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Chapter 1

Introduction

STEATHTL AT ATHHTL TAH A |
g gaare T yurarster gf=a

India has rich heritage in linguistic studies. Out of the six a?'lﬁ“s (fields

of studies necessary to study the vedas) viz. forerr, sTHRYT, B,
fem, =AY and &9, the first four are concerned with language stud-
ies. fOr&T deals with pronnciation, SITHYU with grammatical aspects, S<q
with prosody and & with etymology. Among all these the importance
of TR is long recognised and is evident from the enormous literature
on ST YU, 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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qrforfr in around 500 BC presented a concise and almost exhaustive descrip-
tive coverage of the then prevalent Sanskrit language. This grammar is in
the form of §s — around 4000 divided into 8 chapters of 4 sections each.
“qrforfa’s grammar is universally admired for its insightful analysis of San-

skrit” (Kiparsky, 2002).

FTTE supplemented the work of 9TUrtT with aTfders. Later on Tafer
wrote a detailed commentary on these two works ruling out the necessity of
some of the aTfdas. This rich tradition continued further with major contri-
butions from ‘-]T-i%‘ﬁ‘ in the field of Language philosophy, and later by TIT8r

g, HIVE Vg, cte.

The studies in grammar further led to three important schools — STR LI,
HHTET and =TT, These are popularly known as 9%, aTed and THTT ITE

respectively, indicating the nature of the topics they deal with.

It is evident from the scientific literature that Sanskrit was “Lingua franca”
of scientific 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



tools to provide access to these Sanskrit texts.

With the advent of computers, and availability of extensive Sanskrit 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 field of Machine Translation, and the availability
of ITUrf=’s SMETATAT can lead to the development of appropriate tools for

accessing Sanskrit texts.

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

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

This being an interdisciplinary work, in the next chapter, we give a brief
background of the Panini’s sutra related to fawf® and ®¥&. The third
chapter illustrate the process of ITSZET theories the =T of given words.
The fourth chapter gives a breif summary of earlier efforts in this area. The
fifth 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 parser has been tested
on a set of aroundl 130 sentences from introductory grammer books. The
evaluation report is in the eighth chapter. The final chapter lists the future

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



Chapter 2

kAraka and vibhakti

Sanskrit is a highly inflectional language. Every word, be it a noun or a verb
has to be inflected before it is used in a sentence. An inflected word is termed
9 ! and AIEH T ‘Tg}ﬁﬁ‘ is the verdict of a grammarian (one must not use
a word, unless it is inflected). There are seven fa¥fas (case-affixes) which
make a crude form viz. FTfA9Tee usable. These are called ®T¥& fayfes if
they denote a relation between a noun and a verb. When these faf@s are
governed by on IT9E, they are known as upapada faaf@s. In the following
sections, we give a brief note on both of these. But before that, let us first

understand what a &L is.

lgfas—aq 789 (1.4.14)
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2.1 &M&H

&L 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 action?.

b o [ -

r f c ©
@ {lld = I=n4dl [ddda4id =l chI(GhH\I3

= . : N
. ATl ¥ ded SliiaH |

HETMTST Iohi- “@IEHATT Agdl T had ... I HEcAT: GA1AT: &0

Taq FAIST TUT F=uEar faurad, &Udia &eaA”. In JrEIery

also H Qc a T states

HWHTET §HIATTH dgedr=aT—d L |

FraTaT stfafasr=t st araae fage

Here GTY is a synonym of &T{d.

The relation of a noun to another noun in a sentence is not a &@T{ah. A &L

must be related with a verb: F#MI-GITQCCIH\ HTThcdH. There are six T ahs:

FAT, HH, HLOT, FEAET, AR and TR, Appendix 1 lists all the s
that discribe these @T¥&hs . All these gas come under the FTTE. These
2{eaTor fg eeeeEIur srataY GRETgRor ar &Artaequwr wuT ERETewar

ETgdT yaf- |
SERaTfsTE R a e U e s gac ariacadaia
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gas describe the semantic meaning of the T<ahs. T forfT further in the first
chapter fourth 9T gives §s which describe the farf™s used for realisation

of various &T¥& relations.

qTfurfr starts his @T& section with the STTI@TT T "&T&” (1.4.23). We
describe in brief, each of the @T¥ds, as described by the ITforf’s rule, fol-
lowed by the rule governing the vibhakti of that &1, followed by an exam-
ple. We do not discuss the exceptional cases.

Sanskrit has three voices — Elﬁi‘, & and 9T, In case of &Ej’cﬂ?@ (roughly
active voice), the 4T is said to be expressed through the verbal suffix. If a
verb is §&H@& (roughly transitive), it is the & which is expressed through
the verbal suffix, and finally in case of 3&®H& (roughly intransitive) verbs,
what is expressed through the verbal suffix is the action. Now let us see more

about these 6 dTLHs.

2.1.1 &dAr

FAT is defined as E@d=T: &ar (1.4.54). The most independent participant
in the action is termed as karttA. It is the speaker’s intention (faa®&T) which
assigns different 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,



8 Chapter 2. kAraka and vibhakti

BITEAT (vessel), odana(rice), ®TE(wood pieces) and finally the action of cook-
ing (9T %h_QT) If the speaker is simply narrating an incidence that a cook

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

FFE: SITCATH AEAH 7914 |

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

STAT I |

qa=TeT in mahAbhA .syam says ‘in the absence of a king the senior most

minister will enjoy the powers of king.”* &I 31HI(‘¢II<?I~1IH\ 3T 987

qHETY =9 H4974 ETd—=aH. Now, pada is defined as ﬂﬁlw, SO a
gTfa9fesd expressing a 4T relation in ﬁ;’cﬂw should have some nominal
suffixes else it can not be 9&. Therefore, to make such a YTfa9fes® a g,
wAT faifE is added. 9Tforfs has a qT

[ r

grfaafeRrfagafAmTra=a9T T9HT | (2.3.46)

‘o e T FHETT SITAT TCaT, SqaTd ST
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Thus in case of aﬁiﬂ'lw FAT will have TAT faif, and in case of FHETH,
FH will have a AT faf®. Such a FTE which is expressed by the verbal

suffix is called 2TITET. In case a & is not expressed or AAARITE, as in the

case of HHATA, then it gets third case suffix by the o "Hgd oA TEq AT
San: ggew: T |

gloss: Devadatta cooks.

San: g0 T=4d |

gloss: @d&{3} cooks. (being cooked by Devadatta).

2.1.2 FH

FgrrEaad &H (1.4.49).

What the ®T 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), &HTor fgaaT (2.3.2)
assigns second case suffix to the karma.

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

vibhakti.

San: FTET: ATEAH I3 |

gloss: Devadatta rice{2} eats.

San: 90 T=4d |
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gloss: devadatta{3} cooks. (being cooked by Devadatta).

2.1.3 &I

SICENE HYUH (1.4.42). The factor most effective in the accomplishment

of the action is termed as &YUT or instrument.

FGRCUITEGATAT (2.3.18) assigns third case suffix to the &I

San: Wg=aT foefa

gloss: lekhani{3} writes. (writes with pen)

2.1.4 qH<T

FHOUT FHOIATT & TR | (1.4.32)

That which the agent wants to connect with the object of the action of giv-
ing is called recipient. TR means W@‘ﬁlﬁjﬁ' — wants to connect. By
giving is meant passing of one’s ownership of the thing to the recipient. The
term HFIRT is meaningful. The two upasargas &1 and T give the qualified

sense viz. complete transfer.

sampradAna is expressed by the fourth case by the = ”vlg!ﬂ: qEET”

(2.3.13)
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San: fawra o =i

gloss: brahmin{4} cow gives. (gives cow to a brahmin)

2.1.5 HATIRTST

The T "YaH AT ATTETAH” (1.4.24) states that “when ablation or sepa-
ration is to be effected by a verbal action, the point of separation is called the
ablative”. Further the g "3TqTET TEHI" (2.3.28) states that the ablative

case is denoted by the fifth case affix. Thus in the example

San: IETE Macar =i |
gloss: cow-shade{5} calf go_away.
The separation or departure of calf from the cow-shade is marked by the fifth

case suffix.

2.1.6 3rfas<r

THTETL: BTFQ?T{'UI'H: (1.4.45)”, is the = describing the locus or srfaaorThe
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 3Tfer-
FYT According to TG&ETT

T - FHATGATHATH TG I haTH |
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IUFaq RATEEr ITer ATadeurH &a9 |

The T "HIFTIRLU T (2.3.36) assigns seventh case to express the 37fe-

H T,

San: &¢ FT(AST M= |

gloss: The girl is on the mat.

Thus in a nutshell, &L is a semantic relation expressed through the farfers,

and there are 6 such &T¥a& relations.

2.2 3Iyye fafe

There are also certain indeclinable words which demand certain case suffixes.

Such words are called TS — ITTFT(YA 9<H - a word pronunced in close
proximity. In other words, when a noun takes certain case-affixes by virtue
of its being in composition with some other word in the proximity with it, it
is called an I99% faufe.

For example, look at the sentence:

San: YTHU g AT g T=3(d |

gloss: Rama with Sita forest goes. (Sita goes to forest with Rama).
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In this example, TTH has third case suffix. This is because of the presence of
the word 9&. This 9% is the word in close proximity (399%). This upapada
demands that rAma should have third case suffix. Thus this third case suffix

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

There are 6 types of 399 fauf@s corresponding to the 6 case suffixes viz.
2,3,4,5,6 and 7.
The s indicating the words demanding these feanrfs is given in Appendix

IL.
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Chapter 3

TS qy

What we have seen so far is how the @T{ds are realised in a sentence through
the fanrfs. The process of understanding the meaning of a sentence, is a re-

verse process. This process is termed as the process of IITs&a T In India, the

three schools viz. SITHLT, =TT and HTATET differ in the process of ez -

T slightly. The process of SITs&ETH involves basically the identification of

modifier and modified (fa9rsar and fa9rYor). According to IATHTITs HTeAT
(meaning of a verb) is the §%T fa9rsar. The F9TaFs take the TIHATT (the
one in first case suffix) as the H%& fa9rsr. There is very subtle difference
between the HFIHATE®s and IITHYUs approach. TTHTT S take YTIAT as the
g faurs.

15
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We will not go in the theoretical discussions on the differences between these
three schools and their consequences, etc. Our main aim is to develop 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 the original @fgaT
text is followed by simple 92978, followed by the information on various
compounds in the text, and finally the anvaya. This 3T=9q is done taking
into account the §=s which assign different farfas to #T¢a@s. Look at the
example from the & T TTHTAA (see figure 3.1). Here we see all the steps

mentioned above.
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16 TrpaETaA: - garan e (aEnaEae)
Tail®:

TaReeraE g W gea A |

et © GEis sgAdiad A0 50
qeeBe:

g I oy Aigy T A A

7ol m A i gy TR T
TeuiEd:

LUEY TE- To Wdo Yo faile @Y o - Tdo Fo Who

Tho e Fo Yo Yo Tho

T §Y- 7w § Yo Who R g - HIR T Ao Tho

Ieq IO - "o Yo Who sl I

ik vy Sy Lkl Gy Sl

FIGET  Ho Yo Yo Tho wEfqey  TEY - o Jo fErio Tho

f& e, FEeEy TgEY U

QE'&! %0 go Tlo Ho Tho T Ho go f&eilo Who
SHIEET

e FEB/IN

o fq gy ? e Ay T |

7 f gy T ? e Y, (g T fawd)

Sy T |

fmedy g==Iw 7 f& & Pigea (o) |

Y (@ @) Sgq T/ ? (7)) @ wie T ag w: ol |
=g

el Ay |

Figure 3.1: Sanksheparamayana

i | o T A T B R dgee (af) | @ (3) w9
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The §=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 the faif@s. From these fasifams, the listener should analyse and
get the @T¥ahs. This task is not an easy task. We give here some examples
to illustrate the complexity.

Look at the sentence:

i
San: TH: H T=Fd |

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.

T T {19, TRaEa )

L T {FATC, A, I9F . a5a9H, TOeH I}

A9 : g9 {1, ], THa=I4H}
L A {2, 9], THTITH }

TG - T {¥0. 70., TF F0; €, TLEI0,}

TG T+ TG0 + {7, 50, TRaEAH )
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TEGIA T + IqG0 + {7, 50, THI=IAH}

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:

e Deciding the main verb (whether ¥T or TH), and

e Assigning the &T¥a roles.

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

being a ¥Tq. Following ¥ by ¥ THorf comes to our rescue:

"IET T T WTEAUH 7. (2.3.37)

This = rules out the possibility of the following two analysis of TS,
TEG : T 4+ G + {7, 90, THIIAH}

T=gfd T+ 9q + {7, 90, THIEAH)

This now leaves only one analysis of TT=&{d as a verb. Further the verb gam

has an expectancy of two @T¥&s viz. &aT and karma. Further the word

TS is qhciellml. Hence &T being 2rffaa should be in waAT faaf.
But there are two 9&s viz. both ¥ and & in AT il Hence the
question is which one should be taken as @dT. We postpone this decision,
and look at the word with second case suffix to decide the &H. We get only

. . . . < .
one word viz. FTH. Hence it is assigned a @#H role. Since any noun can not
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have more than one roles. Because, all the §s describing @T¥s HIATs are

governed by the §= "SATHTSTUQ TaT Tg017(1.4.1). Hence vanam can get
only one @HT viz. &. This leaves T with the &AT &T¥& role. Thus we
see that various §¥=s of qrfurfr come into play in assigning the &TTa roles
to the nouns.

Let us consider the possibility of T as a verb. The verb T is in ITHI®Y,
and is in FATET TFNT. Hence, one may assume the &9T to be 99H, and need
not be specified. TH being in fgear fef® can be &7 for IT. But then
T=afad will remain without any ®T¥as. Hence this 2=aa will be ruled out

leaving only one 3T=dd as follows:

c | =l
OH: = &dl of T=g(d |

TTH = &H of T=J( |

We try to follow this process mechanically, taking the help of ITforf<’s gs.
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 fifth chapter we discuss the CLIPS environment followed by

the overall architecture.



Chapter 4

Earlier efforts

There have been much enthusiasm in the field of Sanskrit computations since
the advent of computers. There have been efforts to demonstrate suitability
of Sanskrit shastra for automatic language processing as well as to develop
computational tools for processing Sanskrit texts. The few notable efforts
of the first 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 efforts to model the paninian process of anal-
ysis through computers by Sharf(2008), Mishra(2009), Goel(2008), and the

package TTUTeh - STETATAT (ETFFI' qLed1c],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 various @T¥e roles that are mandatory for the verb
(i.e. the expectancy), and the corresponding farfs the corresponding noun
takes.

A &1 chart essentially marks the necessity of a&T¥& (whether it is manda-

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

< . oy <
mandatory &T¥es are &dl and karma in case of transitive verbs, and &dT
in case of intransitive verbs. T¥AGIA is also mandatory in case of certain

verbs, whose list is available through the 9TfUrf<’s gs. Further the desir-

able &T{ds are the YU andAITaTT. Most of the verbs have an expectancy
for these ®Tas. ATITHLI being the location or JATHTT for either AT or
&, is a dTLEH 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 9TfUrf’s way of organisation, we see that, Panini

assumes the knowledge of sakarmana/akarmaka while framing his rules. We
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refer to XawuprakASaH (in press) for the ®ATRTSET information. Next, the

list of verbs desiring some &T¥dhs such as GFIGT, AITGI ete. is also listed
separately. So with this information, we decided to use the qTfurf<’s SEE

only and develop a rule based parser, instead of using the &T¥e&h charts.
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Chapter 5

About CLIPS

5.1 Introduction

Making computer think like people is Artificial Intelligence. In our effort to
develop a parser, we will be training a computer to ‘think’ like a human being
and decide the @T¥& relations. An expert system or an intelligent system is
a special system that uses Artificial intelligence techniques. A typical expert

system consists of

e Knowledge Base (Rules)

The knowledge base is in the form of [F' THEN rules. For example,

25
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IF

the noun has FFIT role
THEN

it will take It fafa.

Here the section of the rule between IF and THEN viz. ‘the noun
has HI&TA 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
satisfied, or the pattern is matched with any of the existing facts from

the memory, then rule is said to be fired.

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-
isfied by the facts. All the rules for which the facts match the LHS, are
said to be activated or satisfied. 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 fired. The selection of the rules is called conflict
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resolution. The conflict resolution may be either explicit by prioritizing
the rules, say by assigning the saliency, or implicit based on the speci-
ficity of conditions etc. In case the rules are provided with a saliency,

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 specific 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
e Fact-list: global memory for data.
e knowledge-base:contains all the rules.

e 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 fields for associated values. For example, the fol-

lowing fact defines a name or a field called ‘sentence’, whose value is ‘TTH:
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UTHA =gl

(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 the prAtipadika,
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 is masculine
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, first
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

(deffacts (sup

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

bahu)) )
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Facts with a relation name defined using deftemplate are called deftemplate

facts.

5.2 Basics of CLIPS operations

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

e 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)

e 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)’.

e Adding and Removing Commands: All facts known to CLIPS are

stored in the fact-list. To add a new fact to the fact-list, we can 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.

e Modifying Facts:
Slot values of deftemplate facts can be modified using the modify com-

mand.

Example: (modify 7s1 (kAraka karwA))

e Rules: Rules can be typed directly into CLIPS or they can be loaded
in from a file 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 conflict, then the rule with the
highest salience on the agenda is fired.

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.

e 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.

e ‘load’ command is used for loading of rules from an external file.

e ‘save’ command is opposite of load, and allows saving of constructs to

disk.

e save-Tact will save all facts in the fact-list in file and load-fact will load

it.

5.3 Architecture

The flow diagram of the system is given in figure 5.5. The input for our
parser is a Sanskrit text with single finite verb (ti”n), and the output is its
dT¢h analysis. The main purpose of this exercise is to do only &T¥& and
IUqefawf® 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 the @< analysis.
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ARCHITECHTURE OF SANSKRIT SENTENCE PARSER

Sanskrit Simple
Sentences

Y

Morphological

Analyser

¥

Convert to CLIPS Facts

S
’—F

Rules in Clips

. _P K( ol (k( A (] i
Clips Expert System darti ANLYSIS

5.4 Sample input

-
OH: 978 T=g1d |

5.5 Sample output

c r
H: = &dl of T=ld

TIH = &H of =
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Facts and Rules

In this chapter we describe the templates used for declaring the facts, fol-
lowed by the rules. The structure of templates is largely influenced by the
morphological analyser output. 9TIOIT classifies the words into two types:
g9 and fas=a. But this classification is not sufficient for our purpose.
Consider the @&T=d word say TTeqr. If we just mark it as a §a=d, or to
be more specific, say an 37T, it is not sufficient. The reason being, the
underlying verb H’, 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 define the templates for §a~ ,

fa ga, AT, afga and das. 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 the &T¥e& analysis,
which will be filled in by the CLIPS inference engine. In case of verbs, slotes

for the corresponding @T¥e&h 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)
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(slot
(slot
(slot
(slot
(slot
(slot

(slot

vibhaktiH)
vacanam)
rt)

dhatuH)
galNaH)
karttA_pos)

karma_pos))

(deftemplate avy

(slot
(slot

(slot

(deftemplate taddhita

(slot
(slot
(slot
(slot
(slot
(slot

(slot

id)
mid)

word))

id)

mid)

word)

rt)
lingam)
vibhaktiH)

vacanam) )

Chapter 6. Facts and Rules
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6.2 Rules

We process the input in two steps. In the first 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 the human being to
rule out some of the possibilities. For example, as explained earlier, in the
sentence YTH: vanam ﬂT%d;cI", the analysis of the word =l 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 first case and also the
Y. The ¥ will be irrelevant only if certain special conditions are

met. For example, consider the sentence

qTeT: |Tefd |

In the sentence ITeT: @T&Td | the word ®T&d can have the following analysis
HTafd &1 8 TH0 where | is the feminine I form. But in this context,
since their is no verb with (‘*ﬁ?:‘ TR or ﬁ-‘lﬂﬁ?{ ARTL (see appendix
Assign Karaka Rules for more details), this analysis is ruled out.

We illustrate below one rule corresponding to the §=

"IET T T WTaAEuH” (2.3.37).

Second step is to actually assign &% roles. Now the fa¥f@s may be either
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upapada or ®¥&. We first mark the words with 399« farfers, since these
are just next to the given words. After this, then we assign the &T¥& fayTs.
Assigning &T¥a fafds 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 upapada fa¥fas and the third one

for marking the &T¥a fafas.

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.

e Motivation for the necessity of a rule

Look at the sentence:

rAmah vanam =g

Here in this sentence T=S{d has three possible analysis, viz -
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TSI T {N0. 70, UH T, A<, TEH0,}

T=Bfd T+ I + {7, TI0, TR

TSf T+ I + {7, 0, TR

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

Hence these analysis may be ruled out on the basis of ITfUrf<’s SEN

"I T T HTIA&H” (2.2.37). The meaning of this T is:

If an activity aims at another activity then the verb denoting the first
activity will have seventh case (naturally after a &~ ). In such cases
either the &9 or the & or both of this first activity will also be then

in seventh case.

e 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 ?7w: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 ((?wl sup tin)) (= ?wl:id ?w:id)))
;and the krdanta has at least one more analysis
other than satri + 7 vibhakti

(retract 7w)

;remove the satri + 7 analysis

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

yasya ca bhAvena bhAvalakshaNam")crlf )

Explanation

Thus we observe that, in the sentence TTH: & =S (d, there is a EEEs)
(vizIT=gfd) in seventh faf@. Therefore the condition of the rule is
fulfilled and hence the rule is fired. The action part checks every &a~a
with Irq+7 farf® analysis. In the given sentence there is only one
k.rdanta TT=Sfq satisfying this condition. Further, the next condition

that there be no other word with seventh faf& is also satisfied and
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finally this word has one more analysis viz as a Fd?q?l’ Hence the

I +7 analysis of the word = is deleted.

e Input

Only the relevant part of the input is produced here.

(deffacts 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)(viBakwiH
1)(vacanam eka) )

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

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

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

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

7)(vacanam eka) (kqw_prawyayaH Sawq)(XAwuH gamLz)(gaNaH BvAxiH)
)
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(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)(paxI parasmEpax])(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:

£-0 (initial-fact) f-1 (wif (id 1) (mid 1) (word rAmaH) (rt rAl) (XAwuH
rA) (lakAraH la.t) (prayogaH karwari) (puruRaH u) (vacanam bahu)
(paxI parasmEpaxI) (gaNaH axAxiH) (karwA_pos nil) (karma_pos nil)

(karaNa_pos nil) (sampraxAna_pos nil) (apAxAna_pos nil) (aXikaraNa_pos
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nil))

-2 (sup (id 1) (mid 2) (word rAmaH) (rt rAma) (lifgam puM) (viBak-
wiH 1) (vacanam eka) (&T¥& nil) (viSeRaNa_pos nil))

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

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

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

-8 (wif (id 3) (mid 4) (word gacCawi) (rt gaml) (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 kgxanwas.

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

Similarly I have written rules for retracting the =T 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 fafas. We look at a very
frequent case of ‘saha’. The ITIUI’s T is "TEITMSHET" (2.3.19). The

implementation of this rule is given below.

e Motivation for the necessity of a rule

Look at the sentence:

TH 97 4T a9 =S |

Here in this sentence @8 assigns the third case suffix to TTH. We write

the rule as follows.

e 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 case.

=> ; execute the following

(delayed-do-for-all-facts

; for all pair of facts such that

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

; one is a subanta and the other an avyaya

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

(eq (gdbm_lookup "tqtIyA_upapada_list.gdbm" 7a:word) "1"))

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

; then mark the noun as upapada vibhakti

(printout bar "(" ?s:id " " 7a:word " kI upapaxa_viBakwiH)" crlf)))

; print it to a file for further processing

e 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 conflict, this rule gets priority over the other

rules.

6.3.3 Rule for marking &T{& roles

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

verb forms. In case of #HET=, both the &T as well as &L take

the same fa9T viz. AAT. As in TTHOT FTOT aTfer: g=a. It is
difficult for a machine to decide which is & and which is &4T, just by
looking at the words or their analysis. What is needed is extra-linguistic
information that ¥TUT is an instrument. Since our system does not have

such a knowledge yet, we mark both the words as ‘&<T - &Y -aT.

We give below the rule that marks the abhihita as a karma, and the words
in third case as ‘@dT-kara.na’. The rule in CLIPS is with self explanatory

comments.

(defrule assign_{\dn k\381wA\O}-karaNa-vA_karma_karmavAcy
(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) (7s2 sup) (?w tin))

; Wwith two subantas and one tinganta

(and (= 7sl:viBakwiH 3) (= 7s2:viBakwiH 1)

(<> ?s1:id 7s2:id 7?w:id)

(eq 7w:prayogaH karmaNi))

; such that one sup in third case, one in nominative

; and the tin in karmani prayoga

(modify ?w ({\dn k\381wA\O}_vA_karaNa_pos 7sl:id)
(karma_pos 7s2: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\O}_vA_karaNa))

; mark the one in third case as {\dn k\381wA\O}_vA_karaNa
; print the same to a file for further processing
(printout bar "(" ?sl:id " " “?w:word " kA {\dn k\381wA\O}_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 single FCIW These sentences had the ex-
amples from both the 379 faufas as well as &1¥& fauf@s. 1 used the
in-house morphological analyser for my work. I also decided not to take the
forst=T as the morphological analyser was not yet fully functional for the
same. Further I also did not consider the TSI farfa, since it is used to
denote a @< 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-fledged 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-fledged parser for Sanskrit.
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"R T EDICUregnidUTEATEcaeed]" (To o /3/33)
g TSI (e o 3/3/3%)

gt~ fgediam =11 (uTe o 3/3/34)
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"HEITEINTO 71" (dTo o 3/3/3§)
"I T e AU (qTo o 3/3/3\)

g8 AT (TTo Fo Y/3/3¢)
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" IR LAATHIT AT (UTo o 3/3/%0)
"Tagd MR (ao Ho 3/3/%%)

"I fawih (dTo o /3/%R)
AU ATH T SEIvc (U0 o 3/3/%3)
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"Fe = 1" (o o /3/¥Y)
"ifcateTeiers YT "(UTo o 3/3/¥E)
"gree Fl"(UTo Fo Y 3/%9)

"HISSHI-AAH"(dTo o 3/3/¥¢)

QeI Fvellg; 1" (UTo o Y3/¥%)

g8t Q1" (UTo Fo U/3/40)
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YT - TReh-GATI0: =>

PRB(UTOTY0 §/%/ 3)

YU JUTCTAH(UTOY0 §/%/%)
“STrArATT WA (Uogo §/¥/ k)
“TRTSIEIE:" (TT0Yo §/%/38)
“IROATATAITET: (Ao o §/%¥/309)
“3fcieg,l AATC LBl (UTogo §/%/¢)
“JITEATAIANT " (UTogo ¢/%¥/3%)

"SiAehct: Wepldt:" (HToZo 8/%/30)

“YeI: U9 (UToFo 2/¥/3 %)
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“TAZAT 7 YA it (AToFo ¢/%/%0)
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2

UT-hICh-SATIO: =>

et P (AT0Fo 8/%/¥3
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3TTeIRTUT- T eh- AT 0T =>

"JATER: 3ITEIRUN (U0 Fo §/%¥/3k)
“3ferfgEATET B (Ao 8 /5/¥ &)

HH- T eh-ATION: =>

“PIJUIETTH " (UToFo §/%/¥%)
“TARdh AT (AT0Fo §/%/4 o)
“IPAd T (UT0go 8/¥/¥ )

el I-h IR =>
“TeITea: hell ' (ATOFo 8/%¥/4¥)

Chapter 7. Conclusion
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Assign Karaka Rules

(reset)

;(facts)

; Get the number of sup entries with praWamA
(deffunction count-praWamAnwa (?template)
(length (find-all-facts ((?fct 7template))

(= (fact-slot-value 7fct viBakwiH) 1))))

;check karwari

(deffunction karwari-vA (7template)

(any-factp ((?fct 7template))

(eq (fact-slot-value 7fct prayogaH) karwari)))

:Get the number of verbs with xvikarmaka AkAfkRA

(deffunction count-xvikarmaka-AkAfkRA (?template)

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

(eq (gdbm_lookup ”xvikarmaka X Awu_list.gdbm” (fact-slot-value ?fct XAwuH))
1))

; Get the number of verbs with sampraxAna AkAfkRA

(deffunction count-sampraxAna-AkAfkRA (?template)

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

(eq (gdbm_lookup ”sampraxAna_XAwu_list.gdbm” (fact-slot-value ?fct XAwuH))
"17))))

; Get the number of verbs with apAxAna AkAfkRA

(deffunction count-apAxAna-AkAfkRA (7template)

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

(eq (gdbm_lookup ”apAxAna_XAwu_list.gdbm” (fact-slot-value ?fct XAwuH))
7 177 ) ) ) )
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:Get the number of xviwlyA-upapaxa entries
(deffunction count-xviwlyA-upapaxa (7template)
(length (find-all-facts ((?fct 7template))

(eq (gdbm_lookup "xviwlyA _upapaxa_list.gdbm” (fact-slot-value ?fct word))

"17))))

:Get the number of wqwlyA-upapaxa entries
(deffunction count-wqwlyA-upapaxa (?template)
(length (find-all-facts ((?fct 7template))

(eq (gdbm_lookup ”wqwlyA _upapaxa_list.gdbm” (fact-slot-value ?fct rt)) ”17))))

:Get the number of cawurWIl-upapaxa entries

(deffunction count-cawurWI-upapaxa (?template)

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

(eq (gdbm_lookup ” cawur WI_upapaxa_list.gdbm” (fact-slot-value ?fct word))
1))

:Get the number of paFcaml-upapaxa entries

(deffunction count-paFcamlI-upapaxa (7template)

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

(eq (gdbm_lookup ”paFcaml upapaxa_list.gdbm” (fact-slot-value ?fct rt))
"17))))

:Get the number of RaRTI-upapaxa entries

(deffunction count-RaRTI-upapaxa (7template)

(length (find-all-facts ((?fct 7template))

(eq (gdbm_lookup ”RaRTI_upapaxa_list.gdbm” (fact-slot-value ?fct rt)) 717))))

;:Get the number of sapwaml-upapaxa entries

(deffunction count-sapwaml-upapaxa (7template)
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(length (find-all-facts ((?fct ?template))
(eq (gdbm _lookup ”sapwamlI_upapaxa_list.gdbm” (fact-slot-value ?fct rt)) 717))))

:check karmaNi

(deffunction karmaNi-vA (7template)
(any-factp ((7fct ?template))

(eq (fact-slot-value 7fct prayogaH) karmaNi)))

; Get the number of sup entries with praWamA
(deffunction count-xviwlyAnwa (7template)
(length (find-all-facts ((?fct 7template))

(= (fact-slot-value 7fct viBakwiH) 2))))

; Get the number of sup entries with wqwlyA
(deffunction count-wqwlyAnwa (7template)
(length (find-all-facts ((?fct ?template))

(= (fact-slot-value 7fct viBakwiH) 3))))

; Get the number of sup entries with cawurWI
(deffunction count-cawurWyAnwa (7template)
(length (find-all-facts ((?fct ?template))
(= (fact-slot-value 7fct viBakwiH) 4))))

; Get the number of sup entries with paFcaml
(deffunction count-paFcamyanwa (?template)
(length (find-all-facts ((?fct 7template))
(= (fact-slot-value ?fct viBakwiH) 5))))

; Get the number of sup entries with RaRTI

(deffunction count-RaRTanwa (?template)
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(length (find-all-facts ((?fct ?template))
(= (fact-slot-value ?fct viBakwiH) 6))))

; Get the number of sup entries with sapwaml
(deffunction count-sapwamyanwa (?template)
(length (find-all-facts ((?fct ?template))
(= (fact-slot-value ?fct viBakwiH) 7))))

(open "bar.txt” bar ”a”)

;rAmaH vexam paTawi
il
defrule assign_karwA _karma_karwqvAcy

declare (salience 100))

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

(

(

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

(

(or (tes

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

(delayed-do-for-all-facts
((7s1 sup) (7s2 sup) (?w wif))

(and (= 7sl:viBakwiH 1) (= 7s2:viBakwiH 2) (<> 7sliid 7s2:id 7w:id)(eq
?w:prayogaH karwari))

(modify ?w (karwA pos ?sl:id) (karma_pos 7s2:id))
(modify 7s2 (kAraka karma))

(modify 7s1 (kAraka karwA))

(printout bar 7 (” ?sl:id 7 7 ?w:word ” kA karwA rll)” crlf)
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(printout bar 7 (” 7s2:id 7 7 ?w:word ” kA karma rll)” crlf)

;112

(defrule assign karwA _karwqvAcy

(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

(7s1 sup) (7w wif))

and (<> 7sl:idd ?w:id) (= 7sl:viBakwiH 1) (eq ?w:prayogaH karwari))
modify ?w (karwA _pos 7sl:id))

modify 7s1 (kAraka karwA))

printout bar 7 (” ?sl:id 7 7 ?wiword ” kA karwA rl2)” crlf)

~— ~ ~~ N N

;rAmeNa vexaH paTyawe
;rl3

(defrule assign_karwA-karaNa-vA _karma_karmavAcy
(declare (salience 100))

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

(

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

=>

(delayed-do-for-all-facts

((7s1 sup) (7s2 sup) (?w wif))

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

(modify 7w (karwA pos ?sl:id) (karma_pos 7s2:id))
(modify 7s2 (kAraka karma))

(modify 7s1 (kAraka karwA))

(printout bar 7 (” ?sl:id 7 7 ?w:word ” kA karwA rl3)” crlf)
(printout bar 7 (” 7s2:id 7 7 ?w:word ” kA karma rl3)” crlf)
)

)

;xAwreNa lunAwi

rl4

defrule assign_karaNa_karwqvAcy
declare (salience 100))

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

=>

(
(
(
(

delayed-do-for-all-facts

(7s1 sup) (7w wif))

and (<> 7sl:dd ?w:id) (= 7sl:viBakwiH 3) (eq ?w:prayogaH karwari))
modify ?w (karaNa_pos 7sl:id))

modify 7s1 (kAraka karaNa))

printout bar 7 (” ?sl:id 7 7 ?w:word ” kA karaNa rl4)” crlf)

A~~~ I~ N N —~
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rAmeN bANena vAliH hanyawe
(defrule assign karaNa karmavAcy
(test (> (count-wqwlyAnwa sup) 0))
=>

(delayed-do-for-all-facts

((?s1 sup) (7s2 sup) (7s3 sup) (?w wif))

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

782:id 7s3:id ?w:id)(eq ?w:prayogaH karmaNi))

(modify ?w (karwA _pos ?sl:id) (karaNa_pos 7s2:id)(karma_pos 7s3:id))
(modify 7s1 (kAraka karwA))

modify 7s2 (kAraka karaNa))

modify 7s3 (kAraka karma))

(printout bar ”(” 7sl:id 7 7 ?w:word 7 kA karwA )7 crlf)

(printout bar 7 (” 7s2:id ” 7 ?w:word ” kA karma )” crlf)
(
)

(
(

printout bar 7 (” ?s3:id 7 7 ?w:word ” kA karaNa )" crlf)

)

;rlb

(defrule assign_sampraxAna

(declare (salience 100))

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

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

=>
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(delayed-do-for-all-facts
((7s1 sup) (7s2 sup) (7w wif))
(

and (<> 7sl:dd 7s2:id ?w:id) (= ?sl:viBakwiH 4) (or (eq (gdbm_lookup
sampraxAna XAwu_list.gdbm” ?w:XAwuH) ”17”) (eq (gdbm_lookup ”xvikar-
maka_XAwu_list.gdbm” ?w:XAwuH) 717)))

;(= 7sl:viBakwiH 4)

7

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

(modify 7s1 (kAraka sampraxAna))

(printout bar 7 (” ?sl:id 7 7 ?w:word ” kA sampraxAna rl5)” crlf)
)

)

;rl6

(defrule assign_apAxAna

(declare (salience 100))

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

=>

delayed-do-for-all-facts

(7s1 sup) (7w wif))

and (<> 7sl:id ?w:id) (= 7sl:viBakwiH 5))
modify ?w (apAxAna_pos 7sl:id))

modify ?sl (kAraka apAxAna))

printout bar 7 (” ?sl:id 7 7 ?wiword ” kA apAxAna rl6)” crlf)

~— N~ ~~ —~
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(defrule assign_aXikaraNa
(declare (salience 100))

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

=>
delayed-do-for-all-facts

(7s1 sup) (7w wif))

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

modify ?w (aXikaraNa_pos ?s1:id))

modify 7sl (kAraka aXikaraNa))

printout bar 7 (" ?sl:id 7 7 ?w:word ” kA aXikaraNa r17)” crlf)

~— ~ ~~ —~ N N

;rl8

(defrule assign_xviwlyA-upapaxa

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

(delayed-do-for-all-facts

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

(and (= 7s:viBakwiH 2) (= (- 7a:id 7s:id) 1) (eq (gdbm_lookup ”xviwlyA_upapaxa_list.gdbm”
Ta:word) "17))

(modify 7s (kAraka xviwlyA-upapaxa_viBakwiH))

(printout bar 7 (” 7s:id 7 7 ?a:word 7 kA xviwlyA-upapaxa_viBakwiH rl8)”
crlf)

)
)
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;r19

(defrule assign_wqwlyA-upapaxa

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

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

(delayed-do-for-all-facts

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

(and (= 7s:viBakwiH 3) (= (- 7a:id 7s:id) 1) (eq (gdbm_lookup "wqwlyA_upapaxa_list.gdbm’
Ta:word) "17))

(modify 7s (kAraka wqwlyA-upapaxa_viBakwiH))

(printout bar ”(” 7s:id 7 7 ?a:word 7 kA wqwlyA-upapaxa_viBakwiH rl9)”
crlf)))

;1110

(defrule assign_cawurWI-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 (= 7s:viBakwiH 4) (= (- 7a:id 7s:id) 1) (eq (gdbm_lookup ” cawurWI_upapaxa_list.gdbm
?a:word) "17))

(modify 7s (kAraka cawurWI-upapaxa_viBakwiH))

(printout bar ”(” ?s:id 7 7 7arword ” kA cawurWI-upapaxa_viBakwiH rl10)”
crlf)))
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rlll

(defrule assign_paFcaml-upapaxa

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

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

(delayed-do-for-all-facts

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

(and (= 7s:viBakwiH 5) (= (- 7a:id 7s:id) 1) (eq (gdbm _lookup ”paFcaml_upapaxa_list.gdbm”
Ta:word) "17))

(modify 7s (kAraka paFcaml-upapaxa_viBakwiH))

(printout bar 7 (” 7s:id ” 7 7a:word ” kA paFcaml-upapaxa_ viBakwiH rl11)”
crlf)))

w112

(defrule assign_RaRTT-upapaxa

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

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

(delayed-do-for-all-facts

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

(and (= 7s:viBakwiH 6) (= (- 7a:id 7s:id) 1) (eq (gdbm_lookup "RaRTI_upapaxa_list.gdbm”
Ta:word) "17))

(modify 7s (kAraka RaRTI-upapaxa_viBakwiH))

(printout bar ”(” 7s:id 7 7 7a:word 7 kA RaRTI-upapaxa_viBakwiH rl12)”
crlf)))

;r113

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

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

(delayed-do-for-all-facts

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

(and (= 7s:viBakwiH 7) (= (- 7a:id 7s:id) 1) (eq (gdbm_lookup ”sapwaml_upapaxa_list.gdbm
?a:word) "17))

(modify ?s (kAraka sapwaml-upapaxa_viBakwiH))

(printout bar 7 (” 7s:id 7 7 7a:word ” kA sapwaml-upapaxa_viBakwiH rl13)”
crlf)))

;rl14

(defrule assign_xvikarmaka-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)(7s2 sup)(?s3 sup)(?w wif))

(and (<> 7slidd 7s2:id 7s3:id ?wid)(<> 7s2:id 7s3:id ?wid) (<> 7s3:id
?w:id) (= 7sl:viBakwiH 1) (= 7s2:viBakwiH 2)(= 7s3:viBakwiH 2) (eq ?w:prayogaH
karwari)(eq (gdbm_lookup ”xvikarmaka XAwu_list.gdbm” ?w:XAwuH) ”1”))

(modify ?w (karma_pos 7s2:id 7s3:id))
(modify 7s2 (kAraka gONa-muKya-karma-vA))
(modify 7s3 (kAraka gONa-muKya-karma-vA))

(printout bar 7 (” ?s3:id 7 7 ?w:XAwuH ” kA gONa-muKya-karma-vA rl14)”
crlf)

(printout bar 7 (7 ?sl:id 7 7 ?w:XAwuH ” kA karwA rl114)” crlf)
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(printout bar ” (7 7s2:id 7 7 ?w:XAwuH ” kA gONa-muKya-karma-vA rl14)”
crlf)))

;rl15

(defrule assign_xvikarmaka-karmavAcy

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

=>

(delayed-do-for-all-facts

((?s1 sup) (7s2 sup) (7s3 sup) (?w wif))

(and (<> 7sl:id 7s2:d ?wid)(<> ?s2:id 7s3:id Tw:id)(<> 7s3:dd ?wid)(=
?sl:viBakwiH 3)(= 7s2:viBakwiH 1)(= 7s3:viBakwiH 2)(eq ?w:prayogaH kar-
maNi)(eq (gdbm_lookup ”xvikarmaka XAwu_list.gdbm” ?w:XAwuH) 717))

(modify ?w (karma_pos 7s2:id 7s3:id))

(modify 7s2 (kAraka gONa-muKya-karma-vA))

(modify 7s3 (kAraka gONa-muKya-karma-vA))

(printout bar ”(” 7sl:id 7 7 ?7w:XAwuH ” kA karwA rl15)” crlf)
(

printout bar 7 (7 7s3:id 7 7 ?w:XAwuH ” kA gONa-muKya-karma-vA rl15)”
crlf)

(printout bar ”(” 7s2:id 7 7 ?7w:XAwuH ” kA gONa-muKya-karma-vA rl15)”
crlf)))
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Morph Proune Rules

(reset)

;(facts)

; Get the number of sup entries with samboXana
(deffunction count-supkqw-samboXana (7template)
(length (find-all-facts ((?fct 7template))

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

; Check for the presence of sawi sapwami
(deffunction count-sawi-sapwami (?template)

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

Chapter 7. Conclusion

(and (eq (fact-slot-value ?fct viBakwiH) 7)(eq (fact-slot-value ?fct kqw_prawyayaH)

Sawq)))))

; Check the presence of samboXana sUcaka avyayas
(deffunction count-samboXana-avy (7template)
(length (find-all-facts ((?fct ?template))

(eq (gdbm_lookup ”samboXana_avy_wrds_list.gdbm”

"17))))

; 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

(fact-slot-value ?fct word))



7

(do-for-all-facts

; kgxanwas
((?w kqw))

; having Sawq+7 form

(and

(eq ?w:kqw_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-Sawq+7 analysis
(any-factp ((?wl sup wif)) (= ?wl:id ?w:id))

)

; then retract such analysis and also save this info in a file
retract 7w)

printout foo " (” ?w:id ” 7 ?w:mid ”) yasya ca BAvena BAvalakRaNam” crlf

(
(
)
)
)

; TAma 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
((?7w 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 7s:id) (or (eq ?w:lakAraH lot) (eq ?w:lakAraH viXilif)) (=
7s:viBakwiH 8) (eq ?w:vacanam 7s:vacanam) (neq ?w:puruRaH u) (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

(7s1 sup wif kqw avy))

and (<> 7smmid 7sl:mid) (= 7s:id 7sl:id))

retract 7sl)

(
(
(
(
(printout foo ”(” ?sl:id 7 ” 7sl:mid ") another analysis is removed ” crlf )
)
)
)

defrule samboXana-2

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

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

=>

; For each of the avy sup pair
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(do-for-all-facts
((7a avy)(?s sup kqw))
; If the sup is in samboXana

; If the avy is from samboXana-avy

(and (<> 7a:id 7s:id) (gdbm_lookup ”samboXana_avy_wrds_list.gdbm” 7a: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

((7s1 sup wif kqw avy))

(and (<> ?s:mid 7sl:mid) (= ?s:id ?sl:id))

(retract 7sl)

(

printout foo ” (” ?s1:id 7 7 ?sl:mid ”) After the samboXana word samboXana
avyaya is there ” crlf)

run)

facts)
(do-for-all-facts
(7s sup))

(

(printout bar ”(sup (id 7 ?s:id ”) (mid 7 ?s:mid ) (word 7 7s:word )
(rt 7 7srt ”)(hfgam 7?s:lifgam ) (viBakwiH 7 7s:viBakwiH 7)(vacanam ”
?s:vacanam ) )" crlf )

)
)
)
(ru
(

)
(do-for-all-facts
(

(7w wif))



80 Chapter 7. Conclusion

(printout bar ”(wif (id 7 ?w:id ”) (mid ” ?w:mid ”) (word 7 ?w:word ”) (rt
7wt 7)) (XAwuH 7 ?7w:XAwuH 7)(lakAraH ” ?w:lakAraH ”)(prayogaH ”

?w:prayogaH 7 )(puruRaH ” ?w:puruRaH ”)(vacanam ” ?w:vacanam ”)(paxI
” ?w:paxl ”)(gaNaH ” ?w:gaNaH ”))” crlf)

do-for-all-facts

(2w kaw))

printout bar ”(kqw (id 7 ?w:id ”) (mid ” ?w:mid ”) (word 7 ?w:word )
(kqw_prawyayaH 7 ?w:kqw_prawyayaH ”) (lifgam ” ?w:lifgam ”) (viBakwiH

? ?wwiBakwiH ”) (vacanam 7 ?w:vacanam 7) (rt 7 ?wirt 7) (XAwuH 7
?w:XAwuH ”) (gaNaH ” ?w:gaNaH 7))” crlf)

)

(do-for-all-facts

((7w avy))

(printout bar ”(avy (id 7 ?w:id ”) (mid ” ?w:mid ”) (word ” ?w:word ”))”
crlf)

)
(
(
(

)

(do-for-all-facts
((?7w waxXiwa))
(
(

printout bar 7 (waxXiwa (id 7 ?w:id ”) (mid 7 ?w:mid ”) (word ” ?w:word )
rt 7 ?wirt 7)(lifgam 7 ?w:lifgam ) (viBakwiH 7 ?w:viBakwiH ”)(vacanam”
?w:vacanam ”))” crlf)

)

(close foo)
(close bar)
(

exit)
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=& T9ia

gegAT fgafa
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TE: qTA IH g
FYIE: AT qTH TId
grer: fagmag =4
qTeT: e Tafa

9g: Iqfasrta

feorer: g1 qwIfa

ITeT: oFe @rafd

A A AT

T o &gt
FHAT: & ST
A=qIT @T AT &
A= &Y T gE@H
AT I99q: T Jf=a

g9d: TS forsar: gfer

fura sraarfe

I9e yfFE faamrtT s9=a

TEH ATva: ot af=r

faemerg qfea: gET: Beef=

Fer wiq faamaa faqga

AATIRT [aeImead: T4
T g0 190 &fd

oTar: reata

qref: fo=or @ smrseta

Tt
faT 93T &t =11
TTARTT FUSIHIT T=d
FTfA®RT TN TqEafa
FH: T FeAlq
ferer: T =gl
JT TOSTT TH:

I TETET

e =T

I S

AT AT
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THT et

forsr: S9TemTET efte
T e Jata

HTHTA AT HE: avia
faory dew e

TET qTe: Rad

JraAT: 9TAT Ffawrt=
femme: faamr =1+ =4
qTeT: ATEATA Tt

9 &ic Ifqui=<r

qrer g=ar AteT
TS T F9: ATEAd
T HTEd: T =l
=T ATrEd: 9°H I=3d
qIor ot aftefafy: aeaa
AT FFEA: T FFT
FYRUT UTHH AT 194
T g s Frae
FYRU FSAT TCH Iefd
qZ: AT FATT HAG(TAA
TT: 0T MY g7
TIITAT T 99 &l
T Ffer: aguT aT=ad
o MTY q&fa

I qTe Agfa

FE: UL FeATq
g wgfeT

yTATq 397 faemer:
ERIECIE CHCE R
UTHTE. &4 ATH

UTHTG. A& TEH
UTHET g40d a9H Afeq
garer fadara ot srfey
UTHET 7 a9 AT
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UTHET Y0 aH HAteT
UTHET §40a a9F Afeq
e f=aarq T AteT
Ferer awfeas T et
FeaeT Afeqa T e
FareT Afeqa T AteT
e g7 faama:

e &7 faeme:
fermeraer fAaed s
ERIERICEEETL U LR
ATATA T Tafd

= faar & Wi

a= fa=r quefy 7 F«fa
UTHET Afad Je
UTHET T g

TATCET g4 U

TTET AT UTH:
TEET g e St
e Al TISH Al
UTHET Af=aa SToAqTa:
e &7 faere:

TETA A& [qeTeT:
TEeT g faame:

TeeT Ataa fagmaT:
TIST AT I FUSTA
frar AR 9F g
TE: ATEHRIT IH AT
FY&: UTH ST TIfq
TIT: Maed TS ®¥fd

Chapter 7. Conclusion
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