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Chapter 1

Introduction

&yAHyAkAr \ vrzEc \ BA	ykAr \ ptÒElm

^

.

pAEZEn \ s

�

/kAr \ c þZto_E-m m

�

En/ym

^

;

India has rich heritage in linguistic studies. Out of the sixv �dA½ s (�elds

of studies necessary to study the vedas) viz.Ef"A , &yAkrZ , C�ds

^

,

EnzÄ , >yoEtq and kSp , the �rst four are concerned with language stud-

ies. Ef"A deals with pronnciation, &yAkrZ with grammatical aspects,C�ds

^

with prosody and EnzÄ with etymology. Among all these the importance

of &yAkrZ is long recognised and is evident from the enormous literature

on &yAkrZ . It has a major role to play in understanding how a language

communicates thoughts from one human being to the other.

1



2 Chapter 1. Introduction

pAEZEn in around 500 BC presented a concise and almost exhaustive descrip-

tive coverage of the then prevalent Sanskrit language. Thisgrammar is in

the form of s

�

/ s { around 4000 divided into 8 chapters of 4 sections each.

\ pAEZEn 's grammar is universally admired for its insightful analysis of San-

skrit"(Kiparsky, 2002).

kA(yAyn supplemented the work ofpAEZEn with vAEt 
k s. Later on ptÒEl

wrote a detailed commentary on these two works ruling out thenecessity of

some of thevAEt 
k s. This rich tradition continued further with major contri-

butions from Bt

�


hEr in the �eld of Language philosophy, and later bynAg �f

BÓ , kO�X BÓ , etc.

The studies in grammar further led to three important schools { &yAkrZ ,

mFmA \sA and �yAy . These are popularly known aspd , vAÈ and þmAZ fA-/

respectively, indicating the nature of the topics they dealwith.

It is evident from the scienti�c literature that Sanskrit was \Lingua franca"

of scienti�c discussions in India. But that material is today not accessible to

the scientists who do not have enough exposure to Sanskrit. With the help

of language technology, today it is possible to develop language processing
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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 available to the scholars

easily. But still, those who do not know Sanskrit well, can not understand

it. The advantages in the �eld of Machine Translation, and the availability

of pAEZEn 's a£A@yAyF can lead to the development of appropriate tools for

accessing Sanskrit texts.

The aim of this thesis is to build a parser for simple Sanskritsentences. This

parser will analyse simple Sanskrit sentences and assignkArk roles to vari-

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

This being an interdisciplinary work, in the next chapter, we give a brief

background of the Panini's sutra related toEvBEÄ and krk . The third

chapter illustrate the process offANdboD theories the a�vy of given words.

The fourth chapter gives a breif summary of earlier e�orts inthis area. The

�fth chapter introduces a computational environment - an expert system for

programming viz CLIPS(C Language Integrated Production System), which

is being used for developing the parser. Sixth chapter discusses the actual
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implementation explaning sample rules. We cunclude with the directions

for future work. In the seventh chapter we discuss the problem cases, and

discuss the possible ways of solving them. The simple parserhas been tested

on a set of around1 130 sentences from introductory grammer books. The

evaluation report is in the eighth chapter. The �nal chapterlists the future

tasks and resources that are needed to build a realistic parser for 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
ectedword is termed

pd

1 and apdm

^

n þy

�

ÒFt is the verdict of a grammarian (one must not use

a word, unless it is in
ected). There are sevenEvBEÄ s (case-a�xes) which

make a crude form viz. þAEtpEdk usable. These are calledkArk EvBEÄ s if

they denote a relation between a noun and a verb. When theseEvBEÄ s are

governed by onuppd , they are known as upapadaEvBEÄ s. In the following

sections, we give a brief note on both of these. But before that, let us �rst

understand what a kArk is.

1
s

�

EØR�tm

^

pdm

^

(1.4.14)

5
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2.1 kArk

kArk is the name given to the relation between a noun and a verb in a sen-

tence. The literal meaning of the word is: any factor which contributes to

the accomplishment of an action2.

kroEt = E‡yA \ Env 
t 
yEt iEt kArkm

^

.

3

yt

^

E‡yo(p•O kArZ \ td �v kArkm

^

.

mhABA	y � uÄm

^

- \ kArkEmEt mhtF s \âA E‡yt � ... t/ mh(yA, s \âAyA, krZ �

ett

^

þyojn \ yTA a�vT 
s \âA EvâAy �t

^

, krotFEt kArkm

^

". In vAÈpdFy

also Bt

�


hEr states

-vA™y � smv �tAnAm

^

t’d �vA™yA�tr �.

E‡yAyA aEBEn	p•O sAmLy � sADnm

^

Evd

�

,;

Here sADn is a synonym ofkArk .

The relation of a noun to another noun in a sentence is not akArk . A kArk

must be related with a verb: E‡yA�vEy(vm

^

kArk(vm

^

. There are sixkArk s:

k•A 
 , km 
 , krZ , sMþdAn ,apAdAn and aEDkrZ . Appendix I lists all the s

�

/ s

that discribe these kArk s . All these s

�

/ s come under thekArk � . These

2
kArkAEZ Eh -v-v&yApAr �Z avA�tr E‡yA’Ar �Z vA k �nAEp!p �Z þDAn E‡yo(ptO

shAykAEn BvE�t.

3
E‡yAEn	pAdk(v \ kArk(vm

^

aTA 
t

^

E‡yo(pAdk!pAT 
y

�

Ä(v \ kArk(vEmEt
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s

�

/ s describe the semantic meaning of thekArk s. pAEZEn further in the �rst

chapter fourth pAd gives s

�

/ s which describe theEvBEÄ s used for realisation

of various kArk relations.

pAEZEn starts his kArk section with the aEDkAr s

�

/ " kArk � " (1.4.23). We

describe in brief, each of thekArk s, as described by thepAEZEn 's rule, fol-

lowed by the rule governing the vibhakti of that kArk , followed by an exam-

ple. We do not discuss the exceptional cases.

Sanskrit has three voices {kt

�


 , km 
 and BAv . In case ofkt

�


vAQy (roughly

active voice), the k•A 
 is said to be expressed through the verbal su�x. If a

verb is skm 
k (roughly transitive), it is the km 
 which is expressed through

the verbal su�x, and �nally in case of akm 
k (roughly intransitive) verbs,

what is expressed through the verbal su�x is the action. Now let us see more

about these 6kArk s.

2.1.1 k•A 


k•A 
 is de�ned as -vt�/, k•A 
 (1.4.54). The most independent participant

in the action is termed as karttA. It is the speaker's intention (Evv"A ) which

assigns di�erent roles to the participants of an action. Speaker `expresses' the

situation/event through the words. While wording his thoughts/expressions,

he is free to assign the roles to various participants according to his intention.

So for example, consider the situation: There are 4 participants: Devadatta,
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-TAlF (vessel), odana(rice),kA¤ (wood pieces) and �nally the action of cook-

ing( pAcn E‡yA ). If the speaker is simply narrating an incidence that a cook

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

d�vd•, -TASyAm

^

aodnm

^

pcEt.

But if his intention is to express the fact that the vessel is big enough to cook

the rice, or the vessel has a particular capacity to hold the cooked rice, he

will say

-TAlF pcEt.

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

minister will enjoy the powers of king.'4 t•TA amA(yAdFnAm

^

rAâA sh

smvAy � pArt�ìy \ &yvAy � -vAt�ìym

^

. Now, pada is de�ned ass

�

EØR�tm

^

, so a

þAEtpEdk expressing ak•A 
 relation in kt

�


vAQy should have some nominal

su�xes else it can not be pd . Therefore, to make such aþAEtpEdk a pd ,

þTmA EvBEÄ is added. pAEZEn has a s

�

/

þAEtpEdkAT 
El½pErmAZvcnmA/ � þTmA. (2.3.46)

4
ev \ tEh 
 þDAn �n smvAy � -TAlF prt�/A , &yvAy � -vt�/A
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Thus in case ofkt

�


vAQy k•A 
 will have þTmA EvBEÄ , and in case ofkm 
vAQy ,

km 
 will have a þTmA EvBEÄ . Such a kArk which is expressed by the verbal

su�x is called aEBEht . In case ak•A 
 is not expressed oranEBEht , as in the

case ofkm 
vAQy , then it gets third case su�x by the s

�

/ " kt

�


krZyo-t

�

tFyA ".

San: d�vd•, pcEt.

gloss: Devadatta cooks.

San: d�vd• �n pQyt �.

gloss: d�vd• f 3g cooks. (being cooked by Devadatta).

2.1.2 km 


kt

�


rFE=sttm \ km 
 (1.4.49).

What the k•A 
 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),km 
EZ E’tFyA (2.3.2)

assigns second case su�x to the karma.

If the karma is expressed, then karma being abhihita, will get prathamA

vibhakti.

San: d�vd•, aodnm

^

B

�

­ �.

gloss: Devadatta ricef 2g eats.

San: d�vd• �n pQyt �.
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gloss: devadattaf 3g cooks. (being cooked by Devadatta).

2.1.3 krZ

sADktm \ krZm

^

(1.4.42). The factor most e�ective in the accomplishment

of the action is termed askrZ or instrument.

kt

�


krZyo-t

�

tFyA (2.3.18) assigns third case su�x to thekrZ .

San: l �K�yA ElKEt

gloss: lekhanif 3g writes. (writes with pen)

2.1.4 sMþdAn

km 
ZA ymEBþ {Et s sMþdAnm

^

. (1.4.32)

That which the agent wants to connect with the object of the action of giv-

ing is called recipient. aEBþ {Et meanssMbˆ

�

EmQCEt { wants to connect. By

giving is meant passing of one's ownership of the thing to therecipient. The

term sMþdAn is meaningful. The two upasargassm

^

and þ give the quali�ed

sense viz. complete transfer.

sampradAna is expressed by the fourth case by thes

�

/ " ct

�

TF 
 sMþdAn � "

(2.3.13)
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San: EvþAy gA \ ddAEt.

gloss: brahminf 4g cow gives. (gives cow to a brahmin)

2.1.5 apAdAn

The s

�

/ " D

�

}vm

^

apAy � apAdAnm

^

" (1.4.24) states that \when ablation or sepa-

ration is to be e�ected by a verbal action, the point of separation is called the

ablative". Further the s

�

/ " apAdAn � pÑmF " (2.3.28) states that the ablative

case is denoted by the �fth case a�x. Thus in the example

San: go£Ad

^

gov(so Eng 
QCEt.

gloss: cow-shadef 5g calf go away.

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

case su�x.

2.1.6 aEDkrZ

" aADAr, aEDkrZm

^

(1.4.45)", is the s

�

/ describing the locus oraEDkrZ

_The

place or thing which is the site or substratum of the action subsisting in the

agent or the object and is thereby the immediate site of action is aEDÿ

krZ

_According to Bt

�


hEr

kt

�


 - km 
&yvEhtAmsA"AˆAryE(‡yAm

^

.
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upk

�

v 
t

^

E‡yAEsˆO fA-/ � aEDkrZm

^

-m

�

tm

^

;

The s

�

/ " sØMyEDkrZ � c " (2.3.36) assigns seventh case to express theaEDÿ

krZ .

San: kV � bAElkA aE-t.

gloss: The girl is on the mat.

Thus in a nutshell, kArk is a semantic relation expressed through theEvBEÄ s,

and there are 6 suchkArk relations.

2.2 uppd EvBEÄ

There are also certain indeclinable words which demand certain case su�xes.

Such words are calleduppd s { upoÎAErt \ pdm

^

{ a word pronunced in close

proximity. In other words, when a noun takes certain case-a�xes by virtue

of its being in composition with some other word in the proximity with it, it

is called an uppd EvBEÄ .

For example, look at the sentence:

San: rAm �Z sh sFtA vn \ gQCEt.

gloss: Rama with Sita forest goes. (Sita goes to forest with Rama).
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In this example, rAm has third case su�x. This is because of the presence of

the word sh . This sh is the word in close proximity (uppd ). 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 ofuppd EvBEÄ s corresponding to the 6 case su�xes viz.

2, 3, 4, 5, 6 and 7.

The s

�

/ s indicating the words demanding theseEvBEÄ s is given in Appendix

II.
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Chapter 3

fANdboD

What we have seen so far is how thekArk s are realised in a sentence through

the EvBEÄ s. The process of understanding the meaning of a sentence, isa re-

verse process. This process is termed as the process offANdboD

_In India, the

three schools viz.&yAkrZ , �yAy and mFmA \sA di�er in the process of fANdÿ

boD slightly. The process offANdboD involves basically the identi�cation of

modi�er and modi�ed ( Evf �	y and Evf �qZ ). According to v {yAkrZ s DA(vAT 


(meaning of a verb) is them

�

Hy Evf �	y . The n {yAEyk s take the þTmA�t (the

one in �rst case su�x) as the m

�

Hy Evf �	y . There is very subtle di�erence

between themFmA \sk s and v {yAkrZ s approach. mFmA \sk s take BAvnA as the

m

�

Hy Evf �	y .

15
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We will not go in the theoretical discussions on the di�erences between these

three schools and their consequences, etc. Our main aim is todevelop in-

telligence in the system so that computer can assist human beings in under-

standing the Sanskrit texts.

If we look at Sanskrit books on various topics, we see that theoriginal s \EhtA

text is followed by simple pdpAW , followed by the information on various

compounds in the text, and �nally the anvaya. This a�vy is done taking

into account the s

�

/ s which assign di�erent EvBEÄ s to kArk s. Look at the

example from the `s \" �p rAmAyZm

^

'(see �gure 3.1). Here we see all the steps

mentioned above.
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Figure 3.1: Sanksheparamayana
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The s

�

/ s stated in the chapter 2 above are directly relevant and useful for the

generation of Sanskrit texts. When a listener listens to a sentence, now what

s/he gets is theEvBEÄ s. From theseEvBEÄ s, the listener should analyse and

get the kArk s. This task is not an easy task. We give here some examples

to illustrate the complexity.

Look at the sentence:

San: rAm, vnm

^

gQCEt.

gloss: Rama forest goes.

The morphological analyser does the analysis of each of these words, and

produces the following answers for each of the words.

rAm, : rAm f 1,p

�

\El½ , ekvcnm

^

g

: rA f kt 
Er , lV

^

, u•m p

�

.,bh

�

vcnm

^

, pr-m {pdF g

vnm

^

: vn f 1, np

�

\ , ekvcnm

^

g

: vn f 2, np

�

\ , ekvcnm

^

g

gQCEt : gm

^

f þ 0. p

�

0., ek v 0_, lV

^

, pr-m { 0,g

gQCEt : gm

^

+ ft

�

0 + f 7, np

�

\ 0, ekvcnm

^

g
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gQCEt : gm

^

+ ft

�

0 + f 7, p

�

\ 0, ekvcnm

^

g

A human being while reading does not even `see' these ambiguities. But

when we analyse using machine, since machine does not use common sense,

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

� Deciding the main verb (whetherrA or gm

^

), and

� Assigning the kArk roles.

The question is, whether there is any way to rule out the possibility of rA

being a DAt

�

. Following s

�

/ by pAEZEn comes to our rescue:

" y-y c BAv �n BAvl"Zm

^

. ". (2.3.37)

This s

�

/ rules out the possibility of the following two analysis ofgQCEt .

gQCEt : gm

^

+ ft

�

+ f 7, np

�

\ 0 , ekvcnm

^

g

gQCEt : gm

^

+ ft

�

+ f 7, p

�

\ 0 , ekvcnm

^

g

This now leaves only one analysis ofgQCEt as a verb. Further the verb gam

has an expectancy of twokArk s viz. k•A 
 and karma. Further the word

gQCEt is kt

�


vAQy . Hence k•A 
 being aEBEht should be in þTmA EvBEÄ .

But there are two pd s viz. both rAm and vn in þTmA EvBEÄ . Hence the

question is which one should be taken ask•A 
 . We postpone this decision,

and look at the word with second case su�x to decide thekm 
 . We get only

one word viz. vnm

^

. Hence it is assigned akm 
 role. Since any noun can not
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have more than one roles. Because, all thes

�

/ s describing kArk sâA s are

governed by the s

�

/ " aAkAXArAt

^

ekA sâA "(1.4.1). Hence vanam can get

only one sâA viz. km 
 . This leaves rAm with the k•A 
 kArk role. Thus we

see that variouss

�

/ s of pAEZEn come into play in assigning thekArk roles

to the nouns.

Let us consider the possibility ofrA as a verb. The verbrA is in u•mp

�

zq ,

and is in kt 
Er þyog . Hence, one may assume thek•A 
 to be vym

^

, and need

not be speci�ed. vnm

^

being in E’tFyA EvBEÄ can be km 
 for rA . But then

gQCEt will remain without any kArk s. Hence thisa�vy will be ruled out

leaving only onea�vy as follows:

rAm, = k•A 
 of gQCEt.

vnm

^

= km 
 of gQCEt.

We try to follow this process mechanically, taking the help of pAEZEn 's s

�

/ s.

To implement this mechanically, what is needed is a mechanism to solve the

constraints simultaneously. We have used the CLIPS for implementing the

system. In the �fth chapter we discuss the CLIPS environmentfollowed by

the overall architecture.



Chapter 4

Earlier e�orts

There have been much enthusiasm in the �eld of Sanskrit computations since

the advent of computers. There have been e�orts to demonstrate suitability

of Sanskrit shastra for automatic language processing as well as to develop

computational tools for processing Sanskrit texts. The fewnotable 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(2008), Scharf(2008),

Jha(2008), and Goel(2007), apart from the department of Sanskrit Studies

in collaboration with Rashtriya Sanskrit Vidyapeetha, Tirupati, to name a

few. There are also ongoing e�orts to model the paninian process of anal-

ysis through computers by Sharf(2008), Mishra(2009), Goel(2008), and the

packagegZk - a£A@yAyF ( -vAEm trSbAl

�

,2009). The majority of these han-

21
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dle morphology reasonably well. Only few of them have been handling the

parsing at sentence level.

Parsers based on Paninian Grammar was developed by Bharati (1995). This

parser was developed following the Integer programming approach, and later

on improved by adapting the bipartite graph model. This Parser was devel-

oped for Hindi and not for Sanskrit. The parser required kAraka charts for

each verb describing the variouskArk roles that are mandatory for the verb

(i.e. the expectancy), and the correspondingEvBEÄ s the corresponding noun

takes.

A kArk chart essentially marks the necessity of akArk (whether it is manda-

tory, desirable or optional), and shows the corresponding vibhakti. The

mandatory kArk s are k•A 
 and karma in case of transitive verbs, andk•A 


in case of intransitive verbs. sMþdAn is also mandatory in case of certain

verbs, whose list is available through thepAEZEn 's s

�

/ s. Further the desir-

able kArk s are the krZ andapAdAn . Most of the verbs have an expectancy

for these kArk s. aEDkrZ being the location or aADAr for either k•A 
 or

km 
 , is a kArk 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 pAEZEn 's way of organisation, we see that, Panini

assumes the knowledge of sakarmana/akarmaka while framinghis rules. We
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refer to XawuprakASaH (in press) for thekmA 
kA�"A information. Next, the

list of verbs desiring somekArk s such assMþdAn , apAdAn etc. is also listed

separately. So with this information, we decided to use thepAEZEn 's s

�

/ s

only and develop a rule based parser, instead of using thekArk 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' like a human being

and decide thekArk relations. An expert system or an intelligent system is

a special system that uses Arti�cial intelligence techniques. 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 sMþdAn role

THEN

it will take ct

�

TF 
 EvBEÄ .

Here the section of the rule between IF and THEN viz. `the noun

has sMþdAn 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 condition is

satis�ed, or the pattern is matched with any of the existing facts from

the memory, then rule is said to be �red.

� Facts

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

the state of the system.

� Inference Engine

The inference engine makes inferences by deciding which rules are 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 the agenda.

In such cases, the inference engine should choose one of the rules. This

selected rule then is �red. The selection of the rules is called con
ict
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resolution. The con
ict resolution may be either explicit by prioritizing

the rules, say by assigning the saliency, or implicit based on the speci-

�city of conditions etc. In case the rules are provided with asaliency,

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

The expert system language that I have used in my thesis is called CLIPS

which is an acronym for C Language Integrated Production System. CLIPS

was designed at NASA/Johnson Space Center with the speci�c purposes

of providing high portability, low cost, and easy integration with external

system. CLIPS was written using the C programming language to facilitate

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.

5.1.1 Facts

Each chunk of information is called a Fact. Facts consist of:

a name with zero or more �elds for associated values. For example, the fol-

lowing fact de�nes a name or a �eld called `sentence', whose value is r̀Am,
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g }Amm

^

gQCEt. '

(sentence (rAmaH grAmam gacCati))

This is a simple fact. Consider another example: The morphological analysis

of the word rAme.na consists of several facts viz. rAma is theprAtipadika,

its gender is masculine, the word is in the singular number, and 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 several words,

then whose number is what, which one is singular, which one ismasculine

is not recorded. The association of the word with its features is gone. To

avoid it, we make use of structured facts. To use the structured facts, �rst

CLIPS should be informed about the new structure. This is done through

the DEFTEMPLATE.
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5.1.2 Deftemplate

Before facts can be constructed, CLIPS must be informed of the list of valid

slots for a given relation name. A deftemplate is used to describe groups of

facts sharing the same relation name and contain common information. 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 rAmebhyah. , now will be a fact.

This analysis will have the template structure of sup. The fact 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 called 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', should

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 the

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

� Displaying Facts:

The facts command can be used to display the facts in the fact-list.

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: `CLIPS> (assert)'

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

Just as facts can be added to the fact-list, they can also be removed.

Removing facts from the fact-list is called retraction and is 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 modify com-

mand.

Example: (modify ?s1 (kAraka karwA))

� Rules: Rules can be typed directly into CLIPS or they can be loaded

in from a �le of rules created by an editor. In CLIPS, the `IF cond

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 execute the rules

i.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 with the

highest salience on the agenda is �red.

All the rules that satisfy the conditions, are on agenda. To display 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 restarting. Facts

asserted by a reset satisfy the patterns of one or more rules and place

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 external �le.

� `save' command is opposite of load, and allows saving of constructs to

disk.

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

it.

5.3 Architecture

The 
ow diagram of the system is given in �gure 5.5. The input for our

parser is a Sanskrit text with single �nite verb (ti"n), and t he output is its

kArk analysis. The main purpose of this exercise is to do onlykArk and

uppdEvBEÄ analysis. The input sentence is passed through the morpholog-

ical analyser to get the word level analysis. This analysis is then converted

into CLIPS facts. The facts, which vary with a sentence, along with the rules

are then passed to the CLIPS interpreter for thekArk analysis.
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5.4 Sample input

rAm, vnm

^

gQCEt.

5.5 Sample output

rAm, = k•A 
 of gQCEt

vnm

^

= km 
 of gQCEt



Chapter 6

Facts and Rules

In this chapter we describe the templates used for declaringthe facts, fol-

lowed by the rules. The structure of templates is largely in
uenced by the

morphological analyser output. pAEZEn classi�es the words into two types:

s

�

b�t and EtR�t . But this classi�cation is not su�cient for our purpose.

Consider the ÆA�t word say g̀(vA '. If we just mark it as a s

�

b�t , or to

be more speci�c, say ana&yy , it is not su�cient. The reason being, the

underlying verb g̀m

^

', has its own expectancies. And to know that it has

expectancies, the machine should know that the there is an underlying verb,

and it has certain expectancies. Hence we de�ne the templates for s

�

b�t ,

Et½�t , a&yy , tEˆt and k

�

d�t s. We give below the slots available in each

of them. These slots correspond to the features associated with that form.

35
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We also make a provision for the slot corresponding to thekArk analysis,

which will be �lled in by the CLIPS inference engine. In case of verbs, slotes

for the correspondingkArk 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 padI)

(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)
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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 possible, we try

to remove irrelevant morphological analysis. This then helps us in reducing

the search space, and also if machine fails, then it helps thehuman being to

rule out some of the possibilities. For example, as explained earlier, in the

sentence `rAm, vanam gQCEt ', the analysis of the wordgQCEt as a subanta

is irrelevant. Hence we remove or retract it. Similarly, there are many cases,

where a word is ambiguous between the second case or �rst caseand also the

sMboDn . The sMboDn will be irrelevant only if certain special conditions are

met. For example, consider the sentence

bAl, KAdEt.

In the sentencebAl, KAdEt. the word KAdEt can have the following analysis

KAdEt -/F 8 ek 0 whereKAdEt is the feminine ft

�

form. But in this context,

since their is no verb with loV

^

lkAr or EvEDElR

^

lkAr (see appendix

Assign Karaka Rules for more details), this analysis is ruled out.

We illustrate below one rule corresponding to thes

�

/

" y-y c BAv �n BAvl"Zm

^

" (2.3.37).

Second step is to actually assignkArk roles. Now theEvBEÄ s may be either
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upapada or kArk . We �rst mark the words with uppd EvBEÄ s, since these

are just next to the given words. After this, then we assign the kArk EvBEÄ s.

Assigning kArk EvBEÄ s is not an easy task. Because several times a word

has more than one morphological analysis possible. In such cases, we have to

look at the assignments simultaneously, and not sequentially. as explained

earlier.

We describe below three rules, one for removing the irrelevant morphological

analysis, the second one for marking the upapadaEvBEÄ s and the third one

for marking the kArk EvBEÄ s.

6.3 Rule Description

6.3.1 Rule for retracting an analysis

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

it is irrelevant.

� Motivation for the necessity of a rule

Look at the sentence:

rAmah. vanam gQCEt .

Here in this sentencegQCEt has three possible analysis, viz -
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gQCEt : gm

^

f þ 0. p

�

0., ek v ., lV

^

, pr-m { 0,g

gQCEt : gm

^

+ ft

�

+ f 7, np

�

\ 0, ekvcnm

^

g

gQCEt : gm

^

+ ft

�

+ f 7, p

�

\ 0, ekvcnm

^

g

The second and the third analysis are not relevant in this context.

Hence these analysis may be ruled out on the basis ofpAEZEn 's s

�

/

" y-y c BAv �n BAvl"Zm

^

" (2.2.37). The meaning of thiss

�

/ is:

If an activity aims at another activity then the verb denoting the �rst

activity will have seventh case (naturally after ak

�

d�t ). In such cases

either the k•A 
 or the km 
 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 \3C4w}

=>

(do-for-all-facts

((?w kqw))

;for all k.rdantas

(eq ?w:krt_pratyayaH satri)
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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 ((?w1 sup tin)) (= ?w1: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 sentencerAm, vn \ gQCEt ', there is a k

�

d�t

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

ful�lled and hence the rule is �red. The action part checks every k

�

d�t

with ft

�

+7 EvBEÄ analysis. In the given sentence there is only one

k.rdanta gQCEt satisfying this condition. Further, the next condition

that there be no other word with seventhEvBEÄ is also satis�ed and
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�nally this word has one more analysis viz as aEt½�t . Hence the

ft

�

+7 analysis of the word gQCEt 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 rA1)(prayogaH karwari)( lakAraH

la.t)(puruRaH u)(vacanam bahu)(paxI parasmEpaxI)(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) (kqwprawyayaH Sawq)(XAwuH gamLz)(gaNaH BvAxiH)

)

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

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

)
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(krt (id 3) (mid 3) (word gacCawi) (rt gacCawI)(lifgam swrI) (viBakwiH

8)(vacanam eka) )

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

la.t)(puruRaH pra)(vacanam eka)(paxI parasmEpaxI)(XAwuH gamLz)(gaNaH

BvAxiH) )

)

� Execution

When we execute the rules with the given facts, and check the new

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)

(paxI parasmEpaxI) (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) (kArk nil) (viSeRaNa pos nil))

f-3 (sup (id 2) (mid 1) (word vanam) (rt vana) (lifgam napuM) (viBak-

wiH 1) (vacanam eka) (kArk nil) (viSeRaNa pos nil))

f-4 (sup (id 2) (mid 2) (word vanam) (rt vana) (lifgam napuM) (viBak-

wiH 2) (vacanam eka) (kArk nil) (viSeRaNa pos nil))

f-7 (kqw (id 3) (mid 3) (word gacCawi) (kqw prawyayaH nil) (lifgam

swrI) (viBakwiH 8) (vacanam eka) (rt gacCawI) (XAwuH nil) (gaNaH

nil) (karwA pos nil) (karma pos nil))

f-8 (wif (id 3) (mid 4) (word gacCawi) (rt gam1) (XAwuH gamLz)

(lakAraH la.t) (prayogaH karwari) (puruRaH pra) (vacanam eka) (paxI

parasmEpaxI) (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 corresponding

to the kqxanwas.

(kqw (id 3) (mid 1) (word gacCawi) (rt gacCaw)(lifgam puM)(viBakwiH

7)(vacanam eka) (kqwprawyayaH 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 I have written rules for retracting the sMboDn 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 upapadaEvBEÄ s. We look at a very

frequent case of `saha'. ThepAEZEn 's s

�

/ is " shy

�

Ä �_þDAn � " (2.3.19). The

implementation of this rule is given below.

� Motivation for the necessity of a rule

Look at the sentence:

rAm �Z sh sFtA vn \ gQCEt.

Here in this sentencesh assigns the third case su�x to rAm . 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-trtIyAnta sup) 0))

; check if third case vibhakti word exists

(test (> (count-tqtIyA-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 ?s:id) 1)

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

; If the subanta has thritiyA vibhakti, the avyaya is adjacen t to it and the avyaya

(modify ?s ({\dn kArk} upapala_vibhaktiH))

; then mark the noun as upapada vibhakti

(printout bar "(" ?s:id " " ?a:word " kI 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 rule to be higher,

so that when there is a con
ict, this rule gets priority over the other

rules.

6.3.3 Rule for marking kArk roles

Here we describe a rule for marking thek•A 
 in case of karmavAchya

verb forms. In case ofkm 
vAQy , both the k•A 
 as well as krZ take

the same EvBEÄ viz. t

�

tFyA . As in r̀Am �Z bAZ �n vAEl, h�yt � '. It is

di�cult for a machine to decide which is krZ and which is k•A 
 , just by

looking at the words or their analysis. What is needed is extra-linguistic

information that bAZ is an instrument. Since our system does not have

such a knowledge yet, we mark both the words as `k•A 
 - krZ - vA '.

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

in third case as `k•A 
 -kara.na'. The rule in CLIPS is with self explanatory

comments.

(defrule assign_{\dn k\381wA\0}-karaNa-vA_karma_karma vAcy

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

; at least one word in nominative case exists

(test (> (count-tqtIyAnta 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 (= ?s1:viBakwiH 3) (= ?s2:viBakwiH 1)

(<> ?s1:id ?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 ?s1: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 "(" ?s1:id " " ?w:word " kA {\dn k\381wA\0}_vA_ karaNa)" crlf)

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



Chapter 7

Conclusion

The purpose of my thesis is to build a parser for Sanskrit. To decide the

suitability of CLIPS shell for developing a parser, as a pilot study, I collected

various kinds of sentences with singleEt½�t . These sentences had the ex-

amples from both the uppd EvBEÄ s as well askArk EvBEÄ s. I used the

in-house morphological analyser for my work. I also decidednot to take the

EZj�t as the morphological analyser was not yet fully functional for the

same. Further I also did not consider theq¤F EvBEÄ , since it is used to

denote a kArk as well as noun-noun relations.

I implemented approximately 15 rules for the analysis, and could run all

types of sentences satisfactorily. The appendix lists all the sentences, that

were tested on the machine.
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To have a full-
edged realistic parser for Sanskrit, still there is a long way

to go. With the current experience of building a simple parser, I 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 (gdbm lookup "sampraxAna XAwu list.gdbm" (fact-slot-value ?fct XAwuH))
"1"))))

; Get the number of verbs with apAxAna AkAfkRA

(de�unction count-apAxAna-AkAfkRA (?template)

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

(eq (gdbm lookup "apAxAna XAwu list.gdbm" (fact-slot-value ?fct XAwuH))
"1"))))
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;Get the number of xviwIyA-upapaxa entries

(de�unction count-xviwIyA-upapaxa (?template)

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

(eq (gdbm lookup "xviwIyA upapaxa list.gdbm" (fact-slot-value ?fct word))
"1"))))

;Get the number of wqwIyA-upapaxa entries

(de�unction count-wqwIyA-upapaxa (?template)

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

(eq (gdbm lookup "wqwIyA upapaxa list.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 upapaxa list.gdbm" (fact-slot-value ?fct word))
"1"))))

;Get the number of paFcamI-upapaxa entries

(de�unction count-paFcamI-upapaxa (?template)

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

(eq (gdbm lookup "paFcamI upapaxa list.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 (gdbm lookup "RaRTI upapaxa list.gdbm" (fact-slot-value ?fct rt)) "1"))))

;Get the number of sapwamI-upapaxa entries

(de�unction count-sapwamI-upapaxa (?template)
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(length (�nd-all-facts ((?fct ?template))

(eq (gdbm lookup "sapwamI upapaxa list.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-xviwIyAnwa (?template)

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

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

; Get the number of sup entries with wqwIyA

(de�unction count-wqwIyAnwa (?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 paFcamI

(de�unction count-paFcamyanwa (?template)

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

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

; Get the number of sup entries with RaRTI

(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 sapwamI

(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

; rl1

(defrule assignkarwA karma karwqvAcy

(declare (salience 100))

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

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

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

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

= >

(delayed-do-for-all-facts

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

(and (= ?s1:viBakwiH 1) (= ?s2:viBakwiH 2) (<> ?s1:id ?s2:id ?w:id)(eq
?w:prayogaH karwari))

(modify ?w (karwA pos ?s1:id) (karmapos ?s2:id))

(modify ?s2 (kAraka karma))

(modify ?s1 (kAraka karwA))

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

))

;;================================================= =============

; rl2

(defrule assignkarwA karwqvAcy

(declare (salience 100))

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

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

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

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

= >

(delayed-do-for-all-facts

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

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

(modify ?w (karwA pos ?s1:id))

(modify ?s1 (kAraka karwA))

(printout bar "(" ?s1:id " " ?w:word " kA karwA rl2)" crlf)

)

)

;================================================== ===========

;rAmeNa vexaH paTyawe

;rl3

(defrule assignkarwA-karaNa-vA karma karmavAcy

(declare (salience 100))

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

(test (> (count-wqwIyAnwa sup) 0))
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;(any-factp (?w wif) (?w:prayogaH karmaNi))

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

= >

(delayed-do-for-all-facts

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

(and (= ?s1:viBakwiH 3) (= ?s2:viBakwiH 1) (<> ?s1:id ?s2:id ?w:id)(eq
?w:prayogaH karmaNi))

(modify ?w (karwA pos ?s1:id) (karmapos ?s2:id))

(modify ?s2 (kAraka karma))

(modify ?s1 (kAraka karwA))

(printout bar "(" ?s1:id " " ?w:word " kA karwA rl3)" crlf)

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

))

;;================================================= ==

;xAwreNa lunAwi

;rl4

(defrule assignkaraNa karwqvAcy

(declare (salience 100))

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

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

= >

(delayed-do-for-all-facts

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

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

(modify ?w (karaNa pos ?s1:id))

(modify ?s1 (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-wqwIyAnwa sup) 0))

= >

(delayed-do-for-all-facts

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

(and (= ?s1:viBakwiH 3) (= ?s2:viBakwiH 3) (= ?s3:viBakwiH 1) (<> ?s1:id
?s2:id ?s3:id ?w:id)(eq ?w:prayogaH karmaNi))

(modify ?w (karwA pos ?s1:id) (karaNapos ?s2:id)(karmapos ?s3:id))

(modify ?s1 (kAraka karwA))

(modify ?s2 (kAraka karaNa))

(modify ?s3 (kAraka karma))

(printout bar "(" ?s1:id " " ?w:word " kA karwA )" crlf)

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

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

))

;================================================== ===========

;rl5

(defrule assignsampraxAna

(declare (salience 100))

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

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

= >
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(delayed-do-for-all-facts

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

(and (<> ?s1:id ?s2:id ?w:id) (= ?s1:viBakwiH 4) (or (eq (gdbmlookup
"sampraxAna XAwu list.gdbm" ?w:XAwuH) "1") (eq (gdbm lookup "xvikar-
maka XAwu list.gdbm" ?w:XAwuH) "1")))

;(= ?s1:viBakwiH 4)

(modify ?w (sampraxAnapos ?s1:id))

(modify ?s1 (kAraka sampraxAna))

(printout bar "(" ?s1:id " " ?w:word " kA sampraxAna rl5)" crl f)

)

)

;================================================== ========

;rl6

(defrule assignapAxAna

(declare (salience 100))

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

= >

(delayed-do-for-all-facts

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

(and (<> ?s1:id ?w:id) (= ?s1:viBakwiH 5))

(modify ?w (apAxAna pos ?s1:id))

(modify ?s1 (kAraka apAxAna))

(printout bar "(" ?s1:id " " ?w:word " kA apAxAna rl6)" crlf)

)

)

;================================================== ========

;rl7
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(defrule assignaXikaraNa

(declare (salience 100))

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

= >

(delayed-do-for-all-facts

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

(and (= ?s1:viBakwiH 7) (<> ?s1:id ?w:id))

(modify ?w (aXikaraNa pos ?s1:id))

(modify ?s1 (kAraka aXikaraNa))

(printout bar "(" ?s1:id " " ?w:word " kA aXikaraNa rl7)" crlf )

)

)

;================================================== ===========

;rl8

(defrule assignxviwIyA-upapaxa

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

(test (> (count-xviwIyA-upapaxa avy) 0))

= >

(delayed-do-for-all-facts

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

(and (= ?s:viBakwiH 2) (= (- ?a:id ?s:id) 1) (eq (gdbm lookup "xviwIyA upapaxa list.gdbm"
?a:word) "1"))

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

(printout bar "(" ?s:id " " ?a:word " kA xviwIyA-upapaxa viBakwiH rl8)"
crlf)

)

)
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;================================================== ========

;rl9

(defrule assignwqwIyA-upapaxa

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

(test (> (count-wqwIyA-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 "wqwIyA upapaxa list.gdbm"
?a:word) "1"))

(modify ?s (kAraka wqwIyA-upapaxaviBakwiH))

(printout bar "(" ?s:id " " ?a:word " kA wqwIyA-upapaxa viBakwiH rl9)"
crlf)))

;================================================== ========

;rl10

(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 upapaxa list.gdbm"
?a:word) "1"))

(modify ?s (kAraka cawurWI-upapaxaviBakwiH))

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

;================================================== ========
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;rl11

(defrule assignpaFcamI-upapaxa

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

(test (> (count-paFcamI-upapaxa avy sup) 0))

= >

(delayed-do-for-all-facts

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

(and (= ?s:viBakwiH 5) (= (- ?a:id ?s:id) 1) (eq (gdbm lookup "paFcamI upapaxa list.gdbm"
?a:word) "1"))

(modify ?s (kAraka paFcamI-upapaxaviBakwiH))

(printout bar "(" ?s:id " " ?a:word " kA paFcamI-upapaxa viBakwiH rl11)"
crlf)))

;================================================== ===========

;rl12

(defrule assignRaRTI-upapaxa

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

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

= >

(delayed-do-for-all-facts

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

(and (= ?s:viBakwiH 6) (= (- ?a:id ?s:id) 1) (eq (gdbm lookup "RaRTI upapaxa list.gdbm"
?a:word) "1"))

(modify ?s (kAraka RaRTI-upapaxaviBakwiH))

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

;================================================== ===========

;rl13

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

(test (> (count-sapwamI-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 "sapwamI upapaxa list.gdbm"
?a:word) "1"))

(modify ?s (kAraka sapwamI-upapaxaviBakwiH))

(printout bar "(" ?s:id " " ?a:word " kA sapwamI-upapaxa viBakwiH rl13)"
crlf)))

;================================================== ========

;rl14

(defrule assignxvikarmaka-karwqvAcy

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

(test (> (count-xviwIyAnwa sup) 1))

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

= >

(delayed-do-for-all-facts

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

(and (<> ?s1:id ?s2:id ?s3:id ?w:id)(<> ?s2:id ?s3:id ?w:id) (<> ?s3:id
?w:id) (= ?s1:viBakwiH 1) (= ?s2:viBakwiH 2)(= ?s3:viBakwiH 2) (eq ?w:prayogaH
karwari)(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 "(" ?s3:id " " ?w:XAwuH " kA gONa-muKya-karma- vA rl14)"
crlf)

(printout bar "(" ?s1:id " " ?w:XAwuH " kA karwA rl14)" crlf)
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(printout bar "(" ?s2:id " " ?w:XAwuH " kA gONa-muKya-karma- vA rl14)"
crlf)))

;================================================== ===========

;rl15

(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 (<> ?s1:id ?s2:id ?w:id)(<> ?s2:id ?s3:id ?w:id)(<> ?s3:id ?w:id)(=
?s1:viBakwiH 3)(= ?s2:viBakwiH 1)(= ?s3:viBakwiH 2)(eq ?w:prayogaH 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 "(" ?s1:id " " ?w:XAwuH " kA karwA rl15)" crlf)

(printout bar "(" ?s3:id " " ?w:XAwuH " kA gONa-muKya-karma- vA rl15)"
crlf)

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

;================================================== ===========

(agenda)

(run)

(facts)

(close bar)

(exit)
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Morph Proune Rules

(reset)

;(facts)

; Get the number of sup entries with samboXana

(de�unction count-supkqw-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-slot-value ?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

; kqxanwas

((?w kqw))

; having Sawq+7 form

(and

(eq ?w:kqwprawyayaH 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-Sawq+7 analysis

(any-factp ((?w1 sup wif)) (= ?w1: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
)

)

)

;================================================== ===========

; rAma awra AgacCa

(defrule samboXana-1

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

(test (> = (count-supkqw-samboXana kqw) 1)))

= >

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

((?w wif)(?s sup kqw))

; 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:puruRaHu) (or (=
(count-supkqw-samboXana sup) 1) (= (count-supkqw-samboXana kqw) 1)))

; Remove all non samboXana analysis of such a word in samboXana.

(do-for-all-facts

((?s1 sup wif kqw avy))

(and (<> ?s:mid ?s1:mid) (= ?s:id ?s1:id))

(retract ?s1)

(printout foo "(" ?s1:id " " ?s1:mid ") another analysis is removed " crlf )

)

)

)

;================================================== ========

(defrule samboXana-2

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

(or (test (> = (count-supkqw-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 (<> ?a:id ?s:id) (gdbmlookup "samboXanaavy wrds list.gdbm" ?a:word)
(= (count-supkqw-samboXana sup) 1) (= (count-supkqw-samboXana kqw)
1))

; Remove all non samboXana analysis of such a word in samboXana.

(do-for-all-facts

((?s1 sup wif kqw avy))

(and (<> ?s:mid ?s1:mid) (= ?s:id ?s1:id))

(retract ?s1)

(printout foo "(" ?s1: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))



80 Chapter 7. Conclusion

(printout bar "(wif (id " ?w:id ") (mid " ?w:mid ") (word " ?w:w ord ") (rt
" ?w:rt ")(XAwuH " ?w:XAwuH ")(lakAraH " ?w:lakAraH ")(pray ogaH "
?w:prayogaH ")(puruRaH " ?w:puruRaH ")(vacanam " ?w:vacanam ")(paxI
" ?w:paxI ")(gaNaH " ?w:gaNaH "))" crlf)

)

(do-for-all-facts

((?w kqw))

(printout bar "(kqw (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

((?w avy))

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

)

(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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LIST OF EXAMPLES:

pAck, pcEt

prf

�

nA ECnE•

þAsAdAt

^

ptEt

pFW � upEvfEt

pAck, aodn \ pcEt

pAck, aodn \ pct �

pAck �n t�X

�

l, pQyt �

s

�

d, pcEt

bAl, KAdEt

vV

�

, ElKEt

s

�

d, t�X

�

l \ pcEt

bAlk, g }Am \ gQCEt

c {/, k

�

p \ KnEt

BÄ, hEr \ BjEt

rAm, bAZ �n rAvZ \ hE�t

d�vd•, prf

�

nA v

�

" \ ECnE•

bAl, pAdA<yA \ g

�

h \ gQCEt

c {/, rjkAy v-/ \ ddAEt

rAjA EvþAy gA \ ddAEt

pZ � v

�

"At

^

ptEt

k

�

	Z, gok

�

lAt

^

aAgQCEt

pA�T, pv 
tAt

^

avrohEt

Kg, v

�

"At

^

Xyt �

bAl, kV � upEvfEt

s

�

d, aodn \ -TASyA \ pcEt

s

�

d, t�X

�

l \ pcEt

s

�

d�n t�X

�

l, pQyt �

gO, go¤m

^

aAgQCEt

CA/ �Z šok, pÕt �

pAck, t�X

�

lAn

^

pcEt

BÄ, g½A \ -p

�

fEt

gopAl, gA \ doE`D py,

vAmn, bEl \ yAct � vs

�

DAm

^

pA�T, mAZvk \ p�TAn \ p

�

QCEt
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g

�

z, bAl \ Dm � b

�

}t �

k

�

qFvl, ajA \ g }Am \ nyEt

bAl, Ev•Aly \ gQCEt

bAl, g• \ pWEt

v

�

ˆ, upEvfEt

Eff

�

, f

�

k \ p[yEt

bAl, aà \ KAdEt

bAl, aàm

^

aE•

bAl, aà \ B"yEt

km 
kr, kV \ kroEt

a�trA (vA \ mA \ hEr,

a�tr �Z hEr \ n s

�

Km

^

mAg 
m

^

uByt, v

�

"A, sE�t

sv 
t, a@yApk \ Ef	yA, sE�t

EDk

^

an

�

tvAEdnm

^

upy

�


pEr B

�

Em \ EvmAnAEn Xy�t �

g

�

hm

^

aEBt, t

�

ZAEn sE�t

Ev•Aly \ pErt, CA/A, E‡XE�t

v

�

" \ þEt Ev•ott � Ev•

�

t

^

a@yApk �n Ev•Aly, gMyt �

rAm, bAZ �n rAvZ \ hE�t

a" {, dF&yEt

bAl, Em/ �Z sh aAgQCEt

al \ Ev-tr �Z

EptA p

�

/Ay Pl \ ddAEt

bAlkAy K�Xfk 
rA roct �

bAElkA p

�

	p �<y, -p

�

hyEt

k \s, k

�

	ZAy ‡

�

@yEt

Eff

�

, p�TAn \ gQCEt

™F gZ �fAy nm,

a`ny � -vAhA

Ept

�

<y, -vDA

v

�

"At

^

pZ � ptEt

pApAt

^

j

�

g

�

=st �

DmA 
t

^

þmA•Et
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corAt

^

EbB �Et

&yAG }At

^

r"Et

Ef	y, upA@yAyAt

^

aDFt �

t�t

�

<y, pV, BvEt

mAsAt

^

aAr<y m �G, vq 
Et

Etl �q

�

t {lm

^

aE-t

g

�

zZA pAW, E‡yt �

CA/A, fAlA \ þEvfE�t

Ev˜As, Em/Ay p

�

-tk \ ddAEt

bAl, vAhnAt

^

ptEt

sv � 
 kV � upEvfE�t

mo" � iQCA aE-t

gop �n gA \ v }j, avz@yt �

pA�T �n mAZvk, p�TAn \ p

�

QÐt �

Ep/A mAZvk, Dm 
m

^

uQyt �

s

�

r�Z s

�

DA \ "FrEnED, mLyt �

c {/ �Z d�vd•, ft \ m

�

	yt �

k

�

qk �Z g }Amm

^

ajA nFyt �

gop �n v

�

qB, go¤ \ E yt �

k

�

qk �Z ajA ngrm

^

u•t �

vV

�

, v

�

"At

^

PlAEn avEcnoEt

gop, v

�

qB \ go¤ � hrEt

gopAl �n gO, py, d

�

•t �

vAmn �n bEl, vs

�

DA \ yAQyt �

B

�

(y, BAr \ vhEt

B

�

(y, BAr \ nyEt

k \s, k

�

	ZAy ‡

�

@yEt

sv � 
 <y, -vE-t

g }AmAt

^

u•r, Ev•Aly,

v {fAKAt

^

p

�

v 
, c {/,

g }AmAt

^

d

�

r \ ngrm

^

g }AmAt

^

aE�tk \ go¤m

^

g }Am-y d

�

rAt

^

vnm

^

aE-t

v

�

"-y EnkVAt

^

gO, aE-t

g }Am-y d

�

r \ vnm

^

aE-t
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g }Am-y d

�

r�Z vnm

^

aE-t

g }Am-y d

�

rAt

^

vnm

^

aE-t

v

�

"-y aE�tkAt

^

gO, aE-t

v

�

"-y aE�tk \ gO, aE-t

v

�

"-y aE�tk �n gO, aE-t

v

�

"-y aE�tk � gO, aE-t

g

�

h-y d

�

r \ Ev•Aly,

g

�

hAt

^

d

�

r \ Ev•Aly,

Ev•Aly-y EnkVm

^

aApZ,

Ev•AlyAt

^

EnkVm

^

aApZ,

aAl-yAt

^

n pWEt

t‡ \ EvnA kT \ Bojnm

^

t �n EvnA t

�

ZmEp n clEt

g }Am-y aE�tk \ v

�

",

g }Am-y d

�

r \ v

�

",

ngr-y d

�

r�Z g }Am,

ngr-y aE�tk �n g }Am,

g

�

h-y d

�

rAt

^

go¤m

^

aE-t

g

�

h-y aE�tkAt

^

go¤m

^

aE-t

g }Am-y aE�tk � jlpAt,

g

�

hAt

^

d

�

r \ Ev•Aly,

g

�

hAt

^

aE�tk \ Ev•Aly,

g

�

h-y d

�

r \ Ev•Aly,

g

�

h-y aE�tk \ Ev•Aly,

rAâA gg 
, ft \ d�·t �

EptA mAZvkAy Dm � b

�

}t �

g

�

z, mAZvkAy Dm � fAE-t

k

�

Eqk, g }Am \ ajA \ nyEt

gop, gov(s \ go¤ \ kq 
Et
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