We have been successful in creating generator for Pali with existing resources. Upasargas,
samasas, taddhitas , unadi, derived dhatus are yet to be generated. This tool will be a stepping stone
of analyzer and further a complete machine translation system.

Conclusion

Though Pali is similar to Sanskrit in many ways it still needs its own computational tools
to lead way to future machine translation system for Pali as well as allied prakrit languages. This
study will create more awareness about these languages and more scholars so that information
contained in these languages is not lost.
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Abstract

For any Indian language, the accuracy of the morphological analyser, depends on the
pre-edition of the input text. In Pali language, like any other Indian language, the
combination of words like sandhis and samasas are frequently seen. This poses difficulty
in the proper analysis of the source text. It is essential to have computational tools that
help to split the words, useful in the analysis of the text. This paper discusses complexities
involved in creating a computational grammar for sandhi tool in Pali language.’

1 Introduction

Pali is a widely studied classical language, mainly because it is the language of Pali canon. A
growing interest in Pali makes it important to develop computational tools for the language.
Morphological analyser/generator is one such effort in this direction. All the combined words,
(sandhis, samasas, etc.) used in the text have to be manually split before using it as an input to
the morphological analyzer in Pali language. Since it is a tedious effort, pre-editing tools such as
sandhi splitter /joiner and samasa analyser were envisaged. Though similarities were observed in
Pali and Samskrita grammar, it was observed that Pali grammar was much more complex. This
paper discusses the computational approach taken to develop a sandhi splitter/joiner module
and the complexities involved therein. In order to develop sandhi module discussed in this paper
Kaccayana grammar? has been referred to; as it’s rules are comprehensive and supported with
a lot of examples.

2 Nature of Pali Sandhi

Words in Pali language, end in vowel or anusvara (niggahita). This feature distinguishes it from
Samskrita sandhi structure. Pali sandhis can be divided into internal and external sandhis.
Internal sandhis occur within a word and external sandhis are between words. Mainly sandhis
are divided based on what purvapada (preceding word) ends with and what uttarapada (following
word) begins with. They are divided as follows.

2.1 Svarasandhi

When vowels come in proximity as the end of the puvapada and the beginning of uttarapada
following changes may occur. Say z is the ending vowel of Purvapada, y is the beginning vowel
of uttarapada.

1. z may get elided,y remains same.

c.g. UG + STRRFT —> FHARRTS

L This research is conducted with the financial assistance from Pali Institute, Kalburgi. The authors acknowl-
edge the support of Shri Rahul Kharge, Chairman, Pali Institute, Kalburgi and Prof. Mallepuram G Venkatesh,
Hon. Director, Pali Institute, Kalburgi.

2Tiwari, Laxminarayan and Sharma Birbal (1962) ‘Kaccayana vyakarana[Pali Grammar]’, Tara Publications,
Varanasi
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2. x remains same y may get elided.

e.g. AR + 3"}{*> AR

3. z gets elided and y could be replaced by asavarna vowel

e.g. I+ Jufer —> Afas

4. z gets elided and y could be replaced by savarna long vowel.

dgT + 39 > Fergd

5. = might get converted to semivowel.
c.g. T+ IT —> TJq’

6. a consonant may get added between x and y.

e.g. @E + THAN > AR

T + 3 —> AR

2.2 Pakatibhava

When a word ends with a vowel and is followed by a consonant at the beginning of the
uttarapada then both the words remain the same.”

e.g. TR0 + ORI > foyoon IR

When a word ends with a vowel and is followed by a vowel at the beginning of the uttarapada
then both the words remain the. same. 0
e.g. B+ > P
If the preceding vowel is long it may become short.!!
e.g. AT 4 AH —> Wi T

If the preceding vowel is short, it may become long.'?

e.g. ﬂﬁf +TR :ﬂzﬁﬂ%

2.3 Vyanjanasandhi

In sandhi, if a word ends with a vowel and is followed by a consonant, it is considered as
vyafijanasandhi.

e.g. 39 + UG —> SHWHIG3

The rule for the above example says, if a word ends with a vowel and is followed by a
consonant at the beginning of the following word, the latter gets doubled optionally. This word
“optionally’ is frequently found in the sutra or its vrtti. Following is an example where the
doubling of consonant does not happen.

e.g. ¥Y + qﬁaf%r» Q‘Hqsl?f%‘f

49T IRT IRTRAT 9.2.2
SFEArIAUYl I 9..3
66 9.2.9
TqHEaRARE! 9.2.€
8IS AT 9.%.€
9{RT Tehfel T3 9.3.9
10R ey 9.3.2

NIRRT 9.3.9

1285 9.3.3
13tRGHTA 3 9.3.§



2.4 Niggahitasandhi

If a word ends with niggahita, followed by a word beginning with a vowel or a consonant, it is
considered as niggahita sandhi where niggahita undergoes changes.

e.g. IR = T 7.
Here, niggahita changes to 3] according to the rule 9% dT T 9.%.3.

According to this rule, if a vargiya consonant is preceded by niggahita, niggahita gets replaced

with Wﬁaﬁ of the same varga. This rule is similar to Paninian rule WS@"II@CDS@%II{_@C}DI a1
¢.8.84.

3 Computational rules for Sandhi Joiner/Splitter

Pali sandhi rules stated in the Pali grammar books of Kacchayana and others are discussed
above. Keeping these rules in view, the computational rules for developing module were drawn
based on Paninian rules of Sandhi. Following instances were considered:

3.1 Svara 4+ Savarpasvara

A svara (x) followed by a savarna svara (y), there are five possibilities:
1. lopa of x and y remains.
2. lopa of x and y gets elongated.

3. anusvara or y/v/m/d/n/t/r/L may be inserted between x and y.

4. prakrtibhava.

For e.g 31 +31 —> 31/3T/3AIFR insertion/T,d,,H,d,¥, & insertion/remain the same

A+ I >
—>TAT (replaced with 1) (1)
—>TAR (replaced with 31) (2)
—>TH 31 (3IER insertion) (3)
—>TAI (Y insertion) (4)

—>TA 3 (remain the same) (5)

Outputs (3), (4) and (5) are not seen in sample gold data. Hence, these options can be hidden
in the display.

3.2 Svara + Asavarnasvara

A svara (x) followed by an asavarna svara (y), there are seven possibilities:
1. x remains and lopa of y.
2. lopa of x and y gets guna.
3. all rules of section 3.1

For e,g. 3 +3 —> §/31/$/3IHR insertion /remain the same



—>oId1 g9 (7)
Outputs (5), (6) and (7) are not seen in sample gold data. Hence, these options can be hidden
in the display.

3.3 svara 4+ vyanjana

A svara (x) followed by vyanjana (y), there are six possibilities:
1. elongation of x and y remains.
2. x may get replaced with 3 and 3 and y remains.
3. anusvara may be inserted between x and y.

4. prakrtibhava.
$+9 >§/3JWNR insertion/3 ->31/3 ->31 /remain the same e.g.1 ¥ +TW —>

Outputs (4) and (5) are not seen in sample gold data. Hence, these options can be hidden in
the display.

3.4 niggahita(anusvara) + svara

A niggahita (x) followed by svara (y), there are four possibilities:

1. lopa of x, elongation of upadha and y remains.

2. lopa of x and y remains.

3. lopa of x and H_/§ may be inserted between x and y.
4. x remains and lopa of y
5. prakrtibhava.
For e.g. anusvara 431 —>elision of anusvara and elongation of upadha/elision of
anusvara/elision of 37 /insertion of &
dT +3l8 —> _
ST (1)
ST (2)
—>drHe (3)
—>TRE (4)
~>TN 318 (5)

Outputs (4) and (5) are not seen in sample gold data. Hence, these options can be hidden in
the display.



3.5 niggahita(anusvara) 4+ vyanjana

A niggahita (x) followed by vyafjana (y), there are three possibilities:
1. x gets replaced with nasal of the same varga.
2. lopa of x and y remains.
3. lopa of x and H_/§ may be inserted between x and y.
4. prakrtibhava.

For e.g. anusvara + @ —> elision of anusvara/anusvara ->nasal of same varga/remain the same
T 4 W >

~>EFER (anusvara to nasal of same varga) (1)

~>EHR (elision of anusvara) (2)

—>&H W (remain the same) (3)
Outputs (2) and (3) are not seen in sample gold data. Hence, these options can be hidden in
the display.
3.6 Apavada rules
purvapada (x) and is followed by vyafijana (y):
3.6.1 Apavada 1
1. if x = ¥, last letter is replaced by 3 and y remains.

2. if x = G, last letter is replaced by S and y may get doubled.

3. prakrtibhava. 99 + qd —> GY4d
9 4 SHI > GYSoM!

3.6.2 Apavada 2
1. if x = 319, x is replaced with 3 and y remains.

2. prakrtibhava. 3d 4 g —> 3K
g + d€l —> 3dg

3.6.3 Apavada 3
1. if x = 9, x is replaced with Uf¢ and y remains

afcr 4 gsoifc > ufcgsorfc
purvapada (x) and is followed by vyafijana (y):
3.6.4 Apavada 4

1. if x = UI, last letter of x is shortened and 7 is inserted between x and y.

2. prakrtibhava. 9T + U —> W
o+ W@ > 9@
3.6.5 Apavada 5
1. if x = 31, x is replaced with 3% and y remains

Y + SR > IregiRd
3.6.6 Apavada 6
1. if x = offg , X is replaced with 3¢ and y remains

g + N —> oSBT



3.6.7 Apavada 7
1. if x = 3M/31f and y = 3, lopa of last letter of x.

2. if x = 3 and y = g, lopa of last letter of x.

3. Apavada 5 and 6 are applicable here.
Y + gfosrd > affSsTa
Iy + sfoerd —> rfeufos
g 4+ 3R > efiRd
g + sRa > sroshifd

3.6.8 Apavada 8
1. if x = 31fdT, and y = g, lopa of last letter of x.

T + SR —> iR

3.6.9 Apavada 9
1. if x = Ufd, x is replaced with 9fc, lopa of last letter of x and y remains.

afd + @ > gef

From sutra _T Ui &I 9.3.9 and IR F@RT 9.3.2 together, it can be derived that, if ending
vowel of a word comes in proximity of beginning vowel /consonant of the following word, both
remain the same (prakrtibhava). Therefore the output of this instance need not be shown in the
display. Because every instance of sandhi, prakrutibhava can happen. Similarly, sttra FTfed=
9.¥.¢ indicates insertion of anusvara for every sandhi instance. Hence output here also can be
selectively shown.

4 Complexities Involved

While drawing rules for Pali sandhi computation, the following complexities were encountered.
In the first place, we notice words like &I, dT which means sometimes or optional in many
sutras. That makes most of the sandhis optional or having multiple results based on the situation
of z and y. Below are some examples to demonstrate the complexities.

4.1 Occurrence of words d9dl and dT

Majority of sutras i.e. out of 41 kaccayana sandhi sutras almost 27 sutras have &ddl and
dl in sutra itself or the vrtti. For e.g qJ-IIgCZ"CII"i rule & is in the vrtti. 4 This gives rise
to multiple outputs for a given instance when generated computationally. In the case of
Sanskrit this ambiguity is mostly fixed by rules themselves. If there are exceptions, they
are grouped and gana information is provided. In Pali, one has to depend heavily on lit-
erature to get the forms that are used rather than those which can be generated computationally.

4.2 Inconsistency in examples from literature

Following are examples from pitakasahitya:
frRgd+3fa => fragafa
U+ 3 => T+ 91 ORI ™0

MgAN 31 => 3T
M3 => 3+ a1 W 3wl
It is observed that a7 9RT 3RF®™UT rule is followed in the above examples. This rule is optional
but it is applied most of the time wherever dissimilar vowels come in proximity of each other in
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sandhi.
But in the following example from the same text, though dissimilar vowels are in proximity of
each other, it is seen that 9T W AU and S are applied. So this seems to be an exception to
the above rule.
T4+ 39 =>dg
FA+3 => A3 AAY
_+3=>_+3d9
Whereas in the examples below AXT IR AT and S are followed where similar vowels are in close
contact in sandhi.
YA+l => gArefifey $H3 =>  +IWWRAY
_t+g=>_+ é Y Another example from the same text
TeBf-+iT => wesdifa
F+-31fe => A5 TR AR A
Here elongation of vowel has not occurred. Therefore even from literature, joining or splitting
has to be done with caution.

4.3 Ambiguous Rules for Insertion of Letters

Insertion of letters in Pali sandhi is ambiguous. For e.g.application of the rule called JdHAGTINRT
IRMT. This rule says if uttarapada begins with svara then optionally I/d/9/</a/d/3/& can
be inserted. In the examples given in the vrtti:

FHT + 33311 —> JHGDIT-> AT + 3J —> < insertion

Tl 4 Il > d=argfeaaiad —> 3 4 I —> d insertion

3 + 3 > ROl > A + 3 > T insertion

3+ UMY > AT > 3 + 3 > & insertion
It is observed that for a given instance, the letter inserted is different for a similar condition.
Extracting rules from such sutras is difficult.

4.4 Multiple Possibilities while Splitting

Multiple sutras are available for splitting the same instance.
For e.g. A9 can be split as
A + T — 1 TN A
AT + 39 — 2 FIARIGUOT
Above example shows that the split has to be context-based.
In Sanskrit @4 can be split in only one way i.e.eIdl + g9 and this can be context-independent.

5 Sandhi Joiner

Sandhi Joiner was developed applying the rules enumerated in the previous section. The input
to the tool is purvapada and uttarapada. The result is all possible combined words based on
the rules that are applicable to a given instance. It also indicates the respective rules which
are applied to get that particular output. Sandhi Joiner has three modules - svarasandhi,
vyanjanasandhi, and niggahitasandhi. Pseudocode for the tool is given section 4.1. Flow chart
is given below. The kaccayana rules used in the respective modules are listed in A Appendix -
1. The screenshots are attached in B Appendix-2. The computational module for the Sandhi
Splitter is the reverse of sandhi joiner. The work for this module is under process.

5.1 Pseudocode

Begin
Input purvapada and uttarapada
If exceptions exist then

Derive required output

5Muller E.(1962) A simplified grammar of Pali Language’, Trubner and company, London



Display output
Exit program
Assign X as ending varna(character) of purvapada
Assign Y as beginning letter of uttarapada
If X and Y are vowels then
Go to svarasandhi module
Derive required output
Display output
exit the program
If Y is vyanjana then
Go to vyafnijanasandhi module
Derive required output
Display possible output
If X is niggahita then
Go to niggahitasandhi module
If Y is svara then
Go to niggahita-svara module
Derive required output
Display output
exit the program
If Y is vyanjana then
Go to niggahita-vyafijana module
Derive required output
Display output
exit the program
End

nter Purvapada
&
Uttarapada

Purvapada

Uttarapada

X = End vowel| of

'Y=Beginning vowel of

yes

<Are there any exceptions

Apply exception rules

niggahita sandhi

Y

Niggahita+vowel
SAndhi

swarasandhi

vyanjanasandhi

5.2 Statistics

For validating the tool, 398 sandhi examples are collected from various Pali grammar and other
texts. This data was put through the sandhi tool and compared with gold data. Following are

the statistics of the output.

yes no

Niggahita+vowel
sandhi

l




Total number of words 398
Total number of outputs matching atleast one gold data | 356
svarasandhi 158
vyafijanasandhi 82
niggahitasandhi 158
apavada 13
single output matching gold data 26
two outputs matching gold data 13
three outputs matching gold data 130
five outputs matching gold data 19
six outputs matching gold data 14
seven outputs matching gold data 76
eight outputs matching gold data 58
Nine outputs matching gold data 19
outputs not matching gold data 44

By examining the statistics, we notice that svarasandhi and niggahitasandhi are equal in
number. Out of 398 words, 84% outputs had at least one output matching with gold data.
We observed that multiple outputs are. more in case of svarasandhi. Since our focus is on the
complexities of sandhi rules, limited examples are taken for validation. More sandhi data will
be analyzed later.

6 Scope for Future work

1. More examples from Pali literature have to be collected to validate the tool.

2. Exhaustive Statistical study of the Pali literature has to be undertaken to decide which
sandhi rule is frequently applied to a given instance.

3. Pruning the outputs based on statistics.
4. Integrating with a dictionary to reduce multiple outputs.

7 Conclusion

Making a full-fledged sandhi splitter/joiner is a complex process due to the ambiguous sandhi
rules. As seen by the results of Sandhi Joiner, for a given instance, there is a probability of
multiple outputs. This is because of the nature of Pali words and the complex nature of the
grammatical rules. With the understanding of the nature of language, to prune the outputs, a
wider study of literature is required.
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A Appendix - 1
Kaccayana rules used in various sandhi modulewise

A.1 Case 1 : vowel + vowel

IR IN A 9.2.9
a1 W U] 9.2.R
FAARIAUT Tl 9.2.3
< 9.2.8
gedll o 9.R.4
FHERATH] 9.2.5
ChIRSl) 9.2.9
eqll A=l 9.2.¢
SERE] 9.2.%
qUUTT I a1 9.2.90
Gariord R gedl @ AT | 9.2.99

A.2 Case 2 : vowel + consonant

IR Uehicl I3 9.3.9
b 9.3.3
= 9.3.%
AU TATDR] 9.3.4
R 3 9.3.¢
T AT RIS | 9.3.0

A.3 Case 3 : niggahita + vowel

T IR 9.8.4
BEEEEREC] 9.%.¢
Fafer g 9.8.%
gAA d 9.8.90
ORI a7 IR 9.8.99
ST 9 RIS’ | 9.8.92

A.4 Case 4 : niggahita 4+ consonant

3 g e | 9.%.9
T 9T 9.%.3




2 9.9.3

T 9.8.9
A.5 Case 5 : special sandhis
Fafer 3N Iz 9.8.9
[RRIESE] 9.8.¢
T AR GYRITA! Fafd | 9.4.9
RIESSECESIINSESI 9.49.2
aredy 31fy 9.4.3
3ol 3rfe 9.4.%
T 7 97 Ul 9.4.4
3T T 9.4.%
Faa gic ufered 9.4.9
I A 9.9.¢
31 3R 9.4.%
U™ gTamel | 9.4.90

B Appendix - 2

Screenshots of sample input and sample outputs are given below.

Figure 1: Input
Pali Declension generator - Google Chrome = B ¢ B3 ®=W(4:03,72%) ) 10:27PM 3%

iDeclension generator x = +

C ¥ @ localhost/pali_sandhi.html a % @ :

anjanasan...jpg  ~ | ™ svara_sandhiljpg ~ @ pali_sandhiljpg ~ | @ niggahita_san...jpg ~ showall  x



Figure 2: Output
= $ B EEp(2:22,71%) 4)) 10:27PM i

swati-inspiron-5559/cgi-bin/pali_sandhi.cgi - Google Chrome
T - ]

o =
X+

@ swati-inspiron-5559/cgi-
C { @ Notsecure | swati-inspiron-5559/cgi-bin/pali_sandhi.cgi
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Showall = x
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