Parser for Simple Sanskrit

Sentences
based on Ran inian Grammar Formalism

Master of Philosophy
in
Shabdabodha Systems and Language Technologies

By
N. Shailaja

Department of Sanskrit Studies
School of Humanities
University of Hyderabad
Hyderabad 500046
June 2009






Declaration

| hereby declare that the work embodied in this dissertatioentitled Parser
for Simple Sanskrit Sentences based on Ran _inian Grammar formal-
ism is carried out by me under the supervision of Amba Kulkarni, Bpart-
ment of Sanskrit Studies, University of Hyderabad, Hyderadd and has not
been submitted for any degree in part or in full to this univesity or any other
university.

N Shailaja
08HSLSO03
Date:

Place: Hyderabad






Department of Sanskrit Studies
University of Hyderabad

CERTIFICATE

This is to certify that N Shailaja has carried out the research-work em-
bodied in the present dissertation entittled\ Parser for Simple Sanskrit
Sentences based on Ran inian Grammar Formalism " at the Univer-
sity of Hyderabad. The dissertation represents her indepdant work and has
not been submitted for any research degree of this univengibr any other
university.

Amba Kulkarni
Supervisor

Amba Kulkarni
Head
Department of Sanskrit Studies

Mohan G Ramanan
Dean
School of Humanities
University of Hyderabad



ACKNOWLEDGMENTS

At the outset, | would like to thank to God who gave me lot of enggy to
complete this work and then | would like to thank to Acharya Anand
Prakash and Mrs B. Neeraja  for their precious and valuable guidance
and they enlightened me from the darkness.

The single most important person that must be acknowledgedehe, without
whom this dissertation would not have been there, iSIrs. Amba Kulka-

rni who not only suggested this topic but also came through in thprocess
of the research.

| am grateful indebted to my supervisorMrs. Amba Kulkarni for her
valuable guidance. She have been extremely cordial and quecative during
the research and | am thankful to her support and encourageimte

| am sincerely thankful to Prof. K. V. Ramakrishnamacharya &
Prof. Malhar kulkarni who has been cleared my doubts.

| am heartly thankful to Prof. Vineet Chaitanya (llIT), Dr. Dipti
Mishra (llIT) and Dr. Laxmi Bai (llIT) for their support and en-
couragement.

| am thankful to my seniors Mr. Anil Kumar Gupta & Ms. Shivaja
S.Nair for helping me a lot.

I am very much thankful to my classmatesMr. Abart, Mr. Shiva &
Ms. Ramya sai for their helping in many ways.



3

| express my gratitude towards my parents for their love and action and
for their continuous encouragement and moral support. | expss my special
thanks to my husbandMr. Lakshman who gave me encouragement and

moral support to nish this work.

| wish to thank them too whom I could not list out but directly or indirectly
they helped me a lot.

N.Shailaja



Contents

Table of Contents . . . . . . . . . . . . . . . ...

1 Introduction

2 kAraka and vibhakti

2.1 e

211 .

2.1.2 .

2.1.3 .

214

2.15

2.1.6

2.2



Earlier e orts

About CLIPS

5.1 Introduction . . . . ... ... ... ... .....
511 Facts. .. .. .. ... ... ... ...,
5.1.2 Deftemplate . . . ... ... ........

5.2 Basics of CLIPS operations . . ... .. ....

5.3 Architecture . . . . .. ...

54 Sampleinput . ... .. ... ... ...

55 Sampleoutput. . .. ... ... ... ... ....

Facts and Rules

6.1 FactTemplates ... ... .............
6.2 Rules. . ... ... ... .. ... .. ...,
6.3 Rule Description . . . ... ...........

6.3.1 Rule for retracting an analysis . . . . ..

6.3.2 Rule for marking upapada vibhakti

Contents

15

21



Contents

6.3.3 Rule for marking

7 Conclusion

roles

51



Chapter 1

Introduction

India has rich heritage in linguistic studies. Out of the six s (elds

of studies necessary to study the vedas) viz. : , :

: and , the rst four are concerned with language stud-
ies. deals with pronnciation, with grammatical aspects,
with prosody and with etymology. Among all these the importance
of is long recognised and is evident from the enormous literati
on . It has a major role to play in understanding how a language

communicates thoughts from one human being to the other.
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in around 500 BC presented a concise and almost exhaustivescigp-
tive coverage of the then prevalent Sanskrit language. Thigrammar is in
the form of s { around 4000 divided into 8 chapters of 4 sections each.
\ 's grammar is universally admired for its insightful analys of San-

skrit"(Kiparsky, 2002).

supplemented the work of with s. Later on
wrote a detailed commentary on these two works ruling out theecessity of
some of the s. This rich tradition continued further with major contri-
butions from in the eld of Language philosophy, and later by

, , etc.

The studies in grammar further led to three important schod { :
and . These are popularly known as and

respectively, indicating the nature of the topics they deabith.

It is evident from the scienti c literature that Sanskrit was \Lingua franca"
of scienti ¢ discussions in India. But that material is todgy not accessible to
the scientists who do not have enough exposure to Sanskrit. iW the help

of language technology, today it is possible to develop lamage processing



tools to provide access to these Sanskrit texts.

With the advent of computers, and availability of extensiveSanskrit text in
electronic form, the vast Sanskrit literature is now availble to the scholars
easily. But still, those who do not know Sanskrit well, can nounderstand
it. The advantages in the eld of Machine Translation, and tre availability

of S can lead to the development of appropriate tools for

accessing Sanskrit texts.

The aim of this thesis is to build a parser for simple Sanskrgentences. This
parser will analyse simple Sanskrit sentences and assign roles to vari-

ous nouns in a sentence. The parser will be based on  's grammar.

This being an interdisciplinary work, in the next chapter, ve give a brief
background of the Panini's sutra related to and . The third

chapter illustrate the process of theories the of given words.
The fourth chapter gives a breif summary of earlier e orts irthis area. The
fth chapter introduces a computational environment - an epert system for
programming viz CLIPS(C Language Integrated Production Sstem), which

is being used for developing the parser. Sixth chapter disses the actual
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implementation explaning sample rules. We cunclude with #h directions
for future work. In the seventh chapter we discuss the probie cases, and
discuss the possible ways of solving them. The simple parbais been tested
on a set of aroundl 130 sentences from introductory grammeodks. The
evaluation report is in the eighth chapter. The nal chapterlists the future

tasks and resources that are needed to build a realistic pardor Sanskrit.



Chapter 2

kAraka and vibhakti

Sanskrit is a highly in ectional language. Every word, be ita noun or a verb

has to be in ected before it is used in a sentence. An in ectedord is termed

land is the verdict of a grammarian (one must not use
a word, unless it is in ected). There are seven s (case-a xes) which
make a crude form viz. usable. These are called S if

they denote a relation between a noun and a verb. When these s are
governed by on , they are known as upapada S. In the following
sections, we give a brief note on both of these. But before thdet us rst

understand what a is.

1 (1.4.14)
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2.1

is the name given to the relation between a noun and a verb in ars
tence. The literal meaning of the word is: any factor which caributes to

the accomplishment of an actiof

— 3

-\
, " In
also states
Here is a synonym of
The relation of a noun to another noun in a sentence isnota . A
must be related with a verb: . There are six S:
, : : , and . Appendix | lists all the s

that discribe these s . All these s come under the . These

2
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s describe the semantic meaning of the  s. further in the rst
chapter fourth gives s which describe the s used for realisation
of various relations.

starts his section with the ! " (1.4.23). We
describe in brief, each of the s, as described by the 's rule, fol-
lowed by the rule governing the vibhakti of that , followed by an exam-

ple. We do not discuss the exceptional cases.

Sanskrit has three voices { and . In case of (roughly
active voice), the is said to be expressed through the verbal su x. If a
verb is (roughly transitive), it is the which is expressed through
the verbal su x, and nally in case of (roughly intransitive) verbs,

what is expressed through the verbal su x is the action. Noweét us see more

about these 6 S.
2.1.1

is de ned as (1.4.54). The most independent participant
in the action is termed as karttA. It is the speaker's intenton ( ) which

assigns di erent roles to the participants of an action. Spaker “expresses' the
situation/event through the words. While wording his thoudts/expressions,
he is free to assign the roles to various participants accang to his intention.

So for example, consider the situation: There are 4 particpts: Devadatta,
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(vessel), odana(rice), (wood pieces) and nally the action of cook-
ing( ). If the speaker is simply narrating an incidence that a cook

by name Devadadda is cooking the rice in a vessel, he would say

But if his intention is to express the fact that the vessel isig enough to cook
the rice, or the vessel has a particular capacity to hold theooked rice, he

will say

in mahAbhA.syam says 'in the absence of a king the senior most

minister will enjoy the powers of king.#

. Now, pada is de ned as ,S0a
expressing a relation in should have some nominal
su xes else it can not be . Therefore, to make such a a |,
is added. has a

(2.3.46)
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Thus in case of will have , and in case of :

will have a . Such a which is expressed by the verbal
su x is called . Incase a is not expressed or , asinthe
case of , then it gets third case su x by the "
San:

gloss: Devadatta cooks.

San:
gloss: f 3g cooks. (being cooked by Devadatta).
2.1.2
(1.4.49).
What the seeks the most to attain by its action is the karma.

The vibhakti assignment rules are two:

In case the karma is not expressed (anabhihite 2.3.1), (2.3.2)
assigns second case su x to the karma.

If the karma is expressed, then karma being abhihita, will geprathamA
vibhakti.

San:

gloss: Devadatta ricé2g eats.

San:
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gloss: devadatt&3g cooks. (being cooked by Devadatta).

2.1.3

(1.4.42). The factor most e ective in the accomplishment
of the action is termed as or instrument.

(2.3.18) assigns third case su x to the

San:

gloss: lekhartfi3g writes. (writes with pen)

2.1.4

(1.4.32)
That which the agent wants to connect with the object of the aton of giv-
ing is called recipient. means { wants to connect. By
giving is meant passing of one's ownership of the thing to thecipient. The
term is meaningful. The two upasargas and give the quali ed
sense viz. complete transfer.
sampradAna is expressed by the fourth case by the ™ "

(2.3.13)
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San:

gloss: brahmiri4g cow gives. (gives cow to a brahmin)

2.1.5

The " " (1.4.24) states that \when ablation or sepa-
ration is to be e ected by a verbal action, the point of separon is called the
ablative". Further the " " (2.3.28) states that the ablative
case is denoted by the fth case a x. Thus in the example

San:

gloss: cow-shadebg calf gaaway.

The separation or departure of calf from the cow-shade is niad by the fth

case Ssu X.

2.1.6

" (1.4.45)", isthe  describing the locus or The
place or thing which is the site or substratum of the action dusisting in the
agent or the object and is thereby the immediate site of actiois

According to
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The " " (2.3.36) assigns seventh case to express the

San:

gloss: The girl is on the mat.

Thus in a nutshell, is a semantic relation expressed through the S,
and there are 6 such relations.
2.2

There are also certain indeclinable words which demand cai case su xes.
Such words are called s{ { a word pronunced in close
proximity. In other words, when a noun takes certain case-axes by virtue
of its being in composition with some other word in the proxinty with it, it
Is called an

For example, look at the sentence:

San:

gloss: Rama with Sita forest goes. (Sita goes to forest withaRa).



2.2. 13

In this example, has third case su x. This is because of the presence of
the word . This is the word in close proximity ( ). This upapada
demands that rAma should have third case su x. Thus this third case su x

does not denote any relation between a noun and a verb.

There are 6 types of s corresponding to the 6 case su xes viz.
2,3,4,5 6and 7.
The s indicating the words demanding these s is given in Appendix
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Chapter 3

What we have seen so far is how the s are realised in a sentence through
the s. The process of understanding the meaning of a sentenceq ie-

verse process. This process is termed as the process of In India, the

three schools viz. , and di er in the process of
slightly. The process of involves basically the identi cation of
modi er and modi ed ( and ). According to S
(meaning of a verb) is the . The s take the (the
one in rst case suXx) as the . There is very subtle di erence
between the s and s approach. s take as the

15
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We will not go in the theoretical discussions on the di erenes between these
three schools and their consequences, etc. Our main aim isdevelop in-
telligence in the system so that computer can assist humanibgs in under-

standing the Sanskrit texts.

If we look at Sanskrit books on various topics, we see that thaiginal

text is followed by simple , followed by the information on various
compounds in the text, and nally the anvaya. This is done taking
into account the s which assign di erent sto s. Look at the
example from the ° '(see gure 3.1). Here we see all the steps

mentioned above.
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The s stated in the chapter 2 above are directly relevant and useffor the
generation of Sanskrit texts. When a listener listens to a sgence, now what
s/he gets is the S. From these s, the listener should analyse and
get the s. This task is not an easy task. We give here some examples
to illustrate the complexity.

Look at the sentence:

San:

gloss: Rama forest goes.

The morphological analyser does the analysis of each of tkesords, and

produces the following answers for each of the words.
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+ 0+ f7, O, g

A human being while reading does not even ‘see' these ambigps. But
when we analyse using machine, since machine does not usernomsense,

world knowledge, etc. shows all possible analysis. So maghhas two tasks:

Deciding the main verb (whether or ), and

Assigning the roles.

The question is, whether there is any way to rule out the podslity of
beinga . Following by comes to our rescue:
" ". (2.3.37)

This rules out the possibility of the following two analysis of

+ +f7, O, g
+ + f7, 0, g
This now leaves only one analysis of as a verb. Further the verb gam
has an expectancy of two S viz. and karma. Further the word
is . Hence being should be in
But there are two s viz. both and in . Hence the

question is which one should be taken as . We postpone this decision,
and look at the word with second case su x to decide the . We get only

one word viz. . Hence it is assigned a role. Since any noun can not
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have more than one roles. Because, all the s describing s are
governed by the " "(1.4.1). Hence vanam can get
only one viz. . This leaves with the role. Thus we
see that various s of come into play in assigning the roles

to the nouns.

Let us consider the possibility of as a verb. The verb is in :

andisin . Hence, one may assume the to be , and need
not be speci ed. being in can be for . But then
will remain without any S. Hence this will be ruled out
leaving only one as follows:
= of
= of

We try to follow this process mechanically, taking the help fo s s
To implement this mechanically, what is needed is a mechamsto solve the
constraints simultaneously. We have used the CLIPS for impinenting the
system. In the fth chapter we discuss the CLIPS environmentollowed by

the overall architecture.



Chapter 4

Earlier e orts

There have been much enthusiasm in the eld of Sanskrit comfations since
the advent of computers. There have been e orts to demonstie suitability

of Sanskrit shastra for automatic language processing aslwas to develop
computational tools for processing Sanskrit texts. The fewotable e orts

of the rst type are by the Akshar Bharati group(Bharati,1994). The latter

have been tried by various individuals and groups { Huet(2®), Scharf(2008),
Jha(2008), and Goel(2007), apart from the department of Sakrit Studies
in collaboration with Rashtriya Sanskrit Vidyapeetha, Tirupati, to name a
few. There are also ongoing e orts to model the paninian press of anal-
ysis through computers by Sharf(2008), Mishra(2009), Gq2D08), and the

package - ( ,2009). The majority of these han-

21
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dle morphology reasonably well. Only few of them have beenrudling the
parsing at sentence level.
Parsers based on Paninian Grammar was developed by Bharatid@5). This
parser was developed following the Integer programming a@ach, and later
on improved by adapting the bipartite graph model. This Parsr was devel-
oped for Hindi and not for Sanskrit. The parser required kArga charts for
each verb describing the various roles that are mandatory for the verb
(i.e. the expectancy), and the corresponding s the corresponding noun
takes.
A chart essentially marks the necessity of a (whether it is manda-
tory, desirable or optional), and shows the correspondingibhakti. The
mandatory s are and karma in case of transitive verbs, and
in case of intransitive verbs. is also mandatory in case of certain
verbs, whose list is available through the 's s. Further the desir-
able s are the and . Most of the verbs have an expectancy
for these S. being the location or for either or
,isa which any verb can have. At the same time, unless necessary,

one does not mention it. Hence it is optional.

Now, if we look at the 's way of organisation, we see that, Panini

assumes the knowledge of sakarmana/akarmaka while framihg rules. We
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refer to XawuprakASaH (in press) for the information. Next, the
list of verbs desiring some s such as , etc. is also listed
separately. So with this information, we decided to use the 's s

only and develop a rule based parser, instead of using the  charts.
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Chapter 5

About CLIPS

5.1 Introduction

Making computer think like people is Arti cial Intelligence. In our e ort to
develop a parser, we will be training a computer to "think' ke a human being
and decide the relations. An expert system or an intelligent system is
a special system that uses Arti cial intelligence techniges. A typical expert

system consists of

Knowledge Base (Rules)

The knowledge base is in the form of IF THEN rules. For example

25
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IF
the noun has role
THEN

it will take

Here the section of the rule between IF and THEN viz. ‘the noun
has role' is called an antecedent or conditional part or pattern
part or Left Hand Side (LHS). The part after THEN is called the
consequence, or the Right Hand Side (RHS). When this conditi is
satis ed, or the pattern is matched with any of the existing &cts from

the memory, then rule is said to be red.

Facts
The facts is the actual working memory. It varies with the inpits, and

the state of the system.

Inference Engine

The inference engine makes inferences by deciding whichesiare sat-
is ed by the facts. All the rules for which the facts match theLHS, are
said to be activated or satis ed. All these rules will be on tb agenda.
In such cases, the inference engine should choose one of tibest This

selected rule then is red. The selection of the rules is call con ict
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resolution. The con ict resolution may be either explicit ly prioritizing
the rules, say by assigning the saliency, or implicit basedvdhe speci-
city of conditions etc. In case the rules are provided with asaliency,

a rule with highest priority is selected by the inference erge.

The expert system language that | have used in my thesis is &l CLIPS
which is an acronym for C Language Integrated Production Sggm. CLIPS
was designed at NASA/Johnson Space Center with the speci cupposes
of providing high portability, low cost, and easy integraton with external
system. CLIPS was written using the C programming languagetfacilitate

these objectives.

The basic elements of CLIPS, as of any expert system, are

Fact-list: global memory for data.

knowledge-base:contains all the rules.

Inference engine:controls overall execution.

51.1 Facts

Each chunk of information is called a Fact. Facts consist of:
a name with zero or more elds for associated values. For exafa, the fol-

lowing fact de nes a name or a eld called “sentence’, whosalue is °
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(sentence (rAmaH grAmam gacCati))

This is a simple fact. Consider another example: The morphaiical analysis
of the word rAme.na consists of several facts viz. rAma is therAtipadika,
its gender is masculine, the word is in the singular numberpd it is in third
case ending. This is represented in CLIPS as follows

(word rAmeNa)

(number singular)

(vibhakti third)

(gender masculine)

The problem with such kind of representation is, if we have geral words,
then whose number is what, which one is singular, which one nsasculine
is not recorded. The association of the word with its featuseis gone. To
avoid it, we make use of structured facts. To use the structad facts, rst
CLIPS should be informed about the new structure. This is danthrough

the DEFTEMPLATE.
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5.1.2 Deftemplate

Before facts can be constructed, CLIPS must be informed oféHist of valid
slots for a given relation name. A deftemplate is used to degwe groups of
facts sharing the same relation name and contain common infieation. The

deftemplate for subanta is given below.

(deftemplate sup
(slot id)
(slot word)
(slot rt)
(slot lingam)
(slot viBaktiH)
(slot vacanam)

(slot kAraka))

The morpological analysis for the word, say rAmebhygmow will be a fact.
This analysis will have the template structure of sup. The fet is then de-
clared or stored in the working memory as

(de acts (sup

(id 1) (word rAmeByaH) (rt rAma) (lingam puM) (viBakwiH 4) (v acanam

bahu)) )
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Facts with a relation name de ned using deftemplate are cat deftemplate

facts.

5.2 Basics of CLIPS operations

In this section we give the basic commands to handle CLIPS.

Entering and Exiting CLIPS

1. Once the CLIPS has been installed, the command clips', @aiid

activate the the CLIPS shell.

2. The CLIPS prompt is: "CLIPS>' where command can be entered

directly to CLIPS is called the top level mode.

3. To exit CLIPS 'or' The normal mode of leaving CLIPS is with he

exit command. The syntax of this command is (exit)

Displaying Facts:
The facts command can be used to display the facts in the fali$t.

The syntax of the fact command is "CLIPS (facts)'.

Adding and Removing Commands: All facts known to CLIPS are

stored in the fact-list. To add a new fact to the fact-list, wecan use
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the assert command. The syntax is assert command: "CLIPSassert)'

Example: (assert (viBakwiH 1) (vacanam eka))

Just as facts can be added to the fact-list, they can also bemeved.
Removing facts from the fact-list is called retraction ands done with
the retract command. The syntax for retract is:

"CLIPS> (retract <integer>)'

“(clear)' or “(retract *)" will remove all the facts.

Modifying Facts:
Slot values of deftemplate facts can be modi ed using the mdyg com-

mand.

Example: (modify ?s1 (kAraka karwA))

Rules: Rules can be typed directly into CLIPS or they can be #&mled
in from a le of rules created by an editor. In CLIPS, the 'IF cod
THEN action' is written as

cond
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=>
action

Thus, explicitly the words IF and THEN are not written. The part

before the => is the condition and the part after it is the action.

Execution and Agenda:

After specifying the rules and providing the action, to exade the rules
l.e. to run the CLIPS program, use the run command.

The syntax of the run command is: CLIPS> (run)

When the program runs, and there is a con ict, then the rule wh the
highest salience on the agenda is red.

All the rules that satisfy the conditions, are on agenda. Toidplay the

rules on the agenda, use agenda command: "CLIPS> (agenda)'

An agenda command would produce the following output.

Reset:

The reset command is the key method for starting or restartop Facts

asserted by a reset satisfy the patterns of one or more rulesdaplace

activation of these rules on the agenda.

The printout command is used to print information.
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Example: CLIPS> (printout t “stop' crlf)

't stands for the standard output device.

‘load' command is used for loading of rules from an externale.

“save' command is opposite of load, and allows saving of cionsts to

disk.

save-fact will save all facts in the fact-list in le and loadfact will load

it.

5.3 Architecture

The ow diagram of the system is given in gure 5.5. The input ér our
parser is a Sanskrit text with single nite verb (ti"n), and t he output is its
analysis. The main purpose of this exercise is to do only and
analysis. The input sentence is passed through the morphgto

ical analyser to get the word level analysis. This analysis then converted
into CLIPS facts. The facts, which vary with a sentence, alanwith the rules

are then passed to the CLIPS interpreter for the analysis.
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ARCHITECHTURE OF SANSKRIT SENTENCE PARSER
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Chapter 6

Facts and Rules

In this chapter we describe the templates used for declarirthe facts, fol-
lowed by the rules. The structure of templates is largely iruenced by the
morphological analyser output. classi es the words into two types:

and . But this classi cation is not su cient for our purpose.
Consider the word say ° . If we just mark it as a , or to
be more specic, say an , it is not su cient. The reason being, the
underlying verb ~ ', has its own expectancies. And to know that it has
expectancies, the machine should know that the there is an derlying verb,
and it has certain expectancies. Hence we de ne the templatdor :

: , and s. We give below the slots available in each

of them. These slots correspond to the features associatedhwthat form.

35
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We also make a provision for the slot corresponding to the analysis,
which will be lled in by the CLIPS inference engine. In casefoverbs, slotes

for the corresponding positions are provided.

6.1 Fact Templates

(deftemplate sup
(slot id) ; To store the word number
(slot mid); To store the analysis id
(since in principle, there can be more than one ids)
(slot word); To store the given word
(slot rt) ; to store its pratipadika
(slot lingam) ; to store the linga
(slot vibhaktiH) ; to store the vibhakti
(slot vacanam) ; to store the vacana

(slot kAraka)) ; to store the kAraka role

(deftemplate tin
(slot id)
(slot mid)

(slot word)
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(slot rt)

(slot dhatuH)

(slot lakAraH)

(slot prayogaH)

(slot purushaH)

(slot vacanam)

(slot padl)

(slot gaNaH)

(slot karttA_pos)
(multislot karma_pos)
(slot karaNa_pos)
(slot sampradAna_pos)
(slot apAdAna_pos)

(slot adhikaraNa_pos))

(deftemplate krt ; For kridantas
(slot id)

(slot mid)

(slot word)

(slot krt_pratyayaH)

(slot lingam)

37
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(slot vibhaktiH)
(slot vacanam)
(slot rt)

(slot dhatuH)
(slot gaNaH)
(slot karttA_pos)

(slot karma_pos))

(deftemplate avy
(slot id)
(slot mid)

(slot word))

(deftemplate taddhita
(slot id)

(slot mid)

(slot word)

(slot rt)

(slot lingam)

(slot vibhaktiH)

(slot vacanam))
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6.2 Rules

We process the input in two steps. In the rst step, wherever gssible, we try
to remove irrelevant morphological analysis. This then hp$ us in reducing
the search space, and also if machine fails, then it helps theaman being to
rule out some of the possibilities. For example, as explamearlier, in the
sentence = vanam ', the analysis of the word as a subanta
is irrelevant. Hence we remove or retract it. Similarly, thee are many cases,
where a word is ambiguous between the second case or rst casé also the
. The will be irrelevant only if certain special conditions are

met. For example, consider the sentence

In the sentence the word can have the following analysis
8 Owhere is the feminine  form. But in this context,
since their is no verb with or (see appendix

Assign Karaka Rules for more details), this analysis is ruled out.
We illustrate below one rule corresponding to the

" " (2.3.37).

Second step is to actually assign roles. Now the S may be either
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upapada or . We rst mark the words with S, since these
are just next to the given words. After this, then we assign t@ S.
Assigning S is not an easy task. Because several times a word

has more than one morphological analysis possible. In su@ses, we have to
look at the assignments simultaneously, and not sequential as explained
earlier.

We describe below three rules, one for removing the irrelextanorphological
analysis, the second one for marking the upapada s and the third one

for marking the S.

6.3 Rule Description

6.3.1 Rule for retracting an analysis

In this section we describe a rule that retracts the seventhase analysis when

it is irrelevant.

Motivation for the necessity of a rule
Look at the sentence:

rAmah vanam

Here in this sentence has three possible analysis, viz -
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f 0. O, y 09
+ +f7, O, g
+ + 17, O, g

The second and the third analysis are not relevant in this coext.
Hence these analysis may be ruled out on the basis of 'S

! " (2.2.37). The meaning of this is:

If an activity aims at another activity then the verb denoting the rst
activity will have seventh case (naturally after a ). In such cases
either the or the or both of this rst activity will also be then

in seventh case.

Rule in CLIPS

(defrule sati-saptami

(test (>= (count-sati-saptami krt) 1))

;if there is at least one {\dn E\387wd\306wt} with 7 {\dn EVBE
=>

(do-for-all-facts

((Pw kaw))

;for all k.rdantas

(eq ?w:krt_pratyayaH satri)

\3C4w}
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;with satri pratyaya

(= ?w:vibhaktiH 7)

;and 7 vibhakti analysis

(not (any-factp ((?s sup)) (= ?s:vibhaktiH 7)))
;if there is no other subanta with 7 vibhakti
(any-factp ((?wl sup tin)) (= ?wl:id ?w:id)))
;and the krdanta has at least one more analysis
other than satri + 7 vibhakti

(retract ?w)

;remove the satri + 7 analysis

(printout foo "(" ?w:id " " ?w:mid ")

yasya ca bhAvena bhAvalakshaNam")crlf )

)

)

Explanation

Thus we observe that, in the sentence ', thereis a

(viz. ) in seventh . Therefore the condition of the rule is

ful lled and hence the rule is red. The action part checks egry
with +7 analysis. In the given sentence there is only one
k.rdanta satisfying this condition. Further, the next condition

that there be no other word with seventh is also satis ed and
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nally this word has one more analysis viz as a . Hence the
+7 analysis of the word is deleted.
Input

Only the relevant part of the input is produced here.

(de acts morph_information

(tin (id 1) (mid 1) (word rAmaH) (rt rAl)(prayogaH karwari)( lakAraH
la.t)(puruRaH u)(vacanam bahu)(pax! parasmEpaxl)(XAwuH rA)(gaNaH
axAxiH) )

(sup (id 1) (mid 2) (word rAmaH) (rt rAma)(lifgam puM)(viBak wiH
1)(vacanam eka) )

(sup (id 2) (mid 1) (word vanam) (rt vana)(lifgam napuM)(viB akwiH
1)(vacanam eka) )

(sup (id 2) (mid 2) (word vanam) (rt vana)(lifgam napuM)(viB akwiH
2)(vacanam eka) )

(krt (id 3) (mid 1) (word gacCawi) (rt gacCaw)(lifgam puM)(v iBakwiH
7)(vacanam eka) (kgwprawyayaH Sawq)(XAwuH gamLz)(gaNaH BvAxiH)
)

(krt (id 3) (mid 2) (word gacCawi) (rt gacCaw)(lifgam napuM) (viBakwiH

7)(vacanam eka) (kgwprawyayaH Sawq)(XAwuH gamLz)(gaNaH BvAxiH)
)



44

Chapter 6. Facts and Rules

(krt (id 3) (mid 3) (word gacCawi) (rt gacCawl)(lifgam swrl) (viBakwiH
8)(vacanam eka) )

(tin (id 3) (mid 4) (word gacCawi) (rt gam1)(prayogaH karwari)(lakAraH

la.t)(puruRaH pra)(vacanam eka)(paxl parasmEpaxl)(XAwuH gamLz)(gaNaH

BVAXiH) )

)

Execution
When we execute the rules with the given facts, and check theew

facts, we get the following

(agenda)

0 sati-saptami: f-0
For a total of 1 activation.
CLIPS> (run)

CLIPS> (facts)

The facts are:

f-0 (initial-fact) f-1 (wif (id 1) (mid 1) (word rAmaH) (rt rA 1) (XAwuH
rA) (lakAraH la.t) (prayogaH karwari) (puruRaH u) (vacanam bahu)
(pax!l parasmEpaxl) (gaNaH axAxiH) (karwA_pos nil) (karma_pos nil)

(karaNa_pos nil) (sampraxAnapos nil) (apAxAna_pos nil) (aXikaraNa_pos
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nil))

f-2 (sup (id 1) (mid 2) (word rAmaH) (rt rAma) (lifgam puM) (vi Bak-
wiH 1) (vacanam eka) ( nil) (viSeRaNa_pos nil))

f-3 (sup (id 2) (mid 1) (word vanam) (rt vana) (lifgam napuM) (viBak-
wiH 1) (vacanam eka) ( nil) (viSeRaNa_pos nil))

f-4 (sup (id 2) (mid 2) (word vanam) (rt vana) (lifgam napuM) (viBak-
wiH 2) (vacanam eka) ( nil) (viSeRaNa_pos nil))

f-7 (kgw (id 3) (mid 3) (word gacCawi) (kgqw_prawyayaH nil) (lifgam
swrl) (viBakwiH 8) (vacanam eka) (rt gacCawl) (XAwuH nil) (gaNaH
nil) (karwA _pos nil) (karma_pos nil))

f-8 (wif (id 3) (mid 4) (word gacCawi) (rt gaml) (XAwuH gamLz)
(lakAraH la.t) (prayogaH karwari) (puruRaH pra) (vacanam eka) (paxl|
parasmEpaxl) (gaNaH BvAxiH) (karwA_pos nil) (karma_pos nil) (karaNa_pos
nil) (sampraxAna_pos nil) (apAxAna_pos nil) (aXikaraNa_pos nil))
For a total of 7 facts.

Thus we see that rule has deleted the following two facts cesponding

to the kgxanwas.

(kgw (id 3) (mid 1) (word gacCawi) (rt gacCaw)(lifgam puM)(viBakwiH
7)(vacanam eka) (kgwprawyayaH Sawq)(XAwuH gamLz)(gaNaH BvAxiH)
)
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(kqw (id 3) (mid 2) (word gacCawi) (rt gacCaw)(lifgam napuM)(viBakwiH
7)(vacanam eka) (kqwprawyayaH Sawq)(XAwuH gamLz)(gaNaH BvAxiH)
)

Similarly | have written rules for retracting the analysis whenever

it is irrelevant. The actual coding is available in Appendix'(assignkAraka)"

6.3.2 Rule for marking upapada vibhakti

There are six rules corresponding to six upapada s. We look at a very

frequent case of ‘saha'. The S is " " (2.3.19). The

implementation of this rule is given below.

Motivation for the necessity of a rule

Look at the sentence:

Here in this sentence assigns the third case su x to . We write

the rule as follows.

Rule in CLIPS

(defrule assign_trtiyA-upapada
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; Define the rule

(declare salience 100)

; priority of this rule is 100

(test (> (count-trtlyAnta sup) 0))

; check if third case vibhakti word exists

(test (> (count-tgtlyA-upapada avy) 0))

; check if there is an indeclinatable demanding the third cas e.
=> ; execute the following

(delayed-do-for-all-facts

; for all pair of facts such that

((?a avy) (?s sup))

; one is a subanta and the other an avyaya

(and (= ?s:vibhaktiH 3) (= (- ?a:id 7?s:id) 1)

(eq (gdbm_lookup "tgtlyA upapada_list.gdbm" ?a:word) "1 "))

; If the subanta has thritiyA vibhakti, the avyaya is adjacen t to it and the aw
(modify ?s ({\dn kArk} upapala_vibhaktiH))

; then mark the noun as upapada vibhakti

(printout bar "(" ?s:id " " ?a:word " kl upapaxa_viBakwiH)" c rlf)))

; print it to a file for further processing

Explanation
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It is self explanatory. We declare the salience of this ruletbe higher,
so that when there is a conict, this rule gets priority over he other

rules.

6.3.3 Rule for marking roles

Here we describe a rule for marking the  in case of karmavAchya

verb forms. In case of , both the as well as take
the same viz. .As in” ltis
di cult for a machine to decide which is and which is , just by

looking at the words or their analysis. What is needed is exdrlinguistic
information that is an instrument. Since our system does not have

such a knowledge yet, we mark both the words as = - -

We give below the rule that marks the abhihita as a karma, andhe words

in third case as ~ -kara.na'. The rule in CLIPS is with self explanatory

comments.

(defrule assign_{\dn k\381wA\O}-karaNa-vA_karma_karma VvAcy

(test (> (count-prathamAnta sup) 0))

: at least one word in nominative case exists

(test (> (count-tqtlyAnta sup) 0))

: at least one word in third case
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(test (eq (karmaNi-vA tin) TRUE))

; at least one tin in karmani

=>; execute the following actions
(delayed-do-for-all-facts; for each of the triplate

((?s1 sup) (?s2 sup) (?w tin))

; with two subantas and one tinganta

(and (= ?sl:viBakwiH 3) (= ?s2:viBakwiH 1)

(<> ?slid  ?s2:id ?w:id)

(eq ?w:prayogaH karmaNi))

; such that one sup in third case, one in nominative
; and the tin in karmani prayoga

(modify ?w ({\dn k\381wA\0} VA karaNa_pos 7?sl:id)
(karma_pos ?s2:id))

:mark the karta and karma positions

(modify ?s2 ({\dn kArk} karma))

; mark one in nominative as karma

(modify ?s1 ({\dn kArk} {\dn k\381wA\0} vA karaNa))
; mark the one in third case as {\dn k\381wA\0} vA karaNa

; print the same to a file for further processing

(printout bar "(* ?sl:id " " 2w:word " kA {\dn k\381wA\0} VA

(printout bar "(" ?s2:id " " ?w:word " kA karma)" crlf)

49
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Chapter 7

Conclusion

The purpose of my thesis is to build a parser for Sanskrit. Toetide the
suitability of CLIPS shell for developing a parser, as a pitcstudy, | collected
various kinds of sentences with single . These sentences had the ex-
amples from both the s as well as S. | used the
in-house morphological analyser for my work. | also decideubt to take the
as the morphological analyser was not yet fully functionalof the
same. Further | also did not consider the , since it is used to
denote a as well as noun-noun relations.
| implemented approximately 15 rules for the analysis, andoald run all
types of sentences satisfactorily. The appendix lists alhé sentences, that

were tested on the machine.
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To have a full- edged realistic parser for Sanskrit, still here is a long way
to go. With the current experience of building a simple parsel think it is

feasible to build a full- edged parser for Sanskrit.
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Assign Karaka Rules

(reset)

;(facts)

; Get the number of sup entries with praWamA
(de unction count-praWamAnwa (?template)
(length ( nd-all-facts ((?fct ?template))

(= (fact-slot-value ?fct viBakwiH) 1))))

;check karwari

(de unction karwari-vA (?template)

(any-factp ((?fct ?template))

(eq (fact-slot-value ?fct prayogaH) karwari)))

;Get the number of verbs with xvikarmaka AKAfkRA

(de unction count-xvikarmaka-AkAfkRA (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbm.lookup "xvikarmaka _XAwu _list.gdbm" (fact-slot-value ?fct XAwuH))
"1))))

; Get the number of verbs with sampraxAna AKAfKRA

(de unction count-sampraxAna-AkAfkRA (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbmlookup "sampraxAna XAwu _list.gdbm" (fact-slot-value ?fct XAwuH))
"1")))

; Get the number of verbs with apAxAna AKAfKRA

(de unction count-apAxAna-AKATfkRA (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbmlookup "apAxAna_XAwu list.gdbm" (fact-slot-value ?fct XAwuH))
"1")))
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;Get the number of xviwlyA-upapaxa entries
(de unction count-xviwlyA-upapaxa (?template)
(length ( nd-all-facts ((?fct ?template))

(eq (gdbm.lookup "xviwlyA _upapaxalist.gdbm” (fact-slot-value ?fct word))

"1)))

;Get the number of wqwlyA-upapaxa entries

(de unction count-wgwlyA-upapaxa (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbm.lookup "wqwlyA _upapaxalist.gdbm" (fact-slot-value ?fct rt)) "1"))))

;Get the number of cawurWI-upapaxa entries

(de unction count-cawurWI-upapaxa (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbm.lookup "cawurWI_upapaxalist.gdbm" (fact-slot-value ?fct word))
"1))))

;Get the number of paFcaml-upapaxa entries

(de unction count-paFcaml-upapaxa (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbmlookup "paFcaml_upapaxalist.gdbm" (fact-slot-value ?fct rt))
"1))))

;Get the number of RaRTI-upapaxa entries

(de unction count-RaRTI-upapaxa (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbmlookup "RaRTI _upapaxalist.gdbm"” (fact-slot-value ?fct rt)) "1"))))

;Get the number of sapwaml-upapaxa entries

(de unction count-sapwamli-upapaxa (?template)
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(length ( nd-all-facts ((?fct ?template))
(eq (gdbm.lookup "sapwamLupapaxalist.gdbm" (fact-slot-value ?fct rt)) "1"))))

;check karmaNi

(de unction karmaNi-vA (?template)
(any-factp ((?fct ?template))

(eq (fact-slot-value ?fct prayogaH) karmaNi)))

; Get the number of sup entries with praWamA
(de unction count-xviwlyAnwa (?template)
(length ( nd-all-facts ((?fct ?template))

(= (fact-slot-value ?fct viBakwiH) 2))))

; Get the number of sup entries with wgwlyA
(de unction count-wgwlyAnwa (?template)
(length ( nd-all-facts ((?fct ?template))

(= (fact-slot-value ?fct viBakwiH) 3))))

; Get the number of sup entries with cawurWi
(de unction count-cawurWyAnwa (?template)
(length ( nd-all-facts ((?fct ?template))
(= (fact-slot-value ?fct viBakwiH) 4))))

; Get the number of sup entries with paFcaml
(de unction count-paFcamyanwa (?template)
(length ( nd-all-facts ((?fct ?template))

(= (fact-slot-value ?fct viBakwiH) 5))))

; Get the number of sup entries with RaRT]

(de unction count-RaRTanwa (?template)
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(length ( nd-all-facts ((?fct ?template))
(= (fact-slot-value ?fct viBakwiH) 6))))

; Get the number of sup entries with sapwaml
(de unction count-sapwamyanwa (?template)
(length ( nd-all-facts ((?fct ?template))

(= (fact-slot-value ?fct viBakwiH) 7))))

(open "bar.txt" bar "a")

;rAmaH vexam paTawi

;i1

(defrule assignkarwA _karma karwqvAcy
(declare (salience 100))

(test (> (count-praWamAnwa sup) 0))
(test (> (count-xviwlyAnwa sup) 0))
(test (eq (karwari-vA wif) TRUE))

(or (test (= (count-xvikarmaka-AkAfkRA wif) 0)) (test ( < (count-xviwlyAnwa
sup) 2)))

=>
(delayed-do-for-all-facts
((?s1 sup) (?s2 sup) (?w wif))

(and (= ?sl:viBakwiH 1) (= ?s2:viBakwiH 2) (<> ?sl:id ?s2:id ?w:id)(eq
?w:prayogaH karwari))

(modify ?w (karwA_pos ?sl:id) (karmapos ?s2:id))
(modify ?s2 (kAraka karma))

(modify ?s1 (kAraka karwA))

(printout bar "(" ?s1:id " " ?w:word " kKA karwA rl1)" crlf)
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(printout bar "(" ?s2:id " " ?w:word " kA karma rl1)" crlf)

)

(defrule assignkarwA _karwgvAcy

(declare (salience 100))

(test (> (count-praWamAnwa sup) 0))

(test (= (count-xvikarmaka-AkAfkRA wif) 0))

;(test (= (count-xviwlyAnwa sup) 0))

(test (eq (karwari-vA wif) TRUE))

=>

(delayed-do-for-all-facts

((?s1 sup) (?w wif))

(and (<> ?sl:id ?w:id) (= ?sl:viBakwiH 1) (eq ?w:prayogaH karwari))
(modify ?w (karwA_pos ?s1:id))

(modify ?s1 (kAraka karwA))

(printout bar "(" ?sl:id " " ?w:word " KA karwA rl2)" crlf)

;FAmeNa vexaH paTyawe

;3

(defrule assignkarwA-karaNa-vA_karma_karmavAcy
(declare (salience 100))

(test (> (count-praWamAnwa sup) 0))

(test (> (count-wgwlyAnwa sup) 0))
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;(any-factp (?w wif) (?w:prayogaH karmanNi))
(test (eq (karmaNi-vA wif) TRUE))

=>

(delayed-do-for-all-facts

((?s1 sup) (?s2 sup) (?w wif))

(and (= ?sl.viBakwiH 3) (= ?s2:viBakwiH 1) (<> ?sl:id ?s2:id ?w:id)(eq
?w:prayogaH karmaNi))

(modify ?w (karwA_pos ?sl:id) (karmapos ?s2:id))
(modify ?s2 (kAraka karma))

(modify ?s1 (kAraka karwA))

(printout bar "(" ?sl:id " " ?w:word " kKA karwA rl3)" crlf)

(printout bar "(" ?s2:id " " ?w:word " kA karma rl3)" crlf)

)

;XAwreNa lunAwi

;4

(defrule assignkaraNa karwgvAcy

(declare (salience 100))

(test (> (count-wqwlyAnwa sup) 0))

(test (eq (karwari-vA wif) TRUE))

=>

(delayed-do-for-all-facts

((?s1 sup) (?w wif))

(and (<> ?s1:id ?w:id) (= ?sl:viBakwiH 3) (eq ?w:prayogaH karwari))
(modify ?w (karaNapos ?sl:id))

(modify ?sl (kAraka karaNa))

(printout bar "(" ?s1:id " " ?w:word " kA karaNa rl4)" crlf)
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rAmeN bANena VAliH hanyawe

(defrule assignkaraNa karmavAcy

(test (> (count-wgwlyAnwa sup) 0))

=>

(delayed-do-for-all-facts

((?s1 sup) (?s2 sup) (?s3 sup) (?w wif))

(and (= ?sl:viBakwiH 3) (= ?s2:viBakwiH 3) (= ?s3:viBakwiH 1) (<> 7?sl:id
?s2:id ?s3:id ?w:id)(eq ?w:prayogaH karmaNi))

(modify ?w (karwA _pos ?sl:id) (karaNapos ?s2:id)(karmapos ?s3:id))
(modify ?s1 (kAraka karwA))

(modify ?s2 (kAraka karaNa))

(modify ?s3 (kAraka karma))

(printout bar "(" ?sl:id " " ?w:word " kKA karwA )" crlf)

(printout bar "(" ?s2:id " " ?w:word " kKA karma )" crlf)

(printout bar "(" ?s3:id " " ?w:word " kA karaNa )" crlf)

)

;5

(defrule assignsampraxAna

(declare (salience 100))

(test (> (count-cawurWyAnwa sup) 0))

(or (test (> (count-xvikarmaka-AkAfkRA wif) 0)) (test ( > (count-sampraxAna-
AKATKRA wif) 0)))

=>



70 Chapter 7. Conclusion

(delayed-do-for-all-facts
((?s1 sup) (?s2 sup) (?w wif))

(and (<> 7?sl:id ?s2:id ?w:id) (= ?sl:viBakwiH 4) (or (eq (gdbmiookup
"sampraxAna.XAwu _list.gdbm" ?w:XAwuH) "1") (eq (gdbm _lookup "xvikar-
maka XAwu _list.gdbm™ ?w:XAwuH) "1")))

;(= ?sl:viBakwiH 4)
(modify ?w (sampraxAnapos ?sl:id))
(modify ?s1 (kAraka sampraxAna))

(printout bar "(" ?sl:id " " ?w:word " kA sampraxAna rl5)" crl f)

;116

(defrule assignapAxAna

(declare (salience 100))

(test (> (count-paFcamyanwa sup) 0))

=>

(delayed-do-for-all-facts

((?s1 sup) (?w wif))

(and (<> ?sl:id ?w:id) (= ?sl:viBakwiH 5))
(modify ?w (apAxAna_pos ?sl:id))

(modify ?s1 (kAraka apAxAna))

(printout bar "(" ?sl:id " " ?w:word " kA apAxAna rl6)" crlf)
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(defrule assignaXikaraNa

(declare (salience 100))

(test (> (count-sapwamyanwa sup) 0))

=>

(delayed-do-for-all-facts

((?s1 sup) (?w wif))

(and (= ?sl:viBakwiH 7) (<> ?sl:id ?w:id))

(modify ?w (aXikaraNa_pos ?sl:id))

(modify ?s1 (kAraka aXikaraNa))

(printout bar "(" ?sl:id " " ?w:word " kA aXikaraNa rl7)" crlf )

(defrule assignxviwlyA-upapaxa

(test (> (count-xviwlyAnwa sup) 0))
(test (> (count-xviwlyA-upapaxa avy) 0))
=>

(delayed-do-for-all-facts

((7a avy) (?s sup))

(and (= ?s:viBakwiH 2) (= (- ?a:id ?s:id) 1) (eq (gdbm_lookup "xviwlyA _upapaxalist.gdbm”
?a:word) "1"))

(modify ?s (kAraka xviwlyA-upapaxa viBakwiH))

(printout bar "(" ?s:id " " ?a:word " KA xviwlyA-upapaxa _viBakwiH rl8)"
crlf)

)
)
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;119

(defrule assignwgwlyA-upapaxa

(test (> (count-wqwlyAnwa sup) 0))

(test (> (count-wqwlyA-upapaxa avy sup) 0))
=>

(delayed-do-for-all-facts

((?a avy) (?s sup))

(and (= ?s:viBakwiH 3) (= (- ?a:id ?s:id) 1) (eq (gdbm_lookup "wgwlyA _upapaxalist.gdbm'
?a:word) "1"))

(modify ?s (kAraka wqwlyA-upapaxaviBakwiH))
(printout bar "(" ?s:id " " ?a:word " kA wgwlyA-upapaxa _viBakwiH rl9)"

crlf)))

(defrule assigncawurWI-upapaxa
;(declare (salience 100))

(test (> (count-cawurWyAnwa sup) 0))
(test (> (count-cawurWI-upapaxa avy) 0))
=>

(delayed-do-for-all-facts

((?a avy) (?s sup))

(and (= ?s:viBakwiH 4) (= (- ?a:id ?s:id) 1) (eq (gdbm_lookup "cawurWI _upapaxalist.gdbrr
?a:word) "1"))

(modify ?s (kAraka cawurWI-upapaxaviBakwiH))

(printout bar "(* ?s:id " " ?a:word " kA cawurWI-upapaxa _viBakwiH rl10)"

crlf)))
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;ri1l

(defrule assignpaFcaml-upapaxa

(test (> (count-paFcamyanwa sup) 0))

(test (> (count-paFcaml-upapaxa avy sup) 0))
=>

(delayed-do-for-all-facts

((?a avy) (?s sup))

(and (= ?s:viBakwiH 5) (= (- ?a:id ?s:id) 1) (eq (gdbm.ookup "paFcaml_upapaxalist.gdbm"
?a:word) "1"))

(modify ?s (kAraka paFcaml-upapaxaviBakwiH))

(printout bar "(" ?s:id " " ?a:word " kA paFcaml-upapaxa _viBakwiH rl11)"
crif)))

;12

(defrule assignRaRTI-upapaxa

(test (> (count-RaRTanwa sup) 0))

(test (> (count-RaRTI-upapaxa avy sup) 0))
=>

(delayed-do-for-all-facts

((7a avy) (?s sup))

(and (= ?s:viBakwiH 6) (= (- ?a:id ?s:id) 1) (eq (gdbm_lookup "RaRTI _upapaxalist.gdbm"
?a:word) "1"))

(modify ?s (kAraka RaRTI-upapaxaviBakwiH))

(printout bar "(" ?s:id " " ?a:word " KA RaRTI-upapaxa _viBakwiH rl12)"
crlf)))

(defrule assignsapwamli-upapaxa
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(test (> (count-sapwamyanwa sup) 0))

(test (> (count-sapwaml-upapaxa avy sup) 0))
=>

(delayed-do-for-all-facts

((?a avy) (?s sup))

(and (= ?s:viBakwiH 7) (= (- ?a:id ?s:id) 1) (eq (gdbm_lookup "sapwamlLupapaxalist.gdbm
?a:word) "1"))

(modify ?s (kAraka sapwaml-upapaxaviBakwiH))

(printout bar "(" ?s:id " " ?a:word " kA sapwaml-upapaxa _viBakwiH rl13)"

crlf)))

;114

(defrule assignxvikarmaka-karwqvAcy

(test (> (count-xvikarmaka-AKAfKRA wif) 0))
(test (> (count-xviwlyAnwa sup) 1))

(test (eq (karwari-vA wif) TRUE))

=>

(delayed-do-for-all-facts

((?s1 sup)(?s2 sup)(?s3 sup)(?w wif))

(and (<> 7?sl:id ?s2:id ?s3:id ?w:id¥> 7?s2:id ?s3:d ?w:id) €> 7?s3:id
?w:id) (= ?sl:viBakwiH 1) (= ?s2:viBakwiH 2)(= ?s3:viBakwiH 2) (eq ?w:prayogaH
karwari)(eq (gdbm_lookup "xvikarmaka_XAwu _list.gdbm" ?2w:XAwuH) "1"))

(modify ?w (karma_pos ?s2:id ?s3:id))
(modify ?s2 (kAraka gONa-muKya-karma-vA))
(modify ?s3 (kAraka gONa-muKya-karma-vA))

(printout bar "(" ?s3:id " " ?w:XAwuH " kA gONa-muKya-karma- VA rl14)"
crif)

(printout bar "(" ?sl:id " " ?w:XAwuH " KA karwA rl14)" crlf)
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(printout bar "(" ?s2:id " " ?w:XAwuH " kA gONa-muKya-karma- VA rl14)"
crlf)))

(defrule assignxvikarmaka-karmavAcy

(test (> (count-xvikarmaka-AKAfKRA wif) 0))
(test (eq (karmaNi-vA wif) TRUE))

=>

(delayed-do-for-all-facts

((?s1 sup) (?s2 sup) (?s3 sup) (?w wif))

(and (<> 7?sl:id ?s2:id ?w:idX> ?s2:id ?s3:id ?w:id}> ?s3:id ?w:id)(=
?s1:viBakwiH 3)(= ?s2:viBakwiH 1)(= ?s3:viBakwiH 2)(eq ?wprayogaH kar-
maNi)(eq (gdbm.lookup "xvikarmaka XAwu _list.gdbm" ?w:XAwuH) "1"))

(modify ?w (karma_pos ?s2:id ?s3:id))

(modify ?s2 (kAraka gONa-muKya-karma-vA))

(modify ?s3 (kAraka gONa-muKya-karma-vA))

(printout bar "(" ?sl:id " " ?w:XAwuH " kA karwA rl15)" crlf)

(printout bar "(* ?s3:id " " ?w:XAwuH " kA gONa-muKya-karma- VA rl15)"
crif)

(printout bar "(" ?s2:id " " ?w:XAwuH " kA gONa-muKya-karma- VA rl15)"
crlf)))

(close bar)
(exit)
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Morph Proune Rules

(reset)

;(facts)

; Get the number of sup entries with samboXana
(de unction count-supkgw-samboXana (?template)
(length ( nd-all-facts ((?fct ?template))

(= (fact-slot-value ?fct viBakwiH) 8))))

; Check for the presence of sawi sapwami

(de unction count-sawi-sapwami (?template)

(length ( nd-all-facts ((?fct ?template))

(and (eq (fact-slot-value ?fct viBakwiH) 7)(eq (fact-slotvalue ?fct kqw prawyayaH)
Sawq)))))

; Check the presence of samboXana sUcaka avyayas

(de unction count-samboXana-avy (?template)

(length ( nd-all-facts ((?fct ?template))

(eq (gdbm.lookup "samboXanaavy_wrds._list.gdbm" (fact-slot-value ?fct word))

"1")))

; yasya ca BAvena BAvalakRaNam
(open "foo.txt" foo "a")

(open "for_kAraka.txt" bar "w")

(defrule sawi-sapwami
(test (> = (count-sawi-sapwami kqw) 1))
=>

; repeat for all
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(do-for-all-facts

; kgxanwas
((?w kaw))

; having Sawg+7 form

(and

(eq ?w:kgw prawyayaH Sawq)
(= ?w:viBakwiH 7)

: and no other word with 7 viBakwi in the sentence
(not (any-factp ((?s sup)) (= ?s:viBakwiH 7)))

; and the word under consideration has at least one non-Sawg-analysis
(any-factp ((?w1 sup wif)) (= ?wl:id ?w:id))
)

; then retract such analysis and also save this info in a le
(retract ?w)

(printout foo "(" ?w:id " " ?w:mid ") yasya ca BAvena BAvalakR aNam" crlf

; TAma awra AgacCa

(defrule samboXana-1

(or (test (> = (count-supkqw-samboXana sup) 1))
(test (> = (count-supkgw-samboXana kqw) 1)))
=>

; For each of the wif sup pair



78 Chapter 7. Conclusion

(do-for-all-facts

((?w wif)(?s sup kgw))

; If the wif is in lot or viXilif lakAra

; If the vacanam of the wif matches with the sup

; If the sup is in samboXana

; if the wif is not in uwwama puruRa

; If only one samboXana with these properties exists,

(and (<> ?w:id ?s:id) (or (eq ?w:lakAraH lot) (eq ?w:lakAraH viXilif)) (=
?s.viBakwiH 8) (eq ?w:vacanam ?s:vacanam) (neq ?w:puruRalj (or (=
(count-supkgw-samboXana sup) 1) (= (count-supkqw-sambaaha kgqw) 1)))
; Remove all non samboXana analysis of such a word in samboéan
(do-for-all-facts

((?s1 sup wif kqw avy))

(and (<> ?s:mid ?sl:mid) (= ?s:id ?sl:id))

(retract ?sl)

(printout foo "(" ?sl:id " " ?sl:mid ") another analysis is removed " crlf )

(defrule samboXana-2

(test (> = (count-samboXana-avy avy) 1))

(or (test (> = (count-supkgw-samboXana sup) 1)) (test ¢ = (count-supkqw-
samboXana kqw) 1)))

=>

; For each of the avy sup pair
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(do-for-all-facts

((?a avy)(?s sup kqw))

; If the sup is in samboXana

; If the avy is from samboXana-avy

(and (<> 7?a:id ?s:id) (gdbmlookup "samboXanaavy_wrds._list.gdbm™ ?a:word)
(= (count-supkgw-samboXana sup) 1) (= (count-supkqw-sambXana kqw)
1))

; Remove all non samboXana analysis of such a word in samboXan
(do-for-all-facts

((?s1 sup wif kqw avy))

(and (<> ?s:mid ?sl1l:mid) (= ?s:id ?sl:id))

(retract ?s1)

(printout foo "(" ?sl:id " " ?s1:mid ") After the samboXana word samboXana
avyaya is there " crlf)

)

)

)

(run)

(facts)
(do-for-all-facts

((?s sup))

(printout bar "(sup (id " ?s:id ") (mid " ?s:mid ") (word " ?s:w ord ")
(rt " ?s:rt ")(lifgam "?s:lifgam ")(viBakwiH " ?s:viBakwiH ")(vacanam "
?s:vacanam ") )" crlf )

)

(do-for-all-facts
((?w wif))
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(printout bar "(wif (id " ?w:id ") (mid " ?w:mid ") (word " ?w:w ord ") (rt
" 2wirt M) (XAwuH " ?w:XAwuH ")(lakAraH " ?w:lakAraH ")(pray ogaH "
?w:prayogaH ")(puruRaH " ?w:puruRaH ")(vacanam " ?w:vacamm ")(paxl
" ?w:paxl ")(gaNaH " ?w:gaNaH ™))" crlf)

)
(do-for-all-facts
((Pw kaw))

(printout bar "(kgw (id " ?w:id ") (mid " ?w:mid ") (word " ?w:w ord ")
(kqw_prawyayaH " ?w:kqw_prawyayaH ") (lifgam " ?w:lifgam ") (viBakwiH
" ?w:.viBakwiH ") (vacanam " ?w:vacanam ") (rt " ?w:rt ") (XAwu H "
?w:XAwuH ") (gaNaH " ?w:gaNaH "))" crlf)

)

(do-for-all-facts

((Pw avy))

(printout bar "(avy (id " ?w:id ") (mid " ?w:mid ") (word " ?w:w ord "))"
crif)

)
(do-for-all-facts
((?w waxXiwa))

(printout bar "(waxXiwa (id " ?w:id ") (mid " ?w:mid ") (word " ?w:word ")
(rt " ?w:rt ")(lifgam " ?w:lifgam ")(viBakwiH " ?w:viBakwiH ")(vacanam"
?w:vacanam "))" crlf)

)

(close foo)
(close bar)
(exit)
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