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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.
e.g. XdHgG + STIHT —> AHTIRHT?

2. x remains same y may get elided.

e.g. AR + 3‘#*> AR

!Tiwari, Laxminarayan and Sharma Birbal (1962) ‘Kaccayana vyakarana[Pali Grammar]’, Tara Publications,
Varanasi
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3. x gets elided and y could be replaced by asavarna vowel

eg. T+ Sufer —> Aafert

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

AgT + 39 > Fared

5. = might get converted to semivowel.
e.g. T+ I > IS

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

c.g. Tg + TRART —> g’

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. fooon + gAY > fuon g

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.”

e.g. a#r+‘s’q 7>3béf$ff

If the preceding vowel is long it may become short.©

e.g. A + T —> AT A

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

e.g. ﬂﬁf +TR :ﬂT'ﬁﬂ%

2.3 Vyanjanasandhi

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

e.g. 39 + UARI —> SYWHRI2

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. TY + Tefd —> guqﬁ?r%

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.

A FFIRIGUOT FT 9.2.3
SEE 9.2.8

SR IR 9.2,
"THSAARST AT 9.%.€
8IRT Uepfa == 9.3.9
IR Fafer 9.3.2

103R7 9.3.9

11??[-6'r 9.3.3
120RgHTal 3 9.3.§



e.g. PR = &7 7.
Here, niggahita changes to 3] according to the rule 9% dI T 9.%.3.

According to this rule, if a vargiya consonant is preceded by niggahita, niggahita gets replaced
with @ﬂ;l'lﬁaﬁ of the same varga. This rule is similar to Paninian rule WST‘II@CDS:HII{-@#)I 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 + Savarnasvara

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 —> 31/31/3JIR insertion /T, d,,H,d,¥, & insertion/remain the same

0 + 3R —>
—>TAT (replaced with ) (1)
—>TAR (replaced with 31) (2)
—>TH 3T (JAFER insertion) (3)
—>TIRI (Y insertion) (4)

—>TF 3T (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. 31 43 —> 3/311/3/3¥R insertion/remain the same

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 31 and 3 and y remains.
3. anusvara may be inserted between x and y.
4. prakrtibhava.

3 +d —>3/ATHNR insertion/3 ->37/3 ->3M/remain the same e.g.1 I +TR —>

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 3 /insertion of
a +38 —>

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.
MY + gfosrd > arffSsd
A + sfosrd > erfenfssrd
arfg + Ra —> arefifad
g + sRa > sroshiid

3.6.8 Apavada 8
1. if x = 3IfdT, and y = g, lopa of last letter of x.

i + SR —> 3R

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

afcr 4 A > e

From sutra ST U&bfd &3 9.3.9 and IR F41T 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, sutra frrfea=
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 &9dT, 9T 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 dddl and
dl in sutra itself or the vrtti. For e.g q‘-llgc:*dl'{ rule & is in the vrtti. '3 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:
R +3fT => PrarRgafd
T+ 3 =>T+ 910 3R

ST +3RT => ey
M+ 3 => 3N+ a1 4RI /AT
It is observed that dT ORY 3RFW™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

13pg 19 Tiwari, Laxminarayan and Sharma Birbal(1962) ‘Kaccayana vyakarana[Pali Grammar|’, Tara Publi-
cations, Varanasi



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
F4+31fe => Al TR W 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 JIHGTIR®DT
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:

HHT 4 339211 —> JHG?IT-> AT + 3 —> < insertion

Tl 4 Ifeeafd > d=argfeaaic —> 3 4+ I —> d insertion

3T 4 MM > SOIdW-> 3 + 3 > T insertion

I 4 UMY > JAMSHI-> 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. IAd can be split as
AA + 7T 1 TN AN
AT + 39 — 2 FIARIGUT A
Above example shows that the split has to be context-based.
In Sanskrit @4 can be split in only one way i.e.ofdl + $d 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

MMuller 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
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Figure 2: Output
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