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Chapter 1
Overview

1.1 Introduction

Sanskrit has more than 2500 years old almost exhaustive grammar in
the form of Panini's Astadhyayi which has the features of computability.
However, only recently Sanskrit Computional Linguistics! has gained a

momentum.

The TURRTETATAT software based on Panini's $TETEATI, provides various
search options to get the information with 93-918, 91qgf, English traslation
etc. of rules of TS, It also shows the process of generating various

nominal declansions and verbal conjugations following Panini's rules.

The French scholar Gérard Huet has done a significant work on the

segmentation of Sanskrit texts. His work is purely ruled based. His website

!International Symposium on Sanskrit Computational Linguistics held in 2007, 2008,
2009 and 2010
Zhttp :/ /www.taralabalu.org/panini/
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"Sanskrit Heritage site"® provides an automatic Lemmatizer, Tagger,

Sanskrit Reader and Sanskrit Parser.

The German scholar Oliver Hellwig has developed a website DCS, the
Digital Corpus of Sanskrit*. It provides a searching facility for collection
of lemmatized Sanskrit texts. It also provides an automatic segmentation

and tagging of Sanskrit texts. He follows the statistical methods.

A Special Center for Sanskrit Studies (SCSS) at Jawaharlal Nehru
University has developed various tools on Languages processing, Lexical
resources, E-learning etc. for Sanskrit under the supervision of Dr. Girish

Nath Jha. All the tools are available online at http :/ /sanskrit.jnu.ac.in .

A consortium of Seven institutions® has been engaged in developing
tools for analysis of Sanskrit. Under this project guidelines and standards
for annotation at various levels such as sandhi, samasa, karaka, POS
etc were developed and a substantial amount of manually tagged data
following these standards is generated. The consortium has developed
various tools such as sandhi, sandhi-splitter, morphological analyser and

generator, POS tagger, sentential parser under this project.

All these tools handle only morphological analysis and segmentation
to a large extent. Some of these tools for example Huet's and Hellwig's
processors also do sentential parsing. However, there have been almost

negligible effort in handling Sanskrit compounds automatically beyond

3http :/ /sanskrit.inria.fr/

*http :/ /kjc-fs-cluster.kjc.uni-heidelberg.de/dcs/index.php

>University of Hyderabad- Hyderabad , Jawaharlal Nehru University- New-Delhi ,
HIT-Hyderabad, Sanskrit Academy-Hyderabad, Poornaprajna Vidyaapetha- Bangalore,
Rashtriya Sanskrit Vidyapeetha-Tirupati, JRRSU-Jaipur.
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segmentation.

A worth noting contribution in the field of Sanskrit compounds is by the
Department of Indology of French Institute Pondichery. It has developed
a CD version of JUMEREREUERT: (Volum II - HHWESENM). It contains

a searchable database of compound generation(®9R/1g) of approximately

4,400 compounds from HEHIH, FIRTRGR, AEER and l%?&"lﬁfl’ﬂﬁ

On the theoretical side, there are again notable efforts by Gillon and
K. V. Ramakrishnamacharyulu towards developing a tagging scheme
for compounds. Gillon (Gillon, 2009) suggests tagging of compounds by
enriching the context free rules. He does so by specifying the vibhakti,
marking the head and also specifying the enriched category of the
components. He also points out how certain components such as ‘na'

provide a clue for deciding the type of a compound.

1.2 Goal of research

Sanskrit is very rich in compound formation unlike modern Indian
Languages. The compound formation being productive it forms an open-
set and as such it is also not possible to list all the compounds in a
dictionary. The compound formation involves a mandatory sandhi®. But
mere sandhi splitting does not help a reader in identifying the meaning of a
compound, since typically a compound does not code the relation between

its components explicitly. To understand the meaning of a compound, it

®Sandhi means euphony transformation of words when they are consecutively
pronounced. Typically when a word w; is followed by a word ws, some terminal segment
of w; merges with some initial segment of w; to be replaced by a ““smoothed" phonetic
interpolation, corresponding to minimising the energy necessary to reconfigure the vocal
organs at the juncture between the words.(Huet, 2006)
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is necessary to identify its components and discover the relation between

them.

The goal of my research is to evolve a methodology for automatic
analysis of Sanskrit compounds. The automatic analysis of a Sanskrit
compound involves four major tasks viz. segmentation or component
identification, deciding the grouping of components or constituency
parsing, identifying the type of a compound and finally paraphrase
generation. For building a compound processor, we explore the possibility
of both the rule based approach as well as use of statistical methods

wherever possible.

1.3 The organisation of thesis

Chapter one (the current chapter) gives a survey of the work in the field
of computational linguistics followed by a survey of various works in the

tield of Sanskrit compounds.

Second chapter gives a brief summary of the features of compounds,
the semantics involved, its classification both semantic as well as syntactic.
This sets a ground for building the compound processor. We also describe
the tagset developed by the Sanskrit Consortium” for manual tagging of

Sanskrit compounds.

The third chapter describes an architecture of a compound processor.
Processing a compound involves four major tasks viz. segmentation (8-
HE9IG=95:), constituency parsing (HTH?JJQT%I‘J%TU]H), type-identification (GHI-

’Sanskrit Consortium is a consortium of 7 institutes funded by TDIL programme of
DIT for the development of tools for analysis of Sanskrit text and Sanskrit-Hindi Machine
Translation.
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Hﬁ?{ﬁ‘ﬂ%{mﬁ) and paraphrase generation (FTEaTEI=TsEH) (See figure 1.1).

These four tasks form the natural modules of a compound processor. The
output of one task serves as an input for the next task until the final

paraphrase is generated.

Sanskrit Compound

|

Segmenter

Constituency Parser

Type Identifier

Paraphrase Generator

'

Paraphrase

Figure 1.1: Compound Analyser

The task of a segmenter is to split a compound into its constituents. For
instance, the compound
sumitranandavardhanah
is segmented as
sumitra-ananda-vardhanah
Each of the constituent component except the last one is typically a

compounding form (a bound morpheme)®.

8with an exception of components of an “aluk’ compound.
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The constituency parser parses the segmented compound syntactically by
pairing up the constituents in a certain order two at a time. For instance,
sumitra-ananda-vardhanah
is parsed as
<<sumitra-ananda>-vardhanah>
The type-identifier determines the type on the basis of the components
involved. For instance,
<<sumitra-ananda>-vardhanah>
is tagged as

<<sumitra-ananda>T6-vardhanah>T6

where T6 stands for compound of type sasti-tatpurusa. This module needs
an access to the semantic content of its constituents, and possibly even to
the wider context.

Finally after the tag has been assigned, the paraphrase generator generates
a paraphrase for the compound. For the above example, the paraphrase is
generated as:

sumitrayah anandah = sumitranandah,

sumitranandasya vardhanah = sumitranandavardhanah.

The fourth chapter describes the first task viz. segmentation. In this
chapter, we discuss the computational complexity involved in splitting
of a compound into components and then describe how the optimality
theory, which is based on Generation-Constraint-Evaluation paradigm,
may be used for splitting of compounds. We generate all possible splits

following the sandhi rules from Astadhyayi and constraint the splits using
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morphological analyser. The output is evaluated using simple statistical

methods. The algorithm with tested data is explained at the end.

The fifth chapter explains a constituency parser which takes an output
of the segmenter and produces a binary tree showing the syntactic
composition of a compound corresponding to each of the possible
segmentation. In this chapter we describe an algorithm for parsing
the components using manually tagged corpus of compounds. We
describe how simple conditional probablity may be used for parsing the

components. Results of five-fold-testing are given at the end of the chapter.

In the sixth chapter, we deal with an automatic type-identification
of compounds. We describe how some of Panini's compound related
aphorisms may be used for type-identification. When the rules fail, we
use probablity methods to identify the type of compound. We identify
the semantic clues for identification of compound type following the
aphorisms. We also point out the aphorisms where the clues are difficult

to compute or use computationally in the present context.

The seventh chapter is on paraphrase generation, the final task of
a compound processor. In this chapter, we give around 55 rules for
automatic paraphrase generation corresponding to various sub-types and

also describe the algorithm.

The eighth chapter contains the conclusion and provides future
directions for improving the automatic sanskrit compound processor
further. The use of this analysis for other Indian Languages is also

discussed in brief.



Chapter 2

Compounds in Sanskrit

In the world of Natural languages, grammar plays a very important role.
Grammar teaches us to use the words in a proper way and it also helps to
disambiguate the sentences. In the context of requirement and neccessity
of the grammar in languages, G I says in HEMMSH - "TATETS STTHS -
4gl: A" Word formation is an important part of the grammar. Two
distinct phenomenon are involved in word formation. One where new
words are formed, and the other one where new base is derived from the
old base. The former is known as inflectional morphology and the latter
one is called as derivational morphology. Inflectional morpholgy deals
with the base forms and affixes and generates the new forms. For instance
TH: is generated from the base form T by adding an inflectional suffix g,
In Derivational morphology, new bases are derived from old base words.
For instance ?{I'Q'IT@ (Son of @MY) is derived from TRRA by adding a suffix
U (in meaning of 39cTH). The new base form thus generated denotes a
totally new object that is different from the object(s) denoted by the old
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base forms. Panini lists 5 different ways of deriving new base forms. They

are Fd-ANgd-THTH-THRRY-GAI=T9d L. These are termed as rs.

o

2.1 g

The term g is derived from the root 9d(dd) which means Elﬁ?ﬂl "the
growth" followed by the suffix fth. and it has been defined by Jdsiic5 as
QAT gr4:2. It means "The power of expressing a sense different from
what was inherent originally in word.". e explains QAT I further
as "I Tea QISUETEITRT gyl I |1 g:"3. The five (s are :

* %d- The words or primary nouns are derived from a verbal root. For

instance =94, IwdH, FE: etc.

e dfgd - The secondry nouns derived from Premitive nouns. For
instance ENE: "Son of king T@RY", ATAYAH, "son of 31’&‘11%", WY etc.

* HHM - The nouns derived by the combination of two or more than
two nouns together resulting a single word. For instance S-Zam™:, =1i-

E"?I?‘EFF[, T'El'CIEF{l etc.

e THIIY - Among many similar forms only one form remains and other
froms get excluded. Wh: RIed 1=l A ¥ is the defintion of THI:
from a=EITH, For instance AT 9 U = = {4, @19 @: 9 = qt, (A
A = TH etc.

* GARI=dTq - The derivation of verbal forms by using noun-forms and
l%!%j suffixes. For instance T'\‘ZI‘ZI%Q%, %‘SUT'I%I, @Pi}'l’?l etc.

"Mentioned by WEIREIAd in RTga=higL! in THTESET
2In WETATSHH, - GHE: qEEt: (2.1.1)
3[n HEMTSHH- THE: Gaft: (2-1-1)
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Among these Jfds, & has a very important and crucial role in word-
formation. The compound formation being very productive it forms
an open set. Before going deep in compound formation, let us try to
understand the meaning of a compound first. The term &A™ is formed by
adding ®H_ prefix to the 3TH_ root followed by ©=1 suffix. Typical Western
Linguistics definition of compound is a "lexeme with more than one stems"
but in Sanskrit the meaning of compound is described very beautifully by
grammarian which is HEH gfd GHE:. that means "the combination of
more than one words into one word which conveys the same meaning as
that of the collection of the component words together". While combining
the components together, a compound undergoes certain operations such

as loss of case suffixes, loss of accent, etc..

2.2 Single wordness (YH9H)

A Sanskrit compound is a single word (YRUFH *)(§4, &M). Although
compound is formed by the combination of more than one word but
resultant is a sigle-word i.e. has only one 4 {4 at the end, with an

exception of aluk compounds.

2.3 Single accentness (VEHEIH)

The accentuation is the most important part in compound but
unfortunately it is lost. Just as compound should be a single word with
having single case suffix, compound should also end with a single accent

(%9 5). Panini has defined three types of accents in grammar: (1) 3-

g qafefn: (2.1.1), WhUEH, WhEdE QHEEEET - #1.-2.1.46
SEHel: qget: (2.1.1), WhueH, Theads GHEEEdN - H1.-2.1.46
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g, (2) 919gM and (3) @Ra. High pitch is known as the 3g<°, low pitch
is known as the 33 and high falling pitch is known as &Ra®. While
explaining the TEETSSTHSEAHGET: SN, °, Patanjali provides an example
of how accent information helps in resolving an ambiguity. For example
the word T@E"{E@ can be identified either as a dg&Y or Fgdite. However, if
we pay attention to the accent, it is not ambiguous. If it has high picth at
the end (I=IIE) then it is &Y and if it has pitch in the begining then it

is a@éﬁ%
24 Fixed word order of components

Sanskrit is an almost free word order language. For instance one can
write
femmn: 9fd: or 9id: fa=m:,
HH f¥1a: or fra: S,
i, eReRH, 96 |: or =R did 76 ©:
However the word order in Sanskrit compounds is fixed. Hence the
compounds fa@afd: and 9fdfe= have different meanings. So is F3A: and
fIaFsm:, or AW and $TRdId:. There are a few exceptions. In FHIRA

compound, in some cases change of word order is possible.’ For instance

63TwaTa:(1.2.29)
7R (1.230)
SEHTEN: @d:(1.2. 31)
SIS - TRTRIG

103 uraTeal: GHATETER RIS F fem: | 991 - Eogsl: Foras ofd | rameaane-
Forem: | T - TS H: TEHTEE: SR | A TR AT H: | 9o - T TR 3

m@m-—ﬁqaﬁ ﬁﬁw%ﬁ@ww(zwn am:ﬁwﬁw SE A - alﬁﬁ?wmcfcﬁ

(W)wﬂawmaw W waw‘aﬂm WW
aawmlaaa Wmmmwmmlaamm ok wra, o ferTeoTiT 2

T Y & Teag: T I IV ? a9 - GFFel:, Feras 3(d | 7 & 3 aig S, Tadl IJu1: =
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QrERAISE: and TEHRATEE: have the same meanings viz. U= 2ITE TTEH: . Only
in the following cases one can change the order of constituents:

1. In case of WHWUI, if both of the constituents are ‘I'Tla’ﬁﬁ then the
order of constituents can be changed. For instance @@Fei:!! can be
used as FHeTEFH:.

2. In case of Wﬂ'ﬁw, if both of the constituents are @I then the

order of constituents can be changed. For instance 9=®916%: 12 can be

used as TEHRATSR: .

3. In case of HHWWUT, if the constituents are like W—Wﬁﬁﬁ then the
order of constituents can be changed. For instance @F9M=®:!? can be
used as IHEREFH:.

25 Non-insertion of words (37HTIA)

Compounds don't allow insertion of word(s) between the components
after formation. The compounded form of Ug: &¥: in TSIIEH:. One can
insert g in between Ug: and T&9: to have U e J&¥:. But one can't
insert &g in a compound TSTIEY:.

2.6 Binary formation

There is a very good discussion in HEMSH, on whether the compound
formation is binary or ternary or n-ary. 9a=(e argues that the compound
formation is binary because the compound formation follows the general

rule "@&GI" (2.1.4). But there are some cases where more than two

I¢ g8 dd. T9WHE. | Ul - JFASHT FUHSH 2 1" -- Hoxle (2.1.57)
11y, 7. - fRivut R S (2.1.57) - ASHARET S ; HoHlo (2.1.57)
1217, 1. - forRINUT =TI TgSH(2.1.57) - STSHANEAT ST
13{7, 1. - FrRINUT {01 TgSH(2.1.57) - STSHANAT ST
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components are allowed as in &8 and SgUeEgHle. It is because, in "3TH-
g (2.2.24), the word ¥ is used by qiuT which is the indication
of exceptional of binary for @gaie compound and the 33 of the word
3w goes till " gy (2.2.29) and that is why we find more than two

components in && compound also.

2.7 Euphonic changes (Sandhi)

dfedi'* (Proximity) is the basic element which is required for applying
Sandhi. Sandhi means "euphony transformation of words when they
are consecutively pronounced. Typically when a word w1 is followed
by a word w2, some terminal segment of wl merges with some initial
segment of w2 to be replaced by a "smoothed" phonetic interpolation,
corresponding to minimizing the energy necessary to reconfigure the vocal
organs at the juncture between the words"(Huet G., 2006). The euphonic

change (Sandhi) is mandatory in compounds.’

2.8 Gender

Constituents of compounds may require a different gender from their
original gender due to compound formation. For instance STTFH, (Near to

. o < . .
Ganges river), 9E%ME: (a man whose wife is a cook) etc.

The compound SWIFH. is an instance of THAME compound where 39 is
an indeclinable word and the word 1§ is a noun with feminine gender.

The ¥1&EAM@ compounds are typically in neuter gender and hence T

14 qy; FfeeRs: HEdT (1.4.109) ; The closest proximity of letters.

15w g foiean feamargenTa: |
fercn T TR 91 feaerHYeTd |
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changes to ¥§H. In the same way in IR, the word W and the
word WM are feminine in gender. When these are compounded to give a
Tgdlfe compound returning to a word qualifying a male, it takes masculine
gender.’ In compounds, the last component of compound carries the
gender information of the whole compound word as in QH%EFPIITSI:, the word
9H: is in masculine in gender. It indicates that the gender in compounds
can leave their originality according to the context. Panini has listed
many aphorisms regarding change of the gender of the last component
of compound such as "@ TGFEA" (2.4.17), "STEAEL" (2.4.18), "TTEHSH-
SHEHANE:" (2.4.19) etc. There is another aphorism given by Panini "WaeZ%
GradcgeTdl:" (2.4.26) which denotes that the gender of a && compound and
dcgeY compound is like that of the last word in it. For instance in TH&Id
(Rama and Sita), the gender of compound is in feminine in gender. It does
not carry the gender of the word Y which is in masculine in gender. All
these show that the gender in compounds requires a special treatment, at

morphological level.

2.9 Number

The number of a compound depends on the category of compound. If
the compound is an EEME then the number of the compound will be
singular or if the compound is 3% then the number of the last component
becomes the number of the whole dg& compound. FgAE compounds

leave their original number and adopt the number of their qualificant. For

16

o oq_l_ﬁr\r\:r\\ ’
o 'H‘[ﬂ'\'\;'\ r\ll
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instance Qﬁl?NUﬁ?L JE. Fad (Cut the trees where all the leaves have fallen
out.). In this sentence IiqquT, is a T compound and it is qualifier of
the word 3&€, The word J&, is in plural. Since the gender, number, case
of the qualifier agrees with those of the qualificant, the compound word

qfetaraut gets the same number and gender of the word J&.

The number of &8 compound depends on the number of components.

For instance Tl‘cil'l"'l\Tﬁf_t.‘T:[, s’E’Ivlﬂ!ﬁlwbtzu|Igdél(-'éﬂ-lqIfl'zhl: etc. The instance TIFTI-

I%IE\BI contains only two components : Tdl and Mife=S so it is in dual number

and the instance %‘l(dqt%bullgdélwllqwchl: contains six components : *I{N,
I, FE, gd, 8%, and ¥W9E+h and hence it gets plural number. There
are, however some exceptions. For instance fa=i# F[gi > faggl:17 (Group
of 3Fs and group of [gs), J&NA SA1H > J&S3dT: (group of trees and group
of branches). In these kind of && compounds, if the components are related
to STcHET= or AHTUETEF then the && compound with two components may

be in plural.

2.10 Semantic classification

Semantically 90T classifies the Sanskrit compounds into four major
types:
1. ¥T=AME : It is an endocentric compound with head typically to the
left and behaves as indeclinable. For example S9%H, AEER etc.
2. dgey: Itis en endocentric compound with head typically to the right.
For example FIHA:, AT etc.
3. FgAlR : It is an exocentric compound. For example IR etc.

17qT0 Ho - ATCRTIER, (2-4-6) - ohlo
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4. &g : Itis a copulative compound. For example THFN, JeAST: et

211 Syntactic classification

Later grammarian Nagesh Bhatta in his ¥R has given the following
verse :-
Qat a1 [deT A g foret faet |
el fagra: THTE: SrEE g6 1|
The verse indicates six kinds of compounds, classified according to the part
of speech of the components involved.

1. §gat a1 (Noun with Noun): This kind of compounds contain only
noun constituents. For instance USTJ&Y:.

2. gai faeT (Noun with Verb) : This kind of compounds contain Noun as
a first component and conjugated verbs as a second component. For
instance 'ﬁ'ﬂ?ﬂ?{

3. g4t =1 (Noun with Stem (Nominal base)) : This kind of compounds
contain Noun as a first component and nominal stem as a second
component. For instance $HTh1LG:.

4. i 9 (Noun with Verbal root) : This kind of compounds contain
Noun as a first component and Verbal root as a second component.
For instance %<&%:.

5. faet foeT (Verb with Verb): This kind of compounds contain only
Verbal form as components. For instance T'EIW'IQHT, WieaHiedl.

6. qui faeT (Noun with Verb): This kind of compound contain Noun
as a first component and Verb as a second components. For instance

EARAE et 1]



Chapter 3

Semantic Classifications of Sanskrit

Compounds

Semantically 90T classifies the Sanskrit compounds into four major

types:

1. SN

2. d9gey

3. E@?ﬁ% and

4. &5
These classifications are not sufficient for generating the paraphrase. For
example, the paraphrase of a compound FEHSH. is T HSH, and THIC: is
I 3d:, though both of them belong to the same class of Ag&Y. In the given
instances, the paraphrases are different due to the semantic differences
and it happens in all the types of compound. Based on their semantic
differences, these compounds are further sub-classified into 55 sub-types.

All the types and sub-types of compound are described below in this
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chapter. The types and sub-types of compound are based on standards
evolved by the project entitled "Developmet of Sanskrit Computational
Tools and Sanskrit-Hindi Machine Translation System" which is sponsored

by Ministry of Information Technology, Government of India, New-Delhi.

3.1 IIME (Endocentric or Indeclinable compound)

AT, FHI: T I is the meaning of &M@ which means "In
paraphrase, the word which is not the 319 but after compound formation
that becomes an 37594 is known as $&@&ME". For instance in STISH, (Near
to the King), the word TSl is not an 3= but when it combines with the
word 39 which is an 319 then the whole word becomes an 319 and
known as &M@ compound. In this type of compound mostly the first
member of the compound is predominant'. For instance FIT& §HIGH, > 3-
9%9MH, (Near to Krishna). In the given instance 39 is an indeclinable word
and is used in the meaning of | (Nearness) and it has primacy in the

whole compound.

According to the grammar and by looking the usage of compounds, the

FHAME compound can be divided into seven sub-types:

1
2. TH-ITIE- ST

3. foegmfa-serivE

4. GEATIHYE-"GRNIE-
5. TEIRNIG- ST AT,

6. GEATYHIE-SRA TN IE- ST A I

< ey

1 QRIS - Rio Fio - HEEHIRINSERRUR,
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1. STHA-YE9E-FFMIE2: The compounds where, the first member of the
compound contains an indeclinable word, are known as GW‘E;W-
TSI compound. For instance S9%%H, (Near to Krishna).

2. SI-STIG-FIME: In this sub-category, an indeclibable word
always occupies second place. For instance I9fd where ¥fd is an
indeclinable word and stands as a second member of a compound.

3. l%@gm'{%—aﬁ'ﬁﬂm‘l : In this sub-category, the compounds belong the
"fgg’ UM, In {dEg-IUME, the readymade instances of A
compound are listed by qIfUTE. For instance ﬁ-f@g, dgg, am%ﬁnaq etc.

4. W—W—W5 : The compounds, where the first
component contains a numeral word and the second component
contains a word related to rivers, are known as W-W—
I compound. For instance ®&T§H (the group of seven
rivers).

5. W—W’ﬁﬁﬁm6 : The compounds, where the second
component cotains a word related to the rivers and the resulting

compound refers to an object other than the referents of the two

components in a compound, are known as TG - ST TET -
FERTE compound. For instance ITRRTRA. (the place where the

Ganges river becomes very fast).

270 Ho - 37T fIREITEHR. . (2-1-6)
3qTo Go - G4, Tl (2-1-9)

4o Ho - fiBg Sl = (2-1-17)

5qT0 Ho - AR (2-1-20)

69T o - F=YH = Hog@ME, (2-1-21)
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6. W—W-W7 : The compounds, where the first
component stands as a numeral word and second component
contains the word related to the 24 (one belonging to a family). For
instance ﬁ'ﬁl?-l etc.

7. Qﬁ—q‘aﬁ—@q&w-wg : The compounds, where the word IR
(across) and T (middle) are compounded with a word ending in the
first, third and fifth case suffix, are known as WI\T-H@-C@WW-
IFIE. For instances TRITHH, (across the Ganges river), IETET
(across the Gangesriver), HERTEH. (in the middle of the Gangesriver),
HERTETA. (in the middle of the Ganges river).

3.2 dcd&¥ (Endocentric compound)

dc3%d compound is an endocentric compound where the second member

has primacy®. For instance in F@Eﬁ: (Son of Sun), the word 9= is the head.
The word dcJey itself is an example of d3e¥ compound and it may be
paraphrased in several ways as below :

o 6 TEW: > qgEN:

o o IEN: > qYEN:

o O ToN: > TYEW:

o T 9%Y: > dcJey:

o T TE: > FOIE:

o TEI TEN: > qqeN:

o ARI TEN: > dcges:

7qT0 o - TEAT d744 (2-1-19)
8q70 o - YR T TEI1 4T (2-1-18)
9o Filo - TGN - FEAGHTERITIRIT,
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Looking at the f¥fth (Case marker) involved in these paragraphes one can
classify the dc3®&¥ compounds further. In addition there are other kind
of dg&¥ compounds where the first component is of special type. The
grammarians, classify d3&9 compounds further into seven major sub-
categories:
1. a9 (Determinative compound)
2. FHIRA (Descriptive compound)
3. M- F- TG
4. &1
5. ITUGATEN
6
7
1

. AETRICAc]eY

. TG

. A3y (Determinative compound) - The first sub-type consists of
those dc3eY compound, in which the first word always takes some
case-marker in paraphrase. For instances g9l ®WUE: > AFAMETE:,
FOUH AG: > FOMHA: etc. This sub-category can then be further

divided into seven sub-types on the basis of the case marker the first

component takes. These subtypes are: (1) 9HIATEY, (2) fgdradegey,

(3) IAACITES, (4) TG AeTET, (5) THHIATET, (6) TIFTe and (7) Fel-

qgES.

(1)) 9eHageq’’- This is an excepitonal compound type among
all d9&Y compounds and always contains the first word in
nominative case-suffix in paraphrase. For instance 3T HE& >

IAEEE, 21 AAT: etc.

109TfdT has given the 6 aphorisms from 2-2-1 to 2-2-6 for this type of compound
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(2) f&dETaeges - The compounds, where a word ending with the
second case-suffix is compounded with another nominal word
is called fgdaTdeg®s compound. For instance F@: etc. Panini
has listed out fEd™EGGES compound by few aphorisms such as
T PraTdiad e Tt (2-1-24), @4 e (2-1-25), @ET &
(2-1-26), | (2-1-27), FST: (2-1-28), AAqETN | (2-1-28).

3) ﬂﬁﬂﬁ?&"o’q - The compounds, where a word ending with the third
case-suffix is compounded with a nominal word is called TdtI-
dc3ey compound. For instance T etc.

4) %@ﬁ%@m - The compounds, where a word ending with the
fourth case-suffix is compounded with a nominal word is called
?ﬂﬁ?ﬁﬂ"ﬁq compound. For instance @m%wm etc.

5) Wﬁ?ﬂ'ﬁﬁl - The compounds, where a word ending with the fifth
case-suffix is compounded with a nominal word is called T=H-
&Y compound. For instance W etc.

(6) ‘S@Tﬁﬂ'ﬁq - The compounds, where a word ending with the sixth
case-suffix is compounded with a nominal word is called SSid-
&Y compound. For instance USTI&EY: etc.

(7) H‘Elﬁ']?l?ﬂ"o’ﬁl - The compounds, where a word ending with the
seventh case-suffix is compounded with a nominal word is
called EHIGES compound. For instance HeTNTE: etc.

. FHIRA (Descriptive compound) - The second sub-type consists of

those &Y compound, in which the components are apposition. The

components in this type of compound may be nouns or adjectives

qualifying the members. For instances =i&He:(blue clouds), didl-
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F:(one who weared yellow cloths) etc. On the basis of semantic
differences this category is further divided into 8 sub-divisions: (1)
FerRIU1-qEUE- A, (2) FerRI0I-STREE-FHINE, (3) FerRINul- S aue-HHaNg,
4) Wﬂ-‘ﬁ%—%ﬁﬂﬂﬂ, (5) dquld-\quﬂa‘ﬁulw, (6) aqawwha-
FHINE, (7) TAEIGETE-FHIRE and (8) TG UHHIE.

(1) fRNUI-gEYE-FHIRA!! :- The compounds, where the qualifier

stands at the first place and the qualificand stands at the second
place, are called as ﬁﬁw-l@qa-ﬁw compound. For instance
ASASH. (the blue lotus).

(2) FrEIUI-ITUE-FHIRG - The compounds, where the qualifier
stands at the second place and the qualificand stands at the first
place, are called as W—m—ﬁw compound. For instance
3 12

3) ﬁﬁw-wma-a;ﬁw :- The compounds, where the both the
components are adjectives, are called as ﬁﬁﬂm@m—aﬁw

compound. For instance A=Elde:, FdlHaH. 13,

(4) STHE-GEIIE-FAIREY - The compounds, where the first
component is found as IWHM (the object of comparison)
and the second component is found as AHEIEAY, are called as

Wﬁ—‘ﬁ'ﬁ—%ﬁ‘qﬂq compound. For instance %l«-—s{ﬂ'@ (the person

Ugro Fo - {10} =W SgSH, (2-1-57)

12q1o Ho - FHicqdTia Feae:(2-1-53)

1370 Ho - ThA ARARIEANS] (2-1-60)

l4qTo o - IYHHII AHITTEA: (2-1-55)

ISR ST FHE | STHTAITHT: FIROT: S HTH, | AfgfReaiea: www:
T | HERaW: 0 TATHRIRS: AIHEESA: | oF 39 g9 T8:=HeRd: 3fd A Waid | - P.7 - §H:,

TR, T5EE
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whose face is like Moon).

(5) ITHF-ITAE-FHING® - The compounds, where the first
component is found as S99 (the subject of comparison)
and the second component is found as I9HIF (the object of
comparison), are called as SHHT-I TS -FHIRA compounds. For
instance J&S=TH: (the person whose is like Tiger), MG "7 .

(6) W—ﬂ?ﬁw :- The compounds, where the SYHE-3THA
relation is found and identified as a metaphor, are known as
WW‘@NH-%’&W compound. For instance fa@n @ ¥=: > fa-
UM is the treasure.

(7) W-W - The compounds, where a STdar=® word
is compounded with a d&@=® word to which that SfcaT=®
belongs, are known as W‘lﬁ%—%ﬁﬂl@ and in this type of
compounds, the word related to €M is a qualifier and also
the first component of the compound. For instance SRR
(the STFTA city).

(8) qua??n'ﬁﬁw - The compound, where the final member of
the first component vanishes while compound formation, is

called the TFHIEIIUFEING or ITLICHITHTIRTS compound.

For instance in ?'{EW: /0T, the word 951% is clearly visible
in the paraphrase but in the form of compound the word 35t
vanishes as in JIT&IT:.

3. oL HTe-F-TTANGATEN :-

16qT0 Ho - IUM ATHGRT: THFIEN! - (2-1-56)
17q10 Go - TENEHANTER: JoIHEH, (2-1-62)
183‘[0 B ol ﬂ 2 0 Y S >
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o A5dge¥!? - The compounds where the first component denotes
the sense of negation. The d=dJ®&Y¥ compounds are formed
by prefixing the particle "d" to another word. In the form of
compound it changes to '3' before a consonent and to '3
before a vowel. For instance 3/99H. (not sufficient), 3[%: (one
which is not the horse), 3TS&IUI: (one who is not Brahmin) etc.

e UfdcgEY - The compounds where the prepositions including
indeclinables are prefixed to another word are called as qiied-
&9 compound. For instance 9ME: (eminent teacher), 31T
(one who has crossed the river HI) etc.

¢ F-dge¥ - The compounds where the first component contains
the sense of 73l and compounds are formed by prefixing the
word 'F' to anohter word are known as FAGEF! compound. For
instance $9%9: (wicked person), ®3eS:(wicked person).

e Tfddcg®Y - The compounds where the preposition are

compounded with the primary derivative and indeclinables are

called TAAegES2 compound. For instance S0, SWHA etc.
4. T - The fourth sub-type consists of those dd&Y compound, in
which the first component contains a numeral adjective and second
component contains a noun word, are known as f&3[dc3&¥ compound.

Three types of EI[dcge¥” compounds are found in usage: (1) A&l
&7 (2) ITELET] and (3) THERIET],

19970 Ho - 5] (2-2-61)

20q70 Ho - FATAIGH: (2-2-18)

2170 Ho - FITWET: (2-2-18)

22q70 Ho - FATNAIGH: (2-2-18) )

23970 Ho - ArGATANISHIEN 1 (2-1-51), @E&AgE! fg]: (2-1-52)



Semantic Classifications of Sanskrit Compounds 26

(1) Fﬂ'\ﬁ?ﬂ?ﬁiﬂ - The compounds, which contains the numeral
adjectives as first component and a secondry affixed word as
second component, are designated SIECIRIE compounds. For
instance SITHTGY:, %H'IT:R: etc.

(2) ITRUGI] - ITIG(ET] is the designation of that compound which is

compulsorily formed when another word is to be compounded
with the so formed f&] compound. Thus the compound itself
becomes the first member in another compound.?* For instance
99 ( one whose property consists of five cows.)

(3) EHRENIE] - The compounds which suggest the aggregation of a
particular thing are known as @ @&RI&T]. For instance T9a21 ( the
aggregation of five banyan tree), @@ (the aggregation of three
worlds).

5. I99-dgeN - The fifth sub-type consists of those @J&¥ compound, in
which the first component contains a 399¢ (a noun word) and the
second component contains a verbal derivative word (%d). In this
kind of compound the first member can contain any case-relation. For
instance $RTRI: (The potter) etc. It can further be divided into five
more sub-types : (1) fEETIE-TTEY, (2) TAATIZ-AIEY, (3)FqHATTR-
TGRS (4) TR TG, (5) FEATG-AGE.

(1) %W—H?Sﬁq - In this kind of I99¢ compound, the first
component contains the second-case-marker and the second
component contains a verbal derivative word (%d). For example

FR] FT 3 FRIRR:, faod et gfar fsa ete.

2Ganskrit compounds-A philosophical study- P.53-Chowkhamba Sankskrit series
office, Varanasi
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(2) JAAUIE-AGEeS - In this kind of IUIE compound, the first
component contains the third-case-marker and the second
component contains a verbal derivative word (%d). For example
It TR §d UR: etc.

3) ageﬁhqa-a?gm - In this kind of S99¢ compound, the first
component contains the fourth-case-marker and the second
component contains a verbal derivative word (%d). For example
oTd forefl gl sTe: ete.

4) W-Hﬂ'ﬂﬁl - In this kind of 399¢ compound, the first
component contains the fifth-case-marker and the second

component contains a verbal derivative word (%d). For example

3@, I 3d §: @, 2RI, SEd 3id 26 etc.

5) Hamﬁm-a?gm - In this kind of 399§ compound, the first
component contains the seventh-case-marker and the second
component contains a verbal derivative word (%d). For example
0%, S g Tgst:, T8 SEd 5 TG, etc.

6. FIEHEHI-dGET? - The sixth sub-type is of those A% compound

which are known as irregular compounds and found in the HIIHH-

HIfTU1. For instance AIAES: etc.
7. 9g49q-dc3ed - The seventh sub-type of those dc3&¥ compound which

. . oS
contains more than two components. For instance &lgdH,

25qre Ho - HYLHTREIH (2-1-72)
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3.3 EEEI I

o . . .
Tgallie compound is an exocentric compound and contains two or more

than two components. The first component may contain a noun or an
adjective and the second component contains a noun. It becomes an
adjective and it adopts the gender and number of the qualificand. For
instance T9IEA: (one who has a beautiful wife), since the word refers to
a man, WA a feminine noun changes to 9 a masculine gendered one.
On the basis of semantic differences, it can be divided into two major
divisions: (1) SHFITEELUI-TEAE and (2) SATREUI-TEHAI.
1. EHTAITRUT-TEATE - This is the designation given to those compounds
where all the components contain the same case-endings and same

gender. For instance JidH. 3R 769 &: > Jiaie:, 3&e: aWL: 34 §: >

AT, € Wl F6 |: > TGIEA: ete. It is of 11 types: (1) f&-

A, (2) g, (3) TqedeEdt, (4) AR, (5) -

FEAGAIRE, (6) HEEEAGAIT. (7) feraras-agAit, (8) Sedaas- g, (9)

SYHYEIE-TEAITE, (10) TEXuTSaw-agale and (11) FEUTESEHh- g -

(1) @?ﬁﬂTﬁH@ﬁﬁ% - The TgAIE compounds, which contain the second
case suffix, come under this type of compound. For instance HI-
99 3w 4 |: > THieH: .

(2) aﬁlmeiaga‘\% - The TgaItE compounds, which contain the third case
suffix, come under this type of compound. For instance $¢: I:
I E: > Fe:,

3) ﬂ@ﬁﬁﬁ@é]ﬁ .- The gHIf& compounds, which contain the fourth

case suffix, come under this type of compound. For instance 3%
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6 6 |1 > adel.

4) Wﬁﬂ@é\% - The FgalTE compounds, which contain the fifth case
suffix, come under this type of compound. For instance e
qUIIfel T, &: > Jieidqut:.,

5) Wﬁﬁ@éﬁ% - The TgeitE compounds, which contain the sixth case
suffix, come under this type of compound. For instance 9=l
T T | > TR,

(6) Hﬂm’ﬁa@% - The gt compounds, which contain the seventh
case suffix, come under this type of compound. For instance &1
JEHT: AR |: > FNIES:.

(7) TFaTa®-Sgaie - The agalle compounds, which contain names
of directions, are designated as l’ﬁ“ﬂﬁﬁ%—ﬂgﬁﬁ? compound. For
instance JeT: ITET: 4 Rl GEwH, > GETT.

(8) EEANEUG-SgAIlE - The TgaAIlE compounds, where both the
components are numeral words, are known as H@I‘W—a@%

compound. For instance g ar : @ > g

) Wﬁﬁﬁﬁ-ﬂ@ﬁ% .- The wgHIR compounds, where the first
component conatains a STHEETE® word, are called as Wﬁqﬁﬁ-
Tgalle compound. For instance ¥ 3d H@ T&: €1 > FEHHI.

(10) TEWIEg®-9gaie - The Fgaile compounds, where both the
components alike in form (and represented by the word-
pattern) @ (or) a4 (are compounded with each other, the
compound) conveying the meaning ¥GH_ "this". For instance &-
USIEUE.

(11) TEUIYIF-agale - The FgAIE compounds, where both the
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components alike in form (and represented by the word-
pattern) a3 (or) a4 (are compounded with each other, the
compound) conveying the meaning 3§, "this". For instance %-

ANl N

2ATRIRA.

2. AU TEANR - AIFUEEAIR is the designation given to those types of
compounds where all the components do not contain the same case
and gender. For instance é’cﬁ o= a: > é”&lﬁg In this instance,
the word 8% is in seventh case-suffix and the word 8T contains first
case-suffix. There is no rule given by HIfUT to identify the conflicted
case suffix in FATTHEUEGATE compound. For instances
TIET 90T I |: > TETT:

FUS HS T T: > FISHS:

0TS T2 I q: > VST

[ FUS T |: > [ATHUS:

It can also be divided into six types of SATEI-agal compound : (1)
ST ARG, (2) Hee - agde, (3) ife-afrm-
AN, (4) STAAGETG- ATEN-TEANE, (5) ToLTEATE and (6) TETE-TgATE.

(1) FERUg-ANF-TgAE - The gl compounds where the second
member of compound contains a numeral word and first member
may contain an indeclinable word, are designated as H@J\W-
EQTW—Q@T%. For instance @i oY g d > IUGM:.

(2) W—W-ﬂﬁ% .- The gAIE compounds where second
component is prefixed by the word & or ®& are known as
H@W—W@W—E@é\ﬁ compound. For instance |3=: or H&Y:.

(3) STG-ATFUT-TEAN :- The FgAIE compounds where the first component
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contains prefixe including indeclinables are know as Wiq-Sgaie
compounds. For instance femtan e T, |: > e,

4) W@E—W—@% - The FgaiE compounds, where the first
component conatains a SYAEATE® word, are called as B’Wﬁfﬁiﬁ-

AIHO- TN compound. For instance 3% 39 & & G: > ITHE:.
(5) T - The gl compounds where the first component contains
the prefix the particle "A". For instance 3{fa@ : 3 T&€I §: > GH:,
HTTATH, 9 I |: > TIH: etc.
(6) W—aﬁ% - The a@“ﬁ% compounds where more than two components
are found, are called as a@@@éﬁ% compounds. For instance 99 1949+:,

<
ERSHA: etc.

3.4 &a (Copulative compound)

&8 compound is a copulative compound and contains two or more than
two components. &8 compound is also an exception of binary. In this
compound, the components may have nouns or adjectives. The gender of
the last component becomes the gender of the whole && compound. The
attribute ' connects all components into a paraphrase. The main purpose
of construction of &8 compound is to show the aggregation of individuals.
For instance THHIATSEHINRARITHT: ST STe3fed ( TH, SidT, $EH0, ¥d and -
I are going to Ayodhya city.), In this sentence THHIATSEATTALTIIHAT: is a
&8 compound formed from the five padas T, Hidl, H&AUI, ¥d and TIH and
all of them are going to Ayodhya city.

On the basis of Semantic differences, && compound can be divided into

three types: (1) TAAC-EE, (2) THRR-G3 and (3) TH2N-G75.
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(1) SWA-85 - The &8 compound, where all the components are
independent and predominent, are designated as INA-EE
compound. The number of a &8 compound depends on the
number of components and the gender of a && compound depends
on the gender of last component of the compound. For instance
TEd (Rama and Sita), SERUFATIHHEERITENNT (FEU-TMEH, and
-, and FHET-2MEM) etc.

(2) ®HERN-85 - When &8 compound gives the sense of aggregation
of individuals then it becomes the HARERR-&<€ compound and the
aggregation of individals is the main purpose here, so it gets neuter
gender for whole compound and the number of this compound
becomes singular. For instance g = qRITT 9 U9l THER: > 95d-
RIS, (The aggregation of H and TRAT).

(3) THRIN-B, - ThRIY-5, is an exceptional compound. Tk: R o=l B-
d T is the characterisation of this compound. For instances e,
The word fIa@ means #TaT = foar = (Mother and Father) but in the
compound formation only the last component remains.

Apart from these types and categories two more types of compounds also

have been found in usages :- (1) FaGHHE and (2) feEReeEm.

1. HAS-FHE is an excepitonal compound and found rarely in usages.
For instance ‘1?? ‘K‘ﬁ ‘E‘{'j
2. fg&fh-99E is a kind of compound where the first component occures

twice and frequently found in usages. For instance IR, STEASH: etc.,

26 o . an ©

c : AHTEEEIHTEEA . FaGaHTE : | 9Td, 969 GHIEET AR 719 Had, @:
A : HASTIE : 3 AR (FTEd) |
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This classification as mentioned above is based on the standards

27 This classifications needs

developed by the Sanskrit Consortium
further refinement. For exampls S99¢dJ&¥ compound and TR
compound may be further classified into more sub-types depending on the

feMfh the first component takes.

"Developmet of Sanskrit Computational Tools and Sanskrit-Hindi Machine
Translation System" which is sponsored by Ministry of Information Technology,
Government of India, New-Delhi.



Chapter 4

Compound Segmenter!

The task of a compound segmenter is to split a compound into its
constituents. The segmentation of a compound requires the sandhi rules
and a morphological analyser which can validate the splits. If we see
Panini's Astadhyayi, we find the rules only for sandhi synthesizing not
for splitting and sandhi is mandatory in compounds. The compound
segmenter uses the same sandhi rules for splitting. Sandhi rules are in
the form of triples (x,y,z) where x is the last letter of the first component
and vy is the first letter of second component. z contains the euphonic
changes of x+y. For instance in the compound word Haied: (The rising of
Sun), the word H\& is the first component and the word 343: is the second
component. The letter '3 is the last letter of the word FE;l which is x and
the letter 'I' is the first letter of the word 3Id9: which is y. The z is x+y
which is '#'. To split a sandhi thus we need the sandhi rules in reverse

form, viz given z, what are the possible values of x and y. The sandhi

'This work is jointly done with Vipul Mittal, an MS student of IIIT-Hyderabad.
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rules are deterministic, i.e, given x and y, z is unique [with an exception of
some ﬁmm, where sandhi is optional, and thus x and y are unchanged in
these cases]. These sandhi rules when inverted, lead to non-determinism.
To illustrate, consider the following sandhi rules

at+a->a

at+a->a

When inverted, given 'a’, now there are 4 different ways of splitting it. All
these possible splits should be constrained further to be morphologically
valid. As an example following these rules, the string 'tatrapi' can be split
in 4 different ways as

tatra + api

tatra + api

tatra + api

and tatra + api

Of these only the first one will be validated by the morphological analyser
and the other three answers wil be discarded. The above two words viz
tatra and api are padas themselves and in case of tatrapi mere sandhi has

taken place. This is not an example of compound.

Issues in identifying the components of a compound :

When a compound is split, among the resulting components only the

last one has a vibhakti and hence can be recognised by a morphological
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analyser. But what about the components in the initial position? The

compound THIGH:, suppose split as TH-ATSHT:, ATAA: will be recognised by

the morphological analyser. T will also be analysed as a a9 form of

. But as is obivious, in case of UAIGH:, TH is not in the &rad form. Here

TH is in its compound initial form (W‘lﬁqﬁ). There are various similar

issues related to identification of components of a compound, which are

described below.

(a) Identification of THMYIYE :- The component undergoes various
morphological changes when it is used as a H‘-TIF‘{EQFE These changes
are :

(i) Deletion of 9. from fc9ig® :- The A’ at the end of a WUl gets
deleted when used as a C@‘E For instance TS, becomes ST in
(ii) EEEMEM - In some cases the E@I‘E changes to 4. For instances the

word 8H becomes 8% in FTHMATH 2.

(iii) aéﬁum - In some cases the 'ﬁqa gets qu'écl For instance the word
¥ becomes ¥ in ¥Fie:>

(iv) ST - In some cases the ‘IEcFE gets substitute by another

word. For instace the word ?ﬂﬁl%& becomes {S in disj@lda”?:, the
word ¢4 becomes &g in éfa"@: etc.
(b) Identification of THE-ITIS :-
(i) Bound morphemes :- In case of S99a-dc&¥, we come across

bound morphemes such as ®R:, /:, S: etc as in FHRN:, V-

2 SERNRMISH! ISR (6-3-65)
3 gl gEAISE: ST (6-3-61) - o Fo
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E?ET:, 3TUST: etc. The components &N, 2, SI: are not 9gs, they do
not have an independent exisence. But in case of a compound
identification, these are to be recognised. %W, &, ST being the -
W%Es, take all the possible vibhaktis and thus follow the regular
paradigms.

(i) Change in gender :- Two types of compounds viz the 3=-
@ and Fgdlle may advocate gender changes in the final
components. For example in SWT§H, the noun I{T which is
in feminine gets neuter gender due to the &M@ compound
formation. Similarly in case of 9dRaR:, the second compound -
L is in masculine gender whereas the gender of 3% is neuter.

(iii) Change in number:- Consider the word 31<i®H, This will be split
by a compound splitter as 3T4-V%MH, Here the C@‘l& 314, should
be recognised as a variation of 9 and &M, should be recognised
morphologically. Though W& is used many senses, in this context
TF is used to indicate the H&I(number) and hence can't have
@hId. form which is in plural. But it needs to be recognised. So
this is to be treated as a special case.

(iv) Change in paradigms :- In case of 9 3TR< = T = 3fhEA:?,
we require a new paradigm to recognise the word =

To handle these phenomenon, a seperate module for morphological
analysis is added. This module is invoked only on HAYETE, and FHIEI-

Tgs avoding the overgeneralisation.

‘qrofo - HYLATHRIGIA" (2-1-72)
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4.1 Segmenter

The task of a compound segmenter is to split a compound into its
constituents. The segmentation of a compound requires the sandhi rules
and a morphological analyser which can validate the splits. The segmenter
uses reversed sandhi rules and first produces all the possible splits.
These splits are then validated by morphological analyser and then the
correct splits are selected. This filter produces multiple possibilities. These
need to be ranked so that most probable answers are easily accessible.
We describe below the GENerate-CONstrain-EVALuate cycle of the
segmenter attributed to the optimality theory.

4.1.1 Scoring Matrix

A parallel corpus of Sanskrit text in sandhied and unsandhied form is
being developed as a part of the Sanskrit Consortium project in India. The
corpus contains texts from various fields ranging from children stories,
dramas, puranas to Ayurveda texts. From around 100K words of such a
parallel corpus, 25K words were found to be in sandhied forms. These
25K parallel instances of sandhied and unsandhied text were extracted
and were used to get the frequency of occurence of various sandhi rules.
If no instance of a sandhi rule is found in the corpus, for smoothing, we

assign the frequency of 1 to this sandhi rule.

We define the estimated probability of the occurrence of a sandhi rule as
follows::

Let R; denote the i'" rule with fg, as the frequency of occurrence in the
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manually split parallel text. The probability of rule R; is:

R,

Py = 2

' Z?:l ij

where n denotes the total number of sandhi rules found in the corpus.

Let a word be split into a candidate S; with %k constituents as <
c1,Ca, ..., ¢ > by applying k—1sandhirules < Ry, R, ..., R,_1 > inbetween
the constituents. It should be noted here that the rules R, ..., R;_; and the
constituents ¢y, ..., ¢ are interdependent since a different rule sequence will
result in a different constituents sequence. The sequence of constituents are
constrained by a language model whereas the rules provide a model for
splitting. We define two measures each corresponding to the constituents

and the rules to assign weights to the possible splits.
4111 Language Model

Let the unigram probability of the sequence < c¢i,¢s,...,cx > be PLg,

defined as: .

PLs, = [[(P.,)

r=1

where P, is the probability of occurrence of a word ¢, in the corpus.
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4.1.1.2 Split Model

Let the splitting model PSs, for the sandhi rules sequence
< Ri, Ry, ..., Rj,_1 > be defined as:

k—1

PSs, = [[(Pr.)

r=1

where Pp, is the probability of occurrence of a rule R, in the corpus.

Therefore, the weight of the split S; is defined as the product of the

language and the split model as:

PLg. x PSg,
W, — PLs #PSs)
’ k
where the factor of k is introduced to give more preference to the split with

less number of segments than the one with more segments.

4.1.2 Segmentation Algorithm

The approach followed is GENerate-CONstrain-EVALuate. In this
approach, all the possible splits of a given string are first generated
and the splits that are not validated by the morphological analyser are
subsequently pruned out. Currently we apply only two constraints viz.
e C1: All the constituents of a split must be valid morphs.
e C2 : All the segments except the last one should be valid
compounding forms.

The system flow is presented in Figure 4.1.
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mahA-+ISaH

mahA-+iSaH mahesaH
maha-+1SaH

maha-+iSaH

mahe-+SaH -
mah-+eSaH

ma-+hA-+1SaH
ma-+hA-+iSaH .
ma-+ha-+isaH |/ Candidate Set

ma-+he-+saH

m-+aheSaH ¢
m-+ahA-+1SaH
m-+aha-+1SaH
m-+aha-+iSaH ¢
m-+ahe-+SaH
m-+ah-+eSaH candidate Set

mahA-+ISaH ‘ L
maha-+ISaH | Word & rule
ma-+hA-+I1SaH | EVAL

ma-+ha-+iSaH
mahA-+I1SaH
Optimal Solution

Figure 4.1: Compound Splitter : System Data Flow.

The basic outline of the algorithm is:

1.

Recursively break a word at every possible position applying a

sandhi rule and generate all possible candidates for the input.

. Pass the constituents of all the candidates through the morph

analyser.

. Declare the candidate as a valid candidate, if all its constituents are

recognised by the morphological analyser, and all except the last
segment are compounding forms.

Assign weights to the accepted candidates and sort them based on
the weights as defined in the previous subsection.

The optimal solution will be the one with the highest weight.
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4.1.2.1 Results

The current morphological analyser® can recognise around 140 million
words. Using 2,650 rules and a test data of around 8,260° words parallel
corpus for testing, we obtained the following results:

* Almost 92.5% of the times, the first segmentation is correct. And
in almost 99.1% of the cases, the correct split was among the top 3
possible splits.

* The precision was about 92.46% (measured in terms of the number
of words for which first answer is correct w.r.t. the total words for
which correct segmentation was obtained).

* The system consumes around 0.04 seconds per string of 15 letters on
an average.’

The complete rank wise distribution is given in Table 4.1.2.1.

Rank | % of words
92.4635
5.0492
1.6235
0.2979
0.1936
>5 0.3723

Ol | = | WO | N | =

Rank-wise Distribution

Savailable at http :/ /sanskrit.uohyd.ernet.in/scl/morph/index.html.
®The test data is extracted from manually split data of Mahabharatam.
"Tested on a system with 2.93GHz Core 2 Duo processor and 2GB RAM.
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Constituency parser

Constituency parser takes an output of the segmenter and produces
a binary tree showing the syntactic composition of a compound
corresponding to each of the possible segmentations. Each of these
compositions show the possible ways various segments can be grouped.
To illustrate various possible parses that result from a single segmentation,
consider the segmentation a-b-c of a compound. A compound being
binary, the three components a-b-c may be grouped in two ways as <a-
< b-c>> or <<a-b>-c>. Only one of the ways of grouping may be correct
in a given context as illustrated by the following two examples.
1. <eka- < priya - darSanah >>
(Gloss: <one - <who is dear to all>>)
2. << tapas-svadhyaya > - niratam >
(Gloss : <<Penance-self-study>-constantly engaged>)
With 3 components, only these two parses are possible. But as the number

of constituents increase, the number of possible ways the constituents can



Sanskrit Compound Constituency Parser 44

be grouped grows very fast. For instance a compound with 4 components

a-b-c-d can be grouped into 5 possible ways. See the figure below.

First possible way to be grouped Second possible way to be grouped
<L<La-h>->-d> g@’ <<a-<h-0>>-(>
Third possible way to be grouped Fourth possible way to be grouped

<<ah><-0>> (Q, <a-<<h-C>-0>>

Fifth possible way to be grouped

<a-<h-<c-gd>>>

The constituency parsing is similar to the problem of completely
parenthesizing n+1 factors in all possible ways. Thus the total possible
ways of parsing a compound with n + 1 constituents is equal to a Catalan

number, C,, (Huet, 2009) where for n > 0,

(2n)!
(n+1)!n!

n:
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5.1 Developing the constituency parser

We observed that the correctness of parse is governed by the semantics.
It is the semantic compatibility (@) between two words which decides
the parse of a compound. We found that there are two approaches to decide
semantic compatibility (Hmeﬁﬁuﬁm) -
1. Use the semantically rich lexicon and follow a ruled based approach.
2. Use statistical patterns of manually parsed compounds to decide the
more likely parse.

We follow the second approach to parse the compounds.

52 Statistical approach

The task of the constituency parser is then to choose the correct way
of grouping the components together, in a given context. The meaning
compatibility among the components rule out the possibility of most of
the parses, eventually leading to one or may be a small number of possible
parses. The Sanskrit Consortium has developed a manually tagged
Sanskrit corpus of around 600K words, which has around 80K instances of
compound words. These compounds are split into components and also
tagged and parsed manually. Table 1 describes the corpus statistically.

The compounds with more than 2 components need parsing. Though
Sanskrit is a free word order language, the components in a compound
have a fixed word order, and they also show natural tendency towards
left branching. In other words, in case of a compound with 3 components,
the number of compounds with <a-< b-c¢ >> pattern were less compared

to <<a-b >-c>. The manually tagged data supports with this observation.



Sanskrit Compound Constituency Parser 46

Table 5.1: Statistical details of corpus

Total size in words 150K
Total compounds 30K
Compounds with 2 components 21,384
Compounds with 3 components 6,809
Compounds with 4 components 1,321
Compounds with 5 components 319
Compounds with more than 5 components | 133

Table 2 and 3 show the number of occurences of different parsed structures

with 3 components and 4 components.

Table 5.2 : Compounds with 3 components

Pattern no. | Patterns No. of instances | Instances (in %)
1 <a-<b-c>> | 466 6.8
2 <<a-b>-c> | 6343 93.2

Table 5.3 : Compounds with 4 components

Pattern no. | Patterns No. of instances | Instances (in %)
1 <a-<b-<c-d>>> | 5 0.3

2 <<a-<b-c>>-d> | 127 9.7

3 <a-<<b-c>-d>> | 33 2.3

4 <<<a-b>-c>-d> | 832 63

5 <<a-b>-<c-d>> | 324 24.7

5.2.1 Base line

As is clear from Table 2, the data is skewed and even a simple algorithm
assigning the most frequent pattern will result into 93% and 63% accuracy

in case of compounds with 3 components and 4 components respectively.
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522 Our algorithm

The main task here is to decide the compatibility (samarthya or yogyata)
between the two words. The conditional probabilities are used to decide
the compatibility between a pair of words. Let us take an example of
3 component compound viz a-b-c. Now, to decide the parse of this
compound essentially means to decide whether the component *b' joins
with "a' or with “c". In a compound <a-b>, the component "a' is termed
as iic (in initio compositi or samasa ptrvapada) and the component “b' is
termed as ifc (in fine compositi or samasa uttarapada). Thus to decide the
parse of a compound a-b-c, one should know whether it is more likely to

use 'b' as an iic or ifc refer the figure below.

. /Y

C
a [ B

However, only the unigram frequencies to this effect are not sufficient,
since the context, or the affinity of other words viz. "a' and “c' in the
context plays a role in determining the parse. For examples in case of
four components as a-b-c-d, the component b is a final component in two

parses and initial component in three parses as shown in figure -

b as final component:
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\\C

° © a ©< “

b as initial component:

‘;>>\ ° az\

[ o d
a c

c d .

So to fix the parse, we need one more parameter viz whether 'b' is related
to 'c’ or 'd', in other words whether 'b' has more affinity towards 'c' or 'd’,

and this fixes the parse as shown below -
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So what is needed is the comparison between two conditional probabilities
viz. the probability of 'b' as an ifc given that “a' is an iic and the probability
of 'b' as an iic given that “c' is the ifc. If the difference between these
conditional probabilities is above a certain threshold, we use this
information to decide the parse. When the conditional probabilities are
not available or if the difference between the two conditional probabilities
is not significant, we resort to the unigram frequencies, and based on the

probabilities of b’ as ifc versus iic, we take the decision.

Thus the algorithm may be summarised as:

let p(ab) = probability of b as ifc given a is iic,

let p(bc) = probability of b as iic given c is ifc,

let p(bf) = probability of b as ifc,

let p(bi) = probability of b as iic,

and let T = threshold.

if((p(ab) - p(bc)) > T) then the parse = <<a-b>-c>

else if( (p(bc) - p(ab)) > T) then the parse = <a-<b-c>>
else if ( p(bf) - p(bi) > T) then the parse = <<a-b>-c>
else if ( p(bi) - p(bf) > T) then the parse = <a-<b-c>>

else the default parse = <<a-b>-c>

We used the manually tagged corpus for training as well as testing. The
data was randomised and split into 5 sets, and a 5-fold testing method was

adopted, eachtime reserving one set for testing and using other 4 sets for
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training. The average results of this experiment using the above algorithm

are shown in Table 4 below.

Table 5.4 : Performance of compounds with 3 components

Patterns No. of Instances | Pecision (in %) | Recall (in %) | F-measure
<a-<b-c>> | 471 57 45 0.503
<<a-b>-c> | 6408 95.8 97.27 0.965

The average performance is 93.66% which is very close to the baseline,

and at the same time the F-measure for the frequent pattern is also close

to 1.

This algorithm was extended to more than 3 components, and the

performance for 4 components is shown in the Table 5.

Table 5.5: Performance of compounds with 4 components

Patterns No. of Instances | Pecision (in %) | Recall (in %) | F-measure
<a-<b-<c-d>>> | 5 50 20 0.28
<<a-<b-c>>-d> | 127 80 3 0.57
<a-<<b-c>-d>> | 33 - 0 -
<<<a-b>-c>-d> | 832 72 87 0.788
<<a-b>-<c-d>> | 324 79 40 0.53

The average performance for 4 components is 65.4% which is again just

above the base line performance.

Examples with more than 4 component compounds being very small

in number, their precision and recall are not measured. The overall

performance for 5 test data is given below.
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The average success rate is 86.5%.

Srno. | Total compounds | Correct instances | Wrong instances | % success
1 1738 1493 245 85.9
2 1734 1503 231 86.6
3 1729 1497 232 86.5
4 1759 1532 227 87.0
5 1737 1500 237 86.3
53 Analysis of results

Analysis of wrong results of 3 component compounds is carried out
manually to understand the reasons behind failure. The failures were of

two types.

(a) Where the instances of <<a-b>-c> type were parsed by machine as
<a-<b-c>>, in most of these cases “a' was an adjective of “b'". Since the
evidences of <b-c> were found in the corpus, whereas the evidences
of <a-b> were not found, machine did not have the information
that “a' is an adjective of “b'. Hence these compounds were wrongly
classified as “<a-<b-c>>'".

(b) The cases where the instances of <a-<b-c>> were classified as <<a-b>-
¢>, as such instances of <b-c> were not found in the training data and

machine produced the default left branching parse viz <<a-b>-c>.

5.4 Conclusion

1. The iifs or the final components in the compound are inflected.

Instead of the inflected words, if the probabilities are calculated
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taking into account the roots, the performance should increase.

. The compounds are of 4 different types with head being different in
each of them. The algorithm described in section 4, should take into
account the compound type to decide its association. For example,
consider the compound <<a-b >-c >where <a-b >is an avyayibhava
(left word to be the head), then it is not 'b' which will be associated
with 'c’ but it is 'a’ which will be associated with 'c’. The current
implementation since does not take into account the type of a
compound, it produces wrong grouping in such cases. The algorithm
needs to be thus modified to take into account the compound type as
well along with the association.

. The components of compound together convey a unique meaning
which is over and above its components meanings. So had the
components of a Sanskrit be written seperately, they are very
close to a Multi Word Expression (MWE). So the problem of
constituency parsing of Sanskrit compounds then is directly relevent
for determining the association of words within a MWE with each
other. The insights gained in handling compounds will be directly
available for handling MWEs of Indian languages.
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Sanskrit compound type identifier

6.1 Type Identifier

After getting a constituency parse of a compound, the next task in the
compound analysis is to assign an appropriate operator (tag) to each non-
leaf node. This operator then operates on the leaf nodes to produce the
associated meaning. For instance,

<<sumitra-ananda>-vardhanah>
is tagged as
<<sumitra-ananda>T6-vardhanah>T6
Tag specifies the relation between the components. This relation is
semantic in nature and is not expressed by any morpheme. So it is only the
semantics of the components involved that determines this relation. Hence
unless one knows the Tgs (the meaning of a word) of the components,
one can't determine the meaning of a compound. That means deciding the
relation between the components is not easy. There are two basic questions

one needs to answer.
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1. What is the nature of the relations ?

2. Where are the clues that help in deciding the relations ?
Below we give two examples that help answer these questions. Consider
the compounds TWIEN:, RRAYA: and J&RMEI. In the first case the relation
between Tl and T&H: is that of servant-master (H&Ha®IE:), in the second
it is father-son (FAI-goERa=:) and in the third case it is part of (31994-
FaaErRa:). However, in all the three cases instead of specifying these
deeper relations, the relation between the components is expressed by
the genetive case suffix in the paraphrase of these compounds as Usi:
J&Y:, SIS G: and 3 W, and hence these are classified as S8id-
<J&Y. So, for deciding the relation between components, instead of deeper
semantic analysis, we resort to the Paninian classification of compounds.
At the same time it was observed earlier the coarse grain distinction of
compounds into four major classes is not sufficient. We need the fine grain

distinction, as specified in Appendix - B.

Now consider another compound TH#&X:, depending on the context this
may mean
a) THETE! S5
b) T 9 T A:
c) THE S
In the first case it is EFﬁW, in the second case it is E@Eﬁ'l% and in the third it
is W81 eg&9. Though the semantic content of the components is the same in
all the three cases, the relations between these components is determined

by other words in the context.
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Thus the compound type is guided by the paraphrase of a compound,
the paraphrase depends on the context, and the present day computer
technology is still not fully equipped to handle context. So on the face of
it the problem seems to be difficult to handle. However a close look at the
Panini's sttras dealing with compounds, provide us a lot of semantic clues.
For example, look at the following stitras
" T auf e Tt (2.1.24)

"N FFATE TUTEER" (2.1.30)
"STA[ FFA (2.1.34)
g " (2.1.37)

Each of these gives a criterion either in terms of semantics or as a list of
possible components in a compound of a particular type. This helps in
deciding the compound types. However, such rules do not cover all the
cases. Only for a few type of compounds, which is typically a closed list,
the rules are provided. To decide the type in all other cases, we need to

look at the semantics of the components involved.

There are two possible ways to handle the semantics. The first one is
to use semantically tagged lexicon and build a rule-base for identification.
Another approach is to use manually tagged corpus and machine learning
algorithms to develop automatic identifier. In what follows we first look
at all the relevent siitra from Panini and discuss the feasibility of their
implementation. Next we discuss the building of automatic tagger using

the manually tagged corpus and some simple statistical insights.
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6.2 FHEEE®RESs from Panini's Astadhyayi

In the whole Astadhyayi the process of compound formation is optional
and comes under the sitra {1 "2-1-11" That is the speaker has an option
to use either a paraphrase such as Ugl: 3&8: or a compounded form USTIEY:

to express the same meaning. There are a few exceptions to it viz. F=Tiw.

Given a paraphrase Panini describes the process of compound
formation. To be precise, the process starts with the HSAFF-E and not
the Si®-f5&. Then the order of the components is decided followed by its
type, the process then deals with the elision of the vibhakti of intermediate
components, assiging the svaras, addition of the certain suffixes to change

the gender if neccessary and finally the compound form is generated.

The s dealing with compounds then can be broadly classified into two
types
a) ¥s that deal with the semantic content to decide the type of a
compound.
b) s that deal with the process of compound formation involving
(i) deciding the word order
(ii) deletion of iR
(iii) assigning a &Y
The second type of §ls are thus useful from generation point of view. They
deal with the morpholgy and phonology. The first type of s provide
semantic clues for deciding the type of a compound. See the Appendix-
C. We describe below whether each of these s is useful in deciding

the type of a compound, followed by the difficulties in using some of
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them computationally. To explain the aphorisms below, we have reffered
the books "The Astadhyayi of Panini"! and "The Siddhanta Kaumudi of
Bhattoji Dixita"?.

6.2.1 IEINE:
1. 93 - "7 foniih-aeiie-on s e e - aaiid-2eeTg ... - 2.1.6

Meaning - An indeclinable (is invariably compounded with a case-
inflected word) conveying the meaning of (1) a case suffix, (2)
nearness, (3) prosperity, (4) misfortune, (5) absense of a thing, (6)
passing (of a particular time), (7) not (the proper time) now, (8)
reputation of a name, (9) after, (10) yatha, (11) one coming after
the other, (12) simultaneity, (13) resemblance, (14) fittingness, (15)
totality, (16) end (the compound being called avyayibhava).
Description - This is a vidhistitra as well as a sajiiastitra. This
aphorism provides a list of semantic clues to the initial component
of a compound of type W—‘{gfﬁ—iﬂaﬁﬂﬁ. Below we give a list of
examples.

(1) ¥R (a case suffix) - SRR is an example of fenafhe=e and &4 3fd
is its paraphrase. Here 34 is an indeclinable word and it forces
the word &R to be into seventh case-suffix.

(2) R (nearness) - SYUH_ is an instance of @rf. Here the word
39 indicates the meaning nearness' to TS and it also indicates

that the second component will contain the sixth case-suffix. U=i:

Vol-V and VI, written by S. D. Joshi and JAF. Roodbergen, Published by Sahitya
Academy
2Srisa Chandra Vasu, Published by Motilal Banarssidas publishers
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THITH, is the paraphrase of ST,

(3) |\ (prosperity) - AT aqfe: is the paraphrase of HH. and it
is derived in the sense of @qf&. Here § is an indeclinable word.

(4) FhE (misfortune) - gﬁaﬂq and @SIE!T'\WF[ are the instances of &fs.
Here gX is an indeclinable word and it is used in the sense of
misfortune.

(5) M@ (absense of a thing) - I is an indeclinable which is mostly
used in the sense of absense. For instance ﬁlﬁfiﬁ'& means -
FIUMH, FT9: (absense of flies).

(6) AT (passing (of a particular time)) - the word IFI means
passing, departure or destruction of a particular time. For
instance &AM means wE srca: (the snows have passed).

(7) G (not (the proper time) now) - The word A suggests a
time which is not proper to do. For instance Hfcicdg®d, derived in
the sense of STHRTE TAHTFEHEHIAIS: the rejection of the present
for use'. The FIRTEGN explains that 7% means 3T=31EA ‘cloak’.
So the compound means that now is not the proper time to wear
a cloak.

(8) SIE{Q@TCIEI (reputation of a name) - gfeamun derived in the sense
of TERIEIAT TG (the fame of a name). Here the word 9T is a
reputed name.

(9) 9=Td, (after) - In the sense of after indeclinables such as 319 are
used. For instance 3T means [&9M: 9201, "after the Vishnu'".

(10) 2O (yatha) - The word 391 has various meanings such as -
7d(Capability), T T(pervasion), qereHfg i (not going beyond
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the word's meaning) and ®€29H(Similarity). For instances 13-
TH, TG, A etc.

(11) GTIEIFE’i (one coming after the other) - As AT Ul Wa=a: (let
your honors enter in the order of seniority)

(12) T (simultaneity) - The word &9=H_ is derived in the sense
of FRUT I, or FHETHL.

(13) R (resemblance) - @8R4, derived in the sense of & &
'one similar to a monkey'. Why mention ®HI€33 as a separate
category, if H@€2H has already been stated as one of the meaning
of IA? The idea is that by this separate statement of HEIH
compound-formation can also be justified when the notion of
HIE29 is not the main one, but the subordinate one.

(14) G (tittingness) - @& 'in a way fitting for a Brahmin'.

(15) |Red (totality) - HJUH, ITEEUd 'He eats right down to the
grass'.

(16) 1= (end) - & I 'he studies up to the end of (the section on)
.

Clue for the type identification - Though it is not possible to decide

the type of compounds in all the cases listed above, still a few can be

classified automatically. If the initial component is an indeclinable
such as ¥, 94, 39, §H, ] etc. and the final component is in neuter
gender then the compound may be an W-@W-W :

. T - "IEEIIN” (2-1-8)
Meaning - (the indeclinable) dEd in the sense of 3TIURU
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(specification) (is invariably compounded with a case-inflected
word the compound being called &)

Description - The current aphorism requires the context of ST
(limitations) to decide the type of an &M@ compound. For
instance ATEGIHH (TTa: BHT: A ST=GATUTHT:).

Clue for the type identification - If the 13@[‘13 is qdd. and 3T is

in neuter gender then the compound may be an W—W—W
compound, and such compounds typically carry the meaning

ST,

. G - "Gl A (2-1-9)

Meaning - A case inflected word (is invariably compounded with
the indeclinable) prati in the sense of matra "a small quantity" (being
called /=ERTE).

Description - A word ending in a case-affix is compounded with
the word ¥fd in the context of matra (a small quantity) and the
compound is called an M.

Clue for the type identification - If the ITRYg is 9fd the compound
may be an THI-3TRUE-IFEIME and the meaning of i is a small
quantity. These are very rare and the only instances we know of
are g99(d "a small quantity of soup" and 2#id "a small quantity of

vegetables".

. G - "SRR R (2-1-10)

Meaning - (The case inflected words) aksa "(cubic) die", Salaka
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"(oblong) die" and numerals (are invariably compounded) with pari.
Like previous aphorism (2-1-9), this is also a special rule of .
The compound is confined to words denoting loss in gambling
(being called T==EMME).

Examples - 31&R (an unlucky throw of dice), FSHRMNR (an unlucky
throw of oblong), WR9R (an unlucky throw by one over).

Clue for the type identification - If the ‘EQFE contains the words
such as ¥, IS or numerals like T, etc. and the ITEE contains

an indeclinable word R then the compound may be of type ¥/=d-
ERICERERITICH

. 99 - "URERGEd: = (2-1-12)

Meaning - (The case-inflected words) apa, pari, bahis and (those
ending in) -39 are marginally (compounded with ( a word ending
in) an ablative case ending (being called T=HAME).

Examples - 9] GER: or 39 &I @ER: (The world is outside or
away from Vishnu). So also a’l%a?nq or ET'\E‘JI%HT?'L (outside the village)
etc.

Clue for the type identification - If 999¢ contains ¥, 4R and =&
or any word ending in -afic and the 3Wq contains either fifth
case-affix or is of nueter gender then the compound is called ¥=43-
JEYE- ST .

Problem - Here, it is not easy to know whether the initial word
ends in =F_ or not unless we have the derivational information of

all the head words in the lexicon. However, if such a rich lexicon is
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available, then automatic identification is possible.

. G - "o TS (2-1-13)

Meaning - (The case-inflected word) 3 in the sense of G || (limit
exclusive) or MMM (limit inclusive) (is marginally compounded
with a case-inflected word (being called a:laﬁ]ma).

Examples - 3MESYS or MRS I8 od@: (It rained up to
Pataliputra), STHANH, or MFHGA: TF: TMUE: (The fame of Panini
extends even to the boys) etc.

Clue for the type identification - If the '@fﬁ contains the
indeclinable 3¢ and the STUE is either in neuter gender or
tifth case-affix then the compound is an W—W—W .

. T - SIS SR (2-1-14)

Meaning - (the case-inflected words) R and 9fd in the sense of
IS "direction towards" (are marginally compounded) with
(a case-inflected word indicating) the goal (the compound when
formed, conveying the same meaing as the formally corresponding
wordgroup and being called STEEMME).

Example - SRR &M Tdi=d "the moths fall in the direction of fire"
etc.

Clue for the type identification - If the first component is either
31T or ‘Jﬂ%l, this is W—W—W. However, it is not possible to

decide the meaning of 3™ or fd.
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8. T - "IAHEEAT" (2-1-15)
Meaning - (the case-inflected word) ¥ (is marginally compounded
with a case-inflected word standing for an indicator) nearness to
which (is conveyed, the compound when formed, conveying the
same meaning as the formally corresponding wordgroup and being
called ST=EMME).
Example - 3ﬂa?lﬂflﬁﬁﬁ : "the thunder bolt fell near the forest" etc.
Clue for the type identification - As above, if the first component
of the compound is 3 then it may be classified as FEI-EE-
=G, However, it is not possible to determine the meaning of
31d mechanically.

9. §F - "9 9@H:" (2-1-16)

Meaning - also (the case-inflected word 3 is marginally
compounded with a case-inflected word standing for an indicator)
whose length (is conveyed, the compound, when formed, being
called = vME).

Examples - 3T aRUE "the city of Banaras extends alongside the
river Ganges", 31qaH YU "Mathura alongside of the Yamuna, the
length of Mathura being measured by that of the Yamuna".

Clue for the type identification - The clue, as in the above rule,
is in the first component ¥ and the type of the compound is
- - ST compound. However, meaning of g can not be

determined mechanically.
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10.

11.

12.

31 - "TaSEdi = (2-1-17)

Meaning - This is a faf®& which assigns the designation IEEMME to
specifically enumerated words (being called FTGRE).

Description - By this aphorism Panini mentions all irregular forms
of @M@ compounds. All the words are listed in M9, For
instance ﬁ-fgg (at milking time) etc. These are all treated as special

cases and handled separately.

T - "I A g AT (2-1-18)

Meaning - (the case-inflected words) pare (across) and madhye (in)
are preferably compounded with (a case-inflected word) ending in
a genitive case ending (being called f=FER).

Examples - TG, or TEARIG, (bring across the Ganges), HENTETd,
or IFMAT, (middle of the Ganges) etc.

Clue for the type identification - If ‘@qa contains the words 9 or
T and the 3T9E contains the fifth case-affix then the compound is
called Qﬁ—ﬁkﬁ—@ﬁ—w-w . Similarly if second component
contains either 9NId, or AN, then also the compound is called

= - HE dEE” (2-1-19)

Meaning - A numeral is preferably compounded with a case-
inflected word signifying one who belongs to a family (being called
AFIE).

Examples - T, 50 etc.
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13.

14.

Clue for the type identification - In this kind of compound, the
tirst component contains a numeral and the second component is a
dzgar. To implement this aphorism one has to provide the lexicon
with 2941 tag. Such a compound will be tagged as HEAYEUE-

T3 - "G (2-1-20)

Meaning - Also ( a numeral is preferably compounded with case-
inflected words) signifying a river (being called &)
Examples - f§39-H, GFTEH. etc.

Clue for the type identification - To implement this aphorism,
one has to enrich the lexicon with the names of the rivers. If the
first component of compound contains a numeral and the second
component contains the FGETE® words, then it is of type ﬁ@lﬂﬁcﬂa—
W—W compound.

6.2.2 ddoN:

T - " Srardiaafaa i (2-1-24)

Meaning - (a word ending in) the second case-termination (is
preferably compounded) with (the case-inflected words) 1@ "who
has fallen upon", *1did "who has passed beyond", 9fdd "who has fallen
into", 1d "who has gone to", A& "who has thrown beyond", 9m&
"who has attained" and 3799 "who has obtained" (being called dcJ&N).
Description - This is a [E3 prescribing the preferred formation of
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15.

an accusative dcd®¥ compound with ®I=d forms conveying an active

meaning. The examples quoted by FIRFHE are :

1. ®8EIA: 'who has landed in trouble', derived in the sense of F8 &1d:.

2. FNE: 'who has passed beyond the forest', derived in the sense
of FIFIRH, Ald:.

3. A&9fad: 'who has fallen into hell', derived in the sense of Ak qfeq:.

4. IWTd: 'who has gone to his village', derived in the sense of I
Id:.

5. AFIAE: 'who has thrown beyond the waves', derived in the sense
of d{Id. TT&:.

6. GE@IE: 'who has attained happiness', derived in the sense of G&
RIISER

7.9@q<: 'who has obtained happiness', derived in the sense of §&H,
SIREEN

Clue for the type identification - If the stem of the second

component of a compound is from the list mentioned above viz. {3,

37diid, 9icd etc. then this is an instance of BdEI-deg&Y compound.

T - e A (2-1-25)

Meaning - (the case-inflected word) &4 "(by) oneself" (is preferably
compounded) with a case-inflected word) ending in & (being called
cgey).

Description - This is a {3 prescribing &Y compound-
formation. The indeclinable word ¥&3H, 'oneself', is compounded

with a word ending in the affix ™, and the resulting compound is
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16.

17.

called &Y. The anuvritti of the word T&d@T being inappropriate
does not take place; though, however it is needed in the next

aphorism. Because the word ¥&3H being an indeclinable, cannot

take any case-affix. As @4 FAEIE = TEGI:.

Clue for the type identification - If the first component contains an
indeclinable ¥4 or its variation ®MEH, and the second component
contains an inflected W~ word then it is an instance of dcgeY

compound.

g1 - "@g & (2-1-26)

Meaning - (the case-inflected word) WgT "bed" (ending in the second
case-termination is compounded with a case-inflected word ending
in the suffix &) when (the sense of) abuse is to be conveyed (the
compound being called dcg&Y).

Example - @31&e: STieA: (literally lying on a bed) ; silly, stupid, going
wrong or astray.

Clue for the type identification - If the first component contains
the word ®gl and the second component is an inflected Wi then
we may postulate that it is likely to be a fEdia@egeY compound.
The censure context is neccessary for confirmation, and mechanical
detection of censure context being impossible, we can just mark this

as a possibility and can not confirm the type.

3 - | (2-1-27)
Meaning - (the case-inflected word) & "incompletely, half" (is
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preferably compounded with a case-inflected word ending in ™
(being called dceN).

Description - This is a faffEa prescribing a dEY compound-
formation. The indeclinable word ®1f# meaning 'half' is compounded
with a word ending in the affix ™, and the resulting compound
would be TegEH. As HMHFAH. 'half-done'.

Clue for the type identification - If the first component contains an
indeclinable &M and the second component contains a W word

then it is a A& compound.

T - "F (2-1-28)

Meaning - (a case-inflected word ending in the second case-
termination) signifying (a period of) time (is preferably compounded
with a case-inflected word ending in & (being called dcJ&y).
Description - This is [f¥E prescribing dc3&¥ compound formation.
The words denoting the time, (but not the duration thereof) being in
the accusative case, are optionally compounded with a word ending
in the suffix ™, and the resulting compound is dc3eH.

Example - ATEIHAZHT: 'the new moon' (literally, the moon that
has begun to measure the month).

Clue for the type identification - For handling this type of
compound, the list of the words which denote the time is required.
If such a word is the first component and the second component

contains the WI~d word and it may be classified as dc3&s.
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19. T - "(HERMEIEHRGE Ut (2-1-31)

20.

Meaning - (a case-inflected word ending in the third case-
termination is preferably compound) with (case-inflected words)
conveying the sense of 17;[ "previous", el "like", @H "same", S "less",
and with (the case-inflected words) F&& "fight", YU "skilful", st
"mixed" and Ul "smooth" (being called dIeY).
Examples - From this aphorism we learn incidentally that the words
'{5’ etc. govern the instrumental case. The examples quoted by the -
RIRIg are :-

(a) 1=ITFI‘{°°I: derived in the sense of HEH ‘1?[:, who is earlier by (one)

month.

(b) AIGEERT: 'resembling his mother', FigEET: 'resembling his father'.

(c) AIGEH: 'equal to his mother'.

(d) |, 'what is short by (one) HT.

(e) AEHAE: 'a fight with swords', a&Se: 'a fight with words'.

(f) amregur: 'skilful with words', STRRIAGE: 'skilful in behaviour'.

(8) M 'mixed with molasses'.

(h) STHEFRUL: 'gentle in behaviour'.
Clue for the type identification - The current aphorism gives the

list of the possible second components and in such cases it may be

JdEdeges compound.

T - "Igell deuidaioRagetid:” (2-1-36)

Meaning - (a case-inflected word) ending in the fourth case-

termination (is preferably compounded) with (a case-inflected word
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signifying) a thing for the sake of that (meaning expressed by the
word in the fourth case) and with (the case-inflected words <0
"thing", afe5 "food-offering”, &d "benificial”, §@ "pleasant" and &t
"reserved" (being called dcgeN).
Description - By the expression agd 'for the purpose there of', the
special relation of a material and its modification alone is, held to
be intended.? This we infer from the 9% of the words fc5 and &
used in the aphorism. As J9¥ qT&: = Y4qre: 'wood for stake' (that is
wood which by modification will be changed into a stake). But not
s0 here. TR &I@! 'pot for cooking'. So also or FTEAAIGESH. 'the
wood mortar for threshing'.
Form this aphorism we may also infer that the Dative case conveys
also the sense of 'for the purpose there of'. The word dgdid is taken
as one word by some, meaning 'a thing serviceable there to'.
Examples - ¥dic: 'a sacrifice for ¥ds', e, 'what is good for cows,
TMEEH, 'what is pleasant for cows' and TR 'what is kept for cows'.
Clue for the type identification - The current aphorism gives the list
of words for second components. If we find any one of the word from
the list as a second component then we may assume that the given
compound is a ageiiqeges compound.

21. G - "= WA (2-1-37)
Meaning - (a case-inflected word) ending in the fifth case ending

(is preferably compounded) with (the case-inflected word) #9 "fear"

39l AT AcHAvEE;: | Hae e deUHTEU] G GHIE: SR | ST ST - T
S, FTEAAIGES I | foh HROW ? RIS, | A & Bl SUEad - e awed agedeaed
oSS <

dedd He GHTE Wafd 3fd | SUEEEE RN s |
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22.

(being called dcgeN).

Examples - I0d. ¥9H, = IATH. 'fear from thieves'.

Clue for the type identification - The current aphorism gives the
information regarding the second component. In the compound, if
the second component contains the words ¥4, ¥iid or ¥ then the
compound type can be identified as a TFHIAIEN.

T - "I R I T TISeaeqal:" (2-1-38)

Meaning - 'in a few instances a case-inflected word ending in the fifth
case-termination is preferably compounded) with (the case-inflected
words) Iqd "parted from", IMie "caried off", Hxh "loosened from",
gfdd "fallen from" and 3799 "recoiling from" (being called dc3%e9).
Examples - §@Ud: 'gone away from pleasure’, FcGMIE: 'carried
away beyond imagination', ¥=hHxh: 'freed from the wheel, T
'fallen from heaven', a9 'afraid of the waves'.

Why is the word 31e@RI: 'when the action is gradual' used ? It shows
the limited range of this kind of compounds. Not every ablative
word can be so compounded. Hence, there is no compounding at all
in the following case :- SHIGId, ‘TrIT\-!H:, 'fallen from the mansion'. For
here, the fall, is violent and sudden and not gradual and slight.
Clue for the type identification - The current aphorism gives the

information regarding the second component of a dJ&Y¥ compound.

In a compound, if we get one of these words then the compound

type can be identified as a TEHIAIEN.
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24.

3 - "R e (2-1-39)

Meaning - (case-inflected words ending in the fifth case-termination)
conveying the sense of &% 'a little', 3Tf® near' or R 'far' and (the
case-inflected word ending in the fifth case-termination) %=
'difficulty’ (are preferably compounded) with (a case-inflected word
derived with the suffix) ™ (being called dcgeN).

Examples - ISIEAG Hxh 'loosed from a little distance’, AfedRIENTd:
'‘come form near', SPARMGRIA: 'come from near', TUGRIA: 'come
form far’, ﬁ%@l’f{l"ﬁ: 'come from a distance’, =FGEId: 'come with
difficulty'.

Clue for the type identification - The current aphorism explains a
AGFIHM and gives a list of first components in a dJEY compound.
In a compound, if we get one of these words on fifth case of as a first
component and the second component is a ™ ending Fg then the

compound type can be identified as a TEHIAIEN.

T - T Ave: " (2-1-40)

Meaning - (a case-inflected word) ending in the seventh case-
termination (is preferably compounded) with (the case-inflected
words) NS 'cunning’, etc (being called dcq&N).

Example - 1&/=00e: 'skilled in dice'.

The current aphorism explains a FHIdeged compound and gives a
list of second component. In the aphorism the word e suggests
a Q'T\TUEI'I%-TIUT(group) from 19T and the words are :- 1) e 2) ‘élfl 3)
fhd 4) =€ 5) &1 6) Hfid 7) = 8) M 9) UL 10) wived 11) IS 12)
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26.

9 13) 1901 14) €€ 15) ¥4 and 16) THIX.
Clue for the type identification - In a compound, if the second

component is from UL then the compound type may be

identified as a TEHIATEY.

T - e (2-1-41)

Meaning - 'also (a case-inflected word ending in the seventh
case-termination is preferably compounded) with (the case-
inflected words) f&€ 'well-known', & 'dried’, 9% 'cooked’ and 4
'binding'(being called d<g&N).

Examples - qrgRas: ‘perfect in HTERI', ATAIR[SR: 'dried in sun’,
U 'cooked in pot' and FFHE: 'bound on the wheel'.

Clue for the type identification - The current aphorism gives a list
of second components. In a compound, if the second component

contains one of these words then the compound type may be

identified as FEHIAIEN.

T - A A (2-1-42)

Meaning - (a case-inflected word ending in the seventh case-
termination is compounded) with (the case inflected word) “ATg
'‘crow'’ when (the compound conveys) the sense of abuse (the
compound being called dg&).

Example - ﬁﬁﬂlﬁ' 'a crow at the scared bathing place’.

Clue for the type identification - In a compound if the second

component carries the word &g in the meaning of 'censure’ then the
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29.

compound type may be identified as FEHIATEN.

G - "HARREETE: (2-1-45)

Meaning - (a case-inflected word ending in the seventh case-
termination signifying) parts of the day or night (is preferably
compounded) with (a case-inflected word) derived with (the suffix)
W (being called d<geN).

Examples - ‘3@&%1{ 'done in the morning', IA=RAH, 'done in the
last part of the night'.

Clue for the type identification - In a compound, if the first
component contains words relating with name of divisions of day or
night and the second component contains a word with ending with

W suffix the the compound type can be identified as FEHIAIEN.

g - "d" (2-1-46)

Meaning - (the case-inflected word) d= "there" (ending in a seventh
case-termination is preferably compounded with a case-inflected
word derived by means of the suffix &% (being called dcJ&y).
Example - @3 ®H 'eaten there'.

Clue for the type identification - In a compound, if the first
component contains the word @ and the second component

contains the word which ends with ™ suffix then the compound

type can be identified as H‘El‘ﬂﬂ?&'ﬁﬂ

T - "IEEHaread” (2-1-48)
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Meaning - also (the words) =@/ etc (when the sense of abuse is
to be conveyed, the compounds being called dcges).

Examples - All these are irregular compounds. Some of the words
contained in this list are compounds formed with the past-participle

(). Thus the following is the list of the words :- AT | qEEg: |

IGEHTET: | IEFA: | FIETST: | FAYUH: | SFEHES: | FIHIGH: |
FRTUGE: | IGIH:TH: | FRHE: | FRAEE: | ATARYeS: | UoS: |
RIARET: | TRRR: | TR | TEedEl | TR | TESATe: | TRHE | TReR] |
ST | TS | THQHE: | ARATREE: | IR | TS AR | e |

Y alla¥ Y al oV ol -

TEYL: | TNBAMUSA: | TNBSHTM: | FKONERA: | FOMCRET | FIGTIU | The

use of ¥ in aphorism is to restrict it to these very words. Therefore
we cannot compound THT: TEERAT:, and it cannot be part of another

compound.

T - "JERSHEETN U haST: THFIERE" (2-1-49)

Meaning - (a case inflected word denoting an action) which
precedes in time and (the case-inflected words) W& "single", o
"all", Sd. "new", JUU "ancient", 99 "new" and HIS "only" (only
compounded) with a syntactically agreeing (case-inflected word, the
compound being called dJ&w).

Examples - ®Af8: "bathed and perfumed", FEEHIFH, "ploughed
and levelled", ThA™: "havin one master", Eﬁ'ﬁl'l'l%ﬂt "all the members
of a sacrifice", Hﬁﬂﬂwt "all men", SRR "old logician", QTWTFfI—
HiGaRT: "old HHEEs" etc.

Clue for the type identification - The aphorism provides a list of
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first components. In a compound, if first component contains one of

these words then the compound type may be identified as a FHIRA,

T - "I Ficad:" (2-1-54)

Meaning - (the case-inflected words) 99 "bad" and Ul "gossipy"
(are compounded) with (syntactically agreeing, case-inflected words
signifying) objects of contempt (the compound being called dc3%Y).
Description - Both the words 99 and 3% are words of
contempts(%cd-) ; by the last aphorism, they have stood as second
members in the compound; the present aphorism, however is so
framed with regard to aphorism 1-2-43 and 2-2-30 that they will
stand as first.

Examples - 9OAIUd: or SUMHANUG: 'a contemptible barber', 919 or
UR-FAS: 'a contemptible potter'.

Clue for the type identification - The current aphorism explains a
dcd&¥ compound. In a compound, if the first component constains
the words 919 or 310 then the compound type may be identified as
a w-qa-ﬁﬁw-a;ﬁw. To implement this aphorism, one needs to

prepare a list of Hcdd words.

T - "SR FATHGR: FHEERT (2-1-56)

Meaning - (a case-inflected word signifying) the object compared
(is preferably compounded) with (the syntactically agreeing, case-
inflected words) =™ "tiger", etc. provided that (a word signifying)
the common property is not used (being called dc3%eN).
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Description - This is a modification of last aphorism by which the
substantive (S9AE) would have stood first, by the present, the ITHT
or the qualified stands first.

Example - 365153 ATH 39 = J&YATH: 'a person-tiger' (in strength). In
previous aphorism YA HHETE:" (2-1-55), the compounding
was between the I9HM and the ITHH. In the present, the
compounding is between the I4Md and certain IFHH words
but never with HHGHA. In the current aphorism, the word =THI-
f&f: suggests the STHET and the words belong STHTGII are :- 1)
=T A tiger", 2) T8 "A lion", 3) &1 "A bear", 4) %% "A bull", 5) T
"Sandal”, 6) 9% "A wolf", 7) 99 "A bull", 8) aU& "A boar, hog", 9) g,
"A elephant", 10) d% "A tree", 11) $F "A elephant”, 12) & "A kind
of deer", 13) 98d "The spotted antelope", 14) T@ﬁ% "A lotus flower",
15) 9= "A tree, Butea Frondosa" and 16) f&ad "A rogue, cheat".
Clue for the type identification - Any compound whose second

component is from any of the above list, it is possibly an I9HIE-

TG FHIRA compound.

o - "foRINut R SgSH! (2-1-57)

Meaning - (a case-inflected word signifying) a qualifier (is) variously
(compounded) with (a syntactically agreeing case-inflected word
signifying) the item qualified (the compound conveying the same
meaning as the formally corresponding wordgroup and being called
qcqen).

Example - A&, 'a blue lotus'.
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34.

35.

Clue for the type identification - To implement this aphorism
one needs a list of f4&Uls, which are typically marked in the
dictionaries. Any compound whose first compound is ﬁflﬂﬁ-‘{ﬁq@

FHIRA compound.

T - A IS HE N (2-1-58)

Meaning - (the case-inflected words) ‘1?[ "previous", ¥ "later",
9¥H "first", I "last”, STEA "low", HHE "same", A "middle", HEH
"middle" and ¥R "brave" (are preferably compounded with a
syntactically agreeing case-inflected word and the compound being
called dgeN).

Examples - qﬁﬁamm: 'Previous grammarian’, HRAITH: later
grammarian' etc.

Clue for the type identification - If the compound has any of the
words from the list ‘1??, ST, 9YH, | etc. as its first components then
it may be a ﬁﬁﬂﬂ-@%—ﬁw compound.

T - "SI FARPE:" (2-1-59)

Meaning - (the case-inflected words) Ul "guild" etc. (are
compounded) with (the syntactically agreeing, case-inflected
words) %d "made", etc. (the compound being called dcgeN).
Example - %0T&dq. 'made into guild' etc.

Clue for the type identification - If the first component of the
compound is from ’?TU?TH'?'{‘TW and the second component from the

FATIT then it is a FHIRA compound.
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37.

T - "t AsarmeAel (2-1-60)

Meaning - (a case-inflected word) not containig (the negative
particle) =1 (is preferably compounded) with (a syntactically
agreeing case-inflected word ending in the suffix) % which is
distinguished (from the other constituent) by (the fact that it does
contain) 51 (being called d<geN).

Examples - :d%dH "done and not done" i.e. partly done and partly
not done.

Clue for the type identification - If a compound has both the
components ending in ™ and one as a negation of the other, then it

is of type FerIeOT- M- A compound.

T - "HEIHH IR JT: " (2-1-61)

Meaning - (the case-inflected words ®|d '"good", We&d '"great",
G "highest”, ITH "best" and IHE "eminent" (are preferably
compounded) with (syntactically agreeing case-inflected words
signifying) objects which are being honoured/praised (being called
qcqen).

Description - T&a: "a good physician". The H&d, becomes #H&l in
compound such as H&IGeN: "A great man" JHIEY: "the highest
person”, ITHIEY: "the best person", IchBILT: "the excellent person".
Clue for the type identification - If the first component contains
adjectives words like Hd, H&d, 9H, ITH and SkE then the compound
is of type ﬁflﬁﬂ-‘?@ﬁ-ﬂ?ﬁw compound.
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39.

40.

T - "TEREANGHER: AT (2-1-62)

Meaning - (A case-inflected word signifying) an object which is
being honoured/praised (is preferably compounded) with the
syntactically agreeing, case-inflected words) g<N& (a kind of)
"deity", T "elephant” (being called dcy&d).

Description - Tg<R&: "An excellent bull or cow".

Clue for the type identification - It the second component contains
adjectives words like =, 8T and $IN then the compound may
be of type eI SR F IR compound.

T - "HHAHT STAIRIS (2-1-63)

Meaning - (the case-inflected words) ®dU "who (out of two)?",
%dH "who (out of many)?" (are preferably compounded with a
syntactically agreeing, case-inflected word, when a question (is
asked) regarding (belonging to a particular) Vedic school (the
compound being called dcg&y).

Examples - ®d&%s: "who (out of two) belongs to the ®& school",
HdARAM: "who (out of these many) belong to the %M school".

Clue for the type identification - If the first component contains the
words FA and FdH and the second component contains a ST
word then it is of type ﬁflﬁﬂ-‘lﬁ%—ﬂ?ﬁw.

- TR U (2-1-64)

Meaning - (the case-inflected word) &H "who", which, what?" (is
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41.

compounded with a syntactically agreeing, case-inflected word)
when (the compounded conveys the sense of) abuse (the compound
being called dc&y).

Examples - fUsT 91 9 W ? "he is a bad king who does not protect
his subjects.", f& @@ AsHGRII "he is a bad friend who hates".

Clue for the type identification - If the first component contains

the word fFH_ then it is of type W—ﬁ%—%ﬁﬂl@ compound.

N o N [N o b N ¢ Ce

= o- SRR
(2-1-65)

Meaning - (a case-inflected word signifying) a STifd "class/generic
notion" (is compounded) with the syntactically agreeing, case-
inflected words) gieT "a female with male characteristics", ﬂaﬁ[ "a
young female", W& "a little", HAW "some", T "a cow which had
just one calf", ‘aﬂ "a sucking cow", 9= "a barren cow", 98d "a cow
that miscarries", TRIUN "a cow having a young calf", 99 "one who
expounds", #54 "a learned reciter of the Vedas", 3519 "a teacher
of AMEF texts" and q\ﬁ "a shrewd one" (being called dcq&N).
Examples - T "a young female elephant”, AN "a female
elephant”, ARRH: "a little fire", B'IE’JFL Hfa9a9H_ "a little butter milk",
e, Tﬁ‘aﬂ:, TERM:, Iided, TETSHAu, FSTEH "an expounder of %&",
FSAA: "a A& who has mastered the ®& branch of the EI@E”,
HSTAS: "a teacher of the % branch of the qﬁﬁﬁ”.

Clue for the type identification - If the second component contains
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42.

43.

< .. oo <
and ¥d then it is of type 9RINUI-ITIG-HHIA.

T - "TRiEEEa” (2-1-66)

Meaning - also (a case-inflected word signifying a STiid "class / generic
notion" (is preferably compounded) with (syntactically agreeing
case-inflected words) signifying praise (being called dc3%eH).
Description - Tﬁ'ﬂ?l’@ﬂ "an excellent cow", TEErIE "an excellent
cow" etc.

Clue for the type identification - If the first component of the
compound is a d and the second component is a word used in
the sense of praising such as AT, Wﬁﬂ, €, Azl etc.? then the
compound may be of type FerToOT- IR FHIRA.

T - g TS ISaa S’ : " (2-1-67)

Meaning - (the case-inflected word) 99, "young" (is preferably
compounded) with (the syntactically agreeing, case-inflected words)
@3 "bald", ufdid "grey-haired", dfH "wrinkled" and SRfd "old
woman" (being called dcJ&y).

Description - J9@&(d: "bald in youth", gadiesd: "grey-headed in
youth", gaaies: "wrinkled in youth" and Fa=al "appearing old in
youth" etc.

Clue for the type identification - In a compound, if the first
component contains the word 994, and the second component

contains any one of the word from the list such as G, Tisd, qicke

R
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45.

46.

etc. then the compound type may be indentified as fo=R=UI-ITE-

<

HHIE.

T - "qull qui" (2-1-69)

Meaning - (a case-inflected word signifying) a colour (is preferably
compounded) with (a syntactically agreeing, case-inflected word
signifying) a colour (being called dcgeN).

Example - FUHERS: "spotted antelope".

Clue for the type identification - If both of the components of a

compound are JUET then it is of type of eSS ae-F9ard. To

implement this aphorism one has to prepare the list of TUET words.

T - "I I (2-1-71)

Meaning - (case-inflected words signifying) a quadruped (are
preferably compounded) with (the syntactically agreeing, case-
inflected word) TTRHU "pregnant” (being called dcJew).

Examples - JRTHUT "a pregnant cow", FARTROR "a pregnant she-
goat" etc.

Clue for the type identification - The current aphorism explains a
dc3e¥ compound where first component contains a word in the sense
of quadruped and the second component contains the word oty
and the compound type can be indentified as a eI -F IR

compound. To implement this one needs a list of quadruped animals.

9 - "AYEEEREId” (2-1-72)
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47.

Meaning - also (the compound) #ILHEAF 'a cunnig peacock' etc are
called d<geH.

Examples - All these are irregular compounds. Thus the following

is the list of the words :- FIEES: | SEEEH: | FRAHTES: | TIFITE: |
Sa T | TR | STESE | THEH | Eieiedisauaid wWied | wRad

Tad | CRATOTSTIERT | STURETTS | SR | (RanTdT | STOReEn T |
OfeamTdT | wfefEdian | sTafefadian | sefacet | ewer | STdiEhel | SewheHT |

IEheH | JECHS | MRS | Gl | STEXEleldl | Feie=eo |
e | SEHTEHT | IR | ST | IHE=H, | ST, | (-
Ay, | SEraqurad, | fFHemE | iR | SaTEeE: | HaTReE: |
YoEREd: | T, | IAAIHRST | facaifeun | fasuomzamn | k-
SEET | SEEHT | SRl | SRFHUN dgSARie Han, ST stestie: |
IfESie: | Sieedw: | ST : | NATTHRSATI FRaETace I |

AT | WIEAHIEdT | @Eaaddl | WEdr=HdT | SAEY«adT | Aaqiieh |

STl | RIfeaSanT | Refeafa=er | 99aaT | 999l | The use of 9 in

aphorism is to restrict it to these very words.

T - "9 AGEEA (2-2-2)

Meaning - (the case-inflected) neuter (word) I "a half" (is
preferably compounded with a case inflected word signifying a
whole, provided that the whole mentioned is one single entity,
the compound conveying the same meaning as the formally

corresponding wordgroup and being called dcJ%q).
Example - 3% "a half of the ol etc.
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49.

50.

o - et (2-2-3)

Meaning - (the case-inflected words) f&d™ "second”, T "third",
ﬁﬂﬁ "fourth" and ?;F? "fourth" (are) indifferently (compounded with
a case-inflected word signifying a whole, provided that the whole
mentioned is one single entity (being called dcJ&y).

Example - f&d™@eT "second begging" etc.

Reason - The clue exist in the first part of the component, viz. that

it refers to signified portion, and thus is a JUT-G&A.

- T (2-2-6)

Meaning - (the case-inflected words) 71 (is preferably compounded
with a case-inflected word (being called dc3eN).

Examples - 3T&&U: "not a Brahmana or Non-Brahmana", 3/9%d: "Not
a horse" etc.

Clue for the type identification - If the first component contains

the word 31" or '3 then the compound type may be indentified as
ol-dg®Y compound.

T - "TEEAT (2-2-7)

Meaning - (the case-inflected word) 39d. "to some extent, slightly"
(is preferably compounded with a case-inflected word) not (ending
in a %d(-suffix)(being called dcgeN).

Example - S9/cd5: "a little brownish'".

Reason - If the first component of the compound is 5. then it

is likely that the compound is a dcJ&¥. However for confirmation,
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52.

one needs to know whether the word é'ﬁl?[ is used in the sense of

slightly /to some extent. This can be done only manually.

T - "R (2-2-9)

Meaning - also (a case-inflected word ending in the sixth case
termination is preferably compounded) with (the case-inflected
words) I+ "one who worships/pays honour to" etc. (being called

cgey).

Examples - SRUMETR: "a Brahmana's sacrificer" and the words

which comes under the AR are :- 1) ATTF, 2) IS, 3) RN, 4)
URAYE, 5) IRETE, 6) WGE or VIAE, 7) STATF, 8) ISHEE or IHTEH, 9)
3&d%, 10) 14, 11) ¥d, 12) TN, 13) GRE0R, 14) 91, 15) & and 16)

<

ddh.

Reason - The current aphorism explains a d3%&¥ compound and
provides a list of some irregular compounds. We treat these as

special compounds and do not anlyse them further.

T - "FIEEE: " (2-2-18)

Meaning - (the case-inflected word) % "evil", (the case inflected
words called) 7T and (the case-inflected words mentioned as) J&a:
"9,90,319... etc." (are always compounded with a case-inflected word
the compound, being called dc3eN).

Description - FI&5: "a sinful man", &I, "having asserted", 3¥J&Y:
"a bad man".

The current aphorism explains a dciJ&¥ compound and provides us
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three types of compounds 1) $FEHME, 2) TAEA™ and 3) MMCEHTE.

(a) FEEM is used in the sense of =gl "censure". For example ERIGE
"a bad husband". By looking the first component the type of
this kind of compound can be identified easily and can be
implemented.

(b) IR is found in many senses and need so many informations
for implementation such as the second compound always
should be a AT not the fdfE, first component may contain

ETQSI'I%TIUT words or ending with the 4 or @9 suffix etc. For

examples IWFH, YFFA, TCIRTFA etc.

(c) TMeE T is found in many senses and can be implemented easily
for type identification because the first component alwayse
contains a prefix 4, 94, 31 etc. and the second component will

be a case-inflected word. For instance J=H:.

6.2.3 dgHIE

53. 3 - "EEAEAEEGUEREE: €& (2-2-25)

Meaning - (case-inflected words called) 399 "indeclinable", (the
case-inflected words) &= "near”, I "not far", I "additional”,
and (the case-inflected words called) &A1 "numeral" (are compound)
with (a case-inflected word called & "numeral’, when (the
compound) conveys the sense of H&d "item to be counted" (the
compound being called TgAI).

Examples - 39G2M: "those who are neat to ten" or Jqfe=T: "nineteen or

twenty-one".
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55.

Clue for the type identification - If the first component contains
the indeclinable words and the words like {4, 31y, IR and
second component contains the words in sense of the numeral then
the compound type may be identified as HEAIIG-ATTHLUI-TEAE

compound.

9 - "egm=aUs” (2-2-26)

Meaning - (case-inflected words which are) names of directions (are
invariably compounded with each other, the compound) conveying
the sense of IS "intermediate region" and being called TEAI®.
Examples - Q[WT‘{GISI'@% "the direction midway between southe and
east", ‘Eﬁﬁl‘f "north-east"

Clue for the type identification - To implement this rules, one
needs to prepare the list of fd§™ "names of directions" and has to
see whether both of the components contain the words from Gg™
list then the compound type may be identified as fFaTa®-agaie

compound.

T - "dF Feld geddnt” (2-2-28)

Meaning - (the case-inflected word) &€ "together with" (is always
compounded with a case-inflected word represented by the word-
pattern) a9 (the compound) conveying the sense of TR "equal
connection”" (with an action), and being called TgAle.

Example - @33 "with son" etc.

Clue for the type identification - If the first component contains
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the word ¥ then it is possible that the compound is of type ®&-

W—W—a@ﬁ. In case the gender of the second component is

different from its default gender, then the compound is definitely of

this type. However, if the gender of the second component is same as

its regular gender, than there is also a possibility of this compound

being an IR,

Below we summarise the conditions and extra semanitc information

needed for automatic detection of compund type.

word endig with

SE

fifth-case ending

word

Condtions
S.No. | Satra | Initial word Final word Extra-Info | Type
Reffr.
1 2-1-6 | All the prefixs | neuter gender - Al
or indeclinables
like &, 9, 319, AT
etc.
2 2-1-8 | 9Ed. Neuter gender - Al
3 |2-19 |gufd Neuter gender - Al
4 | 2-1-10 | 3%, WS or &- | AR - A2
@ like W, 3
etc.
5 2-1-12 | 814, 9R, IRE or Neuter genderor | - Al

SqToHo - 7Y foRREHTY... "2-1-6"
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6 |2-1-13 | g Neuter gender or | - Al
fifth-case ending
word
7 | 2-1-14 | =, uid Neuter gender or | - Al
fifth-case ending
word
8 |2-1-15 | o1q Neuter gender - Al
9 |2-1-16 | ¥ Neuter gender - Al
10 | 2-1-17 | fTegmdi« = fcT9g, etc. - A3
11 | 2-1-18 | 9N, 7eA fifth-case  affix | - A7
ending word
12 | 2-1-19 | The numerals | 3&FaM =t words dzgart list | A6
like F, T
13 2-1-20 | The numerals H?\;\El'l?ﬁwords ?I?ﬁa'lﬁﬁlist A6
like T, &
14 |21-24 |- o, ordid, dfed, | - T2
Id, SIA&d, 9,
SIRE
15 | 2-1-25 | &34, or | Thi=d word - 12
variation of
9H
16 | 2-1-26 | @ql i~ word - 12
17 | 2-1-27 | &% i word - T2
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18 | 2-1-28 | the list of the | Wl word list of | T2
words which words
denote the time denoting
time
19 | 2131 |- 9, @eR, @, - | - T3
e, Few, fagm,
s, e
20 |2-1-36 | - e, o, af, fm, | - T4
T, e
21 | 2137 | - ¥, i, 3 - T5
22 | 2-1-38 | - AYd, IUE, HE, | - T5
qfdd, 19
23 | 2-1-39 | &, 3Hfea, a0y, | W word - T5
E )
24 | 2-1-40 | EE FAwE: ERRILEE - T7
25 | 2-141 |- T8, Ik, UF, 9 | - T7
26 | 2-1-42 | - 2 1] - T7
27 | 2-1-45 | The words | Thi~d word list of | T7
relating with words
name of denoting
divisions of names of
day or night divisions
of days

and night
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28 | 2-1-46 | @ T word - T7
29 | 2-1-48 | UEEMAEIH qEERE:,  9eE- | - T7
At etc.
30 |2-149 | @@, ¥, @, @, | - - K1
SRd, 9O, e,
EE
31 | 2-1-54 | 99, 30 word related to | list of Ffead | K3
Flead words
32 | 2-1-56 | SUMH  ATHNCRT: | JTENATH: etc. - K5
AT
33 | 2-1-57 | any o= - list of | K1
CEICE
34 | 2-1-58 | 9H, I, v, WA, | - - K1
7o, 9
35 | 2-1-59 | JUAEE: FaAlChT: | HUNHAH etc. - K
36 | 2-1-60 | Thl=d word hled word with | - K2
negation 1
37 |2-1-61 |&d, #W&d, WH, |- - K1
3ITH, IchE
38 | 2-1-62 | - ELALEA | O B 7= - K2
39 | 2-1-63 | - FAY, HAH - K1
40 |2-1-64 | f&H - - K1
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41 | 2-1-65 | Sfqar® word | 9i@T, gald, &, | list of | K2
Haud, L, G9q, | SfdEES
T3, 9&d, HWﬁ, words
I,
42 | 2-1-66 | STfcEr=F word words signifying | list of SI- | K2
praise such as | fd@=® and
Hafgwl,  HEraE, | SREEEE
3J€, dg@sl etc. words
43 | 2-1-67 | gaH. T, Jioad, a3, | - K2
S
44 | 2-1-69 | TUEFE word qUE=E word list of | K3
JUTETE
words
45 | 2-1-71 | SgSEETEE word | TRTOR list of | K2
JuTET
words
46 | 2-1-72 | AELHEHIG HYLEHEF: etc. - K
47 222 | 3 HEE IS - T1
48 |223 | f2 4. | faciafe etc. - K
49 | 2-2-6 | 3/3 - - Tn
50 |2-27 & - - T
51 | 2-2-9 | AwhIiGR AR etc. | -
52 | 2-2-18 | % - - Tk
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52.1 |2-2-18 | wigd - 9, 9w, {4, | - - Tg/Tp
l%l{ etc.
53 | 2-2-25 | ¥HTs, AEH, T, | AT in the sense | list of d- | Bvs
e, & of G&4 like &, | EETEH
fo= words
with
special
gender®
54 2-2-26 | names of | names of | list of }&g™ | Bsd
directions directions "names of
directions"
55 | 2-2-28 | 4§ words with | - BvS
special gender
55.1 | 2-2-28 | & words - Al

Till now we have explained the aphorisms which we have implemented

to identify the types of various compounds. Now we are going to explain

the aphorisms which we could not implement and the reason(s) thereof.

1. G - "IqSER" (2-1-7)

Meaning - (the indeclinable) I (is invariably compounded with a

case-inflected word) in a meaning other than ®€2¥ "similarity" (the

compound being called T=EHME).

6The second components in FgATE compounds contain the special gender like in fg3T:,
the stem f contains the mesculine gender =: etc.
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Example - 399, = 3 I T&: (every old person).

Reason - The current aphorism explains an &4 compound and
its an exceptional rule of 2-1-6. Usally the word 9 is used in four
types of meanings:- 1) qead "ability", 2) Cila) S)W%Thﬁ'q’l'\?{ and 4)
HIERT "similarity". Except the fourth one HI€29, one of the meaning
of rest of three should be there in the compound then only the
compound may be identified as an @M. It is not possible to check
whether the meaning is in the desired sense or not without doing any
semanitc analysis of the context. Hence it is not possible to decide the
type of the given compound.

. T - e = (2-1-29)

Meaning - also (case-inflected words ending in the second case-
termination, signifying a period of time, are compounded with a
case-inflected word) when (the sense of) SI&FEANT "invariable,
uninterupted connection” is to be conveyed (the compound being
called dc3eN).

Example - GEdqE. "a momentary pleasure".

Reason - It is not possible to decide just by looking at the word
whether there is &A1 or not and hence it is not possible to

classify such compounds automatically.

. T - "JAET Ap e (2-1-30)
Meaning - (a case-inflected word) ending in the third case-
termination (is preferably compounded) with (a case-inflected

word) standing for a quality which is an entity caused/brought
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about by (what is reffered to) by that (being called dcJ&y).
Examples - ES3MEUE: "cut by nipper”, T "wealth acquired by
grain".

Reason - To classify such compounds, it is neccessary to decide
semantic relation between the components, and this requires the
knowledge of WAl - semantic compatibility between the word
meanings. Therefore it is not possible to classify such compounds

purely on the basis of syntax or lexicon.

. G - "Rl il agSH! (2-1-32)

Meaning - (a case-inflected word ending in the third case-
termination) which conveys the sense of %4 "agent” or U
"instrument” (is) variously (compounded) with (a case-inflected
word) ending in a Fd-suffix (being called dI&Y).

Examples - 3121 &d: = @ffega: "killed by a snake", F@h¥: "divided
by the nails" etc.

Reason - To implement this aphorism, the knowledge of FFHT is

required.

. G - "HeANEmEE (2-1-33)

Meaning - (a case-inflected word ending in the third case-
termination conveying the sense of Fd "agent" or of T "instrument”
is compounded) with ( a case-inflected word) derived by means of
a %d(-suffix), provided that (the compound) conveys the sense of
exaggeration (being called d<gey).



Sanskrit Compound Type Identifier 97

Examples - a/@=3d gui 'thin grass' (so fragile that it can be cut by
wind) in the sense of praise, denoting softness, or it may be the
reverse ; denoting weakness.) So also FHIHYAT A 'a full river' ( so full
that a crow may dip his beak into it, and drink while sitting on the
bank. In this sense it is praise. It may be censure also, and it will
mean a shallow river that a crow may dip his beak into it and touch
the bottom and drink.)

Reason - Since this aphorism relies heavily on the context, and the

semantics it is not possible to implement this rule computationally.

. G - ST FEE (2-1-34)

Meaning - (a case-inflected word ending in the third case-
termination) signifying a flavouring ingredient (is preferably
compounded) with (a case-inflected signifying) an article of food
(being called dcgeN).

Description - That which is to be prepared is called 39 and that
which prepares is % as G: 'rice perpared or made relishable
with curd.' The words 'food' and 'condiment' as represented in the
above compounds, are connected in the sense by a verb understood.
Reason - To identify such compounds as JAGGEY, one has to
provide a list of words of @@ and corresponding SAFaT=T.

. G - et el (2-1-35)
Meaning - (a case-inflected word ending in the third case-

termination signifying) an admixture (is preferably compounds)
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with (a case-inflected word signifying) something edible (being
called dc3eN).

Example - J[€41€l 'barley prepared with juggery'.

Anything eatable, whether hard or soft, is called ¥&d, its refinement
is called fHfs=ur.

Reason - As in the previous aphorism, to identify these type of
compounds a a_?ﬁwfl, one needs a lexicon of ¥4 and means of
{1 for the corresponding ¥&ds. In the absence of such lexicon, it

is not possible to identify such compounds.

. T - "FATRI (2-1-43)

Meaning - (a case-inflected word ending in the seventh case-
termination is compounded) with (a case-inflected word) ending in
a $d-suffix, when (the compunded conveys) the sense of debt (the
compunded being called dcgeN).

Example - H49H, "a debt repayble within a month".

The word U indicates by implication any appointed time in general,
and not merely a time for the payment of a debt. Therefore we get
compounds in the following case also - H?SIE‘:F‘I AH "the |M that
would be sung in the morning".

Reason - Since this involves semantic interpretation, it is not easy

to detect the type of such compounds automatically.

- R (2-1-44)

Meaning - (a case-inflected word ending in the seventh case-
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10.

11.

termination is compounded with a case-inflected word) provided
that (the compound formed) is a name (the compound being called
qcqen).

Description - A €z is expressed by the complete word, hence it is an
invariable (nitya) compound; for we cannot express an appellative
by a sentence. For instance 3RUAId&HI: "wild sesamum" yielding no
oil; anything which does not answer to one's expectation.

Reason - This aphorism also needs the knowledge of the real world
to interpret the relation between the words involved and thus is out

of scope of mechanical identification.

T - "8 (2-1-47)

Meaning - (a case-inflected word ending in the seventh case-
termination is compounded with a case-inflected word ending in
the suffix ™) when (the compound conveys) the sense of abuse (the

compound being called dJ&w).

Example - SfaqE-FSRd d 9qd. "thy this work is as if an ichneumon
(%) standing on hot ground" etc.
Reason - Since this involves semantic interpretation, it is not easy

to detect the type of such compounds automatically.

T - "o 95EE (2-1-50)
Meaning - (a case-inflected word signifying) a direction or a number
(is compounded with a syntactically agreeing case-inflected word)

provided that (the compound formed is) a name (the compound



Sanskrit Compound Type Identifier 100

12.

13.

being called dcq&N).

Examples - ‘ﬁmﬁ "the town of IYHWIM! in the East", ENg:

"seven sages" (the constellation of Great Bear) etc.
Reason - Since this involves semantic interpretation, it is not easy

to detect the type of such compounds automatically.

T - "AFgaTeaeEHEN =" (2-1-51)

Meaning - also (a case-inflected word signifying a direction or a
number is compounded with a syntactically agreeing case-inflected
word) provided that (the form derived) conveys the meaning of
a dfgd(-suffix), or that a final compound-constituent follows, or
that (the form derived) conveys the sense of ®HRENR "group" (the
compound being called dJ&w).

Examples - @ﬁiﬂ@:, SIRMS:, SRS LA: etc.

The current aphorism explains a dg&¥ compound. To implement
this aphorism, it needs the whole dféd environment and also the

context.

b\ N

o - EE g B (2-1-52)

Meaning - (a compound conditioned by 2-1-51) whose first
constituent is (a word signifying) number (is called dcg&s and) &3],
Description - In a case where the sense is that of a dd affix or
when an additional member comes after the compound (ET'F[':I?) or
when an aggregate (FHIER) is to be expressed, the compound, the

first member of which is numeral, is called f&.
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14.

15.

Example - T19H_ "an aggregate of five cows".
Reason - The anuvritti of dféd and ®HER is coming to this
aphorism. To implement it, we need dféd environment and the

context of aggregate. It is not possible to decide type mechanically.

T - "Fleaar Feaa:" (2-1-53)

Meaning - (case-inflected words signifying) objects of contempt
(are compounded) with (syntactically agreeing case-inflected words
signifying) abuse (the compound being called dc3%q).

Examples - aﬂmﬂT@'ﬂfﬁ: 'A bad grammarian, who does not
know grammar, but contemplates the heaven (¥) when asked any
questions, frluma@,m 'an evil conducted HHEE'.

Reason - In a compound, if the first component contains an
adjective and the second component contains also an adjective in
sense of contempt then the compound type can be identified as a
mqa%s‘mm-a:ﬁum compound. Since it not easy to decide whether
the second component such as ®H{4: is used in the sense of abuse

or not, it is not possible to mark such compound types automatically.

T - "SYHTT Frea=a: " (2-1-55)

Meaning - (case-inflected words signifying) the standard of
comparison (are compounded) with (syntactically agreeing, case-
inflected words) signifying a common property (the compound

being called dcq&y).
Description - That by or to which a thing is compared is 'SR and
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16.

17.

the 3994 (the thing compared) is called EFF or common. Thus T¥-
29M: $91: 'cloud-black Krishna' (Krishna black as a cloud). Here 29™
is a quality common to Krishna and cloud, therefor 'cloud' which is
the ITHM is compounded with it. So also FHEEE 'lily-white', ZFTRGT
'Swan sounding’, “FH-GIRATESH! 'globular as =IIM tree'.

In anlaysing the above compound &RI™: we must use the word
g9, as 99 g9 M, and this shows that it is merely a simile or
metaphorical use of the word. This aphorism is made in order to
declare a niyama rule, so that the SR word should stand first.
Reason - To implement this aphorism, one needs a list of STATATH
words and the corresponding SFHFETE words.

G - "hAJATEAT TSATAT (2-1-68)

Meaning - (case-inflected words ending in a %cd(-suffix) and
synonyms of ged "equal" (are preferably compounded) with (a
syntactically agreeing case-inflected word signifying) something
other than a S "class/ generic notion" (being called d<g&y).
Examples - HIS99™, "hot food", gea%dd: "equally white", Tezrda:
"equally white" etc.

Reason - To implement this aphorism, the second component
should not refer to a class. This is possible only if the lexicon is rich

with this kind of information.

< e N SN N ~n

T - "GATIER I HE G AR TRl (2-2-1)
Meaning - (the case-inflected words) ‘ECI "fore (part)", I "hind
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18.

(part)", 3T "lower (part)" and ST "upper (part)" are preferably
compounded with (a case inflected word) signifying (a whole)

having parts, provided that (the whole mentioned) is one single

item, (being called d<geN).
Examples - qﬁm: "the front of the body", YTHM: "the black of the
body".

Reason - The clue viz. second word indicating it refers to a body
with parts is semantic. So unless a lexicon rich with such an
information is available, such compound types can't be identified

mechanically.

T - " Feitaswar: (2-2-17)

Meaning - (a case-inflected word ending in the sixth case-
termination, when the genitive case ending conveys the sense
of ®A, "direct object" is) always compounded with a case-inflected
word ending in the suffixes §9 or %) when (the compound)
conveys the sense of el "a game" or SfG& "a profession” (the
compound being called dcg&Y).

Examples - SEEHIERHIFH "a sort of game played by the people in
the eastern districts in which 3gI&% flowers are broken or crushed",
grdcs@®: "one who earns his bread by painting or marking the teeth",
TESE®: "a nail-painter by profession” etc.

Reason - The current aphorism explains a d&¥ compound. To

implement this rule one needs a list of words indicating either a el

or F-ﬁ'l%lﬂa'[
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19.

20.

21.

o - "SIl (2-2-19)

Meaning - an 399 which (does) not (end in a suffix called) fa€ (is
always compounded the compound being called dcge).

Examples - $RTER: "one who makes pots", 7WERR: "one who makes
the city" etc.

Reason - If the second component is a kind of q~ word which is
found only in compounds such as #R, F:, 7: etc. then the compound
is likely to be I99G-dc{®¥ compound. For this we need a special

morph module that handles such forms.

T - "SRRG (2-2-24)

Meaning - two or more (case-inflected words are invariable
compounded) when (the compound) conveys the sense of a word
other (than the compound-constituents, the compound being called
TEAIR).

Examples - 9EHgHI T™: "a water reached village", a‘lw: qH: "a
village possessed of heroic men" etc.

Reason - There is no clue whatsoever except the fact that this
word refers to something which is different from the refrents of the
components involved. Thus it needs extra Linguisitc knowledge to

identify the type of such compounds.

T - "= g5 (2-2-29)

Meaning - (two or more case-inflected words are invariably
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compounded) when (the compound) conveys the sense of ¥ "and"
(the compound being called) &&.
Examples - THSHTT "Rama and Lakshman", 'ﬂﬂ@ﬁﬁ "the Mimosea
and the Grislea" etc.
Reason - Just by looking at the components, the type-identification
of this kind of compounds, is very difficult because the decision
involves the meaning of components.
Finally we discuss the rules which deal with special or exceptional cases
of compounds, which can not be analysed further. We just list them as
exceptional compounds. Here, we are giving the list of exceptional or
special rules.
1. G - "S=erd 9 |5 (2-1-21)
Meaning - Also, ( a case-inflected word is compounded with a
case-inflected word signifying a river) when the sense of FIY an
additional meaning (not expressed by the compound constituents)
is to be conveyed, provided the (the compound formed) is a name
(the compound being called TEHME).
Description - This is a fafe’g= prescribing compound formation. A
word ending in a case affix is compounded with words denoting
the names of rivers, when the compound word denotes a thing
other than that expressed by the terms of the compound, and is an
appellative ; the compound so formed being an 3FEHME.
The anuvritti of the word &1 does not extend to this aphorism.
Though this rule is given in the subdivision relating to optional

compounds, it is, however, a nitya-samasa rule: for no name (HsT)
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can ever be expressed by a sentence, and that being so, these
compounds can never be analysed. As STHTIFH, 'the country called
IHTWTRH,'

Since such compounds can never be analysed, they are handled as

special compounds, and are termed as RG-S e33R

. G - "FHN: FHOGH:" (2-1-70)

Meaning - (the case-inflected word) FHAR "boy" (is preferably
compounded) with (the syntactically agreeing, case-inflected words)
AU "Buddhist/Jaina nun", etc. (being called dc&y).

Example - FANISHUT or FHARSHIM "a virgin ascetic".

. T - "I | e (2-2-4)

Meaning - also (the case-inflected words) 9™ "who/which has
reached/obtained" and 3Md "who/which has obtained" (are
preferably compounded with a case-inflected word ending in the
second case termination (being called dcJ&y).

Examples - STesiia: (STET Sifdai) as well as SHE®MTE: 'obtained his
livelihood', T9esiifah: and STfTI:

Reason - This is a special compound with only two possible words
as second component. These are just treated as special cases and not

analysed further.

. G - "R GRATET (2-2-5)

Meaning - (case-inflected words signifying a period of) time (are
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preferably compounded) with (a case-inflected word signifying) an
item to be measured (being called d<geN).

Examples - Al S = HESA: "a month old", HIELE: "a year
old" etc.

The current aphorism explains a dg&Y¥ compound and it needs
the information (of GRAM) the words denoting the object whose

duration is measured by the time. We treat it as exceptional rule.

. T - "I (2-2-20)

Meaning - (a case-inflected word called 394q is always compounded)
with (a case-inflected word called) 31&9 "indeclinable" (ending in
the suffix) 3, "only" (the compound being called dc3eq).

Examples - @EER ¥$ "he eats having made his food sweet",
SIUHRNH, "having seasoned” etc.

Reason - If the component is a word ending in second case suffix
and the second component is a FG used in ITIG-ATEY compounds,
then the compound may be classified under S99G-dc&y.

. T - AR (2-2-21)
Meaning - (the case-inflected words called 399q) starting from (those
prescribed as ending in) the third case termination (are) indifferently

(compounded with a case-inflected word called 31%9 "indeclinable",

ending in the suffix 3 only (being called d<yeN).

haN o

Example - A&®9ea g or ASHAUea ¥g "he eats after having
relished the food with radish".
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Type of compound -

Reason - The current aphorism explains a S99g-d<J&¥ compound.
These type of compounds can be analysed provided w%a
morpholgical analyser analyses special forms. In the absence of
such morpholgical analyser, we treat all such compounds as special

cases.

AN NI N

. 3 - " degHid G&" (2-2-27)

Meaning - two (case-inflected words) alike in form (and represented
by the word-pattern) d= (or) ad (are compounded with each other,
the compound) conveying the meaning ¥¢H, "this" (and being called
TEAIfE).

Examples - 231 "hair to hair, fighting by pulling each other's
hair", JUSIETE! "stick against stick, fight with and stave" etc.

Reason - The current aphorism explains a SeXUI-fasa®-agals
compound. These type of compounds can be analysed provided the
morpholgical analyser analyses special forms such as ®2 and 1
etc. In the absence of such morpholgical analyser, we treat all such

compounds as special cases.

List of exceptional or special rules

No. | Sttra Sttra Example Type
reff.

1 |2-1-21 FEASE A AT, | SHOEE A5
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2 | 2-1-70 FHN: SHOTCRT: FANSHO, F- | K
HILHUT etc.

3 | 2-2-4 eI = fgdraan STeST: ete. | K

4 [22-5 HIST: TRATUT HES:, K
HIEGETq:
etc.

5 |2-2-20 T @WEER IS | | -

6 |2-2-21 AN, | Gohbeat -
T |

7 | 2-2-27 T A aed HIMHMT, GULT- | Bsp
ot

6.3 Statistical Apporach

In this section we describe the statistical approach. We use manually
tagged corpus as a model for predicting the tags, given a pair of
constituents of a compound. Manually tagged corpus has been generated
by the SHMT consortium funded by DIT. The total corpus is around 600K
words of which 80,155K words are compounds. These texts were tagged
using the tagset given in appendix-B. All these compounds are thus tagged
“in context' and contain only one tag. This corpus formed the training data.
Another small corpus with 400 tagged compounds from totally different

texts, was kept aside for testing.

We observe that certain words have affinity for certain other words. For

example I has an affinity towards a word indicating the colour such as



Sanskrit Compound Type Identifier 110

29 or name of the colour has an affinity towards an object in the real
world such as flower as in {S@&H. etc. Further from the manually tagged
data we also know the likely tag for such compounds. The manually tagged
data also reveals that certain words when used as the first component of a
compound indicate a particular compound. For example the indeclinables
such as T as the first component always indicates an &4ME, which

s O o o

is also supported by the Panini's rule (=94 AT

... "2-1-6").

6.3.1 Some features of the manually tagged data

1. Around 25% of the compounds were repeated.

2. The 38,594 tokens of compounds contain 14,203 types of left word
and 24,391 types of right word.

3. The frequency distribution of highly frequent tags is shown in Table
6.10. To study the effect of fine-grained-ness we also merged the sub-
types. Table 6.12 gives the frequency distribution of major tags, after
merging the sub-types.

Coarse and fine grain tagset

Panini has classified the compounds in four major classes however, for
the purpose of generating a paraphrase, these four class are not sufficient.
Hence fine grain tagset of 55 tags was evolved by the Sanskrit consortium.
The performance of any classifier is inversely proportional to the number
of tags. More the tags, less is the accuracy of a word getting correct tag. This
is true with the compound type identification as well. Especially because of

the associated words and their frequencies. There are more chances of the
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data becoming sparse. Hence we decided to measure the performance of
our type identifier using both the fine grained as well as coarse grained

tagset. For the purpose of identification, we define our coarse grained

tagset to be consisting of eight tags viz. dcqey, FHING, TgAE, &5, SUIE,
ERicich

Tag | % of words Tag | % of words
T6 29.12 T 50.51
K1 12.05 K 19.01
Bs6 6.97 B 12.53
T3 5.64 D 4.70
Tn 4.50 U 3.66
Di 3.75 A 0.94
U 3.64 S 0.78

Table 6.4: Distribution of Fine-grain-  Table 6.6: Distribution of Coarse-
Tags Tags

From the manually tagged data, we define the following probabilities
(a) P(T/w1-wy) = probability that the compound w;-w; has a tag T.

#(wy — wy of type T')

#(U}l — ’wg)

(b) P(T/wi-) = probability that a compound with w; as the initial

component has tag T.

_ #of words with wy as initial component with tag T

#of words with wy as an initial component

(c) P(T/-w;,) = probability that a compound with w; as the final
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component has tag T.

_ #(of words with ws as initial component with tag T')

#of words with wsy as an initial component

6.3.2 Algorithm

Given wi-w,

(i) If P(T/w1-wp) exists, we choose the max P(T;/w-w»)

(ii) elseif P(T;/wy-) and P(T;/-w») exist, we choose maximum P(T; /w-) x
P(T;/-w»)

(iii) else if only P(T;/w-) exists, we choose maximum P(T;/w3-)

(iv) if only P(T;/-w1) exists, we choose maximum P(T; /-w)

(v) and finally if both w;- and -w, do not occur in the manually tagged

corpus, we assign a tag with maximum probability.

6.3.3 Performance Evaluation

The test data of 400 words are tagged “in context'. While our compound
tagger does not see the context, and thus suggests more than one possible
tag, and ranks them. Normally a tool is evaluated for its coverage
and precision. In our case, the tool always produces tags with weights
associated with them. Hence, the coverage is 100%. The precision is
evaluated based on the ranks of the correct tags. Table6.14 shows results
of 400 words with a coarse as well as fine grained tagset.

Thus, if we consider only the first rank, the precision with 8 tags is 76.1%
and with 55 tags, it is 62.0%. The precision increases substantially to 95.8%

and 83.5% respectively if we take first three ranks into account.
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with 55 tags with 8 tags
Rank | no of words | % of words | no of words | % of words
1 250 62.0 307 76.1
2 59 14.6 56 13.8
3 28 6.9 24 5.9

Table 6.8 : Precision of Type Identifier.

Effect of the size of manually tagged corpus

It is known that the Natural Language corpus suffers from sparseness.
There are also various studies to predict the 'ideal' size of the corpus for
a specific task. We state here our experience with the manually tagged
compound for type identification.

With 150K corpus, the results were as follows :-

(i) Around 10% of the compounds were repeated.

(ii) The 12,796 tokens of compounds contain 2,630 types of left word and
7,106 types of right word.

(iii) The frequency distribution of highly frequent tags is shown in Table
6.10. To study the effect of fine-grained-ness we also merged the sub-
types. Table 6.12 gives the frequency distribution of major tags, after
merging the sub-types.

Table 6.10: Distribution of Fine-

grain-Tags

Tag | % of words

T6 28.35 Tag | % of words
Bs6 12.45 T 52.43
K1 9.63 B 18.96
Tn 8.56 K 12.04
Di 7.23 D 8.84
U 5.73 U 5.73

Table 6.12: Distribution of Coarse-
Tags

(iv) Finally the performance of type identifier on this two data was

Thus, if we consider only the 1* rank, the precision with 8 tags
is 72.7% and with 55 tags, it is 63.0%. The precision increases

substantially to 95.4% and 81.1% respectively if we take 1° three
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with 55 tags with 8 tags
Rank | no of words | % of words | no of words | % of words
1 252 63.0 291 72.7
2 44 10.9 53 13.2
3 29 7.2 38 9.5

Table 6.14 : Precision of Type Identifier.

ranks into account.

What can be concluded is, to improve the performance of type identifier,

one may need to explore other parameters, other than the left or right

word of a compound. For example, it might be useful to check whether

the component is in neuter gender or not, whether it is a non-finite (Fd=)

form ending in ™ or not, and so on. Such features may further improve the

performance.



Chapter 7

Sanskrit compound paraphrase

generator

7.1 Introduction

Paraphrase or [5gar®H ! is an expression providing the meaning of a
compound. In Sanskrit tradition, two types of paraphrases are discussed :
1) WYEfETE: and 2) SREYEEE: |

The paraphrase involving only the components of a compound, is
known as @9e¥E:2. For instance for the compound T (The man who
has gone to the city) , the paraphrase would be ¥R 31d: and this meaning is
expressed by the components which are already available in the compound

;. When the paraphrase is not expressed by the components of a

legegaE: AT SE: |
ZHETEETE: FHIEEE: GaHe AU e EHElEr: | J ¥ - GHEEHaEed qH g
TAY: | (T@(=FHE)4q: fawe: 1) -- aem:
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compound, it is known as TEIUGTE:>. For instance the paraphrase of a
compound I9FIH, (Near to Krishna) is FHE TH9d, Here, the word &-
H99 is not a component of a compound IFHIH,

Three different ways have been observed of expressing the paraphrase of
a compound in Sanskrit. For instance for T@&ATAM™FRTH, , the paraphrase
can be expressed as :-
a. T E@ETA™: q = QAT
dq = @ 1 fid: = e,

d dUEETEEFGH. or as
b. d9: ¥ @AE: 9 = qIEETANE,
AIEETATEET: fold: = JIEETHERd:,

d dUEETEEFGH. or as
C. d9: EAN: 9 = W,
q4l: FeRd: = qUEETAERG:,

o AT,
Since the second type of paraphrase is more popular and found in most of

the Literature, we decided to generate the paraphrase following the second

type.
7.2 Paraphrase generator

A paraphrase generator takes a well formulated tagged compound as an
input and produces its paraphrase as an output. A semantically analysed

compound has the following syntax.

BWﬁ:mmwﬁrﬁﬁaﬁﬁwW: | A 9 - FEEEICHRIed
T, TEEIGETE: SAY: | (I Th U8 TFHIEECHHT Il Hald | ) -- THE:
4H§a"q-WUTH,Balakénda, sloka-1
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compound : '<' component '-' component '>' tag
component: word | compound
tag: A[1-7]

| Bs[2-7] | Bs[dgpsu] | Bsm[gn] | Bv[sSU] | B[bv]

| Dlis] | K[1-5] [Km [T[1-7] | T[bgmnpk]

| Tds | [ESd] | U[1-5,7]
word : [a-zA-Z]+

Sanskrit compounds tagging syntax
Note here that the compound is binary except in the case of dvandva and
bahupada bahuvrihi.
We define a compound formed with the leaf nodes of a binary tree

as a simple compound. Compounds with at least one component as a

compound (i.e. a non-leaf node) are termed as nested compounds.

7.2.1 Paraphrase Generation

In Sanskrit compounds, as mentioned earlier, only the last component
contains a case suffix’. Hence the major task of the paraphrase generator
is to decide the gender, number and case suffix of the last component
of a compound. The paraphrase of a compound varies with the type
of a compound. Appendix-A gives rules for generating paraphrases for
different compound types. Here are some examples :-

Example-1 Input : <@@RF-A:>T6
Output : RUIE TA: = Q@AL:
The general rule for generating the paraphrase of a Té6 type

Swith an exception of an aluk samasah
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compound is

<Wy - Wo>T6 => W6} - Wiil} = (Wi + Wi){1)

Where W{ and W] are the Iifdaig®s (nominal stem) of the words W,

and W, respectively, '{6}' and '{1}' indicate the vibhakti. W] + W on

the RHS is sandhied form of the two Hfdafe®s W] and W,
Example-2

Input: <Jid-37=: > Bs6

Output: JiqH . T 6: = Fara:

The general rule for generating the paraphrase is

<W1 - Wy>Bs6 => Wi{g}{1}, Wi{gH{1} yat {g'H6} tat{g'}{1}

= (W + Wy)lgil)

Where g' is the gender of W, and g is the default gender of Ws.

The word 37X is used in masculine here and hence its gender is

masculine, which is g' while the default gender of %= is neuter

which is denoted by 'g' above.

7.2.2 Paraphrase generation of simple compounds

The paraphrase generation involves two major steps. In the first step
we analyse the components and in the second step we generate the
required word forms and construct the paraphrase. So we now describe
the algorithm.

Step-A
Input: <W; - Wy>T,
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a. Analyse W;, Here W, is an 'iic' 'in init composite' i.e. a THE-
T:FE. So we are interseted only in that analysis of W; where
it can occur as a H'CITFF{:NE In case there are more than one
analysis possible then we get the one which is more probable.
For example, for @R - two analysis are possible
i) 3aNY, Y, iic
ii) 3aRY, Y, iic
Here we choose 32R¥ Y as it is more probable. Similarly in case
of TSI- two analysis are possible
i) T<1,9,iic
ii) T, 9, ic
Among these two TSI, is more probable.

To choose the more probable answer, we use a database of iics -
HHTH‘EC"ES. This has following 3 fields C@‘E form, TMd9eEHH. and
fog,

Eg. TS- TS,

TAR-, TIRI Y

This database is generated by extracting the ¥HEI4q entries form
Apte's dictionary.

Let the default Mfcdfe®H. and gender for W; be W/ and ¢;
respectively.

b. Analyse W,

The analysis of W, pose certain problems. Just as in the case
of W, here also multiple analysis are possible. However only

those ambiguities matter us where the analyser shows analysis
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Step-B

with more than one gender or vibhaktis while in the context
corresponding to a certain reading only one gender or vibhakti
is possible. Since our paraphrase generator does not look at
the context, it produces the most probable answer and has a

provision to produce other answer on demand.

Another problem with the analysis of "i fe' 'in fini compositi'
HHME-3TIG is when the BH&UE undergoes some operations
related to & then the morphological analyser should handle
it. Eg. consider &3 T§H, Here the ife is I§H which appears in
neuter gender while the default gender of the word is feminine
with STfdafeRA, - ITHT.

Similar problem of change in the gender one encounters in the
analysis of ife is with the Bahuvrihi compounds where the 3-
g assumes the gender of the object it refers to. Eg. the defualt
gender of 3R is neuter. But in a Bahuvrihi compound, say eg.
JtamsR:, 3R is in masculine since the word $am=R: refers to fors],
So to handle these cases, we need
i) a morphological analyser which analyses words even if they
are declined in some other gender. Thus this morphological
analyser should be able to analyse 37T§H. and 3%:, in addition
to regular forms IT{T and TH=TH,

ii) a database that gives the defualt gender of a TG,

In this step, a paraphrase is generated. The Paraphrase has two

parts:The phrase explaining the meaning and a compound word
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denoting this meaning. For instance for the compound YdRat: (a
person who is in yellow dress) the paraphrase is 9, 3FaH T
G:=Ular=:. In this, the Jiad, =R I& &: is LHS and WA= is the
RHS. The ¥R on the LHS has its default gender while 3%=R: on the
right hand side is the gender of the object the word refers to.

Step-C Finally, if the compound word is not in the YeHI-f¥fh, then
appropriate pronominal phrase is also generated as
tat{gl{vibh}{num}

Wa{gHvibh}{num}
Where g, is the gender, vibh and num are the vibhakti and number

of the i f ¢ - THTE-ITIE,

7.2.3 Paraphrase generation of nested compounds

In case of nested compounds, one or both the components are
compounds. So we apply the above procedure repeatedly starting with the
innermost compound which is a simple compound and go on simplifying

it till all the compounds are covered.

7.2.4 Problem cases and thier solutions

* JSHHMN::-
Only the last component of a compound has a case suffix. However as
noted earlier there are exceptions typically with certain compounds
whose first and intermediate components also have Vibhaktis. Such
compounds are called aluk samasa. The tagset of the Sanskrit
Consortium does not mark aluk samasas. Since the aluk samasas

are few in number, we treat as exceptional cases and produce their
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output just by table lookup.

N

TAHIESI AT -

This is a special type of compound in which some of the words in the
paraphrase do not occur in its compound form. e.g. Devabrahmanah
is a compound whose paraphrase is Devapujakah brahmanah(a
brahmin who worships god). So to get the paraphrase of such
compounds mere components are not sufficient. One should also
know the context to supply the missing words. We again list out these
compounds as exceptions. It is neccessary to study these compounds
seperately and see if it is possible to provide some semantic criterion
to provide the missing elements.

Special cases from Ganapata etc. :-

Compounds with special paraphrases have been listed by
Panini separately in a list. Examples of such compounds are
Mayuravaymsakah, Kambojamundah, Yavanamundah etc. Each
one of them have a special paraphrase. Readymade paraphrases of
such compounds are provided.

SUYCEHT: -

An upapada tatpurusa samasah has a verbal noun (krdanta) as a
post component(e.g. jnah and karah in Tattvajnah and Kumbhakarah
respectively). These forms are special and occur only as bound forms
in a compound. Hence, a special morphological analyser to handle
these forms is built.

The requirement of a special morph :-

From generation point of view, determining the gender of



Sanskrit Compound Paraphrase Generator 123

constituents is the most difficult one. For instance in ISWIFH
(Near to Ganges river), the second constituent of the compound viz
ITHH, is in neuter gender, derived from the word 1§ (the Ganges
river). The word 1T is in feminine gender. Another instance from
Fgdie compound is qERTE: (The person whose wife is a cook.).
Here, the word : is the second constituent and it is in mesculine
gender derived from the word Tl (the wife). The word Tl is in
feminine gender. So the word 3T§T and the word WM can be easily
analysed by the morph. But when these words occur in compounds
then the word ¥T§T becomes 37T§H. and the word 41 becomes Wil: due
to compound formation and this is place where our morphological
analyser fails to analyse the words. Here, we require a special
morphological analyser which can analyse these kind of words and
can provide the correct stems, genders and the information of first
and second components.

The requirement of Sandhi module :-

As Sandhi is mandatory in compounds, it becomes neccessary to
have a Sandhi module which can join the constituents according to
the Paninian theory. The Sandhi module comes in picture at the stage
of paraphrase generation in RHS (Right hand side) of the paraphrase.
For instance HATH: (the happiness of Sumitra) and it is tagged as
<§'|'3=|3|T-3TFIE:>T6

Here, x = ﬁﬁﬁT, y = 8TiF+s: and 7}, = T6 (El‘ésl-a?ﬂ'ﬁﬁl:)

g WG = gHWS: is the complete paraphrase of <ERT-
e >T6.
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In paraphrase

LHS = R 3T w<:

and

RHS = gfH=ms:

Now, for generating LHS a module is not required but when it goes
to RHS, it needs a Sandhi module to generate ﬁﬁiﬁﬁa

Special treatment of Dvandva compounds

The gender and number of && compounds depend on number of
components and sometimes even on the semantics. For instance -
aIWIE\\T(The Crane (bird) and the Crow) and d&%&®l: (The Crane or
the group of Cranes and the group of Crows). The instance EEEaC]
contains only two components % and %% and it is in dual number.

So simply by looking at the number of components and the number of

compound, the paraphrase can be %: = &Th: & = TR which gives
the meaning that only two single birds are there. But S%[=I: is not the
same case, although the compound contains only two components
and has the same gender, the word is now in plural not in dual. It is
becuase of the involved semantics. Here either of both the words =%

and #& denote a I and not an individual. Hence the paraphrase in

this case is ¥h1: T HIhI: F = ThRIHI: or Teh: = hlhl: T = ThHhET:. Now the
question is how to treat such compounds ? Where is the information
that the component refers to a Slid and not a . One may argue
reterning to the § - "SAMRETUER (2.4.6) that one may list such words
and handle separately. But as we see above both <3%-%&I:> as well

as <TH-HIEH> is possible. In one case it refers to the STfd and in another
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case &fth. So one may then argue that the information is in the form
itself. Yes it is true that the information is in the word form. But when
there are 3 or more than 3 components or if such components are part
of another compound then this information will not be available. In

such cases we asume that the word refers to a <.

7.3 Evaluation

The evaluation here is simple one. It does not involve any precision or
recall figures, but just the % cases that produce correct paraphrase. We
tested 200 simple compounds and 100 nested compounds. 89% simple

compounds and 80% nested compounds paraphrases were correct.



Chapter 8

Conclusion

The present work is an effort towards building an Automatic
Computational Sanskrit Compound Processing. We observed four major
tasks in compound analysis: 1) Segmentation, 2) Constituency parsing,
3) Type-identification and 4) Paraphrasing. Except the last task each of
the first three involves non-determinism and hence we used statistical
data for prioritizing the solutions. We have used sandhi rules in reverse
to split and then we have used probability for prioritizing the solutions.
For Constituency Parsing, we have used only heuristic rules. For Type-
identification of compound, the Paninian rules are applied and wherever

the rules fail, we have used the statistical data.

Limitataions of Sanskrit Compound Processor

* The input for the system should be a complete compound word. It
should not be a sentence or the word which contains only sandhi.
* The automatic segmentation can be done only for those the

compound words which contain four or less than four components.
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e The automatic constituency parser does not handle the &=
compounds at this level.

* An automatic type-identification of compound can be done only for
those compounds which contain only two components.

* For paragraphing of HAHUG-AMY and ITIE-TTET compound are not
possible at this level.

Keeping these limitataions in mind one can use the system.

Future directions

The segmentation of components can be improved further by using the
sandhi rules which are used only in compounds. Constituency parsing can

be done more effectively if rules of Panini are also applied.

The present work can be a model for other modern Indian languages.
The processing of compounds is still untouched in modern Indian
languages. The process which we have described in our work for Sanskrit

can be used for other modern Indian languages also.
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A - Table of paraphrase rules

2RI ICE

1 | <x-y>Al=>y6 fx

where f maps x to the noun with same semantic content. A function f

needs to be defined.
2 | <x-y>A2=>x3 faord CASL:
3 | <x-y>A4 => x6 y6 GHE:
4 | <x-y>A5=>x'lyl 1CI'I"\‘El:IT-L a?e:l

X' y' SAEl: TATIE €1, 2l |
5 | <x-y>A6 => x6 y6 GHIER:

e x=f5 & afe x @ y geawE: Je: fE=e @, |
6 | <x-y>A7=>x6y

dgE:

7 | <x-y>T_n=>xny2<n<7
8 | <x-y>Tn=>xny
9 | <x-y>Tds => x6 ;ba y6 ;ba GHRER:
10 | <x-y-z>Tb =>x1y1 z1
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11

<x-y>K1=>x14dd yl1d

12

<x-y>K2 =>x14yl |

13

<x-y>K3 => x1 T el y1 4

14

<x-y>K4 =>x1gyl

15

<x-y>K5 =>x1yl &

16

<x-y>K6 =>x1 Wyl

17

<x-y>K7 => x1 gfd y1

glte:

18

<x-y>Bsd => x6 | y6 | GrUAH,

19

<x-y>Bsp => x3 ¥ y3 9 g ¥4 T¢ qgTH.

20

<x-y>Bsg => x7 y7 TR ¢ T& FITH

21

<x-y>Bsmn => x' y1 94

22

<x-y>Bss => x1 Al y1 9&4

23

<x-y>Bsu => x1 & y1 &4

24

<x-y>Bv => x y1 99

25

<x-y>Bvs =>y6 x' g gedd

26

<x-y>BvS =>y3 @&

27

<x-y>BvU => x6 g y I

28

<x-y>Di=>x149yl ™

29

<x-y>Ds =>x14yl ™

30

<x-y>5 =>yl x1

31

<x-y>d =>xy




B - Table of Semantic classifications

Semantic classifications of Sanskrit compounds

SR G qqEH
1 | eE-qEe-STeE Al |1 | vowEcgEy T1
2 | T-SONTE- TN A2 |2 | EdrETaege T2
3 | foegmid-eremdhE A3 |3 | JaEEcqed T3
4 | AU ONGE- N | A4 | 4 | Sqeifaeged T4
5 | TR T, A5 |5 | gEHiidegey T5
6 | GEAYEYE- AN IE-EENE | A6 | 6 | SSidcgey T6
7 | qRAA e RYe- e | A7 |7 | qediaegEy T7

TgeliE 8 | wL-acged Tn
1 | fechardegsie Bs2 |9 | wfe-deqey Tp
2 | qAEEEEAiE Bs3 |10 | F-aeges Tk
3 | SgeAdegfe Bs4 | 11 | 9ifd-degey Tg
4 | TErmiagA Bs5 | 12 | afadreia] Tdt
5 | SSHegHE Bs6 | 13 | IUEET] Tdu
6 | aEEUTEAR Bs7 | 14 | GHENET] Tds
7 | fevara®-agaiR Bsd |15 | S99g U
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8 | EEEnEYe-TgAIR Bss | 16 | fEdridue-deges U2
9 | STHMYEYE-TEAR Bsu |17 | qdiE9e-deged U3
10 | TEXUTeaH-agalE Bsp | 18 | TgeATIUE-dcqEy U4
11 | TRUTSEE-agale Bsg | 19 | THRIYUG-ATEN U5
12 | Egde- AT Bvs |20 | GHqUE-dgeN U7
13 | GEYEYE- AT Tga BvS |21 | HaTARIS Tm
14 | wfe-=afempo-SgaiE Bvp |22 | Jgqe-acged Tb
15 | STHTHYEYE- AR Tga BvU FHIRE
16 | To-TgAR Bsmn |1 | fRNU-gEue-F+AaRE | K1
17 | 9g9e-agaie Bb |2 | FRNU-ITEE-FHGRE | K2

&5 3 | RS- IR | K3
1 | 3OEEs Di |4 |IWAM-999E-FHURT | K4
2 | GURR-EE Ds |5 |I9AM-STREE-FHGRE | K5
3 | wwRY-EE E 6 | STEINRUMYEUE-FHIRE | K6

4 (others) 7 | ARYEAYEYE-FAIRE | K7

1 | fask d 8 | TAUIESIUEHIRE | Km
2 | hAS-GHH -




C - List of aphorisms

List of implemented aphorisms
"7 Tl - T - S -2ieaig ... (2-1-6)
"JTEETINTT" (2-1-8)

"o A (2-1-9)

" SRS TR (2-1-10)
"R T== T (2-1-12)

"3Tg ISR (2-1-13)
"SETIS RS SRE (2-1-14)
"Il (2-1-15)

"I qEM:" (2-1-16)

"TSgERId= = (2-1-17)

. "I HSH SET AT (2-1-18)

. EeE A" (2-1-19)

. "SRR (2-1-20)

" BT TaTeaeasTaTa=t: " (2-1-24)
.G A (2-1-25)

. g1 & (2-1-26)

¥ ® N o W

e T e o e e
SN G k= W N = O
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

"HIH" (2-1-27)

"I (2-1-28)

HW° = ¢ ~ r"-q.’\ %:l-sgglﬁ':” (2_1_31)
uaﬂ?ﬁs aa

CC A~

qeafsRageaded:" (2-1-36)
g WA (2-1-37)

" AT T eazT: ' (2-1-38)

"R R g F = 0T el (2-1-39)
"

AT HY" (2-1-42)
"RAREEEEET:" (2-1-45)
" (2-1-46)

QA

N

Foe:" (2-1-40)
"RTgRRTRaaE (2-1-41)

o\

"IEEAEA" (2-1-48)

N

" YRS HHATN U haST: GHFIERA" (2-1-49)

"qTATOT: FHiedd:" (2-1-54)

"G SATHNE: TSR (2-1-56)
"foRIgu} foRIsu 953 (2-1-57)

" AR A AT A" (2-1-58)

"HUIIGH: FAlGRT:" (2-1-59)
"R ArsarRIeAEsl (2-1-60)

"I HICHET: ToaT: " (2-1-61)

" NFARTHER: I (2-1-62)
"FAhR AT SATAIRTS (2-1-63)

"fh 89" (2-1-64)

"

-

o

-~

[aN

o

-~

A" (2-1-65)
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42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

"R (2-1-66)

"FAT WS A SATIAATANT: " (2-1-67)
Ut FuiE" (2-1-69)

"G T (2-1-71)
"AYEEARGIH" (2-1-72)

"37d AGEER (2-2-2)
"I (2-2-3)
"=l (2-2-6)

'S (2-2-7)

"qIRTERT" (2-2-9)

"FTTEE: " (2-2-18)
AT AT R EEAT: §&d" (2-2-25)

o haN

"fEETHTIIS (2-2-26)
"o e JeaaRl" (2-2-28)

List of non-implemented aphorisms

¥ ® N g LN

"FISART" (2-1-7)
"FAEIn T (2-1-29)

'QC?MI dc@dlﬁd ucECCl (2-1-30)

" TR0l Fell g (2-1-32)
" EREEE (2-1-33)
"I I (2-1-34)
"] fefiEor (2-1-35)

"F A" (2-1-43)
"HEIEME" (2-1-44)
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10. "5 (2-1-47)

11. "feweed d@5m@™! (2-1-50)

12. "AfgaoRIEEHER " (2-1-51)
13. "HEATYE " (2-1-52)

14. "HfeAdT= F:" (2-1-53)

15. "ITATI GETEEE:" (2-1-55)

16. "HAJATAT A" (2-1-68)

17. "qETORTER IR ARl (2-2-1)
18. "ficd Fleria®al:" (2-2-17)

19. "IUIGHITE" (2-2-19)

20. "ARAGE" (2-2-24)

21. =9 g=g:" (2-2-29)

List of Exception aphorisms

"FIEd = HEEE (2-1-21)
"FHN: SAUTIGR:" (2-1-70)
"I | T (2-2-4)
"SRIAT: TRATUET" (2-2-5)
"I (2-2-20)

"FAAT AT (2-2-21)

AN A b

" ARG &Y (2-2-27)

N @ o= LW o=
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Department of Sanskrit Studies, University of Hyderabad, Hyderabad

Sanskrit Compound Processor

Introduction

In recent years Sanskrit Computational Linguistics has gained mementum. There have been several efforts towards developing computational tools for accessing
Sanskrit texts. Most of these tools handle morphological analysis and sandhi splitting. Some of them also do the sentential parsing. However, there have been almost
negligible efforts in handling Sanskrit compounds, beyond segmentation.

Sanskrit is very rich in compound formatien. The compound formation being productive, forms an open-set and as such it is also not possible toe list all the compounds
in a dictionary. The compound formation invelves a mandatory sandhi. But mere sandhi splitting does not help a reader in identifying the meaning of a compound.
Typically a compeund does not cede the relation between its components explicitly. To understand the meaning of a compound, thus, it is necessary to identify its
components, discover the relations between them, and finally produce a vigrahavaakya of the compound.

Features of Sanskrit Compounds Semantic classification of compounds

The Sanskrit word samasah for a compound means samasanam which means a | | Semantically Panini classifies the Sanskrit compounds into four major types:-
“combination of meore than cne word into one word which conveys the same
meaning as that of the collection of the component words together”. While
combining the ¢ its together a ¢ d undergoes certain operations ’
such as loss of case suffixes, loss of accent, etc.. A Sanskrit compound thus has one /% Bahuvrih: (Exocentric),
or more of the following features:

f Tatpurusal: (Endocentric with head typically to the right),

f Dvandvah: (Copulative)

1. It is a single word (ekapadam). }' AvyayTbhavah: (Endocentric with head typically to the left and behaves as an
2. It has a single case suffix {ekavibhaktikam with an exception of aluk indeclinable).
compounds such as yudhis. irah, where there is no deletien of case suffix of the

first component.
ShEa
3. It has a single accent (ekasvarah). sanskrit Compound Processor

4. The order of components in a compound is fixed.
3 3 There are four tasks involved in identifying the meaning of a compound:

5. Mo words can be inserted in between the compounds.
6. The com Pnund formation is binary with an exceptien of dvandva and bahupada 'Segmematiun

Bahuvrihil).
7. Euphonic change (sandhi ) is a must in a compound formation. Constituency Parsing
8. Constituents of a compound may require special gender or number different ' Compound Type ldentification

from their default gender and number. e.g. pacikabharyah , panipadam etc.

Paraphrasing

httn://mans n

Home page of Sanskrit Compound Processor
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TR e

(Sanskrit Compound Segmenter)

oty EEE v
Introduction Show segmentation

The Sanskrit compound segmenter s the
first module of Sanskrit compound processor.
It splits a compound into its constituents. For
instance, the compound

Sumitrinandavardhanah me — W.+W.+ﬁ?ﬂ'ﬁ[

is segmented as

Sumitrd-Gnanda-vardhanah

Fach of the constituent component except
the (ast one is typically a compounding form
{abound morpheme). Read more...

Screenshot of Segmenter
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Department of Sanshrit Studies, University of Hyderabad, Hyderabad

- R

(Sanskrit Compound Constituency Parser)

v T v e 7T

For insance: - 9FR-46R:

Introduction

The constituency parser is third step to
paraphrase.  This module parses  the
segmented compound syntactically by pairing
up the constituents in a certain order two at
atime.

TR

Sumitrd-dnanda-vardhanah

s segmented as

<<Sumitrd-nanda>-vardhanah>

Read more...

Screenshot of Constituency Parser
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(Sanskrit Compound Type-identifier)

o [P o R

For nstance: << aRoTh a6RTh

Introduction

This module determines the type on the

bass of the components involved. For
instance, )
; \
<<Sumitrd-Gnanda>-varchanah> v'ﬁﬁf-eli[
I
el s Compound Type
Compound Sub Type ‘fﬂw A
<<Sumitré-GnandasTé-varchanasTé b W (il
where T8 stands for compound of type
Sastitatpurusa, This module needs an |  Compound Type ‘ﬁm
access to the semantic content of it C_on
constituents, and possibly even to the wider Cumpmmd S Iype ‘WN@% ,
context. Read more... i

Screenshot of Type-Identifier



D - Screenshots 141

Department of Sanskeit Studies, University of Hyderabad, Hyderabad

- R

(Sanskrit Compound Paraphrase Generator)

000 Unicode Devanage LI << REBTTAmbK b ToahooTs | Showpating

Inroduction For nstance: <<gA- 4RO TE-AER Th

The Paraphrase generator i final step of
Sanskrit compound processor. This module
generates the paraphrase autometically from
a tagged compound ward. For instance -

<<Sumitrd-anandasTé-vardhanah>Té W'\f E Wﬂeﬁl

T 1 T 9 = T
o - SFMGIRTT: i = Ao
Sumitrayah anandah = Sumitranandah - E’W{: A
Sumitranandasya vardhanah = Sumitrinanda- | 7 SRFERIAIRGRT

vardhanah

s paraphrased a5

Read mare...

Screenshot of Paraphrase Generator
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