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ABSTRACT

Sage Panini belonging to the traditiond linguistic school of India, caled Vyakarana,
propounded a theory of sentence formation centred around the ideas of aakaamksha
(expectancy), yogyata (ability), sannidhi (proximity) and samarthah (equi-meaning).
These theories are highly lexicd in nature. In this thess, these concepts are formalised
and presented in a foom suitable for representing and using on a computer. This
formdization provides the basis for developing a parsing technique for Telugu, caled
Functional Application Parsng (FAP). FAP is characterized by its heavy reliance on
lexica information expressed through structure sharing data structures and use of only a
few functiona application rules for parsng Telugu sentences. The knowledge
representation used to specify the lexicd entries and the nature of information to be
encoded in the lexicon are presented in detail.

A Telugu Language Andyser (TELANGANA) program was developed based on the
above mentioned traditional linguistic ideas. TELANGANA consists of four modules, a
morphologica andyser (MA), a syntactic and semantic analyser which espouses FAP for
analysing Telugu sentences, a quantifier scoper and a question answering module. MA
uses declarative morphologica rules to andyse Telugu suffixation and compound word
formation. A nove feature of the morphologicd rules is ther ability to specify linear
precedence congtraints on suffixes. In addition, these rules can dso work with or without
alexicon. By usng a nove bootstrapping method, and the rules in a "no-lexicon" mode,
it was possible to generate alexicon for Telugu automatically.

The syntactic and semantic analyser uses the FAP technique for parang and building the
semantic structures corresponding to  different sentential constructs of Telugu, such as
copula sentences, smple sentences with one verb, and complex sentences consisting of
relative clauses, comparative clauses and subordinate clauses. In the context of describing
the analysis of complex Telugu sentences and anaphora, severd innovations in handling
the syntactic nuances of Telugu are presented.

A logicd form (LF) for specifying the model theoretic semantics of Telugu sentences is
presented. A novel quantifier scoping agorithm for assigning proper scopes to Telugu
quantifiers, in the context of the above LF, is presented. TELANGANA uses scoped LFs
to form database specific queries from user's Telugu queries.
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Chapter 1

| ntr oduction

1.1 General

vaagarthaaviva sampruktau vaagartha pratipattaye*
jagatah pitarau vamde paarvatee parameswarau

Kalidasa®, the well known Sanskrit poet, started his magnum-opus, Raghuvamsam, with the
above invocatory verse. The above verse means, "For my words to attain their full purport, |
pay my salutations to the parents of the world, Paarvatee and Parameswara, who are
inseparable like a word and its meaning". This verse in a nutshell brings out the popular
view that was held by people in olden times in India regarding the relationship between a
word, and its meaning. The terms 'word' and ‘'meaning' can be interpreted to mean "sequence
of words" (syntax) and 'semantics (including pragmatics) respectively. This belief regarding
the inseparability between syntax and semantics is largely due to the traditional schools of
Indian Philosophy (Mimamsa, Nyaya, Sankhya, Yoga, Vaiseshika and Vyakarana)® which
so often debated and theorized various aspects of language. Their views slowly seeped into
literature as exemplified in Kalidasa's works.

Panini* is the most well known grammarian of ancient times in India. He was the originator
of the Vyakarana (Grammar) school of philosophy. He analysed Vedic® Sanskrit and
codified al the then prevailing linguistic knowledge into a book called Ashtaadhyaayi
(AST)®. Since then, theories on various aspects of language like phonology, syntax,
semantics, rhetorics, and pragmatics have been thoroughly studied by various scholars of

YIn the tranditeration of Telugu and Sanskrit words into English, the notational conventions of English
capitalization like using a capital letter in the beginning of new sentences and proper names is not respected
in this thes's, because capitd |etters convey specia significance for trandliteration as shown in appendix 1.
“Bom around 200AD.

%Called shatdrashanas, the six paths (views) to redlity.

“Born around 600BC.

*Hindu religious scriptures.

®Since the book contained eight chapters, it was called Ashtaadhyaayi (ashta= eight, adhyaayi= containing
chapters).



Sanskrit grammar. The analysis of language, as lime progressed, was further extended to
non-Vedic texts as well. Grammar was a school of philosophy, that especially concentrated
on the study of language both as a means and as an end, achieving the ultimate goal of life,
in itself. The other schools of philosophy like Mimamsa, Nyaya, and Vedanta also made
their contribution towards the analysis of language, from their own view points and
perspectives. To the philosophers of these schools, however, the study of language was a
means to an end which was different from the study of language. Thus language came to be
studied from various points of view with diverging intentions. These various schools of
philosophy devoted much thought to the problems of linguistic philosophy and genera
linguistics and evolved different theories to explain the manifold aspects of language. The
discussions on the problems of language and its meaning by Indian thinkers like Panini,
Patanjali, Jaimini, Bhartrihari, Kumarilabhaita, and Anandavardhana [Maha84] show
extraordinary linguistic and philosophic acumen. The observations made by them could be of
considerable help to people trying to work in the area of natural language processing (NLP)
for Indian languages as well as for other languages.

Using insights from the above Indian theories and modern computational linguistics, a
computer program, called TELANGANA (Telugu Language Analyser), was developed by
the author to 'understand’ Telugu sentences. TELANGANA and the theory underlying its
construction are presented in this thesis. Telugu is a language spoken in south India, Andhra
Pradesh, by over 80 million people. Telugu is believed to have its origins in Sanskrit and
Dravidian languages. The theories developed in Sanskrit appear to be very well suited to the
study of Telugu. To the best knowledge of the author, there is not much literature on relating
Sanskrit grammatical principles to the study of Telugu syntax and semantics. In addition, the
classical Telugu grammar treatises do not deal very much with the rules of sentence
formation. The study of Telugu language is also interesting as Telugu syntax does not follow
Sanskrit grammar, while following the general linguistic philosophy of Sanskrit.

As this thesis owes it's inspiration to some of the ideas propounded by the earlier Sanskrit
grammarians, it is necessary to bring out, at least briefly, those ideas and views. It is also
necessary to explain how these theories have been cast into computational terms, suitable for
developing a language 'understanding' program. The meaning of the word 'understanding' is
different to different people and is difficult to define. In the broadest sense, a computer may
be said to 'understand’ a sentence, if it can answer some questions regarding the content of
the sentence or act as directed or implied in the sentence. Depending on the complexity of
the questions and the appropriateness of the answers, the degree of understanding may be



gauged. Thus it can be seen that the meaning of the word 'understanding' given above is
highly operational and not denotational. In this thesis, the word 'understand' is used in a more
narrow sense by delimiting the domain of application. A computer is said to ‘'understand' a
sentence if it can query or update a database as requested in the sentence.

A common man who occasionally uses a database, that too at some service point, may never
want to learn the intricacies of the database access languages and would like to interact with
the machine in a natural language known to him. There are three reasons, as described
below, for choosing database access as the end application.

1.1.1 Potential for usage

Firstly, the advent of electronic publishing and database technology has resulted in an
unprecedented and ever growing availability of text and data in machine readable form. A
stage has come, wherein non-computer professional users have out numbered computer
professionals in the usage of computers. Simplifying the usage of computers would go a long
way in improving their productivity. The majority of computer applications are in the area
of database access. Hence from the usage point of view, database access is a very good
candidate for testing TELANGANA.

1.1.2 Novelty of Research

Secondly, the idea of querying databases in Indian language has not so far attracted much
interest. No information of this nature has been published or available to the best knowledge
of the author. Currently al the efforts in the area of Natural Language Processing for Indian
languages are geared towards machine translation only [Alwa88, Bhar90, Sinh88j and very
little effort is made in the other allied areas like textual information retrieval, database
guerying, automatic Indian language proof reading, spell checking etc. Published work on
database access through Indian Languages is practically nil. Out of the above few possible
application areas, database access is more demanding with respect to syntax and semantics
of a language. This makes database access an ideal subject for this study.

1.1.3 Tractability of Application

Thirdly, restricting the domain of application simplifies many of the thorny knowledge
representational issues associated with unrestricted natural language sentences. Sentences
involving continuous actions (like water flowing into a room), tense and other aspects of
verbs (The sun rises in the east) are quite easy to syntactically parse, but very difficult to



represent semantically in order to answer questions about them. There are many aspects
[Moor81] of representation in relation to these phenomenon that are not adequately
understood by logicians and philosophers. Hence one likes to have a domain of application
which alows for rich syntactic variations, without a heavy con-commitment on the semantics
front. Querying relational databases is such a domain of application. As relational databases
encode certain kinds of knowledge only (snap shots of states or interrelations among
entities), the linguistic phenomenon to 'talk’ about such knowledge also gets limited. This
limit, even though from a technical point of view lessens the scope of investigation, seems to
be the only practical way to make useable models of the language. At present, any method
trying to understand any natural language in al its colours and hews is likely to fail, as so
little is known about languages. However, in order to impart some generality to the
investigations, an attempt was made in this study to analyse and represent Telugu sentences
independent of any specific database or its contents to the extent possible.

In this thesis an attempt is made to 'naturalize’ the way Telugu speaking people can interact
with databases (DB). Natural language, ie. Telugu, queries are allowed to be posed to the
DB instead of the stylised DB query language queries. The program, TELANGANA,
provides the necessary interface between the user and the DB. TELANGANA understands
the user's queries in Telugu, converts them to appropriate machine oriented queries, like
SQL, QUEL, or Prolog, presents these queries to the DB and finally forwards the returned
answers to the user.

The work presented here can be viewed as an attempt to operationalize’ the old theories of
Sanskrit grammar. Most of this operationalization would not have been possible but for the
existence of the modern linguistic theories. Some of the mathematical linguistic formalisms
were borrowed from GPSG (Generalized Phrase Structure Grammar) [Gazd85], HPSG
(Head-driven Phrase Structure Grammar) [Poll85] and Categorial Grammars [Vanb88] to
give a formal descriptive body to the non-descriptive Sanskrit grammar sentence formation
theories.

In this age of large scale computerization of even non-mathematical ideas, there are many
advantages to Operationalizing any theory. Linguistics in general, and Indian language
oriented linguistics in particular, can aso benefit from operationalization. The foremost
advantage is to the linguists themselves, as it has the great potential for improving their own
research facilities. Most of the linguistic principles are studied using a small set of examples

Thisword is ussd through out this thes's to mean, meking a theory usseble on acomputer by spelling out al
the asumptionsand detalls.



(Sanskrit linguistics is no exception to this) . That is why one comes across the same
examples time and again  while going through various papers and books on the subject. The
resilience of the theories with respect to a wider usage of language can be tested only with
large corpora of sentences. Once the size of these corpora grows beyond a certain stage, it
becomes necessary that some automatic means be devised to categorize and retrieve valid
instances of sentences with respect to certain criteria. For example, if one needs to look up
al the sentences in the corpus such that the pronoun 'his in the sentence is used to refer to
some universally quantified word in the sentence, as in 'Every person in the conference gave
his visiting card to Rama, one really needs highly sophisticated automatic methods. These
methods can only be developed if linguistic theories are operationalized and can be tested
on computers. To operationalize a theory one needs to fill in al the descriptive elements of
the theory. This makes the theory more easily understood, leaving nothing to individual
assumptions. Once the theory is operationalized, it can be put to many good public uses, like
accessing databases in natura language at common places like railway stations, banks etc.
Thus the author's effort of computerizing Indian Linguistics is well motivated.

As the concepts dealt with in the traditional Sanskrit linguistic theories are so exhaustive, it
would be difficult to summarize them in one chapter. In this introductory chapter, outlines of
various theories of syntax and semantics put forth by the Vyakarana and other schools of
philosophies are presented very briefly. As the design of TELANGANA is based on some of
these theories, a good understanding of those concepts would go a long way in understanding
this dissertation. Certain concepts introduced in this chapter (section 13 to 1.6) would be
referred to in the subsequent chapters often. The ideas borrowed from these theories for
developing the program TELANGANA will also be highlighted in the this chapter and the
subsequent chapters as and when appropriate.

1. 2 Two Approaches to the study of language

The various schools of thought, Vyakarana, Mimamsa and Nyaya, have essentially taken two
approaches to the explanation of linguistic phenomenon. One view is known as
akhandapaksha (wholistic or Gestalt view) and the other is known as khandapaksha
(segmentary or analytic view). The two views are totally at odds with one another and are
interesting for their novelty and diversity. According to the followers of akhandapaksha,
the meaning of a sentence is an indivisible atomic entity. The meaning of a sentence is not
computable as a combination of the meanings of its constituent words. Further, this view
purports that words by themselves do not have any meaning bearing capability. They get



such a capability only in the context of a sentence. Grammarians like Bhartrihari, and
Audumbarayana advocated this view.

Followers of the second view, khandapaksha, held that individual words are real entities and
are associated with some meaning of their own. In other words, the meaning of the whole is
equal to the sum of the parts. This view is similar to the present day view of the major
linguistic theories like GB-theory [Chom8l], LFG [Bres84], and GPSG [Gazd85].
According to this analytical view of sentence comprehension, words are considered to be
autonomous units of thought and language. A sentence is formed by the concatenation of a
set of words constrained by certain well formedness criteria, and the meaning of the sentence
is derived from the meaning of its constituent words. Grammarians like Panini, Patanjali,
Kaatyaayana belonged to this school. In the next section these two views are further explored
as they shed light on the various possible approaches for analysing sentences using Sanskrit
grammatical theories.

1.2.1 Akhandapaksha (Gestalt View)

The main tenet of akhandapaksha is that the smallest entity for analysis is a sentence and
words are not of much relevance. The particular words and their order of utterance, is just
for forming a mental signature (encryption) of the sentence, which arouses in the mind of
the hearer a Gestalt (overall) perception of the meaning of the sentence instantaneously. This
view was held by Bhartrihari, Audumbarayana and other philosophers advocating the
sphotasidhaanta (Gestalt theory) [Bhar66]. They held that a sentence as a whole is regularly
present in the perceptive faculty of the hearer and the multifold classification of words into
nouns, verbs etc does not help in analysing the import of sentences. They saw a sentence as
being a single symbol (eko na avayavah sabdah)® formed out of letters, and words. The
meaning conveyed by this sentence is considered an integral symbol (called vaakya-
sphota). The meaning is conveyed as an instantaneous flash of insight or intuition (pratibha).
The meaning is thus partless. The words have no reality of their own and are only signatures
of the intuition.

This very highly abstract theory was elaborately developed by the philosopher poet
Bhartrihari [Bhar66] in the book vaakyapadiyam. Bhartrihari's analysis envisages three
aspects of the sentence cognition. The first is vaikrita-dhvani (explicit sound), which is an
instance of the second, prakrita-dhvani (internal/natural sound). Vaikrita-dhvani, the
individual specific utterance in purely phonetic terms is the one that is spoken by the

8An utterence is aomic and does nat have parts



speaker, and heard by the hearer. This includes al the specific aspects of the utterance
namely, intonation, pitch, tempo, accent and so forth. The normalised, speaker and situation
independent phonological structure, prakrita-dhvani, forms the other aspect of the sentence.
At this stage dl the persona and situation dependant information is lost in the utterance. The
utterance resides in the memory of the listener in its proper time-sequence. The third aspect
is the sphota, wherein the mental signature is present, cannot be pronounced or written.
There is no sphota without meaning. It is the meaning-bearing nature of an expression that
makes it a sphota.

The process of comprehending sphota is illustrated by grammarians by means of various
analogies. A student trying to comprehend a verse by repeatedly reading presents an
example. The last reading, makes him suddenly understand the verse unambiguously. Till the
last reading, the sentence is present as a prakrita-dhvani and once the meaning is understood
it becomes sphota. It is the cognition of the whole that is significant and thus important. The
whole, taken as a mental symbol is different from the parts that constitute it. Therefore parts
may be considered irrelevant or illusory. It is not to say that parts do not exist, but in the
gestalt perception the parts are lost. This phenomenon of losing the parts can be seen in one's
inability to reproduce exactly what one heard from a friend even though one was able to
remember the content of the message. According to the protagonists of akhandapaksha, the
function of the individual letters and words, is based on their capacity to differentiate one
word from the other, and one sentence from the other. That is, the function of the letters and
words, is to form unique signatures of the meaning of the sentence.

The following example is given to illustrate this abstruse point further by Seshakrishna
[Seshl3] in Spohota-tattvanirupana. He says that when a person utters the sound ka with the
intention to say kamalam (a lotus), the uttered syllable ka gives a cue to the word to be
gpoken in as much as it negates non-ka beginning words. The next syllable ma further
narrows the possibilities. One is left to guess, whether the word is going to be kamuliyah or
kamaniyam. Once the find syllable lam is uttered, the word is known fully and
unambiguously. Thus the function of the letters is to build up the higher unit; the letters do
not have their own meaning. Their value consists in differentiating one word from the other.
Words and sentence are related similarly. Buddhists also had a theory close to this, called
apoha.

The theory of sphota, explained above, being totally orthogonal to the current computational
linguistic work, may appear to be intangible for computerization. But recent work on
memory based trandlation [Kita9l], and other neural network based natural language



processing systems [Berg92, Jain89, Stan86] embody this principle to some extent. It would
be very interesting to delve deeper into this unexplored area and see if any new insights or
directions could be found for cognitive style natural language processing. One great
advantage in following this theory is that elliptical sentences and normal syntactically well
formed sentences can be treated uniformly. As is well known, ellipses pose many theoretical
and implementation problems in other analytical theories.

Interesting as it may be, the akhandapaksha does have its problems. By adopting the
akhandapaksha view, one is left with no handles to answer "why type questions’ like, Why
is a certain a sentence incorrect? and, Why should the pronoun in a particular sentence refer
to a certain object in the sentence and not to some other object? It can not answer questions
like, what is the relationship between a causative sentence and a normal sentence?, and How
can one causativize a sentence? In addition, the exposition of akhandapaksha in traditional
linguistic literature [Bhar66] is highly philosophical and meta-physics oriented. This makes
it difficult to use with confidence (with respect to the accuracy of interpretation). Further, it
is too much geared towards the pragmatic and semantic aspects of language and ignores the
syntactic aspects altogether.

In this thesis the second view of analysis, khandapaksha, is adopted. Following this view,
one can gain deeper linguistic insights into the syntax and semantics of language. This
approach gives equal importance to al the aspects of language and hence can answer many
of the "why" and "how" type questions aluded to above. Also, the details of khandapaksha
are very wel worked out in AST, and hence one can use this approach with far greater
confidence of correct interpretation.

1.2.2 Khandapaksha (Analytic View)

The khandapaksha view which takes an analytical view of sentences, is closer to the
majority of the theories developed by the computational research work going on world wide.
The linguistic study of the followers of khandapaksha centred around

e words,
e word meaning,
» therelationship between the word and the sentence, and

» the relationship between the word meaning and the sentence meaning.



They were mainly concerned with correct forms of words, even though they indicated
sentence analysis as a top down process, i.e. starting from the sentence to be carried
downwards through the sub phrases and words to the roots, stems and suffixes.

The most important contribution of this view of language understanding is the notion of
aakaamksha (desire or mutual expectancy). The Mimamsa school enunciated the principle of
aakaamksha to explain how syntactic and semantic unity is brought about among the
various words that constitute a sentence, from the analytical and associative perspective. This
concept was further modified by other schools. Two other notions, yogyata (ability) and
sannidhi/aasatti (proximity), were added. The norma condition for Saabdabodha (the
knowledge of the meaning of a sentence) is that the constituent words must be related to one
another through aakaamksha, yogyata and sannidhi. These concepts saw their crowning in
Panini's Ashtaadhyaayi [Josh68], wherein the rule 'samarthah padavidhih' was given the
status of a metarule that is applicable to the entire plethora of padavidhih (sentence
formation from words, or syntax). As aakaamksha, yogyata, sannidhi and samarthah are
central to the theory of sentence analysis in khandapaksha, they will be further explored in
the ensuing sections. Out of these four, as the idea of aakaamksha is pivotal to all the Indian
linguistic theories and to this thesis, it will be dealt first.

1.3 Aakaamksha (Expectancy)

Aakaamksha literally means 'desire or mutual expectancy'. It can be understood as the desire
on the part of the LISTENER of a word W to hear a few more words, to comprehend the full
sense/meaning of W. A word is said to have aakaamksha for another, if it cannot, without
the later, produce knowledge of its inter-connection in an utterance. For example a verb like
see has an expectancy for the object seen and the seer. Without specifying the seer and the
object seen, the word 'see’ does not convey its full meaning. To summarize, aakaamksha
manifests in a word as the inability of the word to convey its complete meaning in the
absence of another word.

For example in Sanskrit in the sentence,
orioe IrBo UGB

raamah harim pasyati
Rama sees Hari



the verb pasyati (sees) alone does not convey the meaning of the sentence. Similarly, the
other two words also do not convey the full meaning of the sentence. Any combination of
any two of the above three words, also does not form a sentence because a complete
meaning is not formed. However, the above three words grouped in any order

rAmah pasyati harim
rAmah harim pasyati
harim rAmah pasyati,
harim pasyati rAmah
pasyati rAmah harim
pasyati harim rAmah

form a sentence in Sanskrit®, as the resulting combination has no more expectancy for any
other words to convey the full meaning of the sentence. This does not mean that no more
words can be added to the sentence™, but that the sentence is essentially formed by the above
combination itself. A string of words such as ' cow dog go laugh' do not, however, form a
sentence as there is no aakaamksha amongst the words.

A concept very closely related to the concept of aakaamksha is uthita-aakaamksha (aroused
or potential expectancy). This concept was forwarded by the advaitic school of philosophy.
There exists aakaamksha between words not only when one word expects the other but also
when there is a possibility of expectation. For example in the sentence, "Read the book", the
particular book is not specified. The word book may possibly imply adjectives like green,
small or old, or complements like on the table, next to the oven or between the magazine
and the cup. There is no limit to the possibilities of such potential expectancies. The word
book has uthita-aakaamksha for the adjectives indicating qualities/attributes like green and
small. On the other hand, adjectives have actual aakaamksha for the word that indicates the
substance possessing those qualities. Similarly, verbs have uthita-aakaamksha for adverbs
and adjuncts. The notion of uthita-aakaamksha, thus, brings adjectives, adverbs and
adjuncts into the realm of aakaamksha.

According to the Mimamsa school a sentence is viewed as a group of words serving a single
purpose, if on anaysis the separate words are found to be wanting one another (mutual
expectancy) to fulfil the total meaning of the sentence. When the sentences are independent
of one another (each sentence having no requirement or expectation or aakaamksha of words

°All senetnees mean the same; Rama saw Hari.
' Amah udyAnE hariM pasyati ( Rama sees Hari in a garden)
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outside itself to complete its meaning), they should be treated as different sentences. Thus
aakaamksha, or mutual expectancy among the words is accepted as an essential condition lor
sentence formation. A sentence, when complete, is niraakaamksha (without any more
expectancy of words, opposite of aakaamksha). Hence aakaamksha exists not only amongst
words, but aso among partia sentences. By definition a complete sentence is
niraakaamksha (devoid of expectancy).

The idea of aakaamksha as expounded in those Sanskrit theories, went further to include or
imply an element of pragmatic completeness also. In the definition of aakaamksha, word
listener was highlighted earlier. It is the listener who has an aakaamksha (desire) to hear the
other words. The words do not per-se have aakaamksha (desire). When words arc said to
have aakaamksha, it is sad so in a figurative sense. This minor point becomes important
when the intention, taatparya, has to be taken into account to understand a sentence. This
brings into the realm of aakaamksha not only the syntactic completeness of a sentence but
also the pragmatic completeness [Sear75] of the idea

To this primary condition of aakaamksha, two more conditions (1) yogyata, meaning
consistency of sense, and (2) sannidhi, meaning contiguity of words were added to form a
self contained theory of sentence formation. These conditions were added to account for the
presence of words which do not have aakaamksha for other words. When a word does not
have any aakaamksha, even then it can be part of a sentence owing to its ability, yogyata,
to satisfy some other word's aakaamksha. To satisfy that aakaamksha, the yogyata word
should have proper sannidhi (proximity) to the aakaamksha word. Thus a word without any
aakaamksha secures a place in a sentence. In this fashion two new notions, yogyata and
sannidhi, were brought into the realm of sentence formation theories. These two notions are
explained in the next two sections.

1.4 Yogyata (Ability)

Yogyata is the logica compatibility or consistency of al words in a sentence. It is
judgemental in nature, when the meaning of a sentence is not contradicted by experience,
there is yogyata or compatibility or consistency between words. For example in the sentence,
' the stone sang a nice song', the stone has no logical compatibility with singing, hence one
rejects this sentence as ill-formed or meaningless. At this point it is worthwhile to mention
that, it is necessary to distinguish between inconceivable combinations like ‘bachelor's wife'
or 'acircular squar€e', both void by definition, and conceivable but unreal combinations like ‘a



hare's horn'. In the later case, the incompatibility does not prevent sentence comprehension™
but mitigates the validity of the knowledge gained. In the former case, it is the
inconceivability of the mutual association of the word-meaning itself that renders the whole
sentence or the word combination nonsensical.

In sentences like,
My car drinks gasoline

the lack of yogyata (ability) in the car to 'drink’ may be explained by resorting to the
metaphorical meaning of the word 'drink’ in the sentence. In the above sentence the word
'drink’ could be taken to mean 'consume’. If the incompatibility is thus removed and yogyata
is understood, there is no difficulty in comprehending the meaning of the sentence. This
function of the word, denoting a referent other than its normal and primary one, but in some
way related to it, and where the speaker and the hearer are really aware of the distinction
between the primary and the secondary referents, is caled lakshana (secondary). There is an
elaborate theory of lakshana in Alamkara Sastra [Anan40J which is not relevant to this
discussion. It should be noted that the concept of yogyata is close to the concept of
'selectional restrictions' in modern computational linguistic literature [Wilk75, Boug79].

1.4.1 Karaka Theory (Case Theory)

It was believed by the ancient grammarians that a sentence, before it is uttered, is present in
the mind of the speaker in some 'mental language' image (Saabdabodha) of its own. That
image needs to be linearized when it is to be uttered or written down. When the image is
being linearized, words have to be used to denote the parts of the mental image. While
linearizing the sentence, proper suffixes need to be appended to words so that the inter-
relationships between the words are clear.

The suffixes, also popularly known as case endings in English, are caled vibhaktis in
Sanskrit. The words appended by suitable vibhaktis can be written virtually in any order to
make a sentence. The karaka theory expounded in Ashtaadhyaayi elaborates the suffixes
(vibhaktis) that can be added to words and the effects of suffixation on the meaning of
words. Karaka (deep case) theory is a fore runner of Fillmore's case theory [Fill68]. Unlike
Fillmore's theory which dealt with only verb-noun relationships in sentences, karaka (deep
case) theory encompasses the verb-verb relationships, verb-nonverb relationships, adjective-
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noun relationships, and noun-noun relationships. It was developed to explain the relationship
between surface case (vibhakti) and deep cases {karaka) in a sentence. Karakas (deep cases)
are infinite in number, whereas vibhaktis (surface cases) are only seven in number. Hence
vibhaktis can imply multiple karakas. The karaka, which a vibhakti denotes, is a function of
the aakaamksha between the governing verb and the yogyata of the noun to which the
vibhakti is attached. Thus with a finite number of vibhaktis an infinite number of
relationships can be expressed, just as in English with a finite number of prepositions an
infinite number of relationships can be expressed. Kaaraka theory aso indicates how the
yogyata of a word is to be built from the root word and the suffix.

1.5 Sannidhi (Proximity)

The word sannidhi (and aasatti) means contiguity or proximity. Sannidhi is the other aspect
of sequencing which has a bearing on the meaning of the sentence. Words uttered at long
intervals or widely separated in writing with intermittent words, cannot produce the
knowledge of any interrelation among them, even when aakaamksha and yogyata are
present between them. The difference in meaning between the following two sentences of
Telugu,

Trawdn Trardood DD, Tes ETT M

raamuDu caalaamaMci pustakaalu  konnaaDu —11
Rama very good books bought

Rama bought very good books

Tty T Do, Eres ETTRy 8

raamuDu caalaa maMcipustakaalu konnaaDu —12
Rama many  good books bought

Rama bought many good books

is attributed to the difference in sannidhi between the words caala, maMci and pustakaalu.
In the sentence 1.1, the words caalaa and maMci are pronounced quickly without much
gap, hence they are written together. Whereas in 1.2, maMci and pustakaalu are pronounced
together, and hence they are written together. The word caalaa means very or many
depending upon context. The context is indicated by writing the words as compound words.
In other words, sannidhi (proximity) is used to specify meaning. This kind of difference
cannot be, however, brought out in English when writing. For example, in the sentence

Rama bought many more interesting books

13



there is no way to specify whether 'many' qualifies 'more’ or 'books. But in Sanskrit, Telugu
and some other Indian languages this can be done easily, because words can be grouped
together to indicate meaning related inter-relationships.

Basically sannidhi specifies the relationship between the sequence of words in a sentence or
the temporal utterance of words that make up a sentence and its meaning. In other words
sannidhi specifies the syntax of the language. Neither aakaamksha nor yogyata specify the
physical order of the words in a sentence. This is because Sanskrit is essentialy a free word
order language. Hence the study of sannidhi (syntax) was not extensive in Sanskrit.
However, in Telugu, sannidhi is more important as Telugu is not as free word ordered as
Sanskrit. Consequently, the idea of sannidhi requires some minor modifications when
applied to Telugu. Modelling sannidhi, however, is straight forward as detailed in Chapter
3.

1.6 Samarthah (Syntactico-Semantic Relatedness)

It may appear that words can be grouped arbitrarily to form compound words. This is not
true. Compound word formation and sentence formation in turn are governed by a very
concise and a difficult to formalize criteria called samarthah. While using words to form a
sentence there must be samarthah amongst those words, otherwise the intended meaning
will not be conveyed by the sentence.

The word samarthah literally means ‘equi-meaning’. After specifying that the three
conditions, aakaamksha, yogyata, and sannidhi are necessary for Saabdabodha (meaning
comprehension), Panini tied down these conditions to word and sentence formation with his
celebrated paribhasha (meta rule) 'samarthah pada vidhih' (sentence formation is governed
by samarthah). That means dl word related operations like affixation, prefixation,
compounding, relativization, and causitivization, can be done only if words are samarthah.
This constraint was given by Panini as a meta-rule, because al other rules (a few hundred in
number) given in Ashtaadhyaayi should be applied to words only if they are samarthah.

The notion of samarthah is central to this thesis. Hence considerable effort was spent in
clearly understanding the meaning of the word samarthah as it is used in Ashtaadhyaayi and
its commentaries. Mahavir [Maha84, pp 6-14] dealt with the meaning of samarthah at
length, and concluded that it means "immediate syntactic relation of one word with another
word in the same sentence". This definition of samarthah is not precise enough to be the
basis of a formalization. For the sake of clarity, one could reword this definition to
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"samarthah exists between two words W1 and W2, if they are related to one other directly
through aakaamksha, yogyata and sannidhi, and form part of the same sentence". The above
definition of samarthah given by Mahavir only captures one aspect of samarthah, the
necessity for the existence of a relationship between the words, but does not say what
happens if such a relationship exists. If the result accruing out of the relationship is not
mentioned, the meta-rule samarthah padavidhih cannot be used for explaining sentence
formation. Hence the full meaning of samarthah is more complicated than what Mahavir
[Maha84] has proposed.

1.7 Technical interpretation of samarthah

After reviewing AST, Mahavir [Maha84, pp 18-19] observes that " ... it is not a mere
syntactic relationship but an immediate syntactic relationship as an import of samarthah,
which is more precisely applicable to dl the data discussed earlier, and which only can
explain the data given. .. Samarthah thus means an immediate relation of one word with
another one in one and the same sentence which we call as 'immediate syntactic relation’ ".
In this thesis, it is proposed that samarthah be defined™ as, "in a sentence, if a word X
which has expectancy {aakaamksha) for aword Y, and Y occurs in the right word order (as
dictated by sannidhi), and the interaction (functional application of one over the other, to be
explained later on) of X and Y leads to some Z that is in ability (yogyata) or expectancy
(aakaamksha) relation to the rest of the words in the sentence, then X and Y are said to be
samarthah”. This definition formalises the notion of "relation” used by Mahavir, and thus
sharpens his definition. In addition, the proposed definition fills in the missing statement on
the result accruing from the 'immediate syntactic relationship' between words and stales the
means for computing the result of the immediate syntactic relationship. In this definition the
result of the samarthah between X and Y is Z which could be a word, or a compound word
or a sequence of words. The yogyata/aakaamksha of Z is derived by a functional application
of X over Y. The main purpose of the grammar is to enumerate the properties of the derived
entity Z, given the properties of X and Y. Accepting this notion of a grammar leads to a
grammar which is more lexical than phrasal in nature. This also accounts for the learnability
of Sanskrit by learning the lexicon.

The above definition of samarthah was used as the basis for developing the TELANGANA
parser. This definition of samarthah can be justified by a closer study of the original text
and commentaries of AST as was done by Mahavir [Maha84]. Mahavir took a more

12A  complete definition is given in Chapter 5.



syntactic view of samarthah whereas in the thesis a Syntactico-Semantic view of samarthah
was taken. A pure syntactic view can not account for the rich aakaamksha/yogyata
relationships present a in natural language. This is made clearer in Chapter 3 and 5.
Philosophically, the samarthah meta-rule says that Syntactico-Semantic relatedness more
directly governs sentence formation than either purely syntax or semantic relatedness.

1.8 Basic sentence structure in Sanskrit

The entire emphasis of Ashtaadhyaayi, after propounding the samarthah concept and the
karaka theory, shifts to word formation rules. There after, sentence formation is not touched
upon. This approach is appropriate with respect to Sanskrit, because by and large Sanskrit is
a free word order language, meaning, the words in a sentence either in prose or in poetry, can
be used in any order eg

ordoe By Brgdooh Bodrd zeo esHohd

raamah paatre shyaamaaya kupaat jalam aanayati —13
Rama pot-in shyaama-for well-from water-obj brings
Rama brings water for Shyam in a pot from a well

paatre raamah kupaat jalam aanayati shyaamaaya
aanayati raamah jalam shyaamaaya kupaat paatre
raamah shyaamaayapaatre jalam aanayati kupaat
...andso on

All the above sentences mean '‘Rama brings water for Shyam in a pot from a well'. It is easy
to see that there are 6! = 720 different word orderings possible for the above sentence, 1.3, in
prose. Even adjectives, and the nouns they qualify, can be separated. There are a few well
documented (in Ashtaadhyaayi) exceptions to this free word order. There are some
restrictions on the usage of particles like ca (and), tu (but), api (also) etc. These have to be
placed at the end of the words the sense of which they convey, ca (and) may come at the end
or in between two words it is conjoining or at the end of the second word. The particle na
(no) has no such restrictions. Interjections are used at the beginning of a sentence in general
but some of them like iti (meaning in this way) are not so. Certain restrictions are placed on
the forms of the asmad (I, mine) and yushmad (you, your) declensions. Excluding these few
exceptions, Sanskrit is afree word order language. Hence in Ashtaadhyaayi, after stating the
samarthah meta-rule, the focus shifts from sentence formation rules to word formation
rules. Traditional Telugu grammarians like Cinnayyasuri [Cinn51], and Brown [Brow81]
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also follow this trend in presenting Telugu grammar. Al this stage, it would be appropriate to
see the relation between Sanskrit and Telugu.

19 Relationship between Sanskrit and Telugu

Due to the elaborate number of word formation rules in Sanskrit grammar, the belief that
Sanskrit grammar is a word grammar rather than a sentence grammar has gained roots. This
belief is subtly implied by the old grammarians of Telugu [Cinn51], who have tried to
present Telugu grammar in Ashtaadhyaayi style, explaining exhaustively many word
formation rules, without emphasising sentence formation rules™. Telugu is not so free word
ordered as Sanskrit, and hence warrants more sentence formation rules. For example the
Telugu sentence below corresponding to the sentence (1) of Sanskrit,

Traothy BSOS o TTDMuod Boode*t Db, BTt

rAmuDu shyaamukOsaM bAvinuMci kuMDalO neeliu teccADu
Raama  Shyaama-for well-from  pot-in water-obj  brought
Rama brought water for Shayam in a pot from a well

alows only about 96 variations in prose, inspite of many of them being only marginally
acceptable. This is still very high compared to English, which would allow only 6 variations.
Hence Telugu falls in between Sanskrit and English in Word order freedom. In view of this
observation, Telugu grammar needs to be much more syntax oriented than Sanskrit and
much less than English. However most of the traditional as well as modern Telugu
grammarians have not spent much time on syntax related issues. This means that Telugu
grammarians felt that traditional Sanskrit theories of aakaamksha, yogyata, sannidhi, and
samarthah are adequate for explaining Telugu linguistic phenomenon.

1.10 Scope of the work

This observation has motivated the author to investigate the applicability of Sanskrit theories
to Telugu. Accordingly, a detailed study of the Sanskrit linguistic literature was conducted.
It was found that samarthah theory expounded in AST can be adopted easily to the study of
Telugu even though it was mainly developed for the study of Sanskrit. The higher degree of
syntax sensitivity of Telugu compared to Sanskrit does not diminish the applicability of
samarthah theory to Telugu as shown in this thesis.

3 Modern Telugu grammar books [Kris85] are tending to accord more respect to sentence
formation rules.
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In AST, the four ideas of samarthah, aakaamksha, yogyata and sannidhi have been
described informally, as seen from the present day linguistic theories, in sastrik Sanskrit (a
terse subset of spoken Sanskrit well understood by learned grammarians of those times).
The idea of samarthah especially has been subjected to multiple interpretations [Maha84J.
An attempt has been made in this study to formalise the above four ideas of AST.

Formalising samarthah theory and using this formalism to derive a parser for Telugu is a
challenging task. As seen from the definition of samarthah and from the exposition of the
Indian grammatical theories given in the earlier sections, it is easy to see that there is no
notion of phrase structure rules in the grammar. Thus any one trying to follow the tradition
of Asthaadyaayi is forced to develop a parsing scheme which does not rely on any notion of
phrase structure. In tackling this task, the modern grammatical formalisms offer only a
limited amount of help. By observing similarities and differences between samarthah theory
and the modern grammatical theories one can develop a computationally viable technique
for parsing Telugu sentences using samarthah theory.

The primary goal of this thesis, that of building a program to analyse and understand Telugu
sentences, can be subdivided into the following four distinct objectives.

Objective 1: To formalise relevant parts of the old grammatical system of Sanskrit.
The main difficulty in this task lies in sorting out the useful and useable grammatical
principles from the informal sastrik Sanskrit texts and formulating those principles in
modern parlance in a computationally useful form. Constructing appropriate data
structures to capture the linguistic knowledge hidden in Ashtaadhyaayi also forms a part
of this task.

Objective 2. To develop a parsing scheme for Telugu eschewing the traditional
grammatical principles. It is clear from the exposition of the traditional grammatical
theories made so far that they do not recognise the existence of phrase structure in
Sanskrit or Telugu. Then the question is, how does one parse natural language sentences
without using phrase structure rules? The parser is further constrained, by the author's
choice, to follow the traditional grammatical principles and not to use ad hoc techniques.
The parser so developed should be capable of parsing a wide variety of Telugu
syntactic constructs in order to be credible. This would establish the generality and the
utility of the approach.



Objective 3: To develop a declarative morphological analyser for Telugu that can be
used, not only for the limited set of words that occur in database access, but aso for the
words that occur in arbitrary Telugu texts. The problem here is that Telugu is a highly
inflection and suffixation oriented language alowing extensive compound word
formations™. The maximum number of suffixes a word can take can be as large as 6.
Morphological analysis in Telugu raises special problems that are not amenable to
standard techniques put forward for morphological analysis of English and other related
languages.

Objective 4: To develop an algorithm for the proper treatment of quantification in
Telugu for database access. The assignment of scopes to embedded quantifiers is a
problem idiosyncratic to every language. Telugu offers its own nuances in quantifier
scoping.

From the formalization of the grammatical principles, a computationally viable method for
parsing Telugu sentences has been developed. This method of parsing is called in this thesis
"Functional Application Parsing”. Using this method of parsing, the Telugu analysis
program, TELANGANA, was developed which can parse and build the semantic
representation for a variety of Telugu sentence structures consisting of, simple sentences,
copula sentences (verb-less sentences), relative clauses, comparatives sentences (including
clausal comparatives, adjectival and adverbial comparatives, superlatives), some amount of
intra-sentential anaphora and limited conjunctions. TELANGANA parses all these varied
types of sentences in a uniform and simple way.

1.11 Organization of the thesis

This thesis describes the program TELANGANA developed by the author to analyse Telugu
sentences. To understand the theoretical basis of this program, one needs to understand both
the traditional Sanskrit based grammatical theories and the modern computational and
general linguistic theories. In this introductory chapter, the traditional theories were
explained briefly. In the subsequent chapters, modern linguistic theories, Al techniques and
details of TELANGANA are covered as follows.

Chapter 1, Introduction, this chapter, introduces the Indian grammatical theories. It also
motivates the development of a program for database access in Telugu as a crucible for
testing these theories. Then on, the main concepts of traditional linguistic theories such as

“called sandhi in Sanskrit and Telugu.



aakaamksha, yogyata, karaka, sannidhi and samarthah are explained with suitable examples.
The relationship between some of these ideas to modern linguistic ideas is alluded to where
appropriate. Thus the basic ground for filling in the numerous details to make a working
program out of the theory is laid in this chapter.

Chapter 2, Approaches to Natural Language Processing, criticaly reviews the literature
consisting of the modern grammatical formalisms including GB theory, HPSG, CG, and the
various artificial intelligence (Al) techniques that were developed for understanding natural
language. Emphasis is placed on those formalisms and techniques that arc useful for
processing the syntax and semantics of non-configurational languages.

Chapter 3, Knowledge representation in TELANGANA, initially deals with the overall
organization of TELANGANA. Following this, the various stages of sentence processing
are explained. The information passed between these stages is encoded in certain knowledge
structures. These knowledge structures, and the knowledge representation techniques used to
capture aakaamksha, yogyata and other related lexica knowledge are presented in this
chapter in detail.

Chapter 4, Morphological Analyser, deals with the morphological analyser developed as
part of TELANGANA. The problems in developing a morphological analyser for Telugu
which motivated the creation of a new scheme for the morphological analysis of Telugu are
brought out in this chapter. The morphological analyser developed can segment compound
words and also has the capability to handle word morphology beyond the requirements
imposed by database access. The rules and the algorithms that enabled this kind of extensive
coverage are described. The automatic methods used to develop a lexicon for Telugu from a
large textual corpus are also briefly described in this chapter.

Chapter 5, Syntactic and Semantic Analysis, explains in detail al the various syntactic
constructs of Telugu and how TELANGANA parses them. Many examples are given to
explain the functioning of the parser-cum-semantic analyser and to show the kind of
linguistic coverage attempted in TELANGANA. The deep interaction between the semantics
and the syntax of Telugu is brought out in this chapter. This chapter forms the foundation for
the more complex analysis done in the next Chapter.

Chapter 6, Syntactic and Semantic Analysis of Complex Sentences, gives details of
handling complex sentences with multiple verbs, relative clauses, sub-ordinate sentences,
gap-filler constructions, and limited conjunctions. In this chapter the difficulties presented in
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handling comparative sentences and the techniques developed in TELANGANA to
overcome them are presented. Handling comparative sentences is a relatively neglected area
in the NLP literature. The mgor differences between parsing in TELANGANA and other
grammatical systems like HPSG, CG and GPSG are highlighted in this chapter.

Chapter 7, Quantification and Question-Answering, gives details on how the different
quantifiers in Telugu like anni, prati, aMta are understood by TELANGANA. For database
access an understanding of the interaction between these quantifiers is essential, as this
mutual interaction between them leads to scoping problems. The details of assigning scopes
to such embedded quantifiers are presented. Further on, some examples of sessions with
TELANGANA are presented which show how TELANGANA actually accesses a database
in Prolog and answers questions,

Chapter 8, Conclusion and Future Work, describes the contributions made by this thesis.
Every natural language processing program covers a natural language to a limited extent
only. Quite often the list of sentence types handled by a system is much smaller than the
sentence types not handled by the system. The limitations of TELANAGA program are
highlighted in this chapter. The possible future developments and areas for research are
indicated .

Appendix A, Telugu Trandliteration, gives the English equivalents of Telugu characters
used in this thesis. Telugu alphabets consist of 52 characters. To transliterate Telugu
characters into English characters, thus one needs to use capital letters also. The
trangdliteration in this thesis relies on phonetic equivalence rather than 1SCI1 (Indian Standard
Codes for Information Interchange) character set.

Appendix B, Morphological Rules, gives alarge sample of the morphological rules used in
TELANGANA.

Appendix C, Sample Lexicon, gives sample lexical entries for some verbs, common nouns,
proper nouns, pronouns, quantifiers, adverbs and determiners.



Chapter 2

Approaches to Natural Language Processing

2.1 Introduction

In the first chapter, traditional Indian approaches to understanding natural language
sentences were dealt with. This chapter reviews the modern approaches to understanding
natural language sentences. Over the past four decades researchers from various
disciplines have attempted to study language from different perspectives. Some of them
were concerned with using computers for handling natural languages. A significant part
of their work can be termed as natural language processing (NLP). The expression
'natural language processing' (NLP) usually denotes ‘using a computer to operate on the
sentences of a natural language like English or Telugu, and perform tasks like retrieving,
analysing, trandating, understanding, and question-answering with respect to that
language'. In this chapter NLP literature will be reviewed.

Most of the NLP research has been centred around English and other European
languages. NLP research with respect to Indian languages is of very recent origin. Mainly
Hindi has been the focus of this research. Very few papers have been published, and they
are on parsing. There is no published literature on NLP for Telugu. Hence, NLP research
on English and Hindi are reviewed in this chapter. Initially the history of NLP is briefly
reviewed. This lays the foundation for understanding the background, motives and
research directions of the different approaches to NLP.  Subsequently, the major
paradigms of NLP are reviewed. The Hindi oriented NLP fals into one of these
paradigms.

Machine trandlation is the first sub-field of NLP that was investigated widely. Interest in
machine trandlation and thus interest in NLP dates back to a memorandum entitled
"Tranglation" circulated by Warren Weaver to his acquaintances during 1949 [Weav49].
In that memorandum some thoughts about problems arising out of multiple meanings of
words (polysemy), the logical basis of language, and cryptographic techniques were
expressed. Weaver believed that, the process of translation was similar to decoding
military and diplomatic messages and hence amenable to mechanization. He also
indicated that an intermediate "universal language” or inter lingua could be developed
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that can be construed as an internal representation of the meaning of a sentence. When
translating from language X (source language) to Y (target language), one could convert
(transduce) X to the "universal language” first and thento Y.

Weaver's ideas triggered off a chain reaction, culminating in an enormous activity in
machine translation. Severa research teams embarked on the machine translation "band
wagon" [Wilk87]. Machine translation also received wide spread public attention when a
group of scientists from Georgetown University and IBM publicly demonstrated in 1964,
a program which could automatically translate some carefully chosen Russian Texts into
legible English texts. The vocabulary of the system consisted of only 250 words. The
basic concept having been demonstrated, it was believed that full blown machine
tranglation just required scaling up of the dictionary and the so called grammar rules.

Soon afterwards in 1966, the National Research Council of USA, after reviewing various
machine trandation systems available at that time, brought out a detailed report, called
the ALPAC [Nati66] report, stating that ... there has been no machine translation of
general scientific text, and none is in immediate prospect”. The report showed that there
were no significant improvements in the transation technology in the preceding 10 years
of research. The techniques used in most of the translating systems were not significantly
different from an earlier one developed by Oettinger in 1955. Basically, word to word
trandlation was carried out. For polysemous words, al the meanings were included, so
that the reader could pick out the correct meaning. The IBM system accomplished a little
more by choosing amongst the intended meanings using some limited heuristics. The
outputs of severa systems were aso included. Even after post-editing, the output was
considered to be poor and aso more expensive than manual translation. This brought to
an end the automatic machine trandation era. However the report suggested that more
research is needed to be done in the area of computational and general linguistics before
any more effort and money is spent on automatic translation. The initial euphoria having
evapourated, researchers started moving into allied fields of artificial intelligence,
computational linguistics, information retrieval and theoretical linguistics. The interest in
the other sub-fields of natural language processing continued to exist and researchers
began to appreciate the extent of their ignorance of the intricacies of natural language.

At about the same time, linguistics was also going through a major reorientation after
Chomsky [Chom57] put forth his program of generative linguistics contradicting the
traditional collative linguistics of Bloomfield [Bloo63]. This approach took a definite
shape with the publication of a series of papers and books culminating in the 'Standard
Theory' of Chomsky [Chom65]. Generative linguistics is characterized by its emphasis on
the investigation of natural language through the construction of explicit descriptions of
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some particular languages in some formal system like phrase structure rules and
movement rules, and on cross generalisation of these descriptions over all possible
languages (the so caled "universa grammar"). The end of such explicit descriptions was
achieving convergence towards a general theory of the structure of natural language. The
underlying assumption of generative linguistics is that, there exists a unique universal
grammar whose instantiations with different parameters are the different natural
languages in use. The endeavour of the linguists is to discover this universal grammar.
This stress on explicit descriptions has led to various formalisms amenable to strict
mathematical scrutiny. Once a level of mathematical scrutiny is achieved by any
discipline, computers can used for further research in that discipline.

Computer scientists, with their own individual fields of specialization like Logic, Formal
Languages, Artificial Intelligence, Philosophy, Cognitive Science, Neural Biology etc,
began investigating NLP from the above two routes of trandation and linguistics. They
started contributing to the study of languages from different perspectives. Thus, NLP
being a symbiosis of numerous disparate fields, the approaches to the study of natural
language (NL) differ widely. The fact that natural languages are excessively prone to
ambiguity and are very difficult to formalize makes NLP an interesting field.

2.2 Dimensions of Comparison

Different schools of NLP use different approaches to understanding natural language, and
are similar in certain aspects and different in others. Some maor schools of NLP are
described here. These schools are studied from two differing complimentary views; the
Linguistic view, and the Artificia Intelligence view. The Linguistic view largely
concerns itself with the ‘formalization’ aspects of a NL, and hence addresses itself to
issues like,

(1) Specification of the syntax and the semantics of natural languages, and
(2 Learnability of natural language.

The Artificiad Intelligence view, on the other hand, concerns itself with developing NL
models that can be implemented on computers and consequently looks at the additional
issues arising out of Operationalizing® a natural language theory. The issues arising while
Operationalizing a NLP theory are

©)] the computational complexity of the theory, and
4 the handling of the ambiguities arising in natural languages.

! Implementing atheory on computers.
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There is a precise definition of the term "computational complexity" in relation to
recognising the syntactic well formedness of sentences [Gazd85b], but not in relation to
recognising the semantic well formedness of sentences. Hence in this review the
expression "computational complexity", is restricted to mean "syntactic complexity" only.
If one takes 'n' as the number of words in a sentence, the computational complexity of
various NLP methods ranges from O (n?"3) to exponential depending on the method of
syntactic recognition employed. As the range is so large, one needs to know the
complexity of a method.

The biggest impediment to Operationaizing NLP theories is the presence of ambiguities
in NLs. Some of the schools of NLP consider, ambiguity resolution and pragmatics as the
only real problems plaguing NLP. Ambiguities in NL can be broadly categorized
[Wilk87] as Lexical ambiguities, Structural ambiguities, and Referential ambiguities. It is
possible to further findy classify these three categories of ambiguity and also add a few
more to the list [Hirs87]. However the discussion here is restricted to the above three
broad categories only, as the mgority of the ambiguities occurring in natural language
texts belong to these categories [Hirs87, Wilk87J.

As most of the linguistic and Al oriented NLP literature is developed around English, to
give an idea of the relevance of the various documented techniques to the study of
Telugu, suitable Telugu oriented examples are given through out this chapter. As and
where appropriate the suitability of each particular paradigm to the study of Telugu in
general and to the more immediate goal of building a practical system for Telugu is also
discussed. Without this kind of correlation, the author believes that it would be time
consuming for the reader to perceive the relevance of the reviewed literature to the study
of Telugu syntax and semantics.

A review of the various methods and paradigms of NLP with respect to the already
mentioned four criteria related to the specification of

syntax and semantics,

learnability,
e computational complexity and
e ambiguity resolution

would give a good picture of the strengths, weaknesses, descriptive adequacy,
observational adequacy and explanatory adequacy of each paradigm. Some of the terms,
like syntax, semantics, pragmatics, lexical ambiguity need elaboration in order to clarify
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the sense in which they will be used in the rest of the thesis. These terms will be
explained in the context of Telugu presently.

2.2.1 Syntax

The notion of syntax is central to any language. Every natural language sentence when
uttered or written down, requires that the constituent words are uttered in certain
temporal order or written down in some spatial order (right to left, top to down, or right
to left etc.). Syntax attempts to tell which word order is acceptable and which is not, on
a per sentence basis. It does not include multiple sentences and the legality and illegality
of their order in a discourse. For example the following Telugu and English sentences are
illegal (illformed) purely on syntactic grounds, and can be made acceptable by just
reordering the words.

Tty THorr LoD LEREW

* raamuDu VEgaMgA sitakaMTE parigettADu
Rama fast more than Sita ran

Tt L¥¥eD JKomr L8F &

raamuDu sitakaMTE vEgaMgA  parigettADu
Rama ran faster than Sita

Hrrth Triut HED
coosADuU rAmuDu sitani
* saw Rama Sita
Rama saw Sita

From here on, as is common in the linguistic community, al illegal sentences will be
starred as above.

Syntax, thus, concerns itself with the correct formation of the sentences of the language.
As syntax is so essential for the perceptible form of the sentence, every theory of
language should have something to say about the word order in the language. The word
order is given through phrase structure rules, such as

S --> NP, VP
VP -->V, NP

Many strong arguments|Newm80] have been put forward to support the notion of phrase
structure in English. The notions of sentence (S), complement sentence (COMP), Noun
Phrase (NP), verb phrase (VP), adjective phrase (AP), preposition phrase (PP) are well
established. The above phrase structure rule, tells that a sentence consists of a NP and a
VP. The VP inturn consists of a V and NP. It has been hotly debated and sufficiently
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agreed upon [Newm80] with respect to English that the above two rules can not be
merged into a single rule as follows,

S--> NP, V, NP

even though this new rule generates the same set of sentences as the earlier two rules. The
first two rules imply a phrase structure consisting of a VP, whereas the new rule indicates
the absence of such a phrase structure. In other words, the new rule implies a flat
structure for the language.

The notion of phrase structure is not well established in many languages like Telugu,
Hindi, Tamil and Sanskrit, and aso in Japanese. For example two different views are
held about the Japanese language. One view supports a flat structure [Sait85] and
consequently phrase structure is absent. The other supports the presence of a hierarchical
phrase structure with a clear cut VP [Gunj87]. There is no unanimous agreement as to
what constitutes a VP or whether VP nodes need to be assumed to exist or not. To the
best knowledge of the author, there does not seem to be any systematic study giving
reasons, one way or the other, for the existence of phrase structure in Telugu. Some
linguists have implicitly assumed the presence of phrase structure by couching their
principles as refinements to transformational grammar or GB approach [Subb84,
Wali91], without really giving strong reasons for choosing a phrase structure treatment
of Telugu. Hence in the thesis, the use of the notions of NP, VP etc. with respect to
Telugu are avoided. In the context of Telugu, the term PP is used for POSTPOSITION
PHRASE, meaning a "noun conjoined with vibhakti (case indicating suffix)". The
expression syntax, thus in the context of Telugu, just means surface word order and has
no implication with regard to phrase structure.

2.2.2 Semantics and Pragmatics

Semantics concerns itself with the interpretation of expressions in a language. Given a
legal sentence, one needs to specify and represent its meaning in some form (either
formal or informal). Traditionally, semantics deals with computing the meaning
representation of a sentence from its parts. In other words, semantics deals with how to
represent the meaning of individual words, and how to combine these individual word
meanings to get the meaning of the whole sentence. It would appear that not all aspects
of word meaning are in the realm of semantics. It has been argued by many linguists that
some aspects of meaning are to be explained in terms of theories of action. For example,
when a glass of water is ordered in a restaurant by saying "l would like a glass of water",
the sentence is intended to produce an action on the part of the waiter. It is not meant to
tell the waiter ones wish, nor seek an yes or no answer from him. So the phrase
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"semantics of a sentence”, in the rest of thesis, is restricted to mean "the meaning of the
sentence more or less invariant across contexts and situations®, virtualy the "literal
meaning of the utterance in a situation”. The author considers that, the intention of the
speaker, what people do in entreating, and asserting, filling in missing information and all
other such contextual and situated meaning extensions, fall under the realm of
Pragmatics. Thus the sentence "Alice talked to the red flower" is ill-formed on semantic
grounds whereas well formed on syntactic grounds. It could possibly be well formed on
pragmatic grounds.

2.2.3 Lexical Ambiguity

Lexical ambiguity, as far as NLP is concerned, manifests in two ways. polysemy (poly =
many, semy = meanings) and categorical ambiguity. Typically, words have many
meanings. For instance the word ball (in English) could mean: a dancing party, a
spherical entity, or a cannon missile. The word tokku in Telugu could mean: to press with
the foot, to suppress, the peel of a fruit like orange, or a pickle. The word saindhavam in
Sanskrit means : a horse or salt. The ability of words to harbour multiple meanings is the
beauty of natural languages and no natural language can afford not to have it. In addition
to these essentially meaning related ambiguities, words can display ambiguity related to
their syntactic categories also. For example, the word ettu in Telugu could be a noun, in
the sense of ‘plan in a game' or in the sense of 'height’ or could be a verb, in the sense of
lift". In English the word coach could be noun, in the sense of an instructor, or a verb, in
the sense of instructing.

Categorical ambiguity can normally be resolved within a syntactic framework, whereas
polysemy cannot be resolved so easily. This is because polysemy can lead to multiple
parse trees, al of which would be syntactically legal. As the dictionary size and the
linguistic coverage of a system grows in size, these ambiguities grow exponentially and
create enormous implementation problems [Naka88: pp 57-59]. For a normal reader it is
not difficult to work out the unique meaning of a sentence by using his knowledge of the
world and the context of the text as a whole. In fact quite often it is very difficult for
normal readers to see the other possible meanings. The human mind can retrieve the
correct meaning out of the possible 'n' meanings by using some unknown mechanisms
pertinent to the context. In contrast to this, present day computer programs retrieve
meanings of words more or less on a context-free basis. Hence one needs to know the
extent to which a theory caters to the resolution of lexical ambiguity.
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2.2.4 Structural Ambiguity

A sentence is said to be structurally ambiguous if it can be analysed in more than one way
without resorting to polysemy of words. The sentence "John saw a person in the garden
with a telescope” could be understood many ways. It could mean, "John saw a person
who was in the garden with the help of a telescope”, or "John saw a person who was in
the garden and who was carrying a telescope”, or "John was in the garden and he saw a
person from there using a telescope” and so. In the same vien, the following sentence in
Telugu can be analysed in two different ways, giving rise to two different meanings.

Tty EToGOE,  wo¥d BN rBBoKEd Krad
VAnarulu koMDaekki laMkaku egarabOtunna hanumaMtuDini cooSAru

monkeys hill climb-past to-Lanka about-to-fly Hanuman saw

In the above sentence, the actor of koMDaekki (ascended the hill) could be either
vAnarulu (monkeys) or hanumaMtuDu (Hanuman). To put it in a technical way, the PP,
vAnarulu, can be an argument of either the verb ekki (climbed) or the verb cooSAru
(saw), and likewise the PP hanumaMtuDu can be an argument of ekki in addition to being
an argument of the inflected verb egur (root of egarabOtunna). Thus the above sentence
conveys two meanings as follows.

The monkeys ascending the mountain saw Hanuman who was about to fly to
Lanka.

The monkeys saw Hanuman, who having ascended the mountain, was about to fly
to Lanka

In many sentences PPs can be attached either to other PPs or to the different head verbs
as arguments. This leads to structural ambiguity. Another major area where ambiguity
manifests is in coordinate constructions. The following sentence has four interpretations,
indicated by brackets.

TENGE B dul ey  JE DHEer 1B BadkrTey eod R%,0

rAmuDiki rODDumeeda ammE pAta pustakAlu mariyu gaDiyArAlu aMTE
ishTaM

Rama on-the-road sold old books and  clocks likes
Rama likes ((old books) and (clocks)) sold on the roads.

Rama likes ((old books) and (old clocks)) sold on the roads.

Rama likes (old books) and (old clocks sold on the roads).

Rama likes (old books) and (clocks sold on the roads).



In this fashion structural ambiguity can lead to multiple meanings, quite often not
resolvable even by the immediate sentential context. Structural ambiguities can arise due
to adverbia phrases, adjective phrases and relative clauses also.

2.2.5 Referential Ambiguities

This refers to the fact that pronouns often refer to some nominals (nouns) in the
discourse. One does not know to which one they refer to if there are multiple nominals in
the discourse. Taking an example from Hobbs [Hobb77], which he quotes had appeared

in Newsweek, one can easily see how ubiquitous the problem is.

The FBI said that they had tentative identifications on the fugitives, but didn't
know where they were.

The word they in italics "they" can easily refer to either the FBI agents or the fugitives or
the identifications of the fugitives. Purely syntactic methods would not help in resolving
the above ambiguity. In the following example from Wilks [Wilks83] in two very similar
(syntactically) sentences the word "she" refers to two different entities.

Mary told her mother that she was intolerant (she normally would refer to

mother)
Mary told her mother that she was pregnant (she normally would refer to Mary)

Resolving these reference ambiguities is very difficult, as world knowledge or pragmatic
knowledge is needed and no amount of syntactic knowledge would help.

2.3 Foundationally Different Approaches to NLP

The four criteria of analysing NLP paradigms, specified in section 2.2, thus, would give
us an idea of the level and scope of the achievements of various NLP schools. The author
has categorised the methods and philosophy adopted by various schools into five

(slightly overlapping) categories:

(A) Principle Based Approach,

(B) Syntactico-Semantic Approach,
(C) Mathematical Approach,

(D) Pragmatic Approach

(E) Connectionist Approach.
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The categorisation is based on how much stress is given to the study of the different
aspects of language in research, in addition to the direction and orientation of the
research. The above categorisation cuts across the obvious differences between various
methods at realization (implementation) level and unifies them at the underlying
philosophical and foundational level. In the ensuing sections, each of the above
approaches will be described. The central concept will be presented first, and then its
interesting variations will be touched upon briefly.

2.3.1 Principle Based Approach

The Universal Grammar (UG) approach of Chomsky is reviewed first. This approach is
adso called a principle based approach by computational linguists. Virtualy every
innovation in the field of theoretical linguistics, for the past thirty five years, has been
either an elaboration of or a reaction to some of the notions of Chomsky. Hence in some
way, a review of UG amounts to a review of 75% of the theoretical linguistics
[Newm80].

The notion of UG was championed by Chomsky. The roots of UG are wide spread both
in time and differing areas of research. Initially, Chomsky |Chom57] stressed the need
for "observational adequacy", that is generating the correct set of strings for the natural
languages, as a theme of linguistic research. Observational adequacy was paramount in
the order of priorities while tackling the issues of NLP. The nature of constraints imposed
on well-formedness of sentences tended to be inclined heavily towards some structural
properties of the language under investigation. Until the early sixties Chomsky's work
was dominated by this spirit. He put forward his theory of transformational grammar
advocating the "method of rigorously stating a proposed theory and applying it strictly to
linguistic material with no attempt to avoid unacceptable conclusions by ad hoc
adjustments or loose formulation” [Chom57]. Meaning was deemed to be outside the
reAlm of linguistics and top priority was given to developing a theory capable of
generating al and only those sentences that were well-formed. It was fell that phrase
structure grammar alone was inadequate and required an additional transformational
component to achieve observational adequacy.

In the mid sixties the focus changed substantially, when Chomsky published his
"Standard Theory" (ST) [Chom65]. ST gave a better status to semantics, and language
was viewed as a system of connections between meaning and utterance. ST identified
two levels of representation of sentences. deep and surface structure. Deep structures
served as the basis for semantic representation and surface structure as the basis for
phonological interpretation. These two levels were related through transformations. It
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was felt that these transformations would ultimately prove to be "psychologically real
and account for the ways humans process natural language sentences and the way they
relate sound to meaning. However at that stage "psychological reality" marred the
semantics of the language and not much was done beyond a sketchy description of the
'deep structure' of sentences. Along with this, some amount of emphasis was laid on the
learnability aspects of languages as well. From the seventies to the eighties there was a
gradual shift in the emphasis placed on explicitness and formalization. More emphasis
was laid on the learnability and universality of theories. The epitome of this is the
Government and Binding (GB) theory of Chomsky introduced in 1981 and improved in
1986.

The point of view of practitioners of GB theory is that the human mind comes with a lot
of wired-in linguistic knowledge which is language independent. With exposure to a
particular language, this wired-in knowledge gets fine tuned within a predetermined
range, and attains the capability to distinguish wellformed and illformed expressions of
that language. This endowment of the language faculty is known as Universal Grammar
(UG). In other words UG is a grammatical system "flexible enough to account for the
language variations while at the same time be, to a large extent, restricted in order to
account for the relative ease of language acquisition and the impossibility of certain
language types' [Trav89, p.263]. Thus the description of language follows certain
"principles’ rather than " rules’.

As no review of linguistic approaches can be complete without an exposition of
Chomsky's work, an attempt is made in the succeeding paragraphs to present a glimpse of
the principles of GB theory. To make the understanding easier to computer scientists and
non-linguists, an example of a parsing scheme for parsing simple sentences using GB
principles is shown. For greater details regarding GB theory a standard text book such as
[Reim86] or monographs such as [Chom81 and Chom86] should be consulted.

In GB theory a sentence is represented at four levels, D-structure (DS), S-structure (SS),
Phonetic Structure (PS) and Logical Form (LF). To put it in the most simple form, DS
captures the argument structure of lexical categories: Verb, Noun, Pre (or Postposition
and Adjective, present in the sentence. The LF comes nearest to the meaning
representation of the sentence in terms of quantifier scoping, anaphoric reference
indexing etc. Quite often PS and SS are the same, but they could also be different asin " |
wannago" (PS) and " | want to go" (SS).

In the GB grammatical model a crucial role is played by interacting systems of principles
(theories), namely X-bar theory, Thematic theory (6-theory), Government theory, Case
theory, Bounding theory, Binding theory and Control theory. These theories state general
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conditions on the well formedness of the different levels of representation (DS, SS, PS
and LS) of a sentence. All the above systems are associated with some parameters. The
principles in each of these theories are taken to be universal and thus account for the
"relative ease of language acquisition”. The ranges of values on the parameters account
for the "impossibility of certain language types'. When one learns a language, one assigns
(quite unknowingly) values to these parameters. This makes ones grammar fine tuned to
the language that is being learned.

The concept of phrase structure is centra to GB theory. An understanding of the phrase
structure and some terminology is useful before GB theory is elaborated. A phrase
structure is represented as a tree as shown in figure 2.1. (There are many different forms
presented in literature. For pedagogical purposes this particular version is adopted).

le
Figure 2.1, A typical Phrase Structure tree used in X-bar theory

In the Figure 21 X" is said to dominate Y", W", X', X° and Z", and X' is said to
dominate X° and Z". X° does not dominate any thing. The terms Y", Z" in turn dominate
their sub-constituents. Typicaly Y" is cdled a specifier and W" a modifier and Z"
argument. The set of possible specifiers for nouns include determiners, quantifiers etc.
The set of specifiers for verbs include auxiliaries, medals, verba clitics and so on. The
set of specifiers for adjectives are degree modifiers like very, most etc. Many times it is
difficult to distinguish between arguments and modifiers. However this is not
problematic, because the hierarchical structure is more important for GB than the order.
The term X° refers to lexica heads: Verb (V), Noun (N), Pre (Post)position (P),
Adjective (A) and INFL (inflection information like, Tense and Agreement, on the verb)
. X" and X" are called the bar level one and bar level two projections of X% X" is called
the maximal projection of X° Typicaly VP=V", NP=N", PP=P", AP=A", and for
historical reasons S=INFL" (there is no unanimous agreement to this notion of
S=INFL"). It may be noted that, under this scheme S=INFL'. S is not a maximal
projection of INFL, while S' is so. Excepting specifiers, al else in the above phrase
structure are needed to be present at maximal projection level.



their lexical heads. GB theory assigns essentially three roles [Will81] to the arguments,
namely Agent, Theme and Goal. These are called 6-roles. 6-roles are assigned by a
(lexical) head within its domain to its argument positions. A position which has a 8-role
assigned thus, is called 8-marked. 8—theory states that each argument bears one and only
one @-role and, each 6-role is assigned to one and only one argument. This unique
assignment criterion is caled @-criterion. The other role of 6-criterion is to constrain
the domain of the move-a rule. 8—criterion stalls move-a from moving an argument from
one @-marked position to some other 8-marked position because if this happens the
moved item gets two 8-roles, violating the 6—criterion.

The Case theory and related theories, characterize the well-formedness criteriaat SS, LF,
or both levels. Case theory is largely responsible for determining the distribution of NPs
a SS level. It states that if a NP has a phonetic content, it must have a case. This
accounts for the object movement to subject position in passive sentences as follows.
During passivization, a verb looses its ability to 6-mark its governing positions and its
ability to assign case. However INFL still has its capability to assign case. As a result, the
subject position which hangs without a 8-role assigned to it needs a NP to fulfil the Case
theory constraint (called Case filter) arising due to the INFL position. So the subject
position is free (and in fact mandatory) to host the object NP. Hence an object NP is
mandatorily moved to the subject position in a passive sentence. Many other phenomenon
(like distribution of traces) can be similarly explained by case theory.

In the previous paragraph the word "governing" was used without giving a denotation to
the word, but by appealing to the intuition of the reader. The intuitive idea behind the
concept of government is that a head governs the syntactic positions occupied by its
thematic dependents, provided a specific structural relationship exists between that head
and such a position. To such governed positions only can a head assign 6-roles. The
notion of c-command is fundamental to government and also to Binding theory.

C-command is defined as
a c-commands B iff every maximal projection dominating a dominates (3
Government is defined as

agoverns B iff (1) ac-commands p.,
(2) ais head i.e. X0 and
(3) every maximal projection dominating p dominates a.
In figure 2.1, XV is the head, and it governs Y", and Z". That is, a head X0 has access
to every syntactic position (Y" and Z") inside its maximal projection X". Y" and 7z also
act like barriers that do not let the head access their internal positions. It may be
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All structural relations in GB are made against the background of a phrase structure as
above. In a linear form the above is written as {X» a [x X0 @] where aad B
are the contents of Y" and Z". For Telugu the order of X{ and Z" will be different as
[x* o [x B X0 Theorderof X0-Z", Y" andy" as they appear in the tree (fig
2.1) depends on what is called the headedness parameter. The headedness parameter for
Telugu is "head-final". It is in direct contrast to English where the headedness parameter
is 'head-initial'!. Due to this, in the linear form Y, W" and Z" occur before X0 in Tel ugu.
So the phrase structure tree of Telugu should be, as shown in figure 2.2

VAN

FIGURE 2.2 A possible Phrase Structure tree for Telugu

The Projection Principle states that "representations at each syntactic level are projected
from the lexicon, in that they observe the Subcalegorization properties of lexical items'
[Sell85, pp 33]. This principle has far reaching consequences. If one considers a lexica
head like cooD (a Telugu verb meaning 'see'), which takes an object and a subject, the
projection principle forces the presence of a syntactic position occupied by an object and
a syntactic position occupied by a subject to bc present in every DS, SS and LF
representation of the sentence of which cooD is a constituent in the capacity of a verb.

The X-bar theory addresses itself to the phrase structure of the language at DS level. It
spells constraints on the kind of phrase structures that are legal at DS level. From the D-
structure of a sentence, its SS and LF are realized through a transformation called move-
. The move-a transformation can be used to move, virtually, any item in the DS to any
other position, to transform it into a corresponding SS, PS or LF. The X-bar theory,
together with the Projection Principle which states that all projections of representations
at various syntactic levels must obey the Subcalegorization of the lexical items, curtails
many of the transformations permitted by move-a. Move-a is also subject to some other

constraints by other components of the GB theory like Bounding theory, Case theory,
and B-theory.

One crucial component of GB theory, namely 6-theory, spells the principles governing
the relationship between the arguments and the roles they ought to play with respect to
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observed that in the configuration of the government, subcategorization is satisfied,
internal B—role assignment takes place, and case assignment takes place.

Binding theory deals with the principles ruling the inter-relationships between NPs, and
covers among others, the distribution of pronouns, reflexive pronouns and anaphors. Two
NPs are coindexed if they refer to the same entity. For example in the following sentence,

Tauthy O &% Bt oe  wodE  Hd It
rAmuDu; VAlini; tang; kaarulO VADiI; iMTiki teesuku veLIADu

Rama; took vali; to his; home in sdf; (i.e. his) car.

The subscripts i and j are used to co-index the antecedents rAmuDu and VAli with the
precedents tana and VADI respectively. For Coindexing to be valid, it must satisfy
Binding theory constraints. Coindexing is vaid only when the antecedent c-commands
the precedents. Binding theory partitions NPs into four types and states binding
conditions for each. Reflexive pronouns and ordinary pronouns are only considered here.
Reflexive pronouns are bound only in their local domain while other pronouns are free in
their local domain. Local domain of an item ais the smallest NP or S containing both a
and a governor of a

For the sake of clarity, an example is given to show how one could do parsing using the
GB principles. For the sake of the example, a phrase structure, with the headedness
parameter set to 'head-final’, is assumed for Telugu. A hypothetical parser is assumed
which can generate a parse tree according to the phrase structures of the grammar. In the
course of this example it will be possible to explain what GB theory has to say regarding
the four dimensions (cf. previous section) of understanding of a grammatical system. Let
us take the sentence,

TPty 89 ¥9,0 EbT
rAmuDu; tang; tallin kaliSADu

rama his mother met
Rama;, met his mother

A parser following the GB principles should give the tree in figure 2.3 as the d-structure
for the above sentence. Note the configurational position of the object, tana tallini. It is to
the left of the governing verb kaluv. This is so because the headedness parameter for
Telugu is 'head-final'.
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rAmu Du tana talli ni kaluv ADu

FIGURE 2.3 Phrase structure tree for the sentenoAmuDu tana tallini kaliSADu

The parser processing the sentence (left to right) would first encounter the word rAmuDu.
It realizes that thisis a noun with a postposition Du. rAmu would be found in the lexicon
as a proper noun, thus can be a lexical head around which a phrase structure can be built.
It does not have any complements or specifiers, hence its maximal projection NP, is
formed from rAmu. From this NP and the postposition Du, the maximal projection PP is
formed, as dictated by the X-bar theory. Then the word tana is analysed and treated as a
specifier to the next in coming word and hence is kept in store. Then the word tallini is
analysed. Using the word tana in store and the recently processed words talli and the
postposition ni, the parser forms a PP (postpositional phrase), the maximal projection of
the postposition ni. Then the word kaliSADu is analysed. The lexical head is the word
kaluv with INFL ADu indicating 3rd person singular. The word kaluv being a verb, the
maximal projection of it can be formed, if a suitable theta-marked NP (satisfying
syntactic and semantic sub-categorization of kaluv), can be found. From the lexical
information associated (as seen from the lexicon) with the word kaluv, it will be
possible to ascertain that kaluv requires an argument in accusative case. Hence the PP
tallini can satisfy the subcategorization requirements. Thus a maximal projection of the
verb kaluv can be obtained. Let us assume that the subject rAmuDu is also similarly
accepted. Now the entire sentence is accepted. However due to the presence of the
reflexive pronoun tana, one has to invoke the Binding theory module and see if this
structural position for the pronoun is allowed. According to the Binding theory, it can be
easily verified that the possessive pronoun tana is c-commanded by rAmu, and hence can
be co-indexed with and bound to rAmu. Thus the principles of X-bar theory, Theta-
theory, Case-theory and Binding-theory working independently (modularly) can assign a
d-structure to the entire sentence. This shows briefly how the syntax of the sentence is
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taken care of. Once the d-structure is obtained, the following LF-structure of the above
sentence is obtained as granted by theta-criterion and move-@ rules.

[pp rAmuDu] [pp tanatallinij] [s kaliSADu & g]

In the above g and g are logical referents to rAmuDu and tana tallini respectively. The
LF-structure of GB is supposed to encode the information relevant to the semantic
information of the sentence. Such questions as quantifier scope and the scope of question
words etc., are dealt with at this LF-structure level. The representations used are intended
to bear a similarity to first order logic, in which left-right order indicates the relative
scope of quantifiers.

In GB theory, historically, the tools of the theory have been developed primarily to
explain the various syntactic facets of the language better. Semantic aspects have not
been studied to the same extent. As far as possible, answers to every problem are first
sought out through configurational or syntactic criteria, before any semantic explanation
is attempted (for example, binding theory and case theory rely in some fundamental
ways on the structural notions such as c-command or government). Hence GB theory
inspite of having contributed immensely to the study of language, is essentially syntactic
in nature and does not throw much light on the semantic and pragmatic aspects of
language. The question of ambiguities is not addressed by any of the GB theoreticians.
Researchers who have developed parsers based on GB theory |Wehr88, pp 2(X)] have
brushed aside the issue saying "The fact that these nouns can receive various
interpretations is a matter of semantic and pragmatic interpretation that should not
concern syntactic processing”. Finding out the computational complexity of approaches
based on GB theory is a difficult problem. Hence not much can be said about it, except
that certain move-a type rules can lead to exponential computational complexity. This
problem is inherited by GB from its ancestor transformational grammar. The entire GB
theory is in a state of flux and many concepts and parameters in it are not yet well
understood. As the focus of Chomsky style linguists has changed from observational
adequacy to explanatory adequacy, standards of explicitness (compared to say GPSG,
next section), rigour and attention to empirical detail have declined (probably, rightly so,
as larger the questions addressed, the harder it is to give complete answers). This makes
GB theory difficult to use with confidence.

One key observation can be made with respect to the current linguistics as exemplified by
research in GB theory. In GB theory, ©—criterion stipulates that the meaning of a
predicate determines the grammatical arguments it will have. The projection principle
assures that the structure determined by the lexical head's meaning cannot be altered in
essential ways. The problem of acquiring a language, then, reduces largely to learning the

38



meanings of words. Of course, in addition one needs to learn, how to compose complex
sentences from simpler ones. In the canonical cases, however, sentence structure S a
projection of the meaning/semantics of the constituent words. Every theory docs seem to
converge towards this lexicalist view. It is interesting to know how close this view is to
the traditional Indian grammarians' views, as exemplified in Asthaadhyaayi [Josh68] and
elaborated in alexical way in Sidhantakaumudi, and Praudhamanorama [Dixi68], which
were reviewed in the first chapter.

2.3.2 Syntactico-Semantic Approach

The other mgjor paradigm of NLP is what is referred to in this thesis as Syntactico-
Semantic approach. This approach gave equal importance to both the syntax and the
semantics of natural languages right from its inception. To the extent possible, syntax and
semantics are studied together without even remotely implying the autonomy of any one
of them. In this approach, illegality of sentences can also be described through purely
semantic notions. Notions based on configuration such as c-command, and
transformations like move-a are not utilized to explain the syntactic phenomenon of a
language. Semantic considerations are taken into account when ever it leads to a simpler
theory.

Two variations can arise in this syntatico-semantic approach depending on where stress
Is placed, syntax or semantics. The approach taken by linguists [Gazd85a, Poll87]
inclines towards syntax and the approach taken by Al researchers [Wilk75, Boug79]
inclines towards semantics even though neither system underestimates the importance of
syntax or semantics.

Generalized Phrase Structure Grammar (GPSG) [Gazd85a] is a Syntactico-Semantic
theory that gives equal importance to both syntax and semantics. The GPSG literature
exhibits a keen interest in the mathematical properties of grammatical formalisms. It has
revived interest in traditional questions like "How context sensitive are natural
languages?', and "What is the generative capacity of a formalism?' [Gazd85b]. In order
to investigate such questions, it is necessary that grammars are formulated with
considerable precision. The book by Gazdar et a [Gazd85a] is a testimony to the
precision achieved by the practitioners of this approach. GPSG has skilfully interwoven
augmented phrase structure grammars with the Montagovian semantics [Mont74b,
Dowt81] to such an extent that sematic analysis is an integral part inseparable from the
syntactic proposals. In GPSG theory, multiple levels (d-structure, S-structure, etc.) of
sentential representation as in GB theory and transformational grammars do not exist.
GPSG is a homogenous theory and posits only one level of syntactic representation.
Augmentation to phrase structure (PS) is done in order to give weak context sensitivity to
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the underlying phrase structure grammar so that well known phenomenon like wh-
movemenl, long distance phenomenon, relationships between gaps and fillers, that were
deemed to require transformations, can be handled through the augmented PS rules.
Consequently, syntactic analysis of a sentence is shown as a tree (see for example figure
2.7) with nodes made up of augmented symbols called categories or feature bundles.

A category in GPSG may be considered as a partial function from features to their
values. Intuitively, a feature-value pair can be thought of as a piece of linguistically
significant information. Features such as NUMBER, TENSE, AGR, V, and N are either
atomic valued as <NUMBER, SINGULAR>?, <TENSE, PAST>, <N,+>, <V ,->, <BAR,
2> or are category valued as <AGR, [<NUMBER, PLURAL>, <PERSON, 3RD>,
<GENDER, NEUTER>]>. All syntactic theories use features but only few of them have
put features to a principled use and built a formalism around them with the thoroughness
of GPSG [Gazd85a]. Categories being functions, categories of the following kind are not
possible (because functions by definition cannot deliver two values for the same
argument).

[<N,+>, <V,->, <GENDER, FEMININE>, <GENDER, NEUTER>]

An abbreviatory convention is used in GPSG literature wherein syntactic categories are
abbreviated up to the point they are not ambiguous. Thus a verb phrase that consists of a
passive verb is abbreviated and written as VP [PAS] instead of its verbose description as
[<N,->, <V,+> <VFORM, PAS>). A noun phrase with the feature specifications
<CASE, NOM> and <POSS, +> is written as NP [NOM, +POSS]. The category-valued
SLASH feature is abbreviated as /. VP [VFORM PAS, SLASH NP] is written as VP
[PAS]/NP. This kind of abbreviatory notation will be used henceforth. A numerical value
appearing inside square brackets denotes a SUBCAT value; H [2] means H [SUBCAT 2],
while a numeric value used as superscript over a symbol abbreviates the BAR value; H?
means H [BAR 2].

In the current version of the GPSG theory, categories encode subcategorization,
agreement, unbounded dependency, predication and other syntactically significant
information. GPSG contains five language specific components:

» feature co-occurrence restrictions (FCRS),
» feature specification defaults (FSDs),

* immediate dominance (ID) rules,

*The par <FV> means, fesure F has vdue V.



* linear precedence (LP) rules and
* metarules,

to form a system of grammar from the aforementioned notion of categories. Apart from
these language specific components GPSG also provides three language-universal
components: a theory of syntactic features, principles of universal feature instantiation
and principles of semantic interpretation, together with a specification of the formal
relationships among the various components of the grammar.

2.3.2.1 Feature Specification

As one might expect, not every feature specification is valid. Feature co-occurrence
restrictions (FCRs) and feature specification defaults (FSDs) constrain the formation of
the categories. In English, for example, an interrogative sentence must have an auxiliary
and a finite verb. This condition on the co-occurrence of some features is encoded in the
following FCR.

[+INV] ==> [+AUX.FIN] -2.5

The above indicates that when a category has the +INV feature, it must also have the
<AUX,+> and <VFORM,FIN> feature specifications. Consequently, a feature bundle
(category) of the following type is invalid.

f+INV,ED]

In the above feature specification, the feature +INV implies [<AUX,+>, <VFORM, F1N>]
due to the FCR given in 25 and the feature ED implies <VFORM,ED>. The above
feature specification is invaid as the feature VFORM is assigned two values. The
following are a few more examples of the FCRs useful for English.

[VFORM] ==> [-N,+V] meaning only verbs have VFORM feature

[BAR 1] ==>~[SUBCAT] non-lexical heads [ie BAR =1 or 2] cannot
possess SUBCAT feature

[COMPfor] ==> ([FIN] V [BSE]) A sentential compliment must be untensed

The FSD gives the assumptions/default values that can be assigned to features in case
feature values are not indicated in some feature bundles. The following FSD,

[-INV]
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encodes the information that, if no information about INV feature is given then the

feature specification for INV is assumed to be [-INV]. The following are a few more
FSDs useful for English.

[+ADV] ==> [BAR (] meaning, if ADV = +, then assume
BAR=0
[INF, +SUBJ] ==>|COMP for] meaning, if for a verb phrase VFORM=INF

and SUBJ=+, then assume COMP=for

[NFORM] ==>[NFORM NORM] meaning, the default NFORM value =
NORM

2.3.2.2 Immediate Dominance/Linear Precedence (ID/LP) rules

The ID/LP rules of GPSG factor out two important and independent relations that are
normally specified in context free phrase structure rules: immediate dominance and
linear precedence. The following phrase structure rule in some context free grammar C,

Cop—> C1Cr...Cy

specifies that the non-terminal  symbol C can be expanded into (or replaced by) C;
Cy...C,, string while generating (or parsing) a sentence using the grammar G. The
constituents of the string C; C» ...C,, should occur in the sentence in that order, only then
they can be substituted for CQ.

In GPSG the consgtituent order information is removed from the phrase structure rule.
Consequently information in the phrase structure rules are encoded using two different
st of rules: immediate dominance (ID) rules and linear precedence (LP) rules. ID rules
are context free production rules specified as

Co—> C1.,C2,....Cy

wherein the left-hand side (LHS) Cq is the mother category and the right-hand side
(RHS) is an unordered multiset of daughter categories, some of which may be
designated as head categories. Head categories are written using a specia symbol H. One
of the mgor uses of the specia symbol H in an ID ruleis to highlight the categories that
determine the information flow between the LHS and the RHS of an ID rule. The mother
category Cgis said to dominate the daughter categories C1 to C, . The above ID rule can
be pictorially depicted as a tree of depth one (alocal tree) as shown in figure 2.4.
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FIGURE 2.4 : Local Tree

The following arc examples of typical ID rules applicable to English

IDI: S —>NP,H [-SUBJ] Rama went home, Sita saw Ramain a
garden

ID2: NP —> Det,H! The cat, some dog

ID3: N1 — > H [30] Rama, Sita

ID4: N1 —> H [35],PP [of] story of Rama, Battle of Bulge

ID5: PP—>H[38],NP with a pen, on going home

ID6: VP — >H[1] sleep, run,die

ID7: VP—>H[2],NP saw the person, chased the dog

1D8: VP — >H [3].NP,PP gave the book to Rama, met Sita at home

ID9: VP —>H [5],NP,NP gave Rama a book, bid him farewell

ID10: VP—> H [8],NP,S [FIN] asked Rama to go home, persuaded Rama to
watch sec amovie

The LP rules are specified as
Py < Py

meaning that the category P must precede the category P3 in any local tree containing
P7 andP3 as daughters. For example, the LP statement

V<NP

states that the category having the feature V (ie [+V,-N]) must precede the category NP
(ie [-V,+N] in every local tree containing both of them as daughters.

The major advantages of decoupling the ID and LP relations in a phrase structure rule
are that GPSG can express free word order related facts and head parameter related
information independently and succinctly.

2.3.2.3 Metarules

Metarules are rule templates that are used to generate new ID rules from an existing base
set of ID rules. Metarules help in relating rules which are closely related to one another
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through some syntactic mutations. For example the phrase structure rules for active voice
and passive voice sentences are minor variants of one another. Similarly, the interrogative
sentences are minor variants of simple assertive sentences. Formally, metarules are
functions that take a single ID rule with a lexical head, called a lexical ID rule, to sets of
lexical ID rules. Every metarule has an input pattern and an output pattern. The input
pattern of a metarule consists of a mother category, at most one daughter category and a
distinguished multiset variable W. W ranges over multisets of daughter categories. If an
ID rule matches the input pattern specification of a metarule under some assignment of
the multiset variable W, then the metarule generates an ID rule corresponding to its
output pattern. For example the metarule in figure 2.5 takes as input the base rules given
below and generates the corresponding new ID rules.

VP — W , NP

U

VP[PAS] --- > W,(PP[by])

FIGURE 25 : A metarule

Base rule Generated rule
VP —> H [2],NP VP [PAS] —> H [2], (PP [by])
Rama liked sita Sita was liked by Rama
VP —> H [6],NP,PP VP [PAS] —> H [6],PP, (PP [by])
Rama found the toy in a box The toy was found in a box (by rama)

2.3.2.4 Projecting ID rulesinto Local Trees

The notion of projection is very important to GPSG as this helps in establishing a
connection between the relations encoded in the ID rules, such as domination,
subcategorization and case, and the non local linguistic relations such as agreement and
filler-gap relations. The base ID rules and the ID rules generated after the application of
metarules are projected to local trees. A Local tree is projected from an ID rule by
mapping the categories in the ID rule into their legal projections which are allowed by the
universal feature instantiation (UFI) constraints. In the example in Figure 2.6,
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FIGURE 26 : A Locd Tree and its projected Tree

the category C;, for dl i from 1 to n, projects C; A category X is said to be a projection
of the category Y, if

every feature in Y is present in X,

al FCRs are true of X, and

X is compatible with dl the FSDs of the grammar.

After projection, the newly generated tree must satisfy al the LP-statements and the
following UFI principles.

Head Feature Convention (HFC). Informally, HFC stipulates that certain features,
called head features, on the mother category must be the same as those on the head
daughter category (H), if possible. In effect the HFC expresses the X-Bar Thcory
(section 2.2.1) in part, requiring a phrase to be the projection of its head. Head
features in English are {AGR, ADV, AUX, BAR, INV, LOC, N, PAST, PER,
PFORM, PLU, PRD, SLASH, SUBCAT, SUBJ, V, VFORM}.

Foot Feature Convention (FFC). Informally, FFC stipulates that certain features,
called Foot features, instantiated on the mother should also be instantiated on at least
one of the daughter categories. This constraint provides a partial account of the gap-
filler relations in GPSG including parasitic gaps, and the binding facts of reflexives
and reciprocal pronouns. WH, RE and SLASH are the foot features.

Control Agreement Principle (CAP). CAP is a semantically based principle, in that
the underlying intuition is that predicate categories agree with their argument
categories. For example, VPs must agree with their subject NPs in English.
Agreement is encoded in the AGR feature which is category-valued.

As an illustration, theID rule

VP—>H[1] ,NP

which is equivalent to



[-N,+V,BAR 2]—>H [BAR 0], [+N,-V,BAR 2]

allows the local tree shown in figure 2.7 to be projected.

[-N,+V,BAR 2,- NEG,-PAST]

[-N,+V,BAR 0,-PAST] [+N,-V,BAR 2,PER 3,+PLU,CASE ACC]
FIGURE 2.7 Local projection of atree

The FFC and CAP together impart the right amount of context sensitivity into otherwise
context free ID rules. The agreement related facts were thought to be strong cases in
favour of proving natural languages to be context sensitive. Similarly, unbounded
dependencies and coordination were thought to be beyond the power of context free
grammars and required transformations. GPSG, by extending the non-terminal symbols
of context free grammars (CFGs) with the above notion of categories and with the
stipulation of the UFI constraints over these categories, has enhanced the expressive
power of CFGs to tackle the above mentioned context dependencies in natural |anguages.

Unbounded dependencies appear in many constructions like,

Who do you think that Rama saw yesterday? (question) --2.6
The table on which we left the map (relative clause) --2.7
A movie like this, nobody ever directed (topicalization) —28

All of the above constructions have the property that there is an extra phrase outside the
main clause, while within that main clause a phrase is correspondingly missing. In (2.6),
the VP saw has no object, in (2.7) left is missing a locative argument and in (2.8)
directed has no object. In GB analysis one has to generate the phrase in question within
the clause, and then move it to a clause external position by some move-cx
transformation, thereby ensuring a one-to-one match between the extra phrase and the
missing phrase. The relative distance between these two related entities may be
potentially unbounded. The GPSG analysis, on the other hand, does not use move-a. kind
of transformations to characterize the unbounded dependencies. GPSG proposes the
following rule for dealing with many cases of unbounded dependencies.

S —> X2 H/X2
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This rule admits a tree with any (BAR 2] category sister to an S carrying the information
that it is missing a [BAR 2] category. The information of the missing constituent is
carried down the tree and is ultimately associated with an appropriate null constituent
(trace). GPSG uses a feature NULL to encode that a constituent is phonologically null or
empty. An FCR in GPSG further stipulates that the feature SLASH co-occurs with the
feature NULL. Consequently an empty string e is listed in the lexicon as belonging to the
category X [+NULL]/X . Armed with this notion of empty string together with the 1D
rule given above, one can anayse sentences like (2.8) as follows.

S

/\
NP S/NP
NP VP/NP
ADV VP/NP
r NP[+NULLJ}/NP
|
A movie like this nobody ever directed e

FIGURE 2.8 Use of the SLASH feature in GPSG

Semantic anaysis in GPSG follows Montague's [Mont74b] method of compositional
semantics. Montague used a model-theoretic approach to formalising natural language
semantics. The semantic analysis in GPSG consists of (i) specifying in the lexicon the
possible denotations of each syntactically determined category, and (ii) specifying along
with each ID rule the manner in which the denotation of the mother category is produced
as a function of the denotations of the daughter categories. For example, in the simplest
form, the denotations of various words is as follows:

the  hasthe denotation AP AQ. 3X [ P (X) & Q (X)],
boy hasthe denotation AX. boy' (X) and
sleeps has the denotation XP. P (XX. sleeps' (X)).
The ID rules for S and NP have associated denotation combining rules as follows,

S --> NP, VP VP (NP'), meaning apply the denotation of NP (NP") to the
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denotation of VP (VP
NP-->DET,H DET' (H'), meaning apply the denotation of H (H') to the
denotation of DET (DET).
The result of applying the NP ID rule is the generation of a sentence fragment
the boy
which has the denotation
XPAQ. 3X [ P(X) & Q (X)] {AX.boy (X)}
After carrying out the functional application in the above formula, one gets
XQ. 3X [ boy' (X) & Q (X)] .
The result of applying the S ID rule is to generate the sentence
the boy sleeps
whose denotation is
AP. P (AX. deeps (X)).{AQ. 3X [ boy' (X) & Q (X)] }
After carrying out the functional applications in the above formula, one gets
3X [ boy' (X) & sleeps' (X)]

Thus specifying a close a link between the ID rules, their denotations and the denotations
of the lexical entities, GPSG handles the semantics of natural languages very elegantly in
a mathematically precise form.

GPSG theory thus accounts for many phenomenon like unbounded dependency,
agreement, coordination using enhanced phrase structured rules and proves that
transformations are not necessary for providing a satisfactory theory for the syntax of
natural languages. From a linguist's point of view GPSG provides an excellent tool for
the investigation of the syntax and semantics of a language. However, from the
Computer Scientist's point of view, it poses many computational and implementation
problems. The meta rules and the feature system of GPSG can lead to computational
intractability. It has been proved by Ristad [Rist86] that computational complexity of



the universal recognition problem for GPSG is EXPOLY® Modifications have been
indicated by Ristad [Rist86J for reducing this complexity of GPSG by altering it
marginally.

The two features, SLASH and SUBCAT, used in GPSG are marginally useful for
formulating a grammar for Telugu. The SLASH feature of GPSG theory is not very well
suited for languages exhibiting multiple gaps in clauses. Telugu is such a language. The
SUBCAT feature of GPSG takes numerical values as shown in examples ID1 to ID 10
above. By using numerical values, GPSG unnecessarily hides many of the common
features among verbs and also makes the feature SUBCAT atomic and unanalysable.
Thus Akaamksha as presented in Chapter 1, cannot be modelled using the SUBCAT
feature of GPSG. In addition, as may be seen from the same examples, the SUBCAT
feature of GPSG does not include subcategorization for the subject of the verb. This
omission renders the SUBCAT specification of GPSG less useable for Telugu, and
subtlely imposes, a requirement for the existence of phrase structure in the language. As
described in Chapter 1, the notion of phrase structure is not well suited to Telugu. The
free-word orderdness of Telugu can not also be expressed adequately if the subject is not
subcategorized for. In addition the information captured in the ID rules of GPSG is more
syntactic in nature than semantic. Well formedness criteria in GPSG are dependent on
syntactic subcategorization. While in Telugu, as seen in Chapter 5, semantic criteria are
more preferable. A better candidate for analysing Telugu is a closely related formalism
caled Head-driven Phrase Structure Grammar that exploits the structure present in the
SUBCAT feature and the semantics of the language.

2.3.2.5 Head-driven Phrase Structure Grammar (HPSG)

A variant of GPSG is Head-driven Phrase Structure Grammar (HPSG)[Poll84, Poll87,
Sag89]. It embodies the lexicalist view to a greater extent than GPSG and answers some
of the outstanding issues in GPSG through this heavy lexicalisation of the grammar.
Another system of grammar caled Lexica Functiona Grammar (LFG) can also be
categorized into this Syntactico-Semantic approach albeit to a much lesser extent than
GPSG. LFG stresses the functional relations in a grammar such as subject, object and
indirect object. It considers them primitive relations, in terms of which a great many rules
and conditions (constraints) are stated. As HPSG borrows a lot of ideas from LFG as
well, a good review of HPSG would cover both LFG and the allied area of Unification
Grammars.

That is the fastest recognition algorithm for GPSG can take more than exponential time.
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HPSG tries to integrate a number of ideas from the diverse traditions of GPSG
[Gazd85a], Categorial Grammar [Vanb87, Stee88], Lexica Functiona Grammar (LFG)
[Bres84], GB theory [Chom81, Chom86], and Situation Semantics [Barw83]. It
embodies a mathematicaly precise formulation of certain principles of universal
grammar whereby properties of phrases are "projected” from lexical heads and
generalizations about constituent order are succinctly expressed. As lexical structures
bear much of the syntactic burden in this approach, considerable attention is given to the
nature of lexica information, in particular to subcategorization information and to its
role in the specification of the syntax of the language.

HPSG exemplifies the family of grammatical theories popularly known as unification-
based grammars [Shie86]. The name unification-based grammars arises from the algebra
that governs partial information structures. The fundamental operation upon them is the
unification operation, which yields from a set of compatible structures a structure which
contains dl the information present in the members of the set. Underlying al such
theories is the assumption that in actual language-use situations, specification of linguistic
objects (words, clauses, and their syntax , semantics etc.) comes about in a cumulative
monotonic fashion via the interactions of the constraints arising from several sources,
including lexica entries (which contain phonological, syntactic and semantic
information), the grammar rules that specify how the lexical information should be
combined, language-specific and language universal principles of well-formedness and
the particular context of the utterance. The fina result of the interaction is obtained by
unifying [Shie86, Sag86] the information from al these sources. The theories are
declarative in the sense that they characterize what constraints are brought to bear during
language use independently of what order the constraints are applied.

The partial information pertaining to linguistic objects is encoded in feature structures or
signs. A typica feature structure in HPSG has the following fields (features)
PHON(ology), SYN(tax) and SEM(antics) and is written in a matrix form shown in
figure 2.9.

PHON rAmuDu

SYN MAJ N
AGR 3S

SEM rama

FIGURE 2.9 A typical Feature Bundle in HPSG

To specify that the value of the feature MAJ which is part of the feature SYN is N, one
customarily writes SYN [ MAJ N. The PHON feature is used to specify the phonology
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or the surface form of the word or the sentence under study. The SYN feature is used to
specify various syntactic properties of the entity in question and the way in which it
combines with other entities. The typical features in SYN are LOC (al), and BINDING.
LOC contains HEAD, LEX and SUBCAT information and encodes information
pertaining to local trees in the GPSG sense. BINDING is used to encode non-local
information. The SEM feature captures the semantic content on the entity. Feature
structure in addition to encoding information of lexical entities as above, can also encode
information about phrase rules and other related constraints. This makes features
structures a knowledge representation language. An important feature field that is used to
describe phrase structure rules is the DTRS (daughters) feature which encodes the
daughter categories (RHS of an ID rule) that constitute a mother category (LHS of an ID
rule). The DTRS category in turn consists of a number of categories including HEAD-
DTRS (head daughters), COMP-DTRS (compliment daughters), FILLER _DTRS (filler
daughters), and CONJ-DTRS (conjunct daughters) categories. Using these SYN, SEM
and DTRS categories al the basic properties of alanguage are modelled.

Like GPSG, HPSG uses feature structures as partial functions from features to values.
Unlike GPSG, features in HPSG can encode disjunctive, implicative and negative
information [Poll87]. Another distinctive speciality of the features in HPSG is that they
can share values. Feature value sharing is used to encode the flow of information
amongst various information bearing entities like SYN and SEM features, head daughters
and the complement daughters, anaphors and their referents, entities related to one
another through agreement relations and so forth. It is the shareablity of feature values
that gives the expressive power to HPSG and other unification based formalisms [kay85,
Sag86, Shie86]. Feature structures that have this property of sharing are called as
structure sharing features. An example of a structure sharing feature structure is given in
figure 2.10. HPSG uses matrix notation to depict features.

PHON tin
HEAD [MAJ V]

SYN SUBCAT <NPI NP>
REL EAT

SEM EATER [1]
EATEN [2]

FIGURE 2.10 An FB which has structure sharing
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In the above feature structure, the two noun phrases NP ! and NP 2! in the SUBCAT
feature are shared. Consequently the value of the feature SEM | EATER is same as the
value of the first NP in the feature SYN | SUBCAT. The value of the feature SEM |
EATEN is the same as the value of the second NP in the feature SYN | SUBCAT. The
sharing of structure values is indicated by the numeras [1] and [2]. The sharing of
information is achieved through the unification [Sag'86] of the feature values.

In HPSG, verbs and other lexical items that head phrases, bear a lexical specification for
the feature SUBCAT which is category-valued. The SUBCAT feature takes as its value a
list specification corresponding to the various complements (including subjects, and NPs
within possessive phrases) that the word in question combines with in order to form a
grammatically complete (or saturated) phrasal projection such as a sentence, NP, PP or
AP. The order of elements in the SUBCAT list does not necessarily correspond to surface
order, but rather to the order of relative obliqueness, with more oblique elements
appearing later than less oblique elements (i.e. to the right). The correspondence between
the obliqueness order and the surface order of the complements is achieved through some
language specific rules/principles. PP complements are treated as more oblique than NP
objects, and NP objects are treated as more oblique than subjects. Thus the SUBCAT list
for a transitive verb contains two NPs, the left most corresponding to the object NP and
the right most corresponds to the subject. The SUBCAT list for an intransitive verb
contains exactly one NP, corresponding to the verb's subject. The SUBCAT feature a
ditransitive verb like "give" contains two NPs and one PP. For example,

sleep SUBCAT <NP>
eat SUBCAT <NP,NP>
give SUBCAT <PP(to), NP,NP>
In the above examples, the preposition of the PP is indicated aong with the PP.

The satisfaction of the SUBCAT specification replaces X-bar theory as the fundamental
principle underlying the construction of headed phrases. More precisely, the
Subcategorization Principle requires that heads combine with complements in such a way
that the SUBCAT value of a given phrase is obtained by cancelling one member from
the end of the head daughter's SUBCAT list for each complement actually appearing in
the phrase. The sub-categorization principle ensures that a simple sentence like "Rama ate
food" has a syntactic tree diagram shown in figure 2.11 (wherein all other information
other than SUBCAT has not been shown).
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V (=S)

[SUBCAT < >]
[1]NP V (=NP)
[SUBCAT <[1]>]
[SUBCAT <[1],[2]> [2INP
Rama saw Sita

FIGURE 2.11 Syntactic tree for the sentence "Rama ate food".

As in traditiona tree diagrams, each non-termina node represents a constituent of the
phrase in question with preterminas corresponding to lexical constituents. The
numerals in square brackets, as before, indicate pieces of information required to be
structure-shared  owing to some linguistic congraints, in the present instance, the
Subcategorization Principle (SCP). Thus individual lexica items may impose conditions
of various sorts on their subcategorized complements, including their subject, and these
conditions are enforced by the SCP. The SCP can be coded in feature structure, very
succinctly, as shown in figure 2.12.

SYN | LOC | SUBCAT [2]
HEAD-DTRS | SYN | LOC | SUBCAT append([l], [2])
DTRS
COMP-DTRS [1]
FIGURE 2.12 Subcategorization Principle

In figure 2.12, it may be noted that for two lists L1 and L2, the formula appcnd(LI, L2)
indicates the list obtained by concatenating the two lists in the given order. Thus the
above feature structure entails that in any sign conssting of a headed structure, the
SUBCAT value is the list obtained by removing from the SUBCAT vaue of the head
those specifications that are satisfied by one of the complement daughters. In addition the
structure sharing indicated by [1] and [2], entails that the information from each
compliment daughter is actudly unified with the corresponding subcategorization
specification on the head. Thus a sign can satisfy a subcategorization specification on



some head only if it is consistent with that specification; otherwise a unification failure
will result in violation of the Subcategorization Principle.

The information subcategorized for in HPSG is not limited to the syntactic categories
only. Each constituent in addition to having the SYN feature also has information
relevant to determining the phrase's semantic interpretation as already indicated before.
The information encoded in the SEM feature, in case of verbs and predicative adjectives,
contains their predicative structure. The contents of SEM may be viewed as a rough
analogy of G-theory's LFs, where argument positions are indicated by labelling the
semantic roles rather than positionally. The Semantics Principle and the Head Feature
Principle (HFP) ensure the identity between a lexica head and its phrasal projection.
Role assignment is achieved by making the contents of the subcategorized NPs identical
to (structure-shared with) the fillers of the corresponding roles in the contents in the verb.
In Figure 2.10 the predicative structure of the verb tin (eat) was given. The interpretation
of the SEM feature in Figure 2.10 is that (due to structure sharing) the 'eater' slot of the
tin (eat) verb is filled by the subject of the verb and the 'eaten’ dot is filled by the object
of the verb. In the case of a control verb (eg. persuade, ask, want) the content of a VP or
predicative complement is associated with an argument position in the control verb's
semantic content.

The information pertaining to the agreement features number (NUM), person (PER) and
gender (GEND) of nouns, caled INDEX in HPSG formalism, is encoded as part of the
SEM information. INDEX information is useful for referential purposes. If a NP is
referential, then any NP coindexed with it must have the same INDEX. Since the
agreement features of this nature belong to the internal structure of the indices, it follows
immediately that coindexed NPs (such as anaphors and its antecedents) necessarily bear
identical specifications for person, number and gender. By contrast CASE is treated as
part of the category, and not as part of INDEX. Thereby it follows that case concord is
not required by Coindexing.

As has been seen in the preceding paragraphs, the SUBCAT feature is essentially local in
nature. In a sense its specification is determined by lexical features and transmitted by
HFP. The information it contains does not flow beyond the maximal projection of the
lexical sign containing it. The unbounded dependencies, as explained in the previous
section on GPSG, are non-local in nature. In order to handle such long-distance
dependencies, HPSG uses the category valued feature BINDING in its SYN feature.
BINDING consists of three categories, SLASH, REL and QUE. The SLASH category
in HPSG, as in GPSG, is used to mediate the flow of information between a gap and its
filler. The REL feature transmits information about relative pronouns up to the point in



the structure where the relative clause is combined with the antecedent noun. The QUE
feature is used to ensure that information about interrogative elements is propagated up to
the interrogative clause or phrase that the element in question scopes over. To see the
SLASH feature in action, consult the figure 2.12 which gives the syntactic analysis of the
example sentence (2.8),

A movie like this, nobody ever directed,

discussed in the previous section on GPSG.

S[SLASH<>]
/\
[1INP VP[SUBCAT <>, SLASH<1>]
—/\
[2]NP VP[SUBCAT<2>,SLASH<1>]
/\
V[SUBCAT<[1],[2]>,SLASH<>] NP[SLASH<1>]
A movie like this nobody everl directed |c

FIGURE 2.13 Usage of the SLASH feature in HPSG

The HPSG is currently under development and many issues regarding adjuncts, and
guantification are not fully resolved. Handling comparatives and superlatives is also not
properly developed in HPSG. Computationally viable methods to handle co-ordinate
structures also needs to be developed. Data base access in natural language cannot do
away without handling such complexities of language usage. Hence to use HPSG theory

for developing a natural language understanding program one needs to fill in all the
above gaps.

2.3.3 Mathematical Approach

The mathematical approach to NLP is totally different from al the other approaches in
both its origin and emphasis. The epitome of this approach is Categorial Grammar. The
term 'categorial grammar' was introduced by Bar-Hillel [Barh64, pp 99] as a handy way
of grouping together some of his own and others research work [Ajdu35] towards a
particular method of linguistic analysis based on phrase structure grammar. This method
is based on type theory which Russell had introduced to fend off some foundational
problems in set theory. In this model every element of the vocabulary of a natural
language belongs to one or more categories, and each category is either a basic category
or a derived category defined in terms of simpler categories in a way which fixes the
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combinatorial properties of complex categories. Let us take the subsets A, B, C of a
semigroup M that are subject to the following three operations: .,/ and \

(i) AB ={ xyE Mlixe A Aye B}

i) A/B ={ zE Ml Vxe B, zX e A} ad

(iii)) AB ={ze M| Vxe B, x.ze A}
Then it can be seen that ,foral A,Band C c M,

(v) AB EC iff Ae C/B

(v AB EC iff BeCA

Let us relate the above to natural language. If the operator "." is considered as a
concatenation operator, then one can look at the semigroup of the freely generated words
of the language under concatenation. Sets of strings of natural language words are called
types or categories. There are two primitive categories e and t. Semantically e stands
for entities and t stands for truth values. Syntactically e stands for noun phrases (and
nouns) and t stands for sentences’. The sentence Rama sleeps has type t. Rama has type
e being a noun, then e{sleeps} must be equal to t. Therefore sSleeps has the category
t/e.

There are certain operations possible on categories to generate new categories. The
operations possible on categories are 7 ' and '\ . These operators, also called
combinators, '/ and '\' compose functions out of categories 'a and 'b' : ab and ab’
whose domain is 'b' and range is 'd. With these operators, an infinitum of such categories
including t/e, (t\e)le, ele, € (t/e), (t/e)\(t/e), (e\e)/tcsin be generated. If e is assumed to
denote a noun, t denotes a sentence, / denotes "taking an argument to the right of" and \
denotes "taking an argument to the left of, then with respect to English, t/e refers to an
intransitive verb (ie. a function which if supplied on its right with a noun (e), gives a
sentence (t)), e\t/e denotes a transitive verb®, ele refers to a pronoun and so on. A
homomorphism between the concatenation of well formed substrings (strings of the
regular expression {ef,/\}*)” and sentences of natural languages is, thus, established.

“In Russell's type theory there is only one primitive type, i.e. set

°In older categorical grammar literature these would have been written as alb and b\a

® Thisimplies that a verb is treated as a function whose domainis {ex € and rangeist. It takes two
arguments, one occuring to its right and another to its left, and gives a sentence.

" is the Kleene operator
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Using the above mapping, one can visualise how a typical sentence can be parsed. An
example is shown in figure 2.14

Rama went home

€ l[gﬂ[g €
it
1

FIGURE 2.14 Sentence analysis by CG

In figure 2.14, the function word 'went' which is of category (t\e)/e combines with the
argument word on its right, 'home, of category e to give the new category t/e. This
function t\e in turn combines with the argument word to its left, 'Rama, to yield the
category t. Thus a sentence is parsed.

It can be easily seen that certain combinations like é\e have no corresponding standard
grammatical categories. However, they do play arolein parsing, as shown in figure 2.15.

rama and ravi went home
e (e\e)e ¢ (Ne)e e
e\e
e -
e

r

FIGURE 2.15 Handling co-ordination CG

The notion of category here is very much different from the notion of categories in GB
theory, GPSG and HPSG. In this notion of category, complex and infinite categories can
be formed out of simpler categories. Only a handful of the categories in CG can be
mapped into the categories of the X-bar system (including major and minor categories),
but after that no correspondence can be seen. If residual categories of HPSG (those
categories whose SUBCAT is non-empty) are interpreted as categories, one sees a closer
link between CG and HPSG.

In the earlier paragraphs the syntactic interpretation of the categories e and t and the
operators "/" and "\" was explained. There are a few more operators such as type-raising
operators, and combinators [Stee88, Stee9l] that expand the syntactic arsenal of CG
theory. All these extra operators were invented to explain various phenomenon like
fronting of NPs, filler gap dependencies, and coordination [Stee85]. The important
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contribution of CG theory lies in its non-transformational, and non-SLASH oriented

approach to handling unbounded dependencies. The notion of a variable is totally absent
in CG theory.

Semantics in CG is handled through semantic composition schemes tailor made to each
operator. Semantic interpretations can be given to the CG operators and the categories e
and tin the same vein as it was shown in the case of GPSG theory. As operators are
applied to analyse a sentence, so are the semantic compositions applied to generate the
meaning representation of the sentence.

The main problem with CG is that due to type raising, and due to the presence of multiple
choices in combining operators, much back-tracking is needed to parse sentences
[Witt91]. The computational complexity of syntactic recognition in CG is O (n°
[Vija9l]. There does not seem to be much work done in the area of applying CG type of
analysis to non-configurational languages. Non-configurational languages like Sanskrit,
Telugu, and Japanese show a wide variation in word order, and hence would
unnecessarily entail too many type raising-ambiguities such as choosing between, to type-
raise or not, to use a combine rule or to use an apply rule and so on. Thus CG grammar
is unsuitable for analysing non-configurational languages efficiently. But, if CG grammar
is combined with the notion of unification, and samarthah theory, then this combination
can handle free-word order phenomenon better.

There are a few other variants of the mathematical approach which take an entirely
different route to the analysis of natural language syntax. They do not deal with the
semantics of natural languages. Notable among these is the use of word and category co-
occurrence probabilities gathered from textual corpora for the analysis of NL sentences
[Chur88, Mage90]. Some others have tried to formulate the problem of parsing NL
sentences as solving sets of integer equations. The approach of Bharati [Bhar90a,
Sinh88] tries to blend the karaka theory described in the first chapter with solving sets of
integer equations to parse simple sentences of Hindi. Most of these approaches have been
tried on a small scale and not enough information is provided in literature on their
suitability for analysing complex sentences such sentences with relative clauses,
coordinate clauses, and comparative complements.

2.3.4 Pragmatics Based Approach

The basic tenet of this approach is that pragmatic factors like, context, discourse
structure, intention and common knowledge between the speaker and listener are more
important than the mere syntactic knowledge of a language in comprehending the
meaning of a sentence. This approach relies more on the semantic and pragmatic contents
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of words to understand a sentence and uses syntax, if a all, in a peripheral manner. This
approach has been advocated by Artificial Intelligence researchers like Wilks [Wilk75]
and Schank [Scha75]. Their work was extended by many other workers in the later years,
without essentially altering the spirit of the approach.

Wilks's preference semantics system [Wilk75] takes an Al approach to both the syntax
and semantics of natural languages. Wilks mostly concerns himself with word sense and
structural disambiguation. To achieve this, semantics is used heavily. Wilk's preference
semantics parser [Wilk75] uses semantic primitives, formulae and templates for both the
analysis of the text and for the representation of the text after analysis.

Semantic primitives are concepts into which other more complicated concepts can be
decomposed. Typical examples of semantic primitives in Wilks' system are MAN (human
being), STUFF (substance), CAUSE (causes to happen), and THING (an entity);
qgualifiers like WELL, and MANY; and cases like SUBJ (subject of an action), OBJE
(object of an action), and INST (instrument of an action). The advantage of using
primitives is that many constraints on the well formedness of sentences can be expressed
in terms of these primitives. These constraints are the constraints that can not be
expressed through syntax.

Formulae consist of primitives enclosed in left and right brackets. They represent a word
sense. The following is a formula for the word sense of the word 'eating':

(ANl SUBJ)

((SOLID STUFF) OBJE)

(SELF IN)

((THIS (ANI (THRU PART))) TO)
(MOVE CAUSE))

This reads as "causing to move a solid object (SOLID STUFF) by an ANImate agent,
into that same agent (containment case indicated by IN, and SELF refers to the agent) via
(direction case) an aperture (THRU PART) of the agent". Formulae of this sort are
associated with every content word of the language.

Templates are sequences of formulae. They are based on the structure of the typical
messages that occur in norma texts. For example the template actor-action-object,
indicates that "some actor did some action on some object". Thus sequences, templates,
encode a possible message in the text. The purpose of a parser is to uncover such
templates in text, and from them build the overall semantic structure of the entire textual
passage. Due to this reliance on semantics, word sense disambiguation becomes easier.
For example, in the sentence
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The old man the boats.

when represented by a string of formulae, will give two sequences owing to the two
senses of the word man (verb sense and noun sense).

Theold man the boats
MAN MAN THING
MAN ACT THING

If the basic template in the syssem was MAN-ACT-THING then automatically the
second sequence would be chosen by the system, and hence the word man would be
disambiguated to its verb sense.

Templates are bound together by paraplates to form larger chunks of knowledge. These
paraplates represent the meaning of a segment of text. Common sense inferences and
reasoning are often used to guess the correct paraplate suiting a sequence of sentences or
clauses. For example, the word 'salt' may mean 'an old soldier' or' the substance Sodium
Chloride'. MAN will be the category marker for the 'an old soldier' sense of salt and
STUFF will be category for the alternate meaning 'Sodium Chloride'. By specifying
some simple common sense rules to relate templates together to form paraplates, the
number of templates attached to some textual fragment can be reduced to one. For
example, the sentence, " The old salt is damp, but the cake is still dry”, may have the
following two template sequences.

(Pl) MAN + BE + KIND and STUFF + BE + KIND
(P2) STUFF + BE + KIND and STUFF + BE + KIND

In the absence of any overriding considerations, the common sense rule that in a textual
passage topic shifts occur only at text boundary points like paragraphs and sentences, and
under the assumption that repetition of the category marker STUFF is more probable, the
second template sequence (the correct one) is chosen.

Wilks's system distinguished itself from the earlier selection-restriction based systems
[Katz63, Katz64] in two ways. Firstly in disambiguating word senses, Wilks's system
weighed the "semantic density”, or in other words, the number of satisfied preferences in
the reading of a sentence. Secondly, by viewing selectional restrictions as preferences
rather than as absolute conditions for match, Wilk's system was able to handle metaphors.
An example handled by Wilks's system was,
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My car drinks gasoline

This sentence would be rejected by Katz-Fodor-Postal [Katz63, Katz64] analysis because
of the violation of the selection restrictions, the action of drinking is performed by only
animate agents. In Wilks's system, on the other hand, while an animate agent is preferred,
the only available subject (machine) is accepted anyway so that a reading is produced for
the sentence.

The major problem with Wilks's system is that it has no checks against combinatorial
explosion. This stems from the two principles mentioned above. Firstly, the system bases
its final choice for a preferred interpretation on weighing the "semantic densities"
assigned to competing interpretations produced by the system during analysis. This
enforces a breadth first parsing strategy to be employed by the analyser, as al the
alternate parses need to be evaluated before one of them is chosen. Secondly, to cater to
the extended usage of language (like metaphor), no interpretation of any fragments
should in principle be discarded before a final decision is made, even though these
interpretations may contain semantic preference violations. As a result, the system
inevitably runs into the problem of combinatorial explosion.

An interesting contrast to this breadth-first approach is the one employed in TEAM
[Gros87] and in PROGRAMMAR [Wino72]. Winograd uses a simple strategy of
backtracking. In his own words, the way his program treated word sense ambiguity "is
not through listing all possible interpretations of a sentence, but in being intelligent in
looking for the first one, and being even more intelligent in looking for the next one if
that fails' ! [Wino72, p 22].

The other variant to the approach of Wilks is that of Conceptual Dependency (CD)
theory of Schank [Scha75]. CD theory is different from Wilks's approach due its
emphasis on "expectation and memory based parsing” of text as against "template” based
parsing. According to the CD protagonists, the pragmatic content of an entire episode or
story dictates what should be ultimately contained in the individual sentences of the story
or the episode. The purpose of a parser is to guess the pieces of the episode to which
words are pointers. From these pointers, and the episode fragments guessed, expectancy
information about remaining text and episode is generated. This expectancy and the rest
of the words in the text are matched to see the well-formedness of the sentences and
paragraphs. At a higher level, that is at the paragraph/episode/story level, expectancy is
expressed in terms of various memory resident data structures called Memory
Organization Packages (MOPs), and Thematic Abstraction Units in Memory (TAUM)s
[Dyer83]. At a lower level, that is word and sentence level, expectancy is represented
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through Frames, the knowledge representation proposed by Minsky [Minsky75]. Frames
represent the Conceptual Dependency graphs.

A CD graph is a relation between primitive objects that are either actions, states, or
noun-like "picture producers'. CD theory is based on two principles [Rich83]:

* CD representation should alow effective inference, by associating a fixed set of
inference rules with each CD primitive

* CD representations should be independent of any particular human language.
To illustrate the first principle, if given the following sentence

Rama shot an arrow with his bow.

one would like to tell from the representation that before the event took place, the arrow

was in the hands of Rama, and afterwards it was far away, whereas Rama was where he
was.

To fulfil the second principle Schank [Scha75] outlined a short list of primitive actions
and showed how to represent sentences as graphs built from these primitives. For
example, the CD primitive PTRANS, which stands for "physical transfer/translation”,
indicates motion of a physical object from one place to the other place. The various
components of the CD graph are related using the following predefined cases or "slots’

actor The initiating agent of an action
object (O) The thing affected by an action

inst (I The instrument or means of the action
from (D) The source location of action

to (D) The destination location of action

So the above sample sentence would be represented by the CD graph in figure 2.16. The
different kinds of arrows and their corresponding superscripts, indicate the above five
conceptual dependencies. The double arrow indicates the actor of the PTRANS.
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Rama <:> PTRANSS—— bow €—]
TO —>  Unknown place

to

arrow

FIGURE 2.16 A typica Conceptua Dependency diagram

This literally means " Rama physicdly transferred the arrow from his proximity to some
unknown place using his bow as an ingrument”. The graph notation is cumbersome to
use and many authors use the following frame like representation using brackets:

(CD (ACTOR  (rama)

(<=> (PTRANYS))
(ACTOR (rama))

(INST (bow))

(FROM (rama))

(TO (unknown place)))

CD graphs are not only independent of the surface form of a sentence, but also canonical.
Thus no matter how a sentence is phrased or what language is used or what words are
used, it should be represented in the same CD graph. For instance dl of the following
sentences should be represented with the same CD graph given above.

An arrow was shot by Rama from a bow
Rama launched an arrow using a bow
Rama propelled an arrow using a bow

Tty Devemod Sy oBei
r AmuDu villunuMci bANANni vadilADu

Rama shot an arrow from the bow

The canonical representation achieved through CD graphs makes CD representation
useful for machine trandation. CD graphs can be thought of as Inter Lingua. One of the
early applications of CD theory was, in fact, in machine trandation. However,
subsequent research using CD theory was amed at in-depth understanding of texts. The
first convincing demondration that rea texts covering diverse topics could be understood
automatically was by Gerdd DelJong's FRUMP program [Dego79]. FRUMP could read
and correctly understand about 10% of the stories on the UPI news wire and generate
short, one or two line summaries of them in five different languages.
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FRUMP uses data structure called Scripts for understanding texts. Scripts encode
information about what happens typically in some situation. For example the Script for
visiting a restaurant would describe what people typically do when they eat out; go to the
restaurant, order food, cook prepares food, waiter brings food, people eat food, people
pay to the waiter for the food, and finally people leave the restaurant. This script is
represented as follows,

(RESTAURANT SCRIPT
(PERSON goes to RESTAURANT)
(PERSON orders FOOD)
(COOK prepares FOOD)
(WAITER serves FOOD)
(PERSON eats FOOD)
(PERSON pays WAITER for FOOD)
(PERSON l|eaves RESTAURANT))

This script allows one to handle two difficulties in language understanding. The first is
anaphora; how can one tell what do pronouns (in a set of sentences) refer to. In the
following sentences,

Rama went into a restaurant.

He ordered idles.

The waiter served Rama hot idles.
Rama paid him 10 rupees.

The pronoun 'he' in the second sentence refers to Rama. Whereas the pronoun him in the
last sentence refers to the waiter. Resolving pronoun references is made easy due to the
presence of the script. The script tells the role played by each word in the sentences. Thus
pronouns can be related to the ‘actors' of the script easily.

The second benefit, accruing out of scripts, is that there is implicit communication and
inferencing when scripts are filled. The four sentences in the situation match the first,
second, fourth and the fifth lines of the restaurant script. Thus one can say that the food
was prepared after Rama ordered it, in response to the question "when was food
prepared?'. Similarly, it can aso be inferred that Rama ate the food in the absence of
contradicting information.

Thus using scripts one understands natural language texts in depth with out really using
expensive common sense reasoning or inferencing. The first parser based on this idea,
SAM (for Script Applier mechanism) [Scha77, Scha8l] was able to parse very complex



sentences using scripts. SAM used CPU time proportional to the number of scripts. Thus
it got slower while it got smarter.

The FRUMP system used clever data structures to index scripts and was able to process
input texts in time logarithmically proportional to the number of scripts in the data base.
A description of the FRUMP's [Dejo82] parsing strategies illustrate the basic approach
adopted by Schank's CD theory based parsers [Dyer83, Cam89]. The main feature of all
these text analysis programs is to skim the input text to determine its main themes
without examining in detail the relationships between each and every word. FRUMP was
able to successfully analyse 10% of the new stories on the UPI news wire, requiring on
an average 20 seconds per story. DeJong [Dej082] claimed that FRUMP was theoretically
capable of understanding 50% of the UPI wire. The word "successfully" should be
understood to mean that FRUMP would be able to understand the main theme.

FRUMP uses a top-down, tree-based approach to analyse input text. The resulting parser
is very fast, because it does not try to find every possible analysis of the text. Instead, the
parser always seeks to confirm a top-down expectation based on the scripts available to
the system. FRUMP splits parsing into two interacting units, the predictor and the
substantiator. The predictor uses a discrimination net [Rich83], called a Sketchy Script
Initiator Discrimination Tree (SSIDT) to propose a dot filler for a frame and the

substantiator uses inference and textual analysis to confirm or disconfirm the proposed
dot filler.

The parser scans a sentence left to right trying to find some structure building word,
typically a verb, for which it has a CD frame. Once such a cue word is found, the
predictor builds a partial conceptual dependency graph indicating the word found. Once a
partial structure is built, the top-down component directs the rest of the processing. The
next step is to locate a role filler such as actor, instrument and recipient, for the CD
frame. The predictor generates a request to fill the slot with one of a long list of suitable
dot fillers such as HUMAN, VEHICLE, and EDIBLE. Such a list is generated by
looking at all the CD frames that are potentially admissible using the cue word. For
example, if the cue word is ‘drop’, the CDs could correspond to the following senses

(1) somebody dropping an object from a height,
(2) acompany's share dropping on some share market index,
(3) somebody dropping somebody from a list

(4) somebody dropping his candidature in some election
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and so on. So a typical request filler list for the ACTOR dot of dropping could be,
HUMAN, SHARE. The request to fill the OBJECT dlot could contain the lisst HUMAN,
PHYSICAL-OBJECT, SHARE, and BODY-PART. The tree data structure, SSIDT,
contains al such lists indexed on the slot names of the CD frames. The structure of the
SSIDT can be thought of as shown in figure 2.17.

ACTIONS
ATRANS PTRANS ... MTRANS
/l\ (objects) —7~
HUMAN SHARE BODY-PART OBIJECT
(actor) (actor) (ucmr)/\ (actor)
HUMAN COMPANY HUMAN THING
non-participation  décrease- tLrow—share-in throw-away
CD frame share-price frame disgust frame frame

FIGURE 2.17 A graphical representation of the SSIDT

The SSIDT classifies the key portions of each script by its CD primitive action ACTION,
ACTOR, OBJECT and so on. A portion pertaining to the ACTOR, and OBJECT
discrimination is shown in figure 2.17. For example, if the verb is 'drop’, then the
PTRANS branch is taken. Then the predictor can determine that the object of the action
must be a HUMAN, SHARE, BODY-PART or an OBJECT. Assuming that the object is
a SHARE then the predictor has two choices for the ACTOR.

The predictor passes on the request list to the substantiator along with the slot name. The
substantiator has the onus of finding the filler satisfying the requested type of entity in
the rest of the text. Looking at the voice (active voice or passive voice) of the verb, the
substantiator looks for the filler either to the left or to the right of the cue word. Once
such a word satisfying the filler requirements is found, it is used to disambiguate the
possible CD frame to go with the two cue words. The interaction between the predictor
and the substantiator proceeds till al the slots are exhausted. Even after reaching such a
point, if still the CD frame is not uniquely identified, then the text segment is supposed to
be inherently ambiguous. For the narrow domains of usage for which many systems are
put to, the CD frames are almost always resolved uniquely.



FRUMP also has a higher level of episodic knowledge caled "issue skeletons' to connect
scripts together and to allow one script to trigger another script for further processing of
the text. In this fashion the conceptual representation grows from the kernel built from
one verb to the episodic representation of the entire text.

FRUMP uses knowledge implicit in the scripts to assist in text analysis, so that
ambiguous word senses are never even considered unless they are relevant. Thus
FRUMP circumvents much of the work needed for understanding polysemous words.
FRUMP has some limitations. Lack of a necessary script can bring FRUMP to a grinding
halt because FRUMP does not rely on generic linguistic principles for comprehension.
Unknown or Complex sentence structure can also blunt the capabilities of FRUMP.
Parsers based on CD theory tend to ignore many relationa words like adjectives,
guantifiers, determiners and quite often prepositions while processing the text. This
makes CD parsers unsuitable for data base access which depends on the content of each
such relational word. However, systems based on some form of CD theory can be used
to develop intelligent assistants for the users of complex packages/systems like Operating
Systems [Wile86] and Expert Systems

2.3.5 Connectionist Approaches

This approach is completely different from the "explicit rule formation" approaches
described so far. The major thrust of this approach is on learning natural languages. The
learning models proposed by Connectionist researchers are totally orthogona to those
proposed by linguists like Chomsky [Chom86] and Bresenen [Bres84J. The two major
differences cited with respect to learning in Rumelhart, McCelland and the PDP research
group [Rume86] are as follows:

« The goa of connectionism is not the formation of explicit rules. It is the acquisition

of connection strength which allows networks of units to act as though they new
rules.

* No powerful computational capacities are attributed to the learning mechanism.
Rather, very simple connection strength modulation mechanisms are assumed which
adjust the strength of connections between units based on locally available
information at the connections.

Waltz and Pollack [Walt85] presented a model based on the integration of independent
syntactic, semantic and contextual knowledge sources via spreading activation and lateral
inhibition links. Their work is representative of the Connectionist effort in NLP. They
considered a graph with weighted nodes and links and an iterative operation which
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recomputed each node's activation level, its weight, based on some function of its current
value and the inner product of the strengths of its links and the weights of the connected
nodes. An activation (positive) link between a pair of nodes would cause them to support
each other while an inhibition (negative) link would attempt to allow only one of the pair
to remain active at any given time. The net effect was that over severa iterations
(spreading activations), a coalition of well-connected nodes dominated, while the ones
connected to the activated nodes by inhibition links remained suppressed. This behaviour
of networks was utilized in several ways to build a parser. Nodes were used to represent
phrases like NP, VP and PP, and lexica items like cat, dog, and mat. A phrase structure
rule like S --> NP VP was represented as a graph with three nodes, S, NP and VP,
connected by two activation links, SNP, and SVP. Similarly activation links were
established between words and their different meanings, between roles and their fillers
and between the corresponding syntactic and semantic interpretations. Inhibitory links
were established between nodes representing different lexical categories such as noun,
adjective or verb, for the same word, between concept nodes representing the different
senses of the same word, and between nodes representing conflicting case role
interpretations. In short, if a node could be assigned to digunctive categories , then
inhibitory links amongst the disjunctive categories were established.

Building the activation and inhibitory links was automated. The syntactic portions of the
network were constructed by a parser modelled after Kay's parser [Kay73]. The semantic
and contextual information was permanently resident in memory. By including references
to the context in which sentences were uttered the system was able to bias its
interpretation of the sentences appropriately. The net effect of the program was that over
several iterations, a coalition of well-connected nodes dominated while the less fortunate
nodes, those that were negatively connected to the winners, were suppressed.

Waltz and Pollack [Walt85] illustrated their work with an interesting example. In the
following sentence,

John shot some bucks

the words "shot" and "bucks" are highly polysemous and belong to multiple grammatical
categories. The word "shot" could be a noun, a verb or an adjective. In the context of
shooting, "shot" could be a verb meaning fire, an adjective meaning "tired" (worn out),
or a noun meaning a bullet. In the context of Gambling, "shot" could mean "waste".
Similarly the word "bucks' also has multiples senses. Figure 2.18, depicts the various
activation and inhibitory links that can be present in the Connectionist network
representing the sentence "John shot some bucks" in the context of shooting.



SYNTACTIC

LEXICAL

(GAMBLE | CONTEXTUAL

FIGURE 2.18 Connectionist representation for the sentence "John shot some buks"

Darker lines in figure 2.18 represent higher activation levels. Activation links are shown
as complete lines and inhibitory links are shown as dashed lines. The figure shows the
network in steady state after al the iterations from an initial state are performed.

In the context of Telugu, Waltz and Pollack's work can be interpreted as follows. The
sentence " rAmuDu sitani mulaga ceTTu ekkiMcADuU" has two meanings. Rama made
Sita climb drumstick tree or Rama praised Sita, depending on the context. So, while
processing the above Telugu sentence, if the context in which this sentence occurs is
included as a reference, the system can hias itself to the proper meaning. If the context is
given as saff appraisal the system will bias itself towards the "praised’ meaning for
"mulga ceTTu ekkiMcADuU", where if the context was given to be "botanical study”, the
drumstick meaning would be taken.

The strength of the Waltz and Pollack's system is that it is a bold attempt in applying
massively parallel processing to NLP. The model succeeds by using fairly simple
mechanisms in providing an account of the semantic interpretation of the sentences. It
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needs no extraneous control mechanism: its processing is completely defined by the
principles of activation spreading and lateral inhibition which have been thoroughly
studied by psychologists [Coll75]. It requires no additional structures as working
memory or context pointers for backtracking. The constraints imposed by the sentence
are taken into account globally and simultaneously by the model in its search for an
interpretation. The model is also capable of graded responses, being able to represent
shades of meaning by varying degrees of activation of its output.

The weaknesses of the model are as follows.

* The use of "context setting” nodes such as "employee appraisal”, and "botanical
study” to bias particular word and phrase senses in order to force an appropriate
interpretation has obvious mgor problems. Many times a context setting word may
never explicitly appear earlier in a piece of text even though it may be easily inferred
by areader or hearer.

* To overcome the above problem, Waltz and Pollack [Walt85] proposed the use of
"microfeatures’ associated with each concept node of the network. Microfeatures are
features that correspond to the major distinctions humans make about situations in the
world, that is, distinctions one makes regarding needs, goals, intentions, history,
geography, topic, likes and dislikes, etc. The need to develop such a complete set of
features to give as input bias is another bottleneck in the development of
Connectionist parsers

* The Cartesian product problem in linking every word sense with every other word
sense in the system is very difficult to solve.

» A proper way to handle recursions in natural language (multiple adjectives, a
complement inside another complement, a sentence embedding another sentence etc)
was also not developed. Other mgor problems with regards to gaps, co-ordination,
guantification etc are also not well understood.

Many researchers [Berg92, Jain89] have tried to overcome the above four problems with
the findings of Waltz and Pollack. The current effort is also making it unnecessary to
explicitly assume the phrase structure, for example S-> NP VP. The Connectionist
networks, after being trained over a large number of sentences, are able to extract the
phrase structure from texts [Berg92]. It is interesting to note the similarities of current
Connectionist approaches to the akhandapaksha of Indian Linguistic theories described
in Chapter 1.
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None of the Connectionist systems developed to date compete with systems developed
using the traditional approaches. The level of syntactic and semantic complexity handled
in these systems is ill at toy application level only and cannot be presently used for
applications such as data base access. Slightly lower end applications of NLP like
information retrieval are likely to be possible with the present day Connectionist
approaches.

2.4 Conclusion

The purpose of this chapter has been to both review the NLP literature which can
probably have an impact on the processing of Telugu, and also to introduce the linguistic
paraphernalia that will be used in subsequent chapters. Many of the ideas that work well
for English and those which have relevance to Telugu have been reviewed. The strengths
and weaknesses of each approach was highlighted. As and where appropriate each
concept was explained with reference to Telugu also.

In the program TELANGANA developed by the author, ideas from many of the
approaches described in this chapter have been borrowed freely. In the subsequent
chapters, which describe TELANGANA in full detail, al the borrowed concepts used in
TELANGANA are back referred to this chapter.
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Chapter 3

Knowledge Representation in TELANGANA

3.1 Introduction

Every NLP system has to represent, use and maintain severa kinds of knowledge like lexical
knowledge, grammatical knowledge, and world knowledge, to understand natural language
sentence. Linguistically motivated NLP systems [Bres84, Chom81, Gazd85a] rely heavily
on grammatical knowledge, and to a much lesser extent on other kinds of knowledge. On the
other hand, TELANGANA, even though linguistically motivated, relies heavily on lexical
knowledge and to a lesser extent on other kinds of knowledge. This is because it is based on
the aakaamksha (expectancy) and yogyata (ability) of words. As aakaamksha and yogyata
encode word related knowledge only, and because such knowledge is best captured in the
lexicon, TELANGANA is lexicon driven. TELANGANA aso uses the notions of sannidhi
and samartha which basically specify the constraints on sentence formation. These two
concepts are the nearest counterparts in TELANGANA to the grammatical knowledge
traditionally encoded as phrase structure rules. Parsing of Telugu sentences in
TELANGANA is, thus, dependent on these concepts and their  operationalization®.
Consequently, to understand the working of the TELANGANA program and its underlying
theory of samarthah, one needs to understand and represent aakaamksha, yogyata, and
sannidhi related information.

In this chapter the representation of aakaamksha, yogyata and sannidhi is presented. The
kind of knowledge that needs to be encoded in the lexicon to represent these facets of the
words is explained with several examples. In the fifth chapter, the notion of samarthah is
formalised. A viable operationalization of samarthah is presented there and in the sixth
chapter. However, before these concepts are expounded further, to better appreciate their role
in TELANGANA, the structure of TELANGANA program itself needs to be understood
first. In the next few paragraphs the rationale for the present design and structure of
TELANGANA is presented. After that, the knowledge representation used in TELANGANA

Making atheory usshle by acomputer.
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to represent lexical and other knowledge is presented. An understanding of the knowledge
representation introduced here provides the context for understanding the scope of syntactic
and semantic analysis done by TELANGANA.

The primary goal in the design and development of TELANGANA program was to achieve
substantial coverage of Telugu sentences both at the level of syntax and semantics. From the
beginning, the development of TELANGANA was influenced by the author's desire to make
it capable of dealing with day to day Telugu as used in common news papers and journals.
Newspaper Telugu is the most commonly spoken form of Telugu. It can be viewed as a
colloquial form of graanthika (text book/literary) Telugu, and hence poses many difficult
problems for NLP.

The analyses of Telugu sentence constructions provided by TELANGANA are intended to
be as linguistically motivated and independent of the domain of discourse as possible, in
order to ensure that TELANGANA is extensible and suitable for a range of language
processing applications. Given the requirements of some of these applications, it is important
that the representation of sentence meaning produced by TELANGANA should be capable
of supporting machine reasoning. The general approach of anaysis taken in TELANGANA
is to follow the principle of compositionality whereby the literal meaning of a phrase is
obtained by combining the litera meaning of its constituent phrases. The notion of
constituency in TELANGANA is different from that in English, and is based on the notion
of aakaamksha (expectancy), yogyata (ability), and sannidhi (proximity) explained in the
first Chapter.

The designers of natural language interfaces to application programs, such as databases, face
the problem of mapping sentences in the natural language to the database specific
commands. The semantic gap is quite often so wide that it is not possible to generate the
desired end result in one step. Hence NLP researchers have found it convenient to process
the input sentences in several stages. Following this principle of "division of labour", a
modular staged design was adopted for TELANGANA in which explicit intermediate levels
of linguistic representation are used as the interface between successive stages of analysis.
The final result of such analysis is a set of fully specified logical forms that represent the
possible literal meaning (semantics) of the input sentence. In addition to the usual scientific
and engineering benefits of modularity, the above approach alows the intermediate stage
representations and outputs in TELANGANA to be useful for other applications such as
machine translation, automatic proof reading and style checking.
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3.2 Structure of TELANGANA

In TELANGANA, there are three kinds of sentence representation and four stages of
processing. Each stage of processing takes as input one kind of representation of the sentence
and produces another kind of representation as output.. The last stage produces the output to
the user. The four stages of sentence processing in TELANGANA are:

* Morphological Analysis,

e Syntactic/Semantic Analysis,
¢  Quantifier Scoping and

*  Question-Answering.

The three kinds of sentence representation are:

*  Morpheme-Sequences,
* Feature Bundles and
 Logical Form.

The various stages of processing and their inputs, and the relationship between the stages and
the different kinds of sentence representation are summarized in Figure 3.1.

The Morphological Analyser (MA) in TELANGANA uses morphological rules and a lexicon
for analysing the input sentences. The lexicon contains root words and their categories. The
MA takes as input the sentence typed in by the user, analyses morphologically each word of
the sentence, segments it into root word and suffixes and finally outputs a list of words in
the form of root word + suffixes. This morpheme sequence in the list form constitutes the
first kind of representation of the sentence. The suffixes and root words are chosen to ease
further processing of the input sentences. For example, when the input sentence

T inth H¥E Bhoet TE YHIOTHE T
rAmuDu seetaki vanaMIO cAIA puwuliccADA ?
Did Rama gave many flowers to Sitain a garden ?

is analysed morphologically, the following output is generated.
[rAma+none, seetatki, vanaM+10, cAlA, puvvutiu, iw+ADu+A]

The character strings occurring to the right of + symbols are the suffixes with which the root
words were combined in the origina sentence. The suffix "none" indicates a null suffix like
Du in rAmuDu whose presence is an idiosyncratic feature of Telugu. If instead of the word
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rAmuDu the word rAdha were present in the input sentence, then the output would have
consisted of rAdhat+none indead of rAmatnone. The word cAIA can never have a suffix,
hence no suffix is indicated for it.

_ o epilogionl K3

AV -
MORPHOLOGICAL ANALYSIS
= S~
Lexicon and Related Rules
orphemes+suffix 7 /
/
/
\V4
SYNTACTIC AND SEMANTIC|_ _ _ _\/ Semantic Composition
ANALYSIS and
| ' \
N
_ \
Intermediate Meanin N
Representation \
i Pragmatic Analysis Rules
\/ .

QUANTIFER SCOPING | ~

Ny
\
S
& 3
.m Quantifier Scoping Rules
\V4

QUESTION ANSWERING
Legend: @ B indicates that A is the input for stage B

A2 indicates that stage A uses B as a resource
FIGURE 31 TELANGANA System Diagram

The next stage of processing, the syntactic and semantic analysis, forms the heart of
TELANGANA and is crucidly dependent on the aakaamksha, yogyata and sannidhi

I6)



information encoded in the lexicon. This stage takes as input the morpheme sequence
generated by the first stage and analyses it for syntactic and semantic correctness based on
samarthah theory. The meaning of the input sentence is output by this stage in the form of
an attribute-value (feature-value) matrix like data structure commonly used in Artificia
Intelligence [Mins75] and Computational Linguistic [Gazd85a] research. One key feature of
this attribute-value matrix is structure sharing [Kay85]. Here, the unit of this intermediate
level of representation is called a Feature Bundle (FB). FBs are specified in a language
caled Meaning Representation Language (MRL) unique to TELANGANA. FBs represent
the meaning of a sentence in a variant of the situation calculus framework [Barw83]. To
generate the FB specific to a sentence, this stage makes use of the lexicon which contains
aakaaMksha and yogyata information, sannidhi (proximity) rules and pragmatics related
rules. Pragmatics related rules exploit the details specific to the domain of the database in
order to disambiguate vague combinations like noun-noun, and possessive-noun words. The
output of this stage of processing, for the above sentence, is as follows (only the important
portions of the FB are shown for pedagogical reasons)

[ aak: [],
word _loc:6,
sentype: [none,yn],
var: X0,
yog: [pos.v, isakriya, agr: [ [m,s,31,_]],
sem: [ reln: v
saMdarbham: XO,
dAta: [aak: [],
word _loc:l,
var:Xl,
yog: [ pos:n,isachuman,agr: [ [m,s,3],_]],
sem: [ reln: name,id: X2,string:rAma)],
graheeta: [aak: [],
var:X2,
word_loc:2,

yog: [pos:n,isa:human, agr: [ [f,s,3],_]],
sem: [ reln: name,id:X2,string: seeta]],
padArthaM:  [aak: [],
word_loc:5,
var:X3,
yog: [pos.n,isa:physical_object, agr: [ [n,pl,_], [indef,cnt]]],
sem: [ reln:puvvu,id:X3]],
quant: [aak: [],
word_loc:4,
var:X3,
yog: [pos.quant,isa:_,agr: [ . [indef,cnt]],
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sem: [rcIn:number,id:X3,quant:cAlA]]],
sthalam: [aak: [],

word_loc:3,

var:X4,

yog: [pos:.n,isallocation,agr: [ [n,s,J,J],
sem: [ reln:vanaM,id:X4]],

1]
FIGURE 3.2 The FB for the sentence rAmuDu seetaki vanaMIO cAlApuvvuliccADu

The above FB captures the linguistically significant literal meaning of a sentence and is
unbiased towards any specific application. The various features such as aak, yog and sem
and their corresponding values in the above FB represent different aspects of the syntax and
semantics of the example sentence. For example, in the above FB the feature "aak" has a null
value. It signifies that this sentence docs not have any unsatisfied aakaamksha. The feature
"word_loc" indicates the position of the head word of the FB? in the sentence as six. The full
significance and the generic use of various features, such as aak, yog, and sem are detailed in
the next section.

The representation of a sentence as a FB, however, is not directly useful for database
applications. Database applications follow Model-Theoretic semantics [Gall84, UIIm88, pp
78-79] and hence are deeply dependent on the use of linguistic quantifiers like "every",
"some", "many", "d' and "the". The third stage of processing is incorporated to assign
proper scopes to the quantifiers and to get the denotation of sentences in terms of the
database and other auxiliary relationships. It should be noted that FBs can be used for
translation purposes rather easily. A machine translation system, for translating Telugu
sentences into other languages can be built by stripping off the third and fourth stages of
TELANGANA and adding a suitable transfer phase as in the XTRA [Huan85] and MU
[Naga86] machine translation systems.

The third stage of processing (described in Chapter 6), quantifier scope assignment brings
out the relative significance of quantifiers in the input sentence. This phase of
TELANGANA is what makes it database specific. Prior to this stage (except for the
pragmatic rules) all the stages of processing are application neutral. The output of this stage
consists of a logical form corresponding to the input sentence. The logical form
corresponding to the example sentence is

[yn,

[past,
g (ex, X, saMdarbhaM (X),

%In the given example sentence, it is the word ivv.
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g(ex, Z, vanaM (2),
g (caala, puvvu (Y), ivv (X, rAma, seeta, Z, Y)))]]
meaning "does there exist, in past, a samdarbham (event) X and a garden (vanaM) Z, such
that for many (caala) Y such that Y is a flower (puvvu), Rama (rAma) gave Sita (seeta) Y in
Z". The symbols yn, past, ex, and cadla stand for the sentence type (yes-no), the tense of the
sentence (past), the quantifier (there exists), and the generalized quantifier caala (many)
respectively.

Typicaly the logical form related to a sentence is subsequently fed into some filters
[Boug85, Gros87] to generate a corresponding data base query. The final module of
TELANGANA, the Question Answering (QA) module, converts the queries in logical form
to the actual database oriented queries, Prolog queries here. The Prolog equivalent of the
input sentence is

number_of (X, puvvu(X), N),

number_of (Y, (puvvu(Y),ivv (rAmaseeta, vanaM, Y)),N2),

N2>=NI/2.
which asks the underlying Prolog system "if there exist two numbers N1 and N2 such that
NI is the number of flowers in the garden and N2 is the number of flowers given to seeta by
rAma, such that N2 is more than half (i.e meaning of cAIA, many) of N1". The Prolog
predicate "number_of" is predefined in the QA module.

In the ensuing sections MRL, FBs and LFs are described in detail. In the subsequent chapters
the different stages of processing are described in detail.

3.2 Meaning Representation Language (MRL)

Entries in the lexicon and the FBs are encoded in MRL. MRL is a variant of Prolog lists, and
captures the intuition behind the situation semantic characterization of knowledge
representation [Barw83]. A situation (an event or a state of affairs) is represented by a list of
features and fillers (values) written as feature:value. Features represent the type/kind or
property of a concept, whereas the filler represents the "value" of that kind/type information
or the value of the property.

For example, the information that

Rama is a six feet tall human being
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is represented as the following FB
[isachuman, name:rama, length: [ measure:6, units:feet]].

Let X stand for a concept/entity represented by the word "Rama’. Then the "isa" feature, in
the above FB, captures the kind of entity X is. The feature "name" captures the name
property of the entity X. The feature "length" captures the information about the length of
the entity X. The length information itself is represented as a FB where the feature "unit"
indicates the units of measurement of length, and the feature "measure” indicates the number
of such units that make up the length of X. This frame like representation [Mins75] allows
many types of linguistic knowledge, including lexical information, phrase structure
constraints, co-occurrence restrictions, and linear precedence to be represented easily. The
main difference between Frames and MRL is the addition of unification [Sag86] in MRL.
Unification lets linguistic constraints to be placed declaratively on the values of features.
MRL is implemented in Prolog by suitably declaring the corresponding "op" (Cloc81 ] for the
symbol ":".

The FBs convey an intermediate level of representation between the surface form of a
sentence (syntax) and its deeper internal representation, logical form, which is used here for
guestion answering. A FB cannot be a rewording or a rehashing of the original text itself,
otherwise generation of the corresponding LF would require a detailed knowledge of the
syntax of the source language and the associated parsing techniques. Further, FBs should be
compositionally generatable. That is, if in a sentence two words, X and Y, are present and
they have samartha, then the FB of X and Y put together must be a composition (either
functional or relational) of the FB of X and FB of Y. This constraint makes it
computationally plausible to generate the logical form of very complex sentences. This is the
well known compositionality  principle followed by Montague [Mont74a, Mont74b].
Montague, however, insisted on functional composition only.

Central to these constraints on the generation of the FBs is the idea that human beings can
understand both partial sentences and totally new sentences once they know the meaning of
smaller portions of the sentences. These constraints aso simplify the computational model
by localising the interaction between FBs. In Chapter 5 and 6, the methods employed in
TELANGANA for generating the FBs in an incremental fashion from the syntax of Telugu
are presented.
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3.3 Representing Lexical Information

The lexicon is the repository of word knowledge in the system. It is the most important part
of TELANGANA. The parser in TELANGANA depends on the lexicon and a few
constraints of sentence formation for analysing sentences. The lexicon contains information
regarding the syntactic properties and semantics of words in addition to the information
pertaining to their aakaamksha (desire/expectancy) and yogyata (‘ability). Words are used in
many senses in any natural language. Therefore a FB is associated with each sense of a
word in the lexicon. In TELANGANA, Telugu words are categorized in terms of their parts
of speech (pos): nouns, verbs, pronouns, quantifiers and adjectives. The FB of each category
is different. There are also some common features of the FBs, specifically, "aak", "lex",

"sem"”, "var", and "yog".

The "var" feature of an FB represents a 'rigid identifier' or a variable/token signifying the
concept represented by the FB. The "var" value is used in lieu of the actual concept much
like a pronoun used in lieu of a noun. The "word_loc" feature value gives the position of the
word in the sentence. This value is useful in assigning scopes to quantifiers (sec Chapter 7).
The "sem" feature represents the meaning of the word in a relational style. The other features

like "aak", "yog", "sentype" and "comp" are explained in detail in the ensuing sections.
3.3.1 Representing Akaamksha, Yogyata, and Sannidhi

Akaamksha (desire/expectancy) and the yogyata (ability) information is represented in FBs
using the features "aak" and "yog". For some word W, the feature "aak" in its FB typically
contains information about the yogyata (ability/nature) of the words expected to co-occur
with it in a sentence. The "aak" feature also indicates the orthographic order in which those
words should be present in the sentence. For example the verb cooD (see) has the following
(incomplete) FB associated with it in the Lexicon.
[aak: (1: [subj: (KI:hum+man),
10: (LI:loc+opt),
ni: (Ol:obj+man)]),
yog: [isaamental _natural,pos:v],
sem: [ rel: cooD, event:E,seer:Kl,seen:Ol,location:LI]

]
Capital letters are used in MRL to indicate variables of Prolog. In the above FB, the "ask"
feature has the value,

1. [subj: (KI:hum+man),



10: (LI:loc+opt),
ni: (Ol:obj+man)]

where the symbol "1" (left) indicates the surface order of the words. The symbol "1" indicates
that the yogyata words, corresponding to the three concepts K1, L1 and 01 representing a
human, a location and an object respectively, should occur to the immediate left of the
aakaamksha word (cooD in this example). Three other symbols, "r", "rl", and "n", can be
used in place of "1". The symbol "r* (right) indicates that the yogyata words should occur to
the right of the aakaamksha word. When "1" and "r" are specified, no extraneous words are
allowed to intervene in between the aakaamksha word and the yogyata words. The symbol
"rI" (remote left) is used to indicate that the yogyata words should occur to the left of the
aakaamksha word but with possible intervening non-yogyata words. The symbol "rl"* is
seldom used in TELANGANA. The symbol "n" is used to represent lack of aakaamksha.
The symbols "1", "r", "rl", and "n" represent the sannidhi (proximity) constraints.

The "sem" feature in the above frame relates the concepts K1, L1 and Ol to the 'seer’,
'location’ and the 'seen’ roles of the "seeing" event represented by the word cooD. By using
Prolog variables K1, L1 and Ol as values and due to the capability of Prolog to express
unification implicitly, the correspondence between the surface case and deep case (seer, and
seen here) is achieved. In other words, structure sharing (see section 2.2.3.5) is used to
achieve the correspondence between the surface representation and the deep representation of
a sentence. In the case of adjuncts, such a correspondence is not easily achieved. Hence
adjunction rules are utilized (Chapter 5). It is not possible to express the interaction between
verbs/nouns and their adjuncts through structure sharing alone.

The yog feature encodes yogyata (ability) information and indicates that the part of speech
(pos) of cooD is v (verb) and that cooD is a 'mental_natural' kind of event. The "isa' feature
indicates the "sort" of the entity in a sortal hierarchy/semantic net (sec Section 3.6). The
feature yog also contains agreement related information indicated through a feature by name
"agr'. In the case of verbs, the value of the "agr" feature is set when number, gender, and
person related suffixes are added to the word. In the case of nouns, such information is
present as an intrinsic property of the concept indicated by the noun.

The symbols "subj”, "10", and "ni" represent the surface case markers, postpositions, that
need to be present on the words representing K1, L1 and 01 respectively. Usualy "subj" is
realized in Telugu by a phonologically null postposition. The symbol "10" is realized by the
postposition 10. The symbol "ni" is realized by a phonologically null postposition in the case
of non-human objects and by the postposition ni in other cases.
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The symbols "man" and "opt" indicate whether the presence of the corresponding yogyata
words in a sentence is mandatory or optional. In the above example, the "+opt" in the "10"
feature of the FB indicates that a word representing the location of cooDaTaM (seeing) may
be optionally present in a sentence in which cooD occurs.

It may be observed that aakaamksha (expectancy), yogyata (ability), sannidhi (proximity)
and karaka (deep case) theory can be naturally expressed in terms of our FBs which have
structure sharing properties. Another possible way to express aakaamksha, yogyata and
sannidhi is to represent them as a system of linear equations as done in Bharati's work
[Bhar90a, Bhar90b]. This way of formalising aakaamksha, yogyata and sannidhi seems to
betray the naturalness and simplicity of these concepts and also does not follow the
traditional linguistic principles like samarthah. Bharati et a have tried their approach on
simple sentences only. The complexity of solving these equations grows rapidly as the
syntactic complexity of sentences increases. It is difficult to visualise how their approach
scales up for processing complex sentences. Thus the above presented method of formalising
aakaamksha (expectancy), yogyata (ability), sannidhi (proximity) and karaka (deep case)
theory as discrete data structures having structure sharing properties appears to be simpler,
more natural and linguistically better motivated.

3.3.2 Defining Verb related FBs

The FB of a verb consists of the standard features like "aak", "yog", "va" and "sem" as
explained above. The "var" feature of a verb represents the event or state variable, in
Davidson's [Davi67] sense, associated with the verb. In TELANGANA, the specification of
a verb's "sem" feature value, uses two special features "sthiti" (Stative) and "samdarbham”
(event). Stative verbs have a "sthiti" feature and event verbs have a "samdarbham” feature.
These features are useful in specifying the FBs of sentential modifiers like adverbs and
modals. The verb un (exist) in the sentence,

ordwth o eyt

rAmuDu hAyigA unnADu,
Rama is happy

indicates a state of affairs and hence is a 'sthiti* kind of verb. The verb cooD in the sentence,

T inth HED DBy Sraty

rAmuDu seetani ninna cooSADuU
Rama saw Sita yesterday



is a "samdarbham” verb. The "var" and "sem" features for the verbs un (exist) and cooD (see)
are given below.
[var:S,

yog: [isa:natural_nonmental _suitive, pos:v],
sem: [rel:un, sthiti:S, entity:E, state:A]]

[var:S,

yog: [isanatural_nongoal_activity,pos:v],

sem: [rel:cooD, samdarbham:S, seer:A, seen:B, location:C]]
The "isa' feature in the "yog" feature of the verb encodes the "sortal type" of the action (see
section 3.6) the word denotes. The "isa' feature captures a much finer grain of
differentiation in the types of actions denoted by verbs than is possible by the simple
Stative/active categorization. Pragmatic analysis also relies heavily on this kind of sorta
information [Dahl86].

The "agr" feature in the "yog" feature is filled at run time when a suffix indicating number,
gender and person like ADu, iMdi, AMu, Anu or Aru is added to the verb. Suffixes are
considered to be functions with root words as arguments. For example, the word cooSAmMu
(we have seen) is morphologically analysed to be cooD+Amu. Its corresponding FB, with the
added "agr" feature would be,

[var:S,

yog: [isanatural_nongoal activity,pos.v, agr: [ [_,pl,1],_1],
sem: [rel:cooD, samdarbham:S, seer:A, seen:B, location:C]]

3.3.3 Defining Noun and Pronoun related FBs

Many common nouns and proper nouns typically have their "aak" feature value set to null,
i.e aak:n: []. Relational nouns like taMDri (father), AdAyAm (income/salary), and vayassu
(age) have a more complicated structure than other nouns. They have aakaamksha
(subcategorize/ expectancy) for another noun which in a sentence should precede them
(occur to their left) immediately. For example, the underlined words (nouns) in
RAmMuDItaMDri ( Ramas father), seeta AdAyaM ( Sita's income). rAdhavinnapaM (Radha's
submission). prajalakOrika (the desire of the people), evaresT ettu (the height of Everest),
illustrate the subcategorization requirements of such nouns. The subcategorized word should
have a possessive vibhakti (case marking) on it. The possessive case marker in Telugu can be
realized at times by a phonologically null suffix. In case of Du ending words it is realized by
the suffix i. This is indicated by assigning the value "nn_i" to the feature "post" (postposition




suffix) of the subcategorized noun. The feature value "nn_i" is interpreted accordingly, as
default i, by TELANGANA. For example, the incomplete FB for taMDri is

[aak:l: [aak:n: [],var:X,post:nn_i],
var:V,

yog: [isahuman,pos:n,agr: [ [m,s,3], L.cnt]]],

sem:[reln:taMdri,id: X, of:V]]
Unlike verbs, the "agr" feature for nouns can be assigned statically at the time of generating
the lexicon. The "agr" feature contains two values which are Prolog lists. The first list refers
to the number, gender and person information. The second list helps in establishing
restrictions on the quantifiers the word can take. A typica noun like kaaru (car) has the
following agr feature structure.

agr: [ [n,s,3], [_,cnt]]

wherein the value 'cnt' indicates that only count oriented quantifiers are allowed to quantify
this word. Quantifiers can act as mass quantifiers, such as caalaa neeLiu (much water,); or
as count quantifiers, such as caalaa kaarulu (many cars); or as degree quantifiers, such as
caalaa VEDIgA (Vey hot). Accordingly, the other possible values in place of "cnt" are "mas’
and "deg". The symbol "mas' indicates that mass quantifiers are alowed, and the symbol
"deg" indicates that degree quantifiers are alowed. Certain quantifiers like caalaa are
ambiguous and by context could mean a mass, count or degree quantifier. When such

ambiguous quantifiers are used in a sentence the "agr" feature of the quantified word is used
to resolve the quantifier ambiguity.

The " " in the above "agr" feature indicates the referential nature and the mutua
combination properties of the quantifiers, determiners and adjectives alowed to be used
with the word. The other possible values in place of " " are "def, "indef" and "none". The
symbol "none" is used to indicate that definite determiners, like aa (that/those), ee
(this/these), can be used with this word. The symbol "indef is used to indicate that indefinite
guantifiers, like konni (some number of), koMta (some amount of), can be used with this
word. The symbol "def is used to indicate that definite quantifiers like anni (all), cardinal
numbers like one, and ten and ordinal numbers like okaTava (first), and aidava (fifth) can be

used to quantify the word. It also alows for the possible degenerate use of quantifiers like
anni such as
T itk ©d) Yre §TE !

rAmuDu annipoolu kOSADA!
Did Rama pluck so many flowers ?!



For most of the nouns this value is either " " or "none" indicating that either any thing is
allowed or that only definite determiners, like aa (that/those) and ee (this/these), are
alowed. The rea use of this feature becomes apparent when quantifier combinations are
dealt with in Chapter 5.

3.3.4 Defining Adjective and Quantifier related FBs

Adjectives subcategorize for a noun occurring to their right hand side, as in tella poolu
(white flowers) and pedda illu (big house). Adjectives are also predicative in nature,
meaning that their contribution to the logical form a sentence is a predicate such as
white(flower), big(house), and tall(person). Since they are predicative in nature, and can not
occur independent of the noun they qualify, it is appropriate to view them as words with
aakaamksha for nouns. The approach taken here is consistent with the one given in the first
chapter when presenting the notion of uthita-aakaamksha (aroused expectancy). Traditional
schools have maintained that nouns have uthita-aakaamksha (aroused expectancy/desire) for
the adjective and that adjectives have ordinary aakaamksha for nouns. The notion of uthita-
aakaamksha is similar to the notion of adjuncts. Adjectives are treated as adjuncts. The
contribution of adjuncts to the overall semantics of a sentence is a predicate whose one
argument is the variable representing the entity (noun or verb) they modify.

The "aak" feature of adjectives is set to subcategorize for generic nouns. The "pos' feature
is set to the value "adj". As explained above, in the case of nouns, the "agr" feature in
adjectives is used to limit their applicability. An additional feature, "attr", indicates the
attribute of the nominal that the adjective qualifies. For example, the adjective tella (white)
is capable of specifying the colour of an object (indicated by the noun) but not the size.
Only objects which have the attribute colour may take this adjective as a qualifier. Thus, for
the word tella, the FB contains attr:colour. This ensures that during pragmatic analysis
TELANGANA rejects a sentence wherein an adjective whose "attr" feature is set to "colour”
gualifies a nominal, like thought in " Sita was engrossed in white thoughts'. At the same
time the "attr" feature must be set so that a sentence like " Sita was engrossed in pleasant
thoughts" is not rejected.

The quantifiers behave very much like adjectives and hence share many features of
adjectives. However, they are different from adjectives in that they are less selective in
qualifying the nominal. In Telugu, unlike in English, quantifiers are highly polysemous. The
guantifiers like caalaa could mean many, much or very depending on the context of use, as
in caalaa kadhalu (many stories), caalaa baMgArAM (much gold) and caalaa VEDi (very
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hot). In addition, quantifiers do not relate the objects and their attributes like adjectives. To
cater to the polysemous nature of quantifiers, the "agr* and "sem" features of quantifiers are
allowed to contain digunctive values. Digunction in feature values is indicated by the "/
symbol. For example the lexical FB for caalaa is

[var:X,

yog:[pos:quant,

agr: ([ [_pl,_], [indef,ent]]/ [ [Ls_], [indef,mas]]/ [, [indef,deg]])],

sem: (number (X,caalaa)/quantity (X,caalaa)/degree (X,caalaa))]
The interpretation of the digunction is that if the quantifier caalaa is quantifying a countable
noun like poolu (flowers), then its semantics is "number (X.caalaa)". If the quantifier is used
in the sense of a degree adjective like caalaa VEDi (very hot), then its semantics is "degree
(X,caalaa)". In al these cases, the variable X is ultimately unified with the "var" variable of
the noun is qualified by the adjective/quantifier.

Quite often more than one determiner/quantifier can qualify a noun. Typical examples of
such multiple qualifiers are caalaa konni (very few), caalaa ekkuva (ot more), kAsta ekkuva
(little more), caalaa kAsta (very little), aa konni (those few), and ee kAsta (this little). Many
other combinations like konni kAsta, caalaa anni, caalaa aMta, and aa caalaa are not well
formed. The "agr" feature's second list value helps in specifying the constraints on the well
formedness of these combinations. For example the "agr" feature of koMta (some amount) is

agr: [ [_,s,], [indef,mas]]

The symbol "indef encodes the nature of this quantifier koMta in terms of is combinability
with other quantifiers. The possible values in place of "indef are 'def, "none" and "_". The
use of these feature values is explained in Chapter 5.

Regular adjectives like yerra (red), and poTTi (short) and comparative adjectives like
ekkuva (more), and takkuva (less) alow for a degree of comparison to be specified in
sentences. For example,

Tedwthy H¥¥o JH, T
rAmuDu  seetakaMTEpoTTivADu
Rama is shorter than Sita

o it H¥¥0D S¥opd Grev 5

rAmuDu seetakaMTE ekkuva poolu kOSADu
Rama plucked more flowers than Sita
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In the above sentences, due to the presence of the word kaMTE, the adjectives poTTi (short)
and ekkuva (more) alude to the notion of degrees of "shortness’ and "more-ness'.
Consequently, the first sentence is understood as "the degree of shortness of Rama is more
than the degree of shortness of Sita". In the sentence

Tranthy I8, Tt

rAmuDu poTTivADu
Rama is short

such a connotation appears to be missing. From a close look at the above sentence, it
appears as if it means " Rama is short" compared to some standard not mentioned in the
context. Hence in TELANGANA all adjectives and adverbs have an extra feature namely
"comp". The "comp" feature helps in handling the semantics of comparative sentences (as
explained later in chapter 6). It assumes the measurands of comparison to be numbers like
height in number of feet, weight in number of kilo grams, and goodness as some number of
imaginary units of measurement and specifies the relationship between those numbers. For
example, for the word ekkuva (more), the "comp" feature is assigned the vaue
[Y1rY2”ekkuva (Y,Y1,Y2)]. The variables Y, Y1, and Y2 are best explained using the
following example sentence,

T it D¥¥0D 10 BEjen S DT

rAmuDu seetakaMTE 10 lekkalu ekkuva cESADu
Rama solved 10 problems more than Sita.

With respect to the above sentence, Y refers to the number of problems solved by Rama, Yl
refers to the number of problems solved by Sita and Y 3 refers to 10.

3.3.5 Defining Adverb FBs

The FBs of adverbs look very much like FBs of adjectives. Unlike adjectives, adverbs do not
subcategorize for any thing and hence have their "agk" feature set to "n: []". The "isa"
feature of adverbs contains values like "manner”, and "time" which describe the type of
predicative adjunct the adverb forms. Adverbs, like comparative adjectives, can be an aid in
forming comparative sentences like

ordwth H¥¥0D S8 wen., o

rAmuDu seetakaMTE tvaragaa illu cErADu
Rama reached home earlier than Sita
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and hence have the appropriate "comp" feature. The FB for tvaragaa is
[aak:n: [],
var:X,
yog:[isa:manner,
pos:.adv],
comp: [Y14Y24tvaraga (X,Y1,Y2)],
sem:time_duration (X,E)]

wherein the Prolog variable E is unified with the event variable corresponding to the verb

this adverb modifies. This unification is achieved at the time of adjunct analysis while
parsing.

3.4 Representing Sentences

The FB for averb and the FB of a sentence containing that verb as the main verb are aimost
identical. The FB for a sentence contains many features (see figure 3.2) like "var", "sentype”,
and "sem", in addition to "aak" and "yog" features. Usualy the "aak" feature of a sentential
FB is null, []. If the "aak" feature of a sentence is not null, the sentence is not well formed
and is taken to be wanting some complement to fully convey its meaning. This captures the
notion of a sentence as niraakaamkshah (one without any more expectancy, Chapter 1). The
"yog" feature of a sentence is not null as sentences can have the ability to satisfy the
aakaamksha (expectancy) of other words. The "agr" feature in the "yog" feature is used to
achieve the number, person and gender agreement between the main verb of the sentence and
the subject of the sentence.

The "sentype" feature is added to the FB of a verb while parsing. The "sentype" feature
indicates the type of the sentence through two elements of a list, the first element indicates
whether the sentence is comparative or not, and the second element indicates whether the
sentence is interrogative, imperative or assertive. Interrogative sentences are further divided
into

(i) yes-no type question sentences (yn),
(i)  which/who/what/how question sentences (wh) and
(iii) how many type question sentences (whn).

The sem feature encodes the meaning of the entire sentence.



Another important feature associated with a sentential FB is the "adjun" feature. This
encodes the information about the adjuncts of the sentence. Adjuncts usually lake the value
of the "var" feature of the sentence as an argument [Davi67]. The other features that may
appear in sentential FBs are miscellaneous features like "causes', "if", "before" and "after”,
which relate one sentence to the other sentence.

3.5 Logical Form (LF)

LF mediates between the way an end user thinks about the information in a database, as
revealed in queries to the database, and the way the information can be retrieved from the
database through quires in a formal language. The LF corresponding to a sentence
represents the meaning of the sentence in a model theoretic frame work and thus helps in
database access. Generating a LF corresponding to a sentence from its FBs helps in clearly
demarking the scopes of the constituent quantifiers and thus takes the user's natural language
guery a step closer to the corresponding database access query.

In literature, several logical forms have been proposed corresponding to different levels of
coverage of English [Gros87, McCo82, Moor81, Schu84J. Frequently, some of the decisions
taken to cover a certain variety of syntactic and semantic constructs of the input natural
language become inadequate as the coverage of natural language is increased. The various
LFs proposed in literature (mostly for English) have spanned the English language subsets
ranging from simple sentences (not containing adverbials, tensed verbs, and mass terms) to
complex sentences, containing such semantically difficult things as mass terms, tense and
aspect. The LF for Telugu was developed with roughly the same coverage as for the English
in the TEAM [Gros87] system. This LF is used by the question-answering module to
generate the corresponding database query and then to query the database. In this section the
LF used in TELANGANA is explained.

The LF employed in TELANGANA is first-order logic extended by some intensional and
higher order operators, and augmented with special quantifiers for definite determiners,
comparative adjectives, and question determiners like evaru (who) and enni (how many).
The LF corresponding to a query is generated after resolving quantifier scope related issues
and by further domain dependant massaging of the FB corresponding to the query sentence.
The predicates and the terms in the LF for a particular query are derived from the
information in the FB of the query and the conceptual schema of the database.
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The LF does not contain syntactic information like part of speech, agreement, aakaamksha,
and "sentype'. However, it contains enough information necessary to extract the fina
database oriented meaning of the sentence without necessitating reconsultation of the
origina source text. The construction of the final database oriented query could frequently
involve pragmatics and recourse to the data mode (in the case of Data Bases) or world
knowledge (in the case of text understanding systems). The LF thus captures 'the intent of
the sentence in context' [Moor81]. If ambiguity is present at the sentence level, it would not
be preserved at the LF level. Different readings of the sentence should be captured through
different LFs.

In the following sections different kinds of Telugu sentences are considered and their LFs are
described. These sections make it easy to understand the input-output relations in
TELANGANA from the Morphologica andysis to the Question-Answering stages. Some
differences in sentence formation in Telugu and English are aso described to give a better
picture of Telugu syntax.

3.5.1 Nouns and Verbs

In the following, common nouns behave as predicates with one argument. For example, cat
is represented as cat (X). Proper names are represented as constants. For example, the name
rama is represented as rama. Verbs form the heart of a sentence in Telugu. A verb introduces
a predicate whose arguments are contributed by noun phrases and postposition phrases. In
the following examples, logica forms for verbs are given without noun phrases and
preposition phrases expanded. They will be dealt with in the next section.

35 068 I

siva iMTiki velLItADu
Siva goes home
go(siva, home)

Wit 82 Bt

rAmuDu seetani coocunu.
Rama sees Sita
see(rama, Sita)

Tt HeE  otdy et
rAmuDu seetaki bomma istADu.
give(rama, dita, toy).



The denotation of cAla (many) as used in the above quantified formula, is given below in a
general setting . In the following formula

q (many, X, r (X), b (X))
the quantifier, "many"”, isinterpreted as equivalent to
cardinality of { r (X) & b (X) } > cardindity of {r (X)}/ 2.

354 Stative Sentences

Stative sentences containing plural nouns form an interesting subset of sentences. Their
main predication would be "is" asin is (S, X, Y). This"is' predicate, in fact functions as a
meta-rule/meta-predicate while assigning scopes to quantifiers and expanding FBs into LFs.
The following simple sentence brings out the role of is meta-predicate clearly.

TPt od Trewth

rAmuDu maMci bAluDu.
Rama good boy.
Rama is a good boy.

The LF for the above sentence is smply,
g (ex, S, state (S), q (ex,Y, boy (Y), goodjiuman (Y)&is(S,rama,Y)))

This LF is transformed into the following due to the presence of "is' meta-predicate.
g (ex, S, state (S), boy (rama)&good human (rama))

The denotation of the above LF is simply
3X. {rama (X)& boy (X)&good human (X)}

Plural nouns occurring in nominative case in stative sentences are treated as universaly
quantified terms. However, plura nouns occurring in accusative case in stative sentences are
treated as if they are quantified by the quantifier "some".

Bo¥pen  zodaden
kukkalu  jaMtuvulu.
dogs animals,
dogs are animals.
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In the above logical forms, complications arising from tense, voice, and modalities have not
been shown. Tense and voice related information can be encoded as operators over the
predications of the verbs. For example,

etk HE R Sl

rAmuDu seetani cooSADu

Rama saw Sita

[past, see(rama, sita)]

) odwdd  SoduBd

VAli rAmunicE caMpabaDenu.

Vali was killed by Rama

[passive, kill(rama, vali)]
In ordinary Database query languages, having a separate passive predicate may not be of
much use, but in discourse understanding systems, a passive construct can trigger a change in
focus. Logical forms could be nested as follows.

Od8  E¥ew Od00 R,

seetaki kadhalu  vinaTaM ishTaM.
Sita likes to hear stories
[present, like(sita, hear (Sita, stories))]

0¥ BB Q088 BYL0H20

sta sivani  iMTiki  vellamannadi,

Sita asked siva to go home.

[past, ask(sita, siva, go(siva, home))]
Logical forms which have other LFs as arguments are known as intentional LFs. In the
domain of databases it is uncommon to have intensional LFs.

LFs, in TELANGANA, being close in spirit to first-order logic formulas, are designed so as
to highlight the scopes of the variable they contain. A LF containing a variable V is
represented as

q(quant, V, restr, body)

where quant is a universal (all), existential (ex) or generalized quantifier like cAIA (many),
konni (some), and ten. The symbol "restr" is a predicate containing V as an argument. It
indicates the restriction on the type of entity the variable V stands for. The symbol "body"
indicates the predicate that is true about V. In the subsequent sections, at some places, the
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bodies of the quantifiers are not given. It is done to indicate that the LF is in some
intermediate form and needs transformations before getting into its fina scoped form.

Variables and thus quantifiers enter into LFs either explicitly through the use of nouns (as
explained in the section 3.5.3) or implicitly as follows. Verbs in Telugu can be sthiti (state)
or samdarbham (event) oriented and describe a state of affars or an activity/event
respectively. In both cases extravariables are introduced into the LF in order to indicate the
nature of the verb. Since a variable is introduced, its quantifier also needs to be introduced.
For example, the LF of the following sentence

TP dndy  esodmiby

rAmuDu aMdagADu.
Rama is handsome

g (ex, S, sthiti (S), is (S, rama, handsome))
where, "ex" stands for the existential operator. This LF can be understood as
There exists a sthiti (state) S in which Rama is handsome.

For the following future tensed sentence,

Tty e9yo 8oty
rAmuDu annaM tiMTADu.

Rama will eat food

the LFis

[future, g (ex ,E, samdarbham (E), eat (E, rama, food))]
This LF can be read as

There will be an samdarbham (event) E of Rama eating food.

The ability of the logical form to distinguish Stative and active verbs is useful in handling
adverbs, prepositions complementing verbs and the subtle interactions between quantifiers
and prepositions. A sentence of the following kind, containing the preposition lo (into), can
refer to the event variable, to express the intent of lo .



Tt R008° wbyo Botrd

rAmuDu iMTilO annam tiMTADu.
Rama eats food at home.

g (ex, E, samdarbham (E), eat (E, rama, food) & at (E, home))

The use of the state/event variable becomes apparent if one tries to encode the following
sentence.
Tt OOS™ B0 59,68 B8 ed)0 Botri

rAmuDu iMTilO kAnee hAsTallO kanee annam tiMTADu
Rama eats food at home or in hostel.

g (ex, E, samdarbham (E), eats (E, rama, food) & or ([at (E, home), in (E, hostel)]))

In subsequent sections the event and Stative variables are not explicitly given, in order to

improve the readability of LFs. Suitable event/state variables should be assumed by the
reader.

3.5.2 Pronouns

Pronouns are replaced by their referents, if possible. Otherwise an indication, that an
unresolved pronoun is left over in the LF is placed in the argument position of the pronoun.
In the following example, the reflexive pronoun is replaced by its antecedent rAmuDu.

Trduth 8% 0858 ¥ DS SrTw

rAmuDu tana iMTIO oka puvwu co0SADu
Rama saw a flower in his house
[past, q(ex, H, house(H) & belongs(H, rama),
g(ex, E, samdarbham(E) &in(E, H),
q(ex, F, flower(F), see(E, rama, F))))]

3.5.3 Quantifiers

Quantifiers and common nouns introduce variables into LFs explicitly. In Telugu, the
equivalent of theindefinite article "a" of English, can occur both covertly as

gt T H0D  Trent
rAmuDu cAIA maMci bAluDu.
Rama very good boy.
Ramais a very good boy.



3% oE.8 ar 2T

sva CAKIET konnADu.
Siva chocolate bought.
Siva bought a chocolate.

and overtly as

8% 0¥ TELS B

siva oka CcAKIET  konnADu.
Siva one chocolate bought.
Siva bought a chocolate.

In the above sentence the word "oka" literally means one, but is used in the sense of "a". The
word "oka" in conjunction with the noun it qualifies, introduces an existential quantifier into
an LF. The value of the "sem" feature in the FB of the above sentence, after stripping out dl
syntactic information, would be
[reln:kon, samdarbham:E, karta:siva, padartham:[sem:cAkleT(X),
guant:[sem:oka(X)]l]

The above partail FB is initially converted into the following formula.
kon( q(ex, E, samdabham(E)), siva, q(ex, X, cAKIET(X)))
The above formula after undergoing scoping related transformations, yields the LF

[past, q (ex, E, sasmdarbham (E), g(ex, X, chocolate (X), buy (E, siva, X)))I

The logical form could be paraphrased as "In past, there exits an event E and a chocolate X,
such that Siva buys X". Thus Telugu quantifiers like oka, aMdaru (all) and padi (ten)
quantified variables into the LFs.

The Telugu words prati and aMdaru/anni are equivalent to the universal quantifiers "each",
"and", and "al" of English respectively. In the following sentences they are used to indicate
universal quantification.

& Ertoye” 98 iy 96058
ee koTTulO prati bomma khareedainadi.
In this shop every toy is expensive.

& B, 8¢ edy Trdger pBBND

ee koTTulO anni bommaloo khareedainavi.
In this shop all toys are expensive.

The logical form for such expressions thus, naturally involves the universal quantifier, all.
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siva anni bommaloo konnADu.
Siva bought all the toys.

[past, q (ex, E, samdarbham (E), q (all, T, toy (T), buy (S, T)))]

There are other amorphous quantifiers (/determiners) like caala (many or much) koddi,
konni, and koMta (few or some). Such quantifiers are treated as predicates with three
arguments. The second argument is typicaly caled a restriction and the third body. The
restriction captures the kind of entity which is being quantified by the determiner and the
body signifies the predicate(s), the entity is an argument of.

Froddvod  wo®E  JTLD

kontamaMdi iMTiki veLlAru.
some people went home.
[past q (some, X, people (X), go (X, Y) & home (Y))]

§°8,%008  wodE I

koddimaMdi  iMTiki wvtLIAru
A few people went home.
[past q (few, X, people (X), go (X, Y)& home (Y))]

HB%08 ROLE DLW

padimaMdi iMTiki velLlAru.
ten people went home.
[past g (ten X people (X), go (X, Y)& home (Y))]

The Question-Answering (QA) module interprets the following formula

q (few, X, r (X), b (X))

cardinality of {r (X) & b (X)} « cardinality of r (X)

Similar denotations could be ascribed to some, many and ten. A similar LF can be given for

noun phrases in objective case as well

B e %0088 DY ITHW

ravi CAIAmaMdiki biLlalu iccADu.
Ravi many people to chocolate gave.
Ravi gave chocolates to many people.
[past, g (many, X, people (X), g (some, C chocolate (C), give (ravi, C, X)))]
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The denotation of cAla (many) as used in the above quantified formula, is given below in a
general setting . In the following formula

q (many, X, r (X), b (X))
the quantifier, "many"”, isinterpreted as equivalent to
cardinality of { r (X) & b (X) } > cardindity of {r (X)}/ 2.

354 Stative Sentences

Stative sentences containing plural nouns form an interesting subset of sentences. Their
main predication would be "is" asin is (S, X, Y). This"is' predicate, in fact functions as a
meta-rule/meta-predicate while assigning scopes to quantifiers and expanding FBs into LFs.
The following simple sentence brings out the role of is meta-predicate clearly.

TPt od Trewth

rAmuDu maMci bAluDu.
Rama good boy.
Rama is a good boy.

The LF for the above sentence is smply,
g (ex, S, state (S), q (ex,Y, boy (Y), goodjiuman (Y)&is(S,rama,Y)))

This LF is transformed into the following due to the presence of "is' meta-predicate.
g (ex, S, state (S), boy (rama)&good human (rama))

The denotation of the above LF is simply
3X. {rama (X)& boy (X)&good human (X)}

Plural nouns occurring in nominative case in stative sentences are treated as universaly
quantified terms. However, plura nouns occurring in accusative case in stative sentences are
treated as if they are quantified by the quantifier "some".

Bo¥pen  zodaden
kukkalu  jaMtuvulu.
dogs animals,
dogs are animals.

96



The LF for the above sentence, after quantifier scope readjustment ("all" outscopes
"some"), becomes

q (al, X, dog (X), g (some, Y, animal (Y), is(S,X,Y)))
The above LF, after interpreting the "is' meta-rule becomes

g (al, X, dog (X), anima (X))

It is interesting to observe a minor nuance in Telugu compared to English in the formation
of Stative sentences. Stative sentences in Telugu are of two types. Those in which the Stative
verb (equivalent of "is' in English) is omitted in a sentence (as below),

Trate) 00D ety

rAmuDu maMci baaluDu
Rama good boy
Rama is a good boy

and those in which an explicit Stative verb unduta is used as below.

Tty PRI e eyt

rAmuDu phrAMsulO unnADu
Rama France-in exists
Ramais in France

In both the above cases, trandation into English necessitates the usage of is, even though
semantically both the usages are different. On the other hand, this difference in semantic
usage of "is' is accompanied by a suitable syntactic difference in Telugu. This syntactic
clue simplifies the semantic analysis of Stative sentences. It is also interesting to note that the
issmeta-rule works well for Telugu Stative sentences while it may not work satisfactorily for
English. This is borne by the following example sentence in English.

Rama. is in France

In Telugu, the above sentence would be,

TRty PRI T
rAmuDu phrAMsulO unnADu
Rama France-in exists
Ramais in France

[present-cont isin (rama, france)]
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obviating the necessity of is-meta-rule as the verb un takes care of "is'. Hence some of the
techniques used in TELANGANA for interpreting FBs are tuned to Telugu and
consequently are more efficient than those using straightforwardly borrowed LFs from
English oriented NLP literature.

3.5.5 Comparatives and Superlatives

This class of adjectives bring out an interesting difference between English and Telugu. In
Telugu a superlative is expressed as a specia case of a comparative. In Telugu, thus, one
cannot in a single word express superlatives like fastest, longest and sharpest. The way to
express "fastest” in Telugu would be to say "faster than al". In most of the logical forms for
English used by researchers [Gros87, Wood78], nobody seems to have utilized this fact. All
have used LFs of the form,

[comparative-operator predicate objectl object?] --3.1
[superlative-operator  predicate objectl] --3.2

Catering to both degrees of adjectives separately. For English the above type of superlative
LF is useful, as it captures and aso represents one fundamental ambiguity that arises in
English.

Rama ran fastest. —33
The above sentence could mean

Rama ran fastest of al the people who participated in the event. -3.4

Rama ran fastest of al events he participated in. -3.5

If there are any doubts as to the above interpretation the following extension of the above
sentence

Rama ran fastest yesterday

would set aside al the doubts. The ambiguity of this type arises because, in English, object2
is optional in superlative usages. In Telugu such an ambiguity cannot arise because in Telugu
(3.3) can not be expressed without mentioning Object2. One has to either say



TPt eott¥eds Jndvmr LonT L

rAmuDu oMdarikaM TE vEgamugA parigettADu --3.6
Rama all people than speedily ran.
Rarau ran faster than al people.

or else say

Ta0t @D Y, Eob I HeBE &

rAmuDu annisArla kaMTE vEgamugA parigettADu. --3.7
Ramu all times than speedily ran.
Ramu ran faster than dl times.

(3.6) and (3.7) being equivalent to (3.4) and (3.5) respectively.

In TELANGANA, the comparative operator scheme (3.1) is adopted. Hence the LF for the
following comparative sentence is (forgetting past tense for the time being),

TPt 8D ¥ob INdwrr H8RE K

rAmuDu ravi kaMTE vEgamugA parigettADu
Rama Ravi than speedily ran.
kaM TE(ekkuva,
XX. XN. run (g(ex, samdarbham(E)& speed(E,N)), X ), ravi', rama) —38

where kaM TE (more than) is used as specia directive for subsequent interpretation by QA
module. The interpretation of the lambda variables and the comparative operator, ekkuva,
will become clear in the sixth chapter. For the following superlative sentence, LF is

Tty eotB¥o® INdwmr HERE K
rAmuDu aMdarikaMTE vEgamugA parigettADu
Ramaall than speedily ran.
kaMTE( ekkuva,
XX. XN. run (q (ex, E, samdarbham (E)& speed(E, N)), X),
q (al, Y, people (Y)), rama’) --3.9
In (3.8), and (3.9) X-abstraction is used to indicate the LF-variables which will later be
made explicit Prolog variables while interpreting the LF. The lambda variable X gets bound
to the objectl/object2 variables. The lambda-variables N and E are arbitrary Prolog
variables. In away, by using X-abstraction, it is possible to rephrase a sentence containing a
comparative as two sentences with two actors conjoined with the comparative operator
kaMTE. The following example highlights this point,

Rama ran faster than Sita,



can be rephrased as

The fastness of running of Rama was more than the fastness of the running of
Sita.

The formula (3.9) after proper quantifier scope resolution would be equal to the following
LF,

g (ex, N, int(N)&q (ex, E, samdarbham (E)& speed(E,N), run(E,rama)),
q (al, X, people (X),
g(ex, N1, int(Nl)&q (ex, El, samdarbham (N1)& speed(EI,NI), run(El, X)),
more_than(N,NI))))
The notion of lambda-variables is not present in Prolog. However, lambda-variables can be
encoded very simply in Prolog as, X”p (X), to mean AX.p (X). This interpretation of "A" as
"X" isin the mind of the programmer, and hence care must be exercised in preserving this
meaning while using this notation.

3.5.6 Miscellaneous

Adjectives and Adverbs can be treated aike in a simple way. Adjectives modify nouns and
adverbs modify verbs, essentidly in the same way. The intent of both nouns and verbs is
captured by the corresponding simple/event/state variable. Adjectives act like predicates

over the nouns they qualify and adverbs act like operators over the verbs they modify. For
example, an adjective as below

Y9 DY

yerra ceera
Red Saree
red (X) & saree (X)

and an adverb as below modify their arguments.

Trawtn S8 St

rAmuDu tvaragA vaccADu
Rama quickly came
[past, q (ex, E, samdarbham (E), come (E, rama) & quickly (E))]

Postpositional Phrases (PP) on the other hand take two arguments. The following sentences
illustrate the typical use of PPs.
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Tk WD eTgidne”® Krad

rAmuDu seetani  udyAnamulO cooSADuU
Rama-nom Sita-acc park-in saw

[past, q (ex, E, samdarbham (E), g (ex, P, park (P), see (E, rama, sita) & in (E, P)))]

In the above sentence the PP has been used as an adjunct to the verb cooSADu (saw). PPs
can also be modifiers to nouns, as shown below.

TR TR Decd  demd

rAmuDu boksulO pullani  cooSADu

Rama-nom box-in stick-acc saw

[past,

g (ex, E, samdarbham (E),
q (ex, B, box (B),
q (ex, S, stick (S)& in (S, B), see (E, rama, 5))))]

The approaches taken by [Bhar90a, Bhar90b, Sinh88] for machine translation from one
Indian language into another, did not take into consideration quantifiers. That may be
justified on the grounds that the use of quantifiers in Indian languages are similar in nature.
Hence, quantifier scoping related issues could be glossed over. But the limits of such
similarities among Indian languages was not stated and hence one does not know after what
breadth and depth of trandation do their systems breakdown. Their approaches can benefit
from the LF given here when they expand the coverage of their translators.

3.6 Sortal Hierarchy

The notion of a sorta hierarchy is centra to the syntactic and semantic processing
capabilities of TELANGANA. Sentences, otherwise, syntactically correct may be regected
due to mismatch in the sortal type of the entities which the constituent words of the
sentence denote. The sentence

Ttk Boen Byt

rAmuDu kalalu UnnADu
Rama ate dreams

Is syntactically perfect, but semantically and pragmatically incorrect. Instead of kalalu
(dreams), if paLlu (fruits) was used, the resulting sentence would be perfectly valid. Both
kalalu and paLlu are nouns but a sentence formed using one of the words is semantically
correct and the sentence formed with the other is semantically incorrect. Hence part of
speech information alone does not help in studying the acceptability of sentences. The ability
to rgject sentences on semantic grounds, or more precisely sortal grounds, can arise only
from the ability to speak about the "sort" of entities words denote. Common sense tells us
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that the act of "eating" is associated with an edible object and not with an abstract mental
activity. Thus by associating the sortal type "mental phenomenon” with the word kalalu
(dreams) one can readily judge the above sentence as ill-formed.

The sortal types associated with the entities denoted by nouns, the actions denoted by verbs,
the qualities/attributes of entities denoted by adjectives and the attributes of actions denoted
by adverbs, should be so represented as to capture the differences and similarities between
them. Efforts to define a distinct, purely linguistic level of semantic knowledge for words
have failed [Dahl86]. There is no principled way of distinguishing knowledge of word
meaning from knowledge in general [Mill78, Fill85J. Linguistic semantics has dealt with the
magnitude and complexity of word knowledge by ignoring it [Chom&1] and computational
semantics has dealt with in ways which introduce many problems [Wilk83]. In these
approaches, either semantic knowledge has been defined as knowledge of primitives
[Wilk75] or the problem has been narrowed by domain-specificity. The view taken in
TELANGANA is that word knowledge is open-ended and is based on cognitive categories.
The content of word representation is derived from empirical data about the cognitive
structure of the categories named by the words. The meanings of words are represented in
terms of commonsense knowledge associated with the concepts indicated by words. This
allows conceptual knowledge associated with words to be viewed from multiple
perspectives.

TELANGANA uses a sortal hierarchy for representing the sortal categories of words. The
sortal hierarchy in TELANGANA is based on a psycholinguistically motivated classification
of entities [Dahl86] which was found useful for common sense reasoning. Since pragmatic
analysis frequently requires common sense reasoning for proper disambiguation of word
meanings and inter-word relationships [Dahl86j, the sortal hierarchy used in TELANGANA
follows Dahlgrens' [Dahl86] ontology of verbs and nouns.

Unlike many NLP systems [Gros87, Peri83], the sortal hierarchy in TELANGANA is based
on a cross-classification of entities. The word "party” may be classified as a social_event
type of entity in the context of the sentence,

Ramathrew a party,

whereas in the context of the following sentence it could mean a place

Rama can be found in Sita's party.
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Hence the word "party” is both a social_event and a place. The ability to cross-classify
concepts is seen as a fundamental ability of human beings [Hutt79, Trab85]. Following
psycholinguistic research TELANGANA uses a type hierarchy which permits each concept
(node) to be classified in many different ways. Figure 3.3 depicts the top level part of the
sortal hierarchy used in TELANGANA. The top most node in the hierarchy is entity. An
entity is classified in two ways, as either collective or individual and as either abstract or
real. The vertical linesin Figure 3.3 are used to signify cross-classification and angular lines
depict mutually exclusive aternate sorts.

et atural
propositional
abstract
quantity
s ocial onstationary
eal .
enfity entinent teitioniary .
ndividual - physical _| Iving
ongoedl
collectiv
o event ’
on_living ctivity
fructure accomplishment
onrelational
\ hieverment
temporal tative
elational—] ental
motional
onmental

FIGURE 3.3: A Portion of the Sortal Hierarchy used in TELANGANA

For example, using the sortal hierarchy given in Figure 3.3 one can classify many entities as
given below.

Rama real & individual & physical & natural & living &
nonstationary & selfmoving
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Stone real & individual & physical & natural & non_living &

nonstationary
village real & social & collective
secretary real & individual & sentient & social

book abstract & collective & propositional

Words are attached to the hierarchy as terminal nodes. New node names can be used to
signify certain common sortal types/categories. For example a new sortal type , "role”, may
be defined as real & individual & sentient & social. TELANGANA uses this sorta
hierarchy extensively tojudge the semantic well-formedness of sentences (see Chapter 5).

Sortal hierarchy is encoded in TELANGANA as Prolog terms as proposed by Mellish
[Mell88]. Mutually exclusive classification is encoded as different arguments of the same
term, and entities on the same path of the hierarchy are encoded as embedded terms. For
example the sort 'entity” in Figure 3.3 is encoded as entity (_, ). The sort ideal is encoded as
the Prolog term entity (abstract (ideal, , , ), ). The sortal type of "secretary” is rea &
individual & sentient & social. This sortal information is encoded as the Prolog term entity
(real (social, sentient),individual). This way of encoding cross-classificatory hierarchical
information ensures that the unification of two sorts succeeds only in case the sorts do not
violate an exclusive classification restrictions imposed by the hierarchy.

3.7 conclusion

TELANGANA program consists of four stages of sentence processing. These have been
developed in an overall architecture that could readily include inter-sentential reference
resolution and contextual disambiguation in future. The input sentence is transformed at each
stage into a form closer in semantics to the database query language. The major contribution
in this chapter is to show the possibility of representing aakaamksha and yogyata through
structure sharing data structures. This is a magjor departure from the other approaches taken
so far [Bhar90a, Sinh88] for parsing Indian languages. The details of representing
aakaamksha and yogyata using the Meaning Representation Language were presented. The
lexicon which contains the feature bundles associated with each word forms the backbone of
the parser to be described in the next two chapters.

104



Chapter 4

Morphological Analyser

4.1 Motivation

Telugu language is highly inflection and suffixation oriented. About 67%?! of the words in
written text occur as compound words. Compounding often results in elision and also
declination of some characters. Due to this and the high occurrence of compound words it is
impossible to mechanically analyse, even semi-toy size, Telugu texts without a suitable
morphological analyser (MA) and an associated lexicon or dictionary. The adoption of
foreign language words from Hindi, Sanskrit, English and other languages also creates
specia problems in the analysis of Telugu words. In this chapter, the techniques adopted in
this thesis to develop a MA for Telugu are detailed. To start with, the problems in
developing a MA for Telugu are described. Subsequently, the inadequacies of the traditional
English oriented MAs for the analysis of Telugu words are high lighted.

There are two hurdles in the development of a MA for Telugu. Firstly, at present machine
readable dictionaries or lexicons are not available for Telugu. Without a suitable lexicon
compound word analysis becomes impossible. Lack of machine readable lexicons aso
affects the lower end of NLP applications like spell checkers and sentence style checkers.
Current word processors and desktop publishing software mostly deal with the orthography
of Telugu only and can not process Telugu at any greater depth. Spell checking facilities are
not available in any of them due to the lack of machine readable Telugu dictionaries.

Secondly, the morphological rules described in traditional Telugu grammar books [Brow§l1,
Cinn51, Kris85] have been language generation oriented and hence extend little help in
morphological analysis. Generation oriented rules which describe the ways and means to
combine a root word and with its suffixes (postpositions, morphemes indicating tense,
number, gender, and person) to generate a complete word. Given a well-formed word, these
rules do not give al the possible ways of breaking the word into its constituents. Typically in
Telugu, up to 6 suffixes may be added to a root to form a simple word. These simple words

1Based on data collected ( around 2,82,000 words ) from anews paper over aperiod of 6 months.
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are combined, subject to certain constraints called saMdhi (compound word formation) rules,
to form compound words.

Spoken language and the language presently used in Telugu news papers does not strictly
adhere to traditional word generation rules [Brow81,Cinn51]. This alienates these standard
grammar books from giving a true picture of the language in use. Because of the "generation
orientation” of the rules, and because of the language in vogue which does not follow the
grammar rules very strictly, given a compound word, one cannot with 100% certainty predict
the constituent roots and the suffixes. This happens more so, because there is a many-to-one
relationship between root+suffix form of a word and its fina word form; a single word can
be analysed in different ways as roots and suffixes. For example, analysing the following
simple words aso leads to ambiguities as follows

008 = 05 + Q0B

aMdi=an(to say)+iMdi(past tense, feminine gender)

0B = @wob +
aMdi=aMd (to reach)+i(past)

D= DY + &

paLlu=pannu(tooth)+lu(plural)

D= Dol + e
paLlu=paMDu(fruit)+lu(plural)

Lack of reliable "analysis oriented" morphological rules and a machine readable lexicon have
motivated the author to study the possibility of simultaneously developing both the lexicon
and the morphological rules. This lead to the development of a novel method, described later
on, for building lexicons of root words from textual corpora.

4.2 Suffixes in TELANGANA

The word suffix is used in this thesis to refers to inflections, postpositions and markers
indicating tense, number, person and gender, comparatives, negatives, imperatives, hortative
and similar other phenomenon. The notion of suffixes used in TELANGANA is a minor
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variant of the notion used by linguists. For example the words tinnAnu, ammanu, and

coosiMdiare analysed in modern grammar books [Kris85] as
BITI= Bt @t
tinnAnu= tin+ ina+nu
e9digRy = ez e+
ammanu= amm+a+nu

Arob= Srotantd
coosiMdi= cooc+ina+di

whereas in TELANGANA they are analysed as
B M= BOtes

tinnAnu= tin+Anu
ez = edogtesd

ammanu= amm-+anu

HrooB= Sr&+z08
coosiMdi= cooD+iMdi

This minor variation can be easly removed by noting that Anu, anu and iMdi can be
rewritten as ina+nu, a+nu, inat+di. But such an approach was not taken in TELANGANA
because the purpose of ina, to indicate past tense, can be easily subsumed by Anu and iMdi
and the purpose of a, to indicate negation, can be easily subsumed by anu If this deviation in
definition of suffixes was not taken, the affect of the suffix ina on the root needs to be
calculated at the time of syntactic/semantic analysis. The suffix ina, which can either indicate
past tense or arelative clause marker leads to ambiguity in syntactic analysis. Whereas in the
present notior? of suffixes, this ambiguity is resolved at the morphology stage itself. Another
reason for the deviation is that words aDiginAru, ceppinAru whichrcontain an embedded ina
are not used in newspaper Telugu. Instead the present day news paper Telugu uses words
like aDigAru, ceppAru which do not contain an embedded ina. Similar computational and
usage considerations motivated the selection of all the suffixes in TELANGANA. Every
attempt was made to be close in spirit to linguistically accepted suffixes. The deviations in
TELANGANA only affect the performance of the system, and could have been easily hidden
within the syntactic/semantic analyser's functionality. This was not done, in order to give a
true picture of the morphological processing. For similar reasons a few deviations in the base
form of verbs was also assumed.

Before understanding the details of the morphological analysis agorithm used in
TELANGANA, it is necessary to understand why the traditional models used for
morphological analysis of English are not suitable for analysing Telugu morphology.



4.3 Inadequacy of Older Models

Koskenniemi's "two-level model" (TLM) of morphology  which modelled Finnish
morphology as a finite state automata has been the subject of great attention. It has been
used for a variety of languages like English [Dalr87, Kosk83], Japanese [Sasa83], and
Romanian [Khan831. The two level approach defines a correspondence between the
morphemic level? (ML) of the word plus its suffixes and the phonemic level® (PL) as it
appears when written. Typical examples of ML and PL in English are

ML PL
go+s goes
dieting dying
index+s indices

A single two-level rule defines the correspondences between the ML and PL of a complex
word under certain local contextual conditions. These contextual conditions essentially
describe the preceding and succeeding characters that should be present in the lexical form
and the inflection, for the rule to apply. For example the following "I-to-Y rule" deals with
English "ing" suffixation and can be used to analyse the word "dying" as "die+ing" .

iy e:e +:e i

In the above rule, the symbols occurring on the left hand side of the colon symbol, ":", are
symbols that occur in the morphemic level of a word, and the symbols occurring on the right
hand side of colon symbol are the symbols that occur at phonemic level. The symbol ¢
refers to phonological null.

The above rule is implemented by a finite-state machine with two scanning heads that move
together along the morphemic and phonemic level strings. The machine starts out in state 1
and moves forward by changing state, based on its current state and the pair of characters it
is scanning. If the finite-state machine ends in a fina state after accepting al the characters
of the input string, then the correspondence between the ML and PL of the word is accepted,

2 Also known aslexica leve
3 Also known as surface leve



otherwise an error is indicated. All the rules in the morphological analyser are compiled into
finite state machines (FSMs), and when aword is analysed, al the FSMs are used in parallel.

The dictionary component of TLM contains all the root words and the allowed continuation
suffixes for each root word. Each root word of the dictionary corresponds to some fina state
in a transition network. All the root words in the dictionary are compiled into this transition
network. This finite state network and the FSMs are used in tandem to analyse a word.

Popular as it may be, the TLM does not help in modelling the Telugu morphology
succinctly. The TLM based rules when applied to Telugu lead to problems of perspicuity.
The number of rules tend to be too large. The rules thus lack cognitive economy. The
fundamental and unsaid assumption in the two level model is that the correspondence
between the morphemic and phonemic levels of representation of words is highly local.
This is not true with Telugu. For example, consider the verb tagul (to hit or touch) when
conjoined with the morpheme am (3rd person, plural ) gives tagalaru.

tagalaru (PL)
tagul+aru (ML)

This means that in two-level rules [Dalr87] , the above phenomenon can be expressed as
ua l:l +:€aa -4.1

Even though the above rule can correctly analyse many words likepagaladu - pagul + adu,
migalaru =migul + aru, ragalavu = ragul+avuy, it fails to analyse words like,

tagalagalaru (PL)
For the above word, rule (1) would output
tagalakha r u (ML)
whereas the correct analysis should be
tagalagal ataru (ML)

(note: tagalagala = tagul+gala). This has happened because rule 4.1 should not be applied
in the presence of a preceding gal in the word. In principle this problem of rule 1 can be
aleviate by appending g:g a:a I:l :a:a toitsleft and making it.
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ggaall :aawual:l +:¢aa --4.2

Many more examples of the above kind can be given to prove the non-local phenomenon in
Telugu morphology. Even though these non local kind of problems can be circumvented by
positing extra context into the two-level rules as above, the number of such extra-contexts
tends to be so large that it raises serious questions about the validity of using two-level
morphology model for Telugu. In English, both the number of suffixes and number of times
they can be applied over a single root are very small. Whereas in Telugu, many more
suffixes can be attached to morphemes to generate long non-compound words from simple
morphemes. Due to al the above considerations, the author believes that TLM is not suitable
for Telugu. In addition, there are some constraints on the successive application of the
suffixes on the root morpheme. These constraints are typically like the Linear Precedence
rules in GPSG [Gazd85a] but applicable at morphological levels. These can not be modelled
in the TLM formalism.

From a practical point of view also there is a problem. The TLM assumes the availability of
adictionary of root words along with possible continuation suffixes and does not work with
open-ended domains. While developing TELANGANA the author did not have such a
lexicon. This made it difficult to use TLM. The standard TLM algorithms need
modifications to suit dictionary-less operation.

From a psychological point of view also, TLM has a problem. Native Telugu speakers when
confronted with a new word can guess reasonably well the likely root of the word, whereas
TLM cannot do so as the root of the word would not be found in the lexicon.

In view of all the above, the MA was developed from scratch and was designed so as to work
both with and without a lexicon. The author started without a lexicon and built one
automatically using the morphological rules developed during the course of this study. In the
rest of the Chapter the rule formalism and the methods devised by the author to build the
lexicon from the declarative rules are described. These rules can be compiled into multiple
finite state automata or interpreted by a program depending on ones requirements.

4.4 Rule Formalism

A good rule formalism for morphological analysis of Telugu should have at least three
features,

(1) the ability to group suffixes and their applicability preconditions,
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(2) afacility to express multiple analysis, and
(3) the ability to express the valid sequences of suffixes.

MA tries to achieve dl these.

Some common suffixes and the constraints on their order of appearance is depicted
graphically as a transition network in Figure 4.1. This figure portrays a small portion of the
transition network for recognizing verbal suffixes. The network for the full set of suffixes
analysed by MA would be extremely complex and difficult to depict.
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FIGURE 4.1 Precedence relations amongst some verbal suffixes

Given a root word, one can add to it only those suffixes which are encountered while
travelling the network left to right following the arrow heads. If an arrow is present on some
path, one is not allowed to travel on its opposite direction. The symbol "a" is used to
indicate that to travel via the box containing the suffix "kAdu" the paths marked by "a" may
only be taken. To generate new words from root words one should travel the network left to
right. To analyse a given word, one should travel the network right to left after reversing the
arrows. To see the capability of this network, one can take the example of the verb koTT
(beat). A few of the large number of words which can be generated using this network are,

koTTADU beat (past tense) koTT+ADU
kOTTiMcADu caused to beat koTT+iMc+ADu
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koTTiMcabaDDADu was caused to be beaten koTT+iMC+baD+ADu

koTTistAru will cause to beat koTT+ iMc+t+Aru
koTTistunnAru are causing to beat koTT+iMc+tun+Aru
koTTiMpabaDutunnAru are being caused to koTT+iMc+baD+
be beaten tun+Aru
koTTiMCabaDutunnArA are being caused koTT+IMc+baD+tun+
cused to be beaten ? arut+A
koTTinaTlE equivalent to beating koTT+ina+aTlu+E
koTTiMcinaTlukAdu not equivalent to causing koTT+iMc+ina+aTlu+
to beat kAdu
koTTiMcabaDinaTIuEKAdA is it not equivalent to kott+iMc+baD+ina+
causing to be beaten? aTlu+kAdu+A
koTTabaDakanE even without being beaten  koTT+baD+aka+E
koTTArE oh! (they) have beaten koTT+aru+E
koTTarA do (they) not beat? koTT+aru+A

MA can currently deal with about 200 suffixes. The precedence relations amongst them form
a very complicated transition network. For the sake of simplicity such a complex network
was simplified without losing much discriminating power by grouping the suffixes into six
levels. The level numbers reflect the linear precedence relations amongst the suffixes. The
grouping into six levels is somewhat crude in the sense that it can analyse al correct word
formations but cannot regject some specific and highly improbable illegal combinations of
suffixes. If the purpose of morphological analysis was spell-checking then one can easily
modify MA to incorporate al the additional levels in rules. For database access purposcs
such an exhaustive approach need not be taken.

The assignment of the these levels to suffixes was done by first implementing a version of
the MA without using these levels. Using this version of the MA, the author analysed a large
textual corpus to identify all the legal combinations of suffixes. The textual corpus consisted
of about 2600 news paper articles collected by the author from a popular Telugu news paper
for this purpose. Using MA over the words in the textual corpus a large list of all suffix
combinations was generated. From this list, the actual precedence relations amongst the
suffixes was determined. This trick saved the author the trouble of hand tuning the levels. As
some words were wrongly analysed due to lack of level information in the morphological
rules, the precedence relations got as above were prone to errors. All such errors were
removed manually. These levels are very useful to reject false analyses, especially when the



lexicon grows large and unexpected analyses crop up due to the abundance of short root
words in Telugu.

A rule consists of a Left Hand Side (LHS), a middie pat (MP) and a Right Hand Side
(RHS). The syntax of theruleis,

{xI>x2,Lvll,LvI2;} -catl/cat2-

{yl>[y2(cat3),Lvl3];}C.

where

e x1, x2, yl, y2 are arbitrary strings of alphabets, like Aru, iMdi and tO. They may aso
contain special symbols like @, + , - which are described later on.

e Lvll,Lvl2,LvI3 are numbers ranging from O to 5. Lvll is input level. After an application
of the rule, either LvI2 ( by default) or LvI3 would be the output level.

» catl, cat2 and cat3 are syntactic category symbols like n, v, postp, and adj. catl is the input
category. Either cat2 (by default) or cat3 would be the output category. cat2 is optional.
If absent, is taken to be same as catl.

» C indicates the type of continuation after a rule is used. It could be "?' meaning, search
lexicon immediately, ">" meaning proceed to next rule, "-" meaning fall the rule and do
not invoke any other rule, and finally "." meaning accept suffix in the rule without
looking into lexicon,

o "[" and "]" symbols indicates alternate morphemes, corresponding to the same phonemic
substring,

» {} are meta symbols to indicate more than one occurrence of the LHS and RHS patterns,
and are used only to explain the rule syntax.

The symbols xI, x2, yl and y2 are strings of characters. The string xl is typically a suffix
like Aru, iMdi, iMc, ki, ni or valana. It could also be a partial suffix like ru, and mu, which
are really parts of larger suffixes, aru and amu respectively. Alternately it could be an
extended suffix like "uni" instead of the accusative suffix "ni". The string x2 is a replacement
string and is emitted as output suffix in lieu of x|. For example when the LHS of a rule
contains "uni>ni" , it means that the real suffix isni but due to the word formation it appears
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to be uni. Hence while outputting the analysis of the word ranayuni and bAluni, the suffix
ni is output instead of "uni" as tanayuDu+ni and bAluDu+nirespectively.

The string "y1" is called the context of the suffix x1. What it means is, if the word to be
analyzed contains yl as its right most characters after removing the string xI from it then x1
Is realy a suffix. The string y2 gives the replacement string for yl, just as x2 is a
replacement string for xI. The strings y2 and x2 together give an idea of the elided/modified
characters due to word formation. The following rule, is an example of this elision. The rule

mu>amu,5,3 -v- kO>kon,3;.

can be used to analyse words like rAsukOmu and teesukOmu, wherein two characters (n and
a) are elided. By just using the above rule, the two words can be analyzed by MA as
rAsukon+amu and teesukon+amu respectively.

The special symbol "@" when is used in xI, x2, yl and y2 is treated as a place holder for a
wild character. Two occurrences of @ should represent the same wild character. This symbol
can be used for checking for the presence of non-null strings, or double occurrence of some
consonant. For example , the following rule can be used to analyse Aru ending words. In the
analysis of the words navvAru (laughed) and navAru (a piece of cloth), the following kind
of rule helps in blocking the Aru string in navAru from being analysed as a suffix.

Aru5,4 -v- a@ @>a@ @ ,();-.

The other special symbol used is "+", which helps in outputting more than one suffix in one
step. A "-" symbol is used to indicate to MA not to output xI or x2 as output suffix and use
y2 as suffix instead. The symbol "#" is used to indicate the beginning of a root word. When
analysing the word like cEsiddAM, rAsiddAM, ASddAM, aDigiddAm the following rule can
give its analysis in one step.

iIddAM>#ivv+Amu,5,5 -v- ASSASIMc+t+Amu-,$>si,5;@>@i,5;.

The above rule analyses cESiIddAM as cEsi+#iw+Amu. Further rules would analyse cEs to
CEy+i. Similarly, the words rAsiddAM, aDigidaaM, ASddAM will be analysed into

rAy+#w+Amu, aDigi+#ivw+Amu and ASMc+t+Amu.  Subsequent analysis would reduce
aDigi to aDug+i.

4.4.1 Developing the Morphological Rules
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Developing the morphological rules for Telugu is a significant task, as there are over 200
sufixes in Telugu. The manner in which each one of these rules behaves is different. Many
rules tend to have a common behaviour over a range of combinations. To identify such
combinations and delimit the applicabilty of the rules to such combinations only is the main
task in developing the rules. The morphological rules used in this thesis were developed with
ad of the of the textual corpus. For example the string "Aru" occurred 9502 times in the
textual corpus in the suffix position of words. The morphological rules of TELANGANA
were generated using these word lists for each suffix. The most frequent occurrences of the
suffix, Aru, are given along with their frequency in the Figure 4.2.

Figure 4.2 brings out many interesting cases of Aru ending words which do not really
contain Aru as suffix. For example the words, occurring in decreasing order of frequency,
VAru (they), sumAru (approximately), Aru (six), baMgAru (made of gold), tayaru (ready),
mOTAru (motor), kharAru (definite) have an Aru ending, but none of them arc verbs. These
words are exceptions and must be handled in the rule set carefully. Without the help of the
corpus and these word lists, it would have been very difficult to find exceptions to proposed
rules. Standard text books do not give such exceptions while discussing word generation
using the Aru suffix, because these are not words formed by conjoing Aru to any verb. Just
as exceptions are easily brought out, so are regularities also brought out using the word lists.
The current rules in TELANGANA are highly tuned to the textual corpus and perform well
on this corpus. The corpus being at present relatively small, only four million bytes in size
and also being gathered from a single source may not be adequate for a thorough analysis of
unconstrained Telugu. However, the rules developed so far in TELANGANA far out scope
the requirements for database access.



1662 telipAru

1225 annAru

887 ceppAru

732 cESAru

673 VAru

534 kOrAru

328 pErkonnAru
308 vivariMcAru
202 ArOpiMcAru
169 vimarSiMcAru
168 sumAru

162 pAlgonnAru
156 cEstunnAru
118 kOrutunnAru
102 soociMcAru
101 prasaMgiMcAru
100iccAru

79 nirvahiMcAru
79 Aru

78 vyaktaMcESAru
69 hAjarayyAru
67 unnAru

61 vApOyAru

50 vahiMcAru

49 jaripAru

49 aMTunnAru

44 praSniMcAru
43 mATIADA ru
42 vApOtunnAru
40 teliyg ESAru

39 aMdg ESAru

38 baMgAru

38 abhiprAyapaDDAru
37 vellaDiMcAru
35 ennikayyAru

34 bhAvistunnAru

33 AdESIMCcAru

32 uMdannAru

30 samarpiMcAru
28 vyAkhyAniMcAru
28 vaccAru

28 khaMDiMcAru
28 guravutunnAru
27 cheppAru

26 paDutunnAru

25 |[EdannAru

24 nirvahistunnAru
23 edurkoM TunnAru
21 vESAru

21 poMdAru

21 ErpATucESAru
20 vimarSistunnAru
20 ArOpistunnAru
19 viJapticESAru
18jarupukunnAru
18 cEstAru

18 abhinaMdiMcAru
16 veLlAru

14 velibuccAru

14 tayAru

14 niyamitulayyAru
14 mOTAru
14jaripiMcAru
13teesukunnAru

13 taraliMcAru

13 kharAru
13cEyiMcAru

13 ceMdinavAru

13 ayyAru
13aMdiMcAru

12 vyaktaparicAru
12uMcAru

12 saMmAniMcAru
12 chESAru

11 teliyacESAru

11 SivAru

10 UMTAruU

10 peTTAru

10 pAripOyAru

10 nirvahistAru
10koniyADAru

9 udbhOdiMcAru

9 tAru

9 spashTaMcESAru
9 niyamiMcAru
9istAru

9 cEsAru

9 cErukunnAru

9 baMDAru

9 aresTUCESAru

8 vyaktaM cEstunnAru
8 vidhiMcAru

8 VicCESAru

8 peMcAru

8 KETAyiMcAru

8 jaruputunnAru

8 digAru

8 cinnakAru

8 CESAmannAru

8 ceMdAru

7 samAdhAnamiccAru
7 sAgistunnAru

7 prAraMbhistAru
7 pATiMcAru

7 panicESAru

7 oorEgiMcAru

6 rAjAdaraNapoMdAru

Figure 4.2 List of Aru ending words from Text corpus (edited list)

Standard text books like [Kris85] were also used to the extent possible to decrease the amount of
work needed to formulate the rules for the rare suffixes. Many suffixes, like Amu, amu were not
found in the corpus. Rules for such suffixes were extrapolated from books and from already
formulated rules corresponding to similar suffixes.

Some excerpts from typical morphological rules used in TELANGANA are given below.
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ru>aru,5,3;du>adu,5,3; -v- kO>kon,3;uMDa>un,3;

iMca>iMc,1;a>NULL,0;>. --3.3
Aru,5,4; Ayi,5,3; -v- As>Ay,0;unn>un,4;nn>n,4;. -3.4
kon,3,2;kun,3,2 -v- lusu>liy,0;su>y,0;u>NULL,0;. --3.5

Using the above rules on can analyse words which are derived from the root word rAy (write).
rAsukonnAru = rAy+kon+Aru(write past, lural, beneficiary)
rAsukonaru = rAy+kon+aru (not write past, plural, beneficiary)
rAsukOru = rAy+kon+aru (not write past, plural)
rAyaru = rAy+aru (not write past, plural)
rAsAru = rAy+Aru( write past, plura)

To illustrate the use of the rules, the first word rAsukonnAru be taken. The word rAsukonnAru
is first analysed by using rule 3. None of the context strings of rule 3 match the word remaining
after stripping out ru from rAsukonnAru. The continuation of the rule being ">", the next rule is
tried. One of the context strings in this rule matches the word. So, the suffix Aru is removed
reducing the input word to rAsukon. This word is further reduced by rule 5 to rAy. At this stage
the word is not further reducible using the above three rules. The above rules are meant for
analysing verbs only. Similar rules exist for analysing nouns also.

The continuation part of the RHS of a rule indicates the action to be taken, depending on
whether the rule succeeds or fails. By placing more specific rules first and less spccific later,
one can gain good control over the order the rules can be applied. Currently there are 91
morphological rules in MA. These rules capture the important generalizations in Telugu
morphology, due to the grouping nature of the rules. If these rules were to be re-written as two-
level morphological rules, the equivalent two-level rules may number close to 600 rules.

Even though TLM is not well suited for describing Telugu morphology, the computational
model it assumes, that of cascaded finite-state-automata, is useful for efficient analysis of words.
The morphological rules of MA can be readily compiled [Bart87] into such finite-state-machinea
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(FSMs). However, the existence of any such FSM is not a pre-requisite for the use of the
morphological rulesin MA.

4.5 The Morphological Analysis Algorithm

The morphological analyser starts at level 5 when begins to examine a word. It takes the
syntactic tag of the word to he undefined. Using the above rules, a word is first analysed right-
to-left. Once a proper suffix is found, it is removed with due modifications to word boundaries
(as captured in the RHS part of the rule). The tag information in the rule is unified with the tag
information passed on to the rule at the time of invoking the rule. A mismatch in tag information
leads to failure of the rule. If tags match, the new level is taken from the rule. With this new
level number and new tag, the analysis continues as before. When level 0 is reached, the
remaining character string, supposed to be a root word, is looked up in the lexicon, if lexicon
mode of analysis is activated. Otherwise the word is returned as the guessed root word. The finer
details of this suffix analysis are given below in a procedura form. The symbols, x1, x2, yl,
y3, Lvll, Lvl2, and LvI3 used in describing the suffix analysis procedures below, Check_Suftix
and Check_Context, mean the same as the ones described in the rule template earlier.

Procedure Check_Suffix(WORD, LVL,TAG);

STEPL: If LVL isequal to O, then return NO; else Create a choice point for backtracking.
Set the variable DONE=NO-SUCCESS.

STEP2: Checkup if any suffix at level LVL is present in the input word WORD by scanning
(or by state transition in some FSM) WORD right-to-left. If a suffix is present as
desired by some morphological rule, MR, and if TAG matches catl of that
rule, then reassign WORD = WORD - suffix.

STEP3: Checkup by calling Check_Context(WORD,LVL,TAG) if WORD contains the
context string, if any, required by MR. Take further action as per STEP 4 or STEPS.

STEP4. If acontext string is present as required by MR, and the length of WORD is more
than 3, then replace the context string yl by y2 in WORD and add x2 of the MR to
WORD. Assign LVL =1vI3 of MR and TAG= cat3 of MR, and DONE=SUCCESS.
Goto STEP2.



STEPS5: If no context string is present as per MR rule, that is the return code of the
procedure Check Context is NO-SUCCESS, then

(2) if the continuation is "?" then if LVL is not O, look up the dictionary by calling
Lookup_Dict(WORD,TAG) else call Check_suffix(WORD,LVL,TAG). Return  the
code Lookup_Dict or Check_Suffix procedures to the caller of this procedure.

(2) if the continuation is ">" undo all assignments up to last backtrack point and go to
STEP2.

(3) if the continuation is ".", then return to the caller of Check_Suffix the value of
DONE as return-value of the proc  edure Check _Suffix and LVL=IvI2, TAG=cat2.

Procedure Check Context(WORD,MR,LVL,TAG).
STEP1: Create a choice point for backtracking.

STEP2: Checkup if a suitable context string, y 1, as required MR is present in the input word

WORD by  scanning (or by state transition in some FSM) WORD right-to-left. While
checking up for y1, do special processing for "@" characters. If a context string is
not present return to the caller NO-SUCCESS.

STEP3: If acontext string, yl, is present, then replace the y1 substring of the word WORD by
the string y2. That is, reassign WORD = WORD - context string yl+ y2.

STEP4: If a cat3 string is present in the MR rule, then

(1) if cat3 starts with "?" and is some string like "?xyz", then if LVL is 0, look up the
dictionary by calling Lookup_Dict(WORD,xyz) else cal Check_Suffix(WORD, LVL,
TAG) with LVL=Ivi3 and TAG=xyz. Return the code returned by the above called
Lookup_Dict or Check_Suffix procedures to the caller of this procedure.

(2) if cat3 does not start with "?" or if it is not present then assign LVL=1Ivl3, and TAG=
cat3 if cat3 is present else assign TAG=cat2. Return SUCCESS.
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The procedure Lookup_Dict implements two important functions of the analysis. One is it
simply looks up a lexicon to see if the given word is present in it. If not present directly,
Lookup_Dict tries to break the input word according to saMdhi (compound word formation)
rules and see if the right hand side constituent is a root word. For example the word
rAjAdaraNapoMdAru, taken from Figure 4.2, when analyzed by the Check_Suffix procedure
yields rAjAdaraNapoMd+Aru. The word rAjAdaraNapoMd is a compound word and needs
further analysis.

Compound words cannot be analysed without the aid of the lexicon. In the case of compound
words, the initial suffixes are removed as above. The remaining word and al its right-most
substrings (length of the string - 1 substrings) are  looked up in the lexicon moving the left
boundary of the remaining word left-to-right. This ensures that words which are longer get
preference over shorter words when word splitting is done. Once a word is found in the lexicon,
the compound word is broken up at this point following compound forming rules of Telugu.
The rules used in TELANGANA, at present, are capable of analysing the following kinds of
word formations.

He goddo= B8 + eoddo

gatyaMtaraM= gati+aMtaraM where i+a has become ya.
EroBd=¥rr + L6

kadhAsarita = kadha + sarita, where a+ Vowel has become AVowel.
Trtdn= orr t+ et

rAjAdaraNa= rAja + AdaraNa, where a+A has become A.

TEhE 0= TE + ey, 0

vADadrushTaM= vADi + adrushTaM where i+a has become a.

DymoTYth= Dyzey + Tt

prajalannAru= prajalu + annAru where u+a has become a.

Ty, SETR0= el + esdgio

asTAvadhAnaM= ashTa + avadhAnaM where a+a has become A.

B0gghTglo= Bupg + edTgho

mukhOpanyAsaM= mukhya + upanyAsaM where a+u has become O.
These rules again can be represented as regular morphological rules. However this has not
been done. These rules are treated as meta-rules and are invoked only for compound word
analysis. If these rules are used for suffix removal, they can lead to gross over generation of
invalid patterns. Hence these rules are used as meta-rules, which can be applied only when
compound word breaking is being attempted. These rules are few in number but highly context-
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frec. They are tried one after the other in a backtracking fashion. Compound word analysis, thus,
requires enormous amount of backtracking, as no compound formation rule is deterministic. The

following procedure further explains the compound word analysis and lexicon look up procedure
Lookup_Dict.

Procedure Lookup_Dict(WORD,TAG).

STEP1I: If length of the word is less than three characters, do a quick look in a memory
resident table containing words which are only one or two characters long. If the
lexicon mode is not set, goto STEPS.

STEP2: If length of WORD is less than 5 characters, then look up in lexicon directly. If WORD
is present in lexicon, return to caller SUCCESS, else goto to STEP3.

STEPS: Set apointer, P, to the beginning of the word - 1.

STEP4: Increment P by one. If P points to beyond WORD'S last character, return to caller
NO-SUCCESS. At any time, P conceptually breaks WORD into aleft part (LP) and a
right part (RP).

STEPS: Check if RP, is present in the lexicon. If so, realy break WORD at this point, into a
left part(LP) and right part.

STEP6: Then look for further analysis of LP by calling Check_Suffix(LP,5,UNKNOWN)
procedure. If Check Suffix returns SUCCESS, then return SUCCESS to the caller of
Lookup_Dict, else goto STEP7.

STEP7: Change the first character of RP and the last character of LP suitably in accordance
with saMdhi (compound word formation rule of Telugu) rules. Try al saMdhi
possibilities. If al possibilities are exhausted goto STEP 4. If some saMdhi rule is
applicable, break WORD according to that saMdhi rules into LP and RP.

Goto STEP6.

STEPS: If the lexicon mode is not set, return SUCCESS to the caller.



To achieve compound word analysis, one requires a lexicon/dictionary. However when this work
was started, no such dictionary was available. A "boot strapping” like approach was used to
generate the lexicon, as explained in the next section.

4.6 Generating the Lexicon

The author ran morphological rules over the textual corpus of 282,000 words with dictionary
look up option switched off. The rule application system extracted from each word the
constituent root word to the extent possible. Lack of the lexicon, meant compound words got
their right most words analysed and the other embedded ssimple words in the compound word
were left intact. About 9,000 words out of the 282,000 remained un-analysed any further at this
stage as they did not have any suffixes. The semi-root words extracted were about 34,500 in
number. These semi-root words were used as a lexicon to analyse the same corpus of words,
this time setting the lexicon enable switch on. This ensures that if a compound word contained
some simple words that were present in the textual corpus as simple words only, then the
compound word got totally analysed. At this stage the compound analysis portion of the rule
execution system was modified a little bit so that while it scanned a word left-to-right to find the
sub-strings of the word in the dictionary, it skips the first character from the word. This ensured
that the entire word did not show up as the root word again!. Words were thus analysed as far as
possible before being considered not found in the dictionary. After going through this step, about
4,500 words were still left unanalysed. These words either contained words that never occurred
any where else in the corpus, or had some spelling mistakes. In addition, the rules, when used in
dictionary-less mode, tend to be more conservative, and hence also some words would have been
left unanalysed. From the rest of the words that were analysed the roots were extracted again.
Surprisingly this strategy worked out very well, and the root words guessed from the corpus now
reduced to about 24,100 words. This meant that the process was converging towards the root
words. Further using the same strategy once again, the root words decreased to about 19,200.
Further reduction was not possible thereafter. These were the best possible guesses that could be
made without using a standard lexicon.

On acareful examination of the words, it was found that many words were minor variants of the
others. This happened because the newly generated lexicon was unreliable to start with and the
rules conservative. Hence some filter programs were developed, to judge the similarity between
words, based on their endings, tag information, and the suffixes immediately following them in
the text. Once two words were judged to be sufficiently similar, they were queried for final
confirmation. Development of the filter was based on a trial and error process, but did not
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warrant significant effort. After using the filter, the number of words reduced to about 11,000.
Using these root words the entire corpus was analysed again along with the words that were
left unanalysed previously. Not many of them could be analysed as most of them contained
spelling mistakes or were a single occurrence a word. These single occurrences were aso
included into the lexicon, making it alittle more than 11,600 words in total.

The lexicon contains the root words, the suffixes they go with, and the most probable syntactic
category the word belongs to. The category information is mostly correct but often tends to be
more general than necessary. For example, some element is tagged as a noun when it could be an
adjective, as it is very difficult to differentiate an adjective from a noun through our rules.
Adjectives and adverbs do not take suffixes but participate heavily in compound words. Hence
adjectives are mistaken as nouns. A test to see whether a word always occurs with no suffixes
in the corpus helped disambiguate many adjectives and adverbs. However, for some words the
frequency of occurrence was so low that, it was not wise to use these heuristics. Larger corpuscs
would probably circumvent this problem. Finally, some amount of manual intervention was
required to fine tune the category information. It may be noted that the numbers given above are
indicative of the convergence rate and obviously would change, once one starts redoing the
exercise with a larger textual corpus. However the order of magnitude of effort involved in
generating the lexicon would remain the same.

The lexicon developed in this fashion gives the part of speech information at most. But that is
not adequate for further syntactic/semantic analysis. For the further analysis one needs
aakaamksha (expectancy) and yogyata (ability) information as described in Chapter 3. This kind
of information was gathered for a few verbs from the textual corpus by constructing
concordances for selected words. Software was developed to generate such concordance
information. Figure 4.4 gives the concordance for the various variants of the root word kOr
(desire/want) from a small portion of the corpus.

LINENUMBER KEY-WORD
kOraaru (29) <-- number of occurances
10 /aa adhikaarini kOraaru./maddoor manDalaM|O
25 DAKTar venkaTayya kOraaru./daaniki yam-el-e-
44 cEyaalani adhyaxuDu kOraaruikareeMnagar, phibravari
151 aMdaroo kRUshi cEyaalani kOraaru./urdoo bhaashagoppatanaanni
321 amalu cEyaalsiMdani  kQOraaru./graamaallO bhoomiSistu
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431 vaaru kalekTarunu/  kOraaru./graameeNa jeevitaM
681 kreeDaa samaakhya vaaru/  kOraaruV mahaboobnagar,

703 paalgonaalani /aayana kOraaru./vanaparti, phibravari
757 vaaru  KkOraaru./prati saMvatsaraM
760 cEyiMcaalani vaaru kOraaru./maM;jillO vyaktula

831 /TyaaMku nirmiMcaalani kOraaru./gata panneMDu saMvatsaraal ugaa
915 502001 pErapaMpaaani  kOraaru./lakDeekaapool,

1049 cEyaalani aayana kOraaru./aadilaabaad, phibravari
1055 adhikaarini aayana kOraaruV aadilaabaad, phibravari
1262 sooryakumaar /reDDi  kOraaru./taatkaalikaM gaanainaa
1364 sarpaMc eM.gaMgaareDDi  kOraaru./deeMtO emmelyE
1444 ayyElaa cooDaalani kOraaruVdESaMIO ruNabhaaraM
1507 peMcAlani veMkaTrAmulu kOraaru./kirOsinnu hOIsEl

1594 aagyanal  kOraaru./caMDooru, phibravari
1612  kRUshicEyaalani aayana kOraaru./kaaMgrespaarTee

1617 pi-gOvardhanreDDi  kOraaru./cilukooru, phibravari
1630 tODpaDaalani aayana/  kOraaruVvidyaaayaalE dEvaalayaalugaa
1632 raavaalani /aayana  kOraaru./paaThaSaalalu kula,
1640 eM-aaro./seetayya  kOraaru./sabhaku adhyaxata

1645 samakoorcaalani /aayana kOraaru./japhargaD, phibravari
1847 /pravESapeTTaadlani vaaru kOraaru./aaMdhrapradES pratyEka
1852 cEyaalani vaaru  kOraaruV prabhutvaaniki

1855 roopoMdiMcaalani vaaru kOraaru./tamaku kaneesa

1920 cEpaTTaalani /aayana kOraaru./bhaareepariSramala

kOraDaMtO Q)

1269 gaDuvu ivvavalasiMdigaa kOraDaMtO /aameni pillalanuMdE
kOragaa Q)

509 Sree bixaMnu vivaraNa  kOragaa naagaarjunasaagarl O
kOranunnaTlu (1)

528  SreejanaardanreDDini /  kOranunnaTlu ceppaaru./es-el-bi-si
kOrg (1)

1351 paarTee xEmaM kOrE E kaaryakarta/kooDaa
kOrinaMduna (1)

1054 cEyaalani prabhutvaM kOrinaMduna, iMkaa /jaapyaM
kOrindi (@)

268 kreeDalakamiTee kOrindi./vivEknagar, phibravari
kOrutoo (2

205 amalu paracaalani  kOrutoo budhavaaraMnaaDu

422 parishkariMcaalani/ ~ kOrutoo sOmavaaraMnaaDu
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kOrutu Q)
516 SaaMti vardillaalani kOrutu sOmavaaraMnaaDu

kOrutunnaaru (9)

64 tolagiMcaalani vaaru  kOrutunnaaru./saM gaareDDi,
413  teesukOvaalani prajalu kOrutunnaaru./nijaayiteegala
739 maarcaalani /sthaanikulu kOrutunnaaruV prastutaM
991 paluvuru vidyaarthulu  kOrutunnaaru./iMDOr kreeDalaku

1231 cEyaalani paluvuru  kOrutunnaaru./kalvakurti,

1264 aMdiMcaalani, paluvuru kOrutunnaaru./ee paMjaabu

1687 jillaa kalekTarnu kOrutunnaaru./idilaauM Dagaa

1719 badilcc cEyaalani kOrutunnaaru./jaipoor maMDalaM!1Oni
1831 sarpaMculu kOrutunnaaruA haanaapuraM,

FIGURE 4.3 Concordance for the word kOr.

From the concordance information aakaamksha (expectancy) and yogyata (ability) information
can be manually constructed. This being a very laborious process, it was attempted for a very
few verbs which were thought to be important for database access. In fact for these few verbs,
aakaamksha (expectancy) and yogyata (ability) can easily generated even without using
concordance data. But it was done to provide a platfform for future enhancements to
TELANGANA. The concordance software also lends some generality to the information
provided in the Feature Bundles (Chapter 3) of the verbs currently understood by
TELANGANA. In any case to generate FBs of al the verbs in the lexicon, some automatic
methods need to be developed. Currently such methods are not available in literature.

4.7 Conclusion

In this Chapter a method for analysing compound words in Telugu texts was described. The
method relies on novel declarative style morphological rules to analyse the words. These rules
capture the linear precedence conditions of the suffixes and are hence more powerful than simple
morphological rules employed for analysis of English. These rules can work with or without the
help of a lexicon. However, the accuracy of anaysis improves with the presence of a lexicon.
Initially the declarative rules of morphology in TELANGANA were used to analyse a large
Telugu textual corpus without the help of a lexicon. The words analysed in this way, were used



for further morphological analysis as an initial approximation to the root words. Using this kind
of an iterative methodology a lexicon for Telugu was developed. This lexicon, at present,
contains only the syntactic category information. To the best knowledge of the author, this is the
first Morphological Analyser for Telugu with such an extensive coverage of the language. The

lexicon developed by the author is probably the first machine readable lexicon for Telugu,
generated by automatic methods.
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Chapter 5
Syntactic and Semantic Analysis

5.1 Introduction

To understand natural language queries two hurdles have to be overcome. The first one
is the morphological hurdle and the second one is the syntactic and semantic hurdle. In
chapter 4, the methods used in this thesis to overcome morphological hurdles were
described. This chapter details how the syntactic and semantic hurdles are overcome. The
morphological anayser (MA) of TELANGANA breaks the words of the input sentence
into root words and suffixes, and passes them, in the form a list, to the next stage of
processing. The syntactic/semantic analyser (SSA) component of TELANGANA takes
this list as input, parses it and generates a feature bundle(FB) representing the meaning of
the input sentence as output. Samarthah theory was used as the basis for developing the
SSA component of TELANGANA. SSA forms the heart of TELANGANA.

In chapter one, samarthah theory was presented as described in the traditional
philosophical schools of India. The way samarthah is described in those schools leads to
some problems in interpretation [Maha84] and aso leaves some assumptions implicit.
The first purpose of this chapter is to present the notion of samarthah more formaly and
explicitly. This formalization of the notion of samarthah suggests a novel way for
parsing Telugu sentences, caled functional application parsing (FAP) in this thesis. The
link between samarthah theory and FAP is explored subsequently. After that, the details
of parsing simple Telugu sentences using FAP are presented in the rest of the chapter. As
a prelude to the description of SSA, the notion of samarthah and how it leads to the
parsing technique FAP, is explained in the next section.

5.2 Making computational sense of samarthah

In chapter three, the notions of aakaamksha (expectancy/desire) and yogyata (ability)
were formalised. From that formalization, it was seen that they could be represented as
FBs with structure sharing capabilities. A FB, encapsulating the aakaamksha
(expectancy), yogyata (ability) and some other related information, is associated with
every word of the language. Certain feature-value pairs of the FB represent the
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aakaamksha (expectancy) aspect of the word and certain other feature-value pairs of the
FB represent the yogyata (ability) aspect of the word. Once aakaamksha and yogyata are
formalised, then samarthah can also be formalised. Samarthah is said to be present
between two words X and W, under the following conditions

(i) If the aakaamksha of one of the two words is satisfied by the yogyata of the other
word, X and W occur in the right word order and if the interaction between X and
W, computed by the functional application (to be explained soon) of one over the
other, leads to some simple word, compound word or a word conglomerate Z, that is
in yogyata (ability) or aakaamksha (expectancy) relation to the rest of the words in
the sentence, then X and W are said to be 'equi-meaning' (samarthah).

(i) If the two words X and W do not have the necessary mutual aakaamksha-yogyata
relationship as above, but have yogyata with respect to some other aakaamksha word
Y in the sentence, then also samarthah is said to be present between X and W.

If neither of the above defining conditions hold, then the two words will not be
samarthah and hence can neither participate in the formation of a compound-word nor be
part of a single sentence.

The first of the samarthah conditions takes care of PP and compound word formations.
For example, the words rAjAnah and purushah in Sanskrit can normally give rise to the
compound word rAjAnahpurushah as given below.

iy PO T ko edIgs
rAmasya bhAryA rAjAnahpurshaM apasyat
Rama's wife saw the kings man

On the other hand, the same two words, rAjAnah and purushah, appearing in the same
word order, cannot participate in the formation of a compound word in the following
much guoted Sanskrit example sentence [Maha84, pp 16]

TOg Temse i BI8E LS
bhAryA rAjAnah purushO devadattasya
The wife of the king and the man of Devadatta

In the above sentence, due to lack of aakaamkshafyogyata relationship between the
compound word rAjAnahpurushO with any other word in the sentence, the words
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rAjAnah and purushah are not samarthah. Hence the compound word, rAjAnahpurushah,

should not be used in the above sentence. Whenever any two words (or morphemes) have
aakaamksha/yogyata relationship, their sannidhi (proximity) can potentialy lead to a
new single word or a compound word. The derived new word and its FB, should be
either ayogyata or an aakaamksha type of aword with respect to the rest of the words in
the sentence, otherwise the words in question will not be samarthah and hence cannot
form a combined word. Thus samarthah dictates the formation of words and sentences.

The expression "word conglomerate” was used in the definition of samarthah, above, to
signify that even if words are not compoundable, samarthah can exist between them
owing to their yogyata/aakaamksha relationship with respect to the other words in the
sentence. Words in a noun phrase conjunction are typica examples of word
conglomerates. For example, in the following Sanskrit sentence

ST TOBT RS EMBSE Hordh
mAmakAh pAMDavAscaiva kimakuravat saMjaya
What did my sons and Pandavas do Sanjaya?

the words mAmakAh and pAMDavAscaiva form a word conglomerate. These two words

are samarthah as they form a co-ordinate postpostion phrase that is in yogyata relation to
the verb kri (do).

The second constraint in the definition of samarthah entails that complement and adjunct
words have samarthah. This takes care of the samarthah amongst the postpostion phrases
in the following Sanskrit sentence [Maha84, pp33-34].

ST Yrdrd h % Tgdrah T8y zeo edohd
rAmah koopAt hastEna shyAmAya pAtrejalaM Anayati

Rama fetches for Shyama water in a pot by hand from a well

Thus definition of samarthah given above through the conditions (i) and (ii) captures the

full purport of samarthah propounded in Panini's Ashtaadhyaayi (AST) [Josh68,
Maha84].

In the Telugu sentence given below

T dnth HED ¥ DY TS S
rAmuDu seetani oka cinna pArkulO cooSADu
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Rama saw sitain a small park

by taking recourse to the constraint (i) in the definition of samarthah, one can observe
that samarthah exists between

rAmuDu and cooDaTaM,
seeta and cooDaTaM,
(oka cinna pArk) and cooDaTaM,

due to the match between aakaamksha of cooDaTaM and the yogyata of rAmuDu, sita,
pArk . Also there is samarthah between

oka and cinna,
oka andpArk

owing to the match between the aakaamksha of pArk and the yogyata of oka, and
cinna. In addition to the above sets of samarthah, by the second part of the definition,
samarthah exists between

raamuDu and seeta
seeta and pArk

On the other hand, even though the words seetani and oka, and oka and cinna occur
adjacent to one another there is no samarthah between them.

Just as there is samarthah relationship between different words of a sentence, there is
also samarthah at a micro-level between the various root words like seeta, pArk, cooD
and their suffixes ni, 10 and ADu. The samarthah between root words and their suffixes
constrains the kind of suffixes that can go with root words.

At this stage some observations need to be made. If instead of the word cooSADu, the
word cooSAru, were used in the above sentence, there would have been no samarthah
between rAmuDu and cooDaTaM, and hence the sentence would have been
ungrammatical. This observation entails that samarthah encompasses agreement
constraints also. The second crucial observation is that, the difference between the given
words, cooSAru and cooSADu, is only due to the difference in their suffixes. This means
that suffixes do contribute significantly to the formation of samarthah relation between
words. They do so by changing the aakaamksha and yogyata of words. That is, suffixes
act as functions over the FBs corresponding to the root words. They take a FB as an
argument and generate another FB as output. So suffixes can be viewed as functions
whose domain and range is FBs.
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The other important observation is that the condition (i) of samarthah is very close to the
Subcategorization Principle (SCP) of HPSG (section 2.3.2.5) as far as complements are
concerned. HPSG at present deals with complements only and has not yet developed
enough theory to handle adjuncts [Poll87, pp158]. Hence condition (i) which also
encompasses adjuncts cannot be fully modelled using the SCP of HPSG (see chapter 2).
The problem is that the contribution made to the semantics by adjuncts is not easily
expressed through structure sharing alone. This makes it very difficult to express
declaratively the semantic contribution of adjuncts. Hence in the rest of the chapter a
rather procedural approach is taken in explicating the samarthah between words and
sentences in various situations. The second condition of samarthah does not have any,
even, near equivalents in HPSG. The second condition entails compound word formation
from complement and adjunct words.

Now the question is, how does one utilise the notion of samarthah, defined as above, to
develop a parser for a natural language? The key idea is to extend the observation made
earlier regarding viewing suffixes as functions. If the different words of the sentence
which have aakaamksha be viewed as functions over the other words of the sentence
having matching yogyata and sannidhi (proximity), then it would be possible to generate
a parsing mechanism centred around these functional applications. Just as the functional
application of a suffix change the FB of its argument root word, the functional
application of the word with aakaamksha to the words with matching yogyata, would
bring about the necessary changes in aakaamksha and yogyata of the interacting words.
These changed aakaamksha would alow sentence, and aso compound sentence
formation. The parser would have to simulate these functional applications to unravel the
semantic content the sentence. Since the parser simulates the functional applications
rather than analysing the phrase structure of the sentences, FAP is a novel approach to
parsing.

This enterprise of "functional viewing" is tenable only if, in the first place, one is able
to conceive of sentences as generated from functional applications. The example in the
next section explains how sentences can be generated from functional applications. Once
that is done, then parsing can be viewed as applying the FB of one word to the FBs of
other words, ultimately culminating in the FB of the full sentence. These functional
applications should necessarily be constrained by samarthah.



5.3 Viewing sentence generation as functional application

The idea of functional applications can be best explained using an example. Let us look
at how complex sentences are generated from the functional application of connective
words like "and", "but", and "or" over simpler sentences. For example, conjunctive
sentences, are formed by the functional application of mariyu (and) on simple sentences
(with one verb). The function word mariyu (and) takes as arguments the two sentences
(x1y w) and (x2y w) and generates a new conjunctive sentence as below,

x1 mariyu x2y w' —51

where w' is a word derived from w possessing the suitable agreement features to match
xI and x2. A more concrete example is given below. To convey the meaning of the
following two sentences simultaneously,

T dnth T BAMKT)
rAmuDu paarkulO tirugutunnADu, --5.2
Rama is roaming in the park

and

H¥ By 0° BEMKS8
seeta parkulO tirugutunnadi. --5.3

Seeta is roaming in the park

one would use the compound sentence

Tink SBcky ¥ TRt BLMHHTIH
rAmuDu mariyu seeta paarkulO tirugutunnaaru --54

Rama and Seeta are roaming in the park.

The above compound sentence can be thought of a generated from the following
functiona application of the mariyu over the two sentences 5.2 and 5.3

mariyu ( rAmuDu paarkul O tirugutunnADu, --5.5
seeta paarkul O tirugutunnadi)

The functiona application, due to the nature of the function mariyu, generates the
sentence 5.4 according to the rule template 5.1.



After viewing complex sentences as above, one can then extend the functional
application to the formation of simple sentences and to the constituent words in turn. A
word is formed by the functional application of the suffixes over the root word.
Postpositions, affixes, verbs, adjectives, adverbs and function words like,

L8050 Yoo o)
mariyu (and), kaMTE (than), kAnee for)

act as functions over their arguments manifested in the form of other sentences, nouns,
adjectives, and verbs. Consider further the same sentence 5.4 and its functional form 5.5,
but now, with the constituent words morphologically analysed as below.

Trawter doBolr DYt BhthdT
rAmuDu mariyu seeta paarkulO  tirugutunnaaru
rAmuDu+€ mariyu seetu+€  paarku+lQO tirug+tun+Aru —56

rama+nom-+conj and seetathom+conj park+loc roam-+tense+png
Rama and Seeta are roaming in the park

mariyu ( rAmuDu+E paarku+10 tirug+tun+ADu,
seetatE  paarku+10 tirug+tun+adi)

In the above sentence 5.6, e stands for phonemic null character and "png" stands for
person-number-gender. Considering only the first sentence,

rAmuDu+¢ paarku+10 tirug+tun+ADu,

one can view it as being generated from the following functional applications,
(ADu (tun (tirug))) (e (rAmuDu), 1O (paarku))

The above functional form implies that the tense affix tun fa function) is first applied to
the verb tirug, to give some intermediate function word (tirugutun). Here it may be
noted that the results of the functiona application include the morphological changes that
accompany the word formation, like the inclusion of the letter u in between tirug and tun
in the word tirugutun. The intermediate function word tirugutun can be considered to be
the mnemonic for the function tun (tirug). The FB corresponding to tirugutun is also
generated in a similar vein by applying the function tun over the FB of tirug. To
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continue, the png (person-number-gender) affix ADu (a function again) is applied to the
above intermediate function word (tirugutun), leading to yet another function word
(tirugutunnADu). The functional representation of which is ADU (tun (zirug)). This
function is applied to the arguments resulting from the application of the case functions
eand IO to rAmuDu and paarku respectively. Thus the complete functional
representation of the sample sentence is

mariyu ( (ADu (tun (tirug))) (e (rAmuDu), 10 (paarku))
(adi (tun (tirug))) (e (seeta), 10 (paarku)) )

The above functional form is responsible for generating the sentence S1. Therefore it
may be seen that every sentence is generated from and has an internal functional form
unique to it. Alternately, every sentence is generated duc to certain functional
applications between its constituent words.

From a mathematical point of view, the notion of functional application given here, in
effect, is similar to the functional application in 'anguages like the A—calculus, and the
Lambek calculus [Vanb87]. The notion of unification is not used in those systems.
Whereas here, the notion of functional application rests totally on unification and
structure sharing. Functional application here affects both the syntactic and semantic
structures associated with words. Whereas in Lambek Calculus functional application is
used only to model semantics. The concept of sannidhi (proximity) is similar to the
adjacency requirements needed to be met for functiona composition to be possible in
Categorial Grammars [Vanb87, Stee88].

5.4 Functional Application Parsing

The idea of ‘functional application parsing’ (FAP) used in TELANGANA originated
from the close relationship that exists between samarthah theory and sentence formation
through functional applications. To analyse the syntax/semantics of sentences, FAP tries
to mimic the functional applications that occur during sentence formation.

FAP deals with FBs. The details of how the FB structure of a simple sentence is
analysed by FAP, as derived from the FBs of its constituent words through functional
applications, is given in the ensuing example. The way aword, X, acts as a function over
the other words in proximity (sannidhi) largely depends on the syntactic and semantic
classification of the word, X, and its neighbours in the sentence. As aready noted, the
various inflections and suffixes on words are treated as functions. For example, the word
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rAmuDu is formed by applying the function corresponding to the null suffix g to the FB
corresponding to rAmuDu. Similarly the ‘iMc¢' suffix in the word ‘ceppiMcADu’
(cepp=tell, iMc= caused to, ADu= 3rd person singular), is a function that takes the
feature bundlie (FB) related to cepp as argument and produces a FB related to ‘ceppiMc’.
This functional application is responsible for modifying the aakaamksha of cepp so as to
subcategorize for a PP with the suffix cE, instead of a PP with the suffix ni which cepp
does. The 'ADU' ending in turn takes up the resulting FB and produces a new FB
corresponding to 'ceppiMcADU'. When a partial sentence like

o¥3 BLYOT
seetacE ceppiMcADu
Sita-by was made tell
(Some man) made Sita tell

is considered, the FB of the word 'ceppiMcADU' is applied to the FB of seeta+cE
(where A+B means, apply B to A) giving rise to a new FB whose semantic content
would be "Some man made Sita tell something”. In this way, the FB of an entire sentence
can also be formed. Let us take the following full sentence, as an example.

Tdth 083 Lred StovoTth
raamuDu seetacE  poolani kOiMcADu

raamuDu+E seeta+tcE puwu+lu+ni  kOy+iMc+ADu
raamuDu-nom seeta-dat flower+png+acc pluck+made+png
Rama made Sita pluck some flowers

The verb kOy (pluck) has aakaamksha (expectancy) for an animate independent agent in
nominative case, and an inanimate’ object in accusative case. More formally the
aakaamksha of kOy is (substantially simplified for pedagogical reasons)

aak: [nom:X:animate, ni:Y :inanimate] --5.7

The expression in 5.7 is part of aFB that is associated with the word kOy. Note how the
information regarding nominative/accusative cases, their corresponding surface
realisation, and the information regarding animate/inanimate objects are encoded in 5.7.

IThe sorts, animate and inanimate, should be understood as short forms of the actual complete sortal
formulae given in Chapter 3.
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In the above formula, 5.7, the symbols in capital letters, X and Y, are variables or place
holders to capture the semantics of yogyata elements that are going to satisfy this
aakaamksha.

The suffix IMc acts as a function on the aakaamksha of the verb kOy and generates a
new aakaamksha,

aak: [nom:X:animate, cE:Y :animate,ni:Z:inanimate] --5.8

It may be noted that in this FB fragment, surface case markers have changed
significantly. The suffix png, in turn acts on 5.8 to give

[aak: [nom:X:animate, CE:Y :animate,ni:Z:inanimate]
agr: [m,s,3] | -5.9

In the above FB fragment, the additional information regarding agreement features is
present. The yogyata of raama, seeta and puvvu are respectively,

yog: [ isaR:animate], yog: [isaS.animate], and yog: [isa:P:inanimate]
The postfix lu applied to puwu gives,

yog: [isa:P:inanimate,agr: [f,pl,3]]
The postfixes, e, cE and ni, when applied to raama, seeta and puvvu+lu,give

yog: [isaR:animate,agr: [m,s,3],post:nom], yog: fisa:S:animate,post:cE],

and
yog: [isaP:inanimate, agr: [f,pl,3],post:ni] --5.10

Finally when 5.9 is applied to 5.10, the resulting aakaamksha of &l the words put
together becomes aak: []. Since the resulting aakaamksha is null, the sentence is
accepted.

In brief, this is how TELANGANA parses sentences and builds the associated FB
structures. The FB structures hold both the functional and the semantic structures of a
sentence. Functional application parsing  extracts the functiona form and the
corresponding FB structure of a given sentence, from its surface representation as a
sequence of words.



It should be noted that samarthah, aakaamksha and yogyata have been used in
TELANGANA as constraints on sentence formation. They do not drive the analysis
process as was done in the expectancy based parsers of Schank's conceptua dependency
theory [Scha75]. The notion of head driven parsing as used in the HPSG parsers is also
not used in TELANGANA. In HPSG parsers the head word is located first and then the
complements are linked to the head words [Prou85]. The parsing mechanisms in
TELANGANA were developed to be close in spirit to AST. In AST the notion of heads
does not appear and consequently all grammatical entities are of equal status. Hence
parsing has to be done using a system that has no concept of hierarchy either structural as
in GB-theory or non-structural asin HPSG. FAP provides such a parsing capability. The
parsing in FAP is very much like that of CG [Stee88] grammars, but additionally uses
notations like aakaamksha (expectancy), yogyata (ability) and unification not used in
standard CG grammars.

Using this parsing scheme as its parsing engine, TELANGANA was developed.
Presently TELANGANA can parse and build the semantic representation for a variety of
Telugu sentence structures consisting of, simple sentences, copula sentences (verb-less
sentences), relative clauses, comparatives sentences (including clausal comparatives,
adjectival and adverbial comparatives, superlatives), some amount of intra-sentential
anaphora and limited conjunctions. TELANGANA parses al these varied types of
sentences in a uniform and a simple way. In this chapter, analysis of only simple
sentences is presented while the analysis of more complex sentence structures is
presented in the next chapter. Material in the next chapter presupposes a good
understanding of the parsing technique detailed below.

5.5 Parsing Simple Sentences

A sentence with at most one verb and not containing any conjunctions and comparative
constructs, is considered to be a ssimple sentence in this thesis. Thus assertive sentences,
interrogative sentences, and exclamatory sentences, with one verb are covered. Stative
sentences with no explicit verb like the following are also simple sentences.

Trawthy ol
rAmuDu aMdagADu

Rama is handsome



DY Do
seeta poDugu
Sitais tall

Simple sentences can also be characterized as passive sentences, causative sentences,
hortative sentences or copula sentences depending on the verb aspects. By simple
sentences, all such verb aspectuals are also implied. Simple sentences could contain a
verb (explicitly or by implication), noun complements and optionaly adjuncts. If a
sentence contains only complements (and no adjuncts), then it would contain only those
words that are related to one another by aakaamkshafyogyata relations. Thus such
sentences consists of only verb complements and adjectives qualifying some nouns. From
the parser point of view such sentences are the smplest to analyse. Hence parsing such
sentences will be considered first.

The following are some typical simple sentences of Telugu consisting of only
complements

TSt H¥D e Srath
rAmuDu seetani pArkulO cooSADu

Rama saw Sitain a park.

TENGE BT ohHT,906° D) drdopen STyown?
raMuDiki rasAyanasAstraMIO enni mArkulu vaccAyi?

How many marks did Rama get in Chemistry?

Trdwth O8E oD SrboTth
rAmuDu seetaki rAdhani coopiMcAdu.

Rama showed Radha to Sita.

T anth H¥F  eadyo BIVOT
rAmuDu seetacE annaM tinipiMcADu

Rama made Sita eat food.

il ROBE BTG
rAmuDu iMTiki veLIADE!
oh! Rama has gone home!



In al the above sentences the verbs have aakaamksha for the rest of the words. From the
above examples, it may be observed that the variety’ of sentences, that can be
constructed using complements alone is very large.

Frequently, what goes into the aakaamksha is decided by domain dependent factors. In
the domain of relational database access, the entities in the fields of a tuple are the likely
candidates to enter the aakaamksha of the verb describing the database relation. For
example in the case of a part-supplier kind of a relation, it is easy to visualise a
description of the relation using a sentence like

E008 19926 HotrthiE TrETTIrtiiod 2000850 HEHT  Bwod
ECIL 199210 guMTooriki haidarAbAdunuMci 2000 TVIu saraphara cEsiMdi

ECIL supplied 2000 TVs to Guntur form Hyderabad in 1992.

Hence the aakaamksha of the word saraphara (supply) would have entries containing
suffixes such as nuMci, 10, and ki. Sentences of this restricted nature also capture a wide
variety of database relations. Hence aakaamksha is to some extent domain dependent.
But in this chapter only linguistically motivated aakaamksha is presented. Linguistically
motivated aakaamksha tends to have more generaity in its extent of coverage of a
language and thus tends to be more application neutral. Finding the linguistically general
aakaamksha of a word requires consulting large corpora of sentences to see the typical
usage of the word. When it comes to using such askaamksha in some domain of
application, one needs translation rules to get the specific connotation of the word in the
given domain of application (see Chapter 7).

5.5.1 Main Procedures of the Parser

The parser of TELANGANA processes a sentence left to right. It reads in each word,
gets its FB from the lexicon and collects the FBs into a list, L, if it finds these words not
related through some aakaamksha/yogyata relationship. This process continues until a
verb isread. Verbs typically have an "agk" feature-value such as "1: [... ] indicating that
they have expectancy for some words that occur to their left, that is earlier in the
sentence. The parser matches the elements of the list, L, with this "aak" feature value of

2Semantic variety in terms of the number of relations implied by complements is potentially infinite.
Syntactically, complements do not show much variety, in the sense that all complements are dominated
by the aakaamksha word and hence have a simple structure.
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the verb. If any word appears in the list, L, whose yogyata does not match with any value
in the "aak" feature of the verb, then all the words that appear to the left of the non-
matching word are treated as not related to this verb. The rationale for this decision being
that the words may belong to the matrix sentence® if one exists, or they may be adjunct
words, or else they may be extraneous words. If they were to be extraneous words, the
parser has to ultimately reject the sentence as ungrammatical. TELANGANA has been
designed to accept even erroneous input sentences as much as possible and construct their
semantic structure to the best possible detail. However all sentences that have extraneous
words are tagged as ungrammatical.

The following fragment of Prolog code exemplifies the above kind of processing done by
the parser. The clause parse (SemIn-SemOut, Senln-SenOut), takes as input a difference
list, Senln-SenOut, encoding the sentence and generates as a difference list, Semin-
SemOut, encoding the feature bundle (FB) representing the meaning of the sentence in

the meaning representation language (chapter 3). The clauses describing the body of
parse procedure are

parse (Z-Z, []- []).

parse (SemIn-SemQut,Senln-SenOut) :- lex_sem (Semln, Senln-X, FB),
apply (Semln-Outl,FB),
parse (Outl-SemOut,X-SenOut).

The procedure lex_sem takes a difference list Senln-X as input, removes the first word in
it, and outputs its, FB, stored in the lexicon. The first argument, Semin, in case of
ambiguity, provides the neccessary semantic context which can be used by lex_sem to
disambiguate the word and retreive the correct FB. The input word to lex_sem is in the
form of root+suffixes. The definition of the lex_sem procedure contains the necessary
clauses to compute the functional applications due to the various suffixes. The definition
of the lex_sem procedure consists of clauses such as the following.

lex_sem(L,[X1Y]-Y,FB):- lex-sem1(L,X,FB).

3A sentence that embeds another sentence is said to be a matrix sentence. The verb of the embedding
sentence is called the matrix verb.
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lex-seml(L,X,FB) .- atom(X),!, lookup_lex(X,FB).
lex_seml(L ,X+lu,FB) :- lex_sem1(L,X,FB1), change_agr(FB1,FB).

lex_sem 1 (L,X+Z,FB) :- noun_suffix(Z), lex_sem 1 (L,X,FB 1),
insert(post:Z,FB,FB1).

lex-sem1(L,X+Z,FB) :- verb_suffixes(Z), lex_sem1(L,X,FB1), gnp(Z,GNP),
insert([agr:[GNP,J,post:Z],FBI,FB).

As shown above, lex_sem computes the FB of a whole word from its constituent root
word's FB.

The procedure apply (SemIn-Outl,FB), applies the FB to the aready built up semantic
structure of the sentence seen so far. When the FB is not related to the rest of the already
seen words through an aakaamksha/yogyata kind of relationship, then this FB is simply
appended to the Semln giving Outl as [FBISemIn]. However if the new FB has an "ask"
feature value as "1: [ ... ]" then, the elements of Semin could be examined to see if their
yogyata matches with the aakaamksha of the new word. This is done using a procedure
caled 'fillall". The Prolog clauses that achieve the behaviour of the procedure apply, just
described, are given below.

apply ([1- [FB].FB).
apply (SemIn-SemOut, [aak:l:AIT]):- fillall (SemIn-SemOut, [aak:l:AIT]).
apply (Semin- [FBISemin]).

The procedure apply has many more clauses in its definition, but the above three are
relevant for parsing sentences of the complexity being considered in this section. The
procedure fillall takes care of checking the first condition in the definition of samarthah,
and the procedure apply takes care of checking the second condition.

The procedure fillall, takes each element of the input difference list, Semln-SemOut, and
tries to match it with the elements of "aak" feature. The procedure fillall has many
clauses defining it. To simplify matters, only those clauses related to complements are
considered first. As the sections progress, further additions/modifications will be made to
the defining clauses of these two procedures to cater to more complicated cases. The

141



procedure fillall/2, which has two arguments, is defined in terms of another procedure by
the same name, fillall/4, that takes four arguments’.

fillall (X-XO, [aak:I:AinIT]):- fillal (X-XO, Ain-Aout, [aak:l:AinT]- [],Al).
fillall (X-X,A-A, []- ,_).

fillal ([}- [ [aak:l:AIVF]],A-A, [aak:I:VF]- [],).

fillal (X-XO,AI-AO,VF-VFO,AAK) - fill (X-Y,AI-A1 ,VE-VI.AAK),

fillal (Y-X0O,A1-AO,VI-VFO,AAK).

The first argument of fillall/4 is the difference list consisting of the list of FBs
accumulated till the point where fillal was called. The second difference list captures the
aakaamksha of the verb, and is the list against which the clements from the first
argument list are matched. The third difference list indicates the input FB and the output
FB of the verb. The fourth argument is useful for processing comparative sentences.

5.5.2 Handling Sentence Type Information

The FB of the verb undergoes some modifications pertaining to the type of the sentence
as complement PP are matched against its aakaamksha. The third argument of fillal is
meant to keep track of these changes. In Telugu the sentence type, in terms of assertive,
interrogative, hortative and so forth, encoded by the feature "sentype", depends on the
type of complements and adjuncts that are present in the sentence. This is unlike English
where the syntax decides the type of the sentence to a great extent. For example, in
English, subject-auxiliary inversion in a sentence makes the sentence interrogative. In
English minor suffix variations in the prepositional phrases do not have any effect on the
type of the sentence. On the other hand, in Telugu, the sentence type changes drastically
even by minutely modifying some of the PPs or the quantifiers. For example, in the
following sentences, the first one is the assertive sentence. The others are interrogative
sentences formed by just changing some suffixes or quantifiers in the first sentence.

“This technique of using the same procedure with different number of arguments is common in Prolog
programming [Ster86] and helps in information hiding. To disambiguate the procedure name the arity
(number of arguments) of the procedure is appended to the procedure name. For example filldl/2 and
fillal/4 refer to the procedure fillal with two arguments and four arguments respectively.
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T HEE Tt T Yres drbo
rAmuDu seetaki pArkulO cAlA poolu coopiMcADu
Rama showed many flowers to Stain a park

g
T ot V¥E dW e T WY BrboTred?
rAmuDu seetaki EpArkulO cAIA poolu coopiMcADu:
In which park did Rama show Sita many flowers?

Tty JUBE Wt T Lren HrboTd?
rAmuDu evariki pArkulO cAlA poolu coopiMcADu?
To whom did rama give many flowers in the park?

Trantn) DEE MU 0% DD hren SrLoTri?
rAmuDu seetaki pArkulO ennipoolu coopiMcADuU?
How many flowers did Rama show Sita in the park?

Tt S¥8 Ut T Yren SrdoTn?
rAmuDu seetaki pArkulO cAlA poolu coopiMcADA?

Did Rama show many flowers to Sita in the park?

KT W) JUBE W T Lren SrLOTE?
* rAmuDu evariki pArkulO cAlA poolu coopiMcADA?

*Did Rama show many flowers in the park to who?

¥TSthy VY8 TERTT D) Wy ErLoTE?
* rAmuDu seetaki pArkulO enni poolu coopiMcADA ?
*did Rama show Sita how many flowers in the park.

As indicated above, not al modifications are grammatical. The last two sentences are
ungrammatical Owing to the wrong interaction of the sentype feature bearing entities,
and the tense/aspect and the modality of the verb. In the parser, initialy, the type of the
sentence, sentype, is guessed to be "none". Then as parsing progresses the guessed value
of sentype is changed as each new complement is processed. Any complement can
potentially change the sentype value. The last obtained value of the feature sentype is
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matched against the sentype feature of the verb. If they match the sentence is
grammatical as far as sentence type information is concerned.

An attempt could be made to modd the feature value, sentype, as a foot feature in the
GPSG [Gazd85] style as explained in Chapter 2. However it is not possible. This can be
seen from the following two sentences.

*T° St 383 S8 SoLB

*rAmuDu  evarinee  ekkaDa caMpalEdu
Where did Ramakill nobody ?°

Tt Ml 885 JoHTBX
rAmuDu ekkaDa evarinee caMpalEdu

Where did Rama not kill anybody?

The two sentences are variants in terms of the word order only. The first one is
ungrammatical, where as the second one is grammatical. If unification in the GPSG sense
is used for the propagation of foot feature information from the daughter categories to
the mother category, then both cases will be grammatical because the foot feature
principle (FFP) of GPSG envisages a unification of daughter features as being
propagated to the mother. Unification is order independent. Hence the feature sentype is
not a foot feature. Neither can it be a head feature, because then information flows to the
mother category only from the head daughter. But in the above sentences, sentype
information seems to originate from® every complement daughter and percolate to the
head category. Hence sentype is neither a head feature nor a foot feature, nor a
combination of them. Hence the feature sentype requires a special treatment as done here.
The behaviour of the sentype is modelled using a finite state machine (FSM). As every
complement is processed, it changes the value of sentype guided by a state transition like
table. This takes care of the temporal order of the complements in deciding the
grammatical well formedness of sentences.

5.5.3 Matching aakaamkshaand yogyata

The procedure fjl], which was used in the description of fillall, is defined below.

5This sentence is not properly trandatable
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fill (X- [aak:l: QITIX], []- 0, [aak:|:AIT]- D, ).

fill ([X!Y]-Y,AI-AO,VF-VFO, ) :- filll (X,AI-AO,VF-V1, ),
agree_sentype (X,V1,VFO).

filll (X,AI-AO,VF-VF,_):- (mem (pos.n,X);mem (pos:pro,X)),
mem (post:PP,X),mem (isa:ISA X),
compl (PP:X:ISA,AI-AQO).

The procedure agree sentype in the fill procedure achieves the sentence type agreement
as explained. The procedure fill calls, ultimately, the procedure compl which really does
the matching between the aakaamksha of the verb and the yogyata of the complement
PPs. The procedure fill 1 in the definition of fill, extracts the postpostion information in
each complement PP, appends that information to the sortal type, ISA, of the entity
represented by the complement and passes it on to the procedure compl. There is one
more clause in the definition of filll, which handles adjuncts. It will be discussed later
on.

The procedure compl, unlike the procedure agree sentype, does not modify the FB of
the verb, but uses it to deposit the FBs representing the complements into the "sem"
feature of the verb by using unification of Prolog. It aso handles the agreement between
the subject and the verb of the sentence. There are some interesting aspects to the
definition of the compl procedure. It has to deal with cases where postpositions are not
present even though they should be. Normally words in nominative case do not have any
postpositions. However, accusative and possessive cases are also many times expressed
with out a suitable case marking suffix. In the following three sentences

3D THE T Yrev T
Sva rAdhaki cAlA poolu iccADu
Siva gave many flowers to Radha

B o BB

siva annaM tinalEdu
Siva did not eat food

145



33 &5 doby P* Srih
siva tana taMDri phoTO cooSADu

Siva saw his father's photo

the words siva, poolu, annaM, and taMDri have occurred with out any postpositions.
The word siva is in nominative case, the words poolu and annaM are in accusative case,
and the word taMDri is in possessive case. So one needs some heuristics to predict their
missing postposition/case marking suffixes for "subj", "i" and "ni". It may be noted that
the problem of missing postpositions occurs in common spoken Telugu and to a very
little extent in traditional granthika (scholarly) Telugu. Anybody who attempts to build a
parser for the "Telugu in vogue' or "Newspaper Telugu" will meet with this problem.
The simple heuristics used in TELANGANA are to treat a missing postposition on a
word representing

* anin-animate object as a"ni",

e an animate object as "subj",

« arelational words like taMDri (father), talli (mother) as "dflt_i" and,
» an "a" ending word like siva, seeta etc as "dflt_i"

The above, being only heuristics, can fail. But on a majority of cases these four heuristics
seem to work very well. The postposition "dflt_i" can lead to formation of noun-noun
relations. For example in the sentence fragment "seeta taMDri phoTO" seeta and
taMDri are needed to have "i" as the postposition for the noun-non relations "seeta
taMDri" and "taMDri phoTO". But they do not have the "i" suffix due to morphological
reasons. The post position "dflt_i" can work in lieu of "i". "dflt_i" can aso be treated as
"subj" if the word in question cannot take part in a noun_noun relation. Noun-noun
relations are analysed by the parser before matching the aakaamksha of verbs and
yogyata of complements. The clauses defining the procedure apply which handle noun-
noun relationships look for a possible relationship between a word missing the requisite
"1" postposition and the adjacent noun to see if the words in question can be related. If so
the problem of determining if a word is missing an "i" suffix or is truly a subject ends
there itself. Otherwise the problem percolates to the compl procedure. In the procedure
compl sortal entires in the aakaamksha help resolve the dilemma. If the dilemma is not

handled even at this stage then the sentence is tagged as having an extra complement and
hence ungrammatical.
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An example of a different nature, where a missing "subj" case is wrongly assumed to be
noun-noun relation, is very easy to construct The sentence

¥ B8 E Both Swod
seeta kurceeki raMgu VES Mdi

Sita painted the chair

T AWES H¥ B88 Bot JavoTdw
rAmuDicEsita kurceeki raMgu vEYiMcAmu
(We) made Rama paint Sita's chair.

illustrates the point where the missing "subj" case of sita could potentially be a missing
"i'". This is exactly opposite to the dilemma discussed above where in a missing "i" is
wrongly assume to be "subj". Backtracking in Prolog handles this problem easily. If the
missing case marker, is assumed to be "i", then a noun-noun relation is established
between the words. The FB of this relation will not have suitable yogyata to match the
aakaamksha of the governing verb. Hence the compl procedure would cause a
backtracking, and the assumption of missing "i" is reverted to missing "subj" and the
parsing proceeds this time correctly.

In case of sentences with multiple verbs, the procedure compl may come across some
complements which do not match the aakaamksha of the verb. Then there are two
possibilities. The first one is to treat the new word as an adjunct. So compl tries to see if
the new word can indeed be an adjunct to the verb. If so, the matching proceeds further
on. In the second possibility, the new word is not an adjunct, the matching process is
stopped and compl returns dl the words of the input list as words not belonging to the
current verb. Such an action isjustified as can be seen from the following examples.

TPt D88 RodT otrHd B
rAmuDu seetaki iMTIO uMTAnani ceppADu

Rama told Sita that he will be at home

et ThE ot dgen BGO oyt
rAmuDu rAdhaki bommali kaDigi iccADu

Rama washed the toys and gave to Radha
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Tl & BE 00D et Iy, , estdoTd
rAmuDu aa lekkaguriMci bassulO veLltoo alOciMcADu

Rama thought about that problem while going in the bus.

The verbs uMTANu, tuDici, and velLltoo do not have aakaamksha for the words seetaki,
rAdhaki, and lekkalaguriMcirespectively. The procedure compl, quite rightly, stops the
process of matching the moment the words seetaki, rAdhaki, and lekkalaguriMci are
encountered while processing the above sentences indicating that these words are not
complements to the verbs uMTAnu, tuDici, and velLltoo irrespectively. However this
frequently leads to some of the mandatory feature values in the aakaamksha of the verb
remaining unfilled. If the number of unsatisfied entries in the aakaamksha is more than
two, then the sentence is ill-formed. Under some circumstances, more than one
unsatisfied entries, as in the above sentences, can also lead to ungrammatical sentences.

These cases are further discussed in the sections on relative clauses and compound
sentences.

5.5.4 Handling Adjuncts

The complements account for a significant fragment of Telugu sentences; through
structures in which every constituent is either an aakaamksha word or a complement. But
not al constituents of a sentence belong to these two categories. Relative clauses,
adjectival modifiers of nouns, adverbia modifiers of adjectives and verbs, and various
sentential adjuncts clearly can not be reduced to the above two categories. To cater to the
presence of such entities, the notion of uthita-aakaamksha (aroused-expectancy) was
explained in Chapter 1. In English, the concept of adjuncts is comparable. An adjunct is
some entity, a word or a group of words, X, which is loosely dependant on the
aakaamksha of another word or group of words, W, in the sense that (i) the
syntactic/semantic categories of X and W are mutualy constraining, and (ii) the
contribution of X to the semantic content of W is other than filling in some aakaamksha
entry of W. This should be seen in the contrast to the tighter relation between
aakaamksha and yogyata.

It is important to be aware that optional complements are not adjuncts. Examples of
adjuncts in Telugu are given below. The underlined words of the sentences form the
adjuncts.

(8 subordinate clauses:
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T Béyen BuBlah/Echbo SoB  H¥ Hod*noDosd |
rAmuDu_lekkalu cEsingppuDu/cEvgalaMyglana seeta saMtOshiMciMdi
Sita was happy when/because Rama solved math problems.

(b) predicative clauses

Tty ¥8E, 5 edgbod® H§  ¥T,wn borow
rAmuDu kalekTar avvaTaM:tO Seeta kasTAlu teerAyi

With Rama becoming a collector, Sita's problems came to an end

(c) adjuncts of purpose

Tt 8935 exstrds o &yt
rAmuDu krikeT ADaTAniki bAT konnADu
Rama bought a bat to play cricket

(d) manner adverbials

Tt B DET/DDL /6T R0BE D th

rAmuDu haDAviDigA/melligA/tvaragA iMTiki veLLADu
Rama went home hurriedly/slowly/quickly

(e) frequentatives

Tt Teoth T, TELE DL
rAmuDuU nAlugu sArlu pArkuki veLIADu

Rama went to park four times.

(O duratives

Traduthy 10 Hobsey esbdro AT H
rAmuDu JQ gaMTalu annam ninnADu

Rama ate food for 10 hours

(g) relative clauses

Drantiog H §7%) O¥.,en bé,_}ﬁd)
rAmuDuki seeta konna biLlalu naccal Edu

Rama did not like the toffees which Sita bought

(h) adjectives
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T A Sl / Swpg/ Sl B0890 et
rAmuDu  yrudha/mukhva/mAjee maMtrini CO0SADU

Rama saw the old/chief/former minister

Although there is no general agreement as to how the difference between adjuncts and
complements should be characterized in theoretical terms, there are a few rough semantic
and syntactic diagnostics to make the distinction [Poll87].

Order-dependence of meaning: The order of complements does not alter the meaning
of the sentence. Whereas the order of adjuncts does frequently alter the meaning of the
sentence. The following three sentences mean the same, inspite of word order variation.
The underlined words are the complements of iccADU.

Tty H¥E DY e TTR
rAmuDu_seetaki biLlau iccADu
s»etaki rAmuDu biLlalu iccADu
biLl alu rAmuDu seetaki iccADu
Rama gave toffees to Sita

The following sentences containing adjuncts are not so immune to order variation of
constituents.

Tt %8 Both F 8. DB Sy Ga
rAmuDu rQjuki reMDu sArlu biggaragA mATIADatADu

Rama talks twice a day loudly

TSty DEUT 68 Boths T, Sreydarty
rAmuDu biggaragA rOjuki reMDu sArlu mATIADatADu

Rama talks loudly twice aday.

The first sentence entails that Rama possibly talks many times a day but only twice does
he talk aloud. The second sentence could possibly entail that the manner of Rama's

talking is loud and that he talks only two times a day. Another example sentence can
bring out this difference further.

Tty 0% BOD ¥¥ S BrinEth
rAmuDu ArQju telivi takkuvagA mATIADADu.
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Rama talked that day foolishly.

89D ¥ I TELk et B m

telivi takkuvagA rAmuDu ArOju mATIADADuU
Foolishly, Rama talked that day

The second sentence given above entails that it was foolish of Rama to talk on that day.

Multiple usage: Adjuncts with the same suffix can be used multiple times in a sentence
but this is impossible for complements.

Tt 2B Lrrgue® Bd H0ee® H8D KT

rAmuDu julailO madrAsulO tAj hOTEIO seetani kaliSADu
Rama met Sitain Madras in Tg hotel in July

Ttk 08T, DL IROE JohDLEoE  LIBrE D T

rAmuDu iMTIO ceppakuMDA bhapaDakuMDA sinimAki cekkESADu
Rama went to a cinema without telling at home without feeling afraid

TPt DL BroNT LT Sob HBSTE Brort
rAmuDu melligA doMgacATugA vaMTa gadilOki dooRDu
Rama slowly, stedlthily entered into the kitchen.

Difficulty in relativisation: Many adjuncts do not alow relativisation. Some adjuncts
allow relativisation but require that a quantifier be additionally present. many
complements are much more flexible and alow relative clause formation around them.
For example,

oriwth Beod® HE6E Tt
rAmuDu  kalaMtO pareeksha rASADu
Rama wrote the exam with a pen

TPty HEE TN oo @b T
rAmuDU pgreeksha rAsina kalaM idi kAdu

The pen with which Rama wrote the exam is not this
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In the above sentence the PP kalaM:O (Pen) is a complement of rAy (to write). Hence it
can lead to the gap and consequently to relativisation as in the second sentence above. In
the following sentencejvaraM:O is an adjunct and it cannot be relativised.

orduth 25808 D68 Tt
rAmuDu jvaraMtO pareeksha rASADU
Rama wrote the exam with fever

*¥Tduth V6K Tu% 2 g¥o =8 T
*rAmuDupareeksha rASina jvaraM idi kAdu
This is not the fever with which Rama wrote the eaxm

This gap diagnostic for distinguishing adjuncts/complements is not fool proof.

Constancy of meaning: In general, a given adjunct can co-occur with a relatively broad
range of aakaamksha words while seeming to make a more-or-less uniform contribution
to the semantic content across the range. A given complement is typically limited in its
distribution to co-occur with a small class of aakaamksha words only. In addition the
semantic contribution of complements is idiosyncratically dependant on the aakaamksha
of the head word. For example the PP with suffix meeda is a locative adjunct and
combines with many verbs to describe the location of the event/state of affair. In the first
sentence below, the PP pakkameeda is an adjunct giving the location of the activity.

Trdath ¥ TEINTY G/ BT/ & Ty thy/ €265 D, 08

rAmuDu  pakkameeda pADutunnADU/egirADU/unnADU/AIOcistuMTADuU
Rama is singing/ jumped/is/would be thinking on the bed.

On the other hand, in the following sentences it is a complement and the meaning
contribution is idiosyncratic to the verb.

Tt H¥HY Jbo Irar
rAmuDu seetameeda nEram mOpADu

Rama put the blame on Sita

T it (& DgdUdo 86,) BELLrE) H¥MY esrBiTL
rAmuDu (ee vyavahAraM teerci diddaTAniki) seetameeda adharapaDDADu
Rama depended on Sita (to set right this affair)
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TPt HEdY FES0st & L0 L) )T
rAmuDu seetameeda gouravaMtO ee paniki oppukunnADu
Rama agreed to do this work due to his respect for Sita

The above four diagnostics were used in TELANGANA to decide if a particular PP is an
adjunct or a complement. Similar criteria for selection of adjuncts are not specified in
traditional grammar books of Telugu [Kris85, Cinn51]. Of al the above criteria, the last
one was exploited most for computing the semantic contribution of adjuncts to the
corresponding aakaamksha words. If a PP is a mandatory complement it goes into the
aakaamksha of the verb or noun with the tag "+man". If the PP is an optional
complement then it is indicated with the tag "+opt" as already explained in Chapter 3. If
a PP isjudged to be an adjunct, it is represented as a procedures (to be precise, Prolog
facts) using either the functor verb_mod or noun_mod depending on its type.

In the parser, when a PP is being analysed one needs to decide if (i) the current PP is a
complement of the next word (PP), or (ii) an adjunct of the next word, or (iii) a
complement of the verb or (iv) an adjunct of the verb of the present sentence (or clause).
This is the so called PP attachment ambiguity. In Chapter 2, some cases of PP attachment
ambiguities were highlighted and it was indicated that PP ambiguity resolution is one of
the difficult areas of NLP. The procedures verb_mod and noun_mod help the parser in
deciding which word the PP modifies. Let PP, and PP3 be two adjacent PP in a
sentence. Let S; be the sortal category of main word in PP; and P; the suffix present in
PP; Then the structure of noun_mod is

noun_mod (Pp, X*S7, YAS3, SEM).

SEM, in the above Prolog fact, indicates the semantic contribution of PP, to PP3. X and
Y are the variables of the FBs representing PP and PP3. Typical examples of noun_mod
are as follows. The following predicate in the definition of noun_mod

noun_mod (meeda,X”place,Y*physical,location (Y,X))

helps in analysing the relationship between an object and a physical place manifested by
the use of the postposition meeda in the following sentence.

Tt DoL0E 8o daTE
rAmuDu ballameeda uttaraM cadivaDu
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Rama read the letter on the table

Similarly, the following predicates of noun_mod
noun_mod (meeda,X"entity, Y propositional,content (Y X))

can be used to analyse the relationship between an entity and a propositional object as
manifested by the use of the postposition meeda in the following two sentences.

Tty Beath Tg¥Smodd  Ld Yo TR

rAmuDu Telugu vyakaraNaMmeeda pustakaM rASADu
Rama wrote a book on Telugu grammar

Tt H¥dE Tobes B
rAmuDu seetameeda caaDeelu ceppADu
Rama complained about Sita

The following predicate definition caters to the case where the postposition [Oni is used
to relate an enity of sortal type "animal" and another entity of sortal type "mental _state"

noun_mod (IOni, X*animal, Y”mental_state, mental_state of (X,Y))
It can be used to analyse the following sentence.
TPty Snoiuedtd Fdirety  rdT)OxoTsT IDE BLYTE

rAmuDu  manushulalOni bhayAlanu hipnoTisamdvArA velki testADu
Rama brings out the fears in persons through hypnotism

Similarly in the case of verb and PP attachment, the verb_mod procedure is defined as
verb_mod (P2,X”S2,YASV] SEM).

wherein X, P9, S and SEM convey the same meaning as before. The third argument,
SV, represents the sortal hierarchy of the verb. The variable Y represents the
samdarbham/sthiti (event/state) variable of the verb. Typical examples of the predicates
comprising of the definition of the verb_mod procedure and the example sentences they
can be used to analyse are given below.

verb_mod (ki, X*time,Y” _, time_point (Y,X))
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TSt HYE 10 TobE Yrey Ty
rAmuDu seetaki 10 iMTiki poolu iccADu
Rama gave flowers to Sita at 10 O'Clock.

verb_mod (1O,X*mental_state,Y2social_Act, manner (Y,X))

TPty V8D DBd® esdBoTr

rAmuDu seetani prEmatO AdariMcADu
Rama honoured Sita with love

verb_mod (valana, X*animate, Y”activity, caused (Y,X))

Tdwth H¥Se® HEY D eovh.
rAmuDu seetavalanapareeksha pass ayinADU
Rama passed the exam because of Sita

In PP attachment disambiguation a key role is played by the sortal hierarchy of
TELANGANA. In verb_mod, the second argument can also be the event/state variable
representing some activity/state of affairs. So verb_mod can handle the semantics of
subordinate sentences also by using inter-sentential suffixes such as tE, ani, valana, and
i, @as the first argument and the sortal category of the main verb of the sub-ordinate
sentence as the second argument. It may be noted that the procedures noun_mod and
verb_mod take care of the samarthah condition (1) and help in assessing the semantic
contribution of adjuncts.

The procedures apply and fill working in close co-operation and using the above two
procedures noun_mod and verb_mod parse al adjuncts and complements. The parsing
process is best understood by examining a few examples. Consider the sentence

PPy PPy PP3 V]

where the PP, is the postposition phrase or a subordinate sentence TELANGANA is
attempting to analyse. If PP3 has aakaamksha for the entity represented by PP; then
PP, is treated as a complement of PP3. If PP3 has no aakaamksha for PP then, PP;
could either be an adjunct of PP3 or a complement/adjunct of V1. During the call to the
procedure fill, the fill procedure sees if PP is a complement of Vj.If PPj is a
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In the sentence 5.11 given above, the PP kArulO is first tested by one of the clauses in
the apply procedure to see if KkArulO can be a complement to iMTiki. The word iMTiki
has no aakaamksha for any other word. Hence the related clause in apply fails to relate
the PPs kKArulO and iMTiki. The processing proceeds till the procedure fill is called to fill
in the aakaamksha of the verb veLIADu. The procedure fill realizes, by matching sortal
types, that the PP kArulO which indicates the mode of transport is indeed a complement
of the word veLIADu (went) . Since al the words of the sentence are samarthah the
sentence is accepted.

Typically only relational words like taMdri, AdayaM, vayassu have aakaamksha for
another word to their left. Such words are handled by the procedure apply as aready
explained. In certain domains it may be necessary for nouns to have aakaamksha for
words which impart some sort of uniqueness to them. A typical domain of this nature is
VLS| design wherein parts are often mentioned to which bigger part/modulc they belong
to. For example usages like sarkyooT2l0 TrAnsisTaru (a transistor in circuit 2),
sarkuT310 DayODu (a diode in circuit3) can be best accommodated by positing suitable
aakaamksha in the words DayODu and TrAnsisTaru. In such situations it is economical
to test for the possibility of complement formation before adjunct formation.

Getting back to the examples, while processing the sentence 5.12, the PP veedhilO (in
the street) is not a complement of the word iMTilO. The procedure fill is called in due
course and it realizes that the sortal type of veedhi (street) does not match the sortal type
required for the mode of transport in the aakaamksha of the verb veLIADu (went). Hence
the noun_mod is called to see if the PP veedhilO can be an adjunct to the word iMTiki.
The procedure noun_mod indicates that veedhilo (in street) can indeed be an adjunct to
iMTiki (to house) and gives the semantic content of the adjunction as "location of illu
(house) is veedhi (street)".

In sentence 5.13, the PP pareekshalO (in the exam) is clearly not a complement nor an
adjunct of seetaki (to Sita). It is an adjunct to the verb rAni (not know). There is also the
possibility that it is an adjunct to the word ayidu SOKAlu (five verses). But due to its
proximity to the verb, and due to the possibility of adjunction with the verb, it is taken as
an adjunct to the verb rAni.

In sentence 5.14 the word pArkulO is not an adjunct or complement of the word seeta as
before. In addition, it is not an adjunct or complement of rAni either. Hence it is tried
with the matrix sentence's PP ayidu SOkAlu and verb valliMcADu (memorised). It is not
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complement then the problem is solved. If PP is not a complement of the verb V then
it could possibly be an adjunct of PP3. To test this, the procedure noun_mod is invoked.
If PP2 could possibly be an adjunct of PP3 then the FB of PP3 is modified accordingly.
If PP2 is not an adjunct of PP3 then it is possibly an adjunct of V\. This is tested with
the aid of the verb_mod procedure. If PP is not an adjunct of V; also, then PP, is
passed to the matrix sentence (if one exists) for further analysis, else the sentence is
tagged as ungrammatical.

The operation of the above PP attachment disambiguation procedure can be illustrated
using the following few examples. The underlined portions of the text are the related
once either as adjuncts and head words or as complements and head words.

Tath & TS Q088 Lt

rAmuDu ee kArulO iMTiki veLIADu --5.11
Rama went home in this car

Tty & Hpg* qobE DL
rAmuDu ee veedhilO iMTiki veLLADu —512
Ramawent to a house in this street

Tty & DOEg D88 T oy BTy B9 0T
rAmuDu ee pareekshalO seetaki rAni aidu SlOkAlu valliMcADu -5.13
Rama memorized the five verses which Sitadid not know® in this exam

Tanty & B S8 T o BEETey B0 0T
rAmuDu ee pArkulO seetaki rAni aidu SOkAlu valliMcADu -5.14
Rama memorized the five verses which Sita does not know in this park

Tank  Swsd ergobost H¥8 T ofh SLEe $D,0T7
rAmuDU  modaTi adhAyaMIO seetaki rAni aidu SOkAlu valiMcADu —515
Rama memorized the five verses which Sita does not know in the first chapter

6To be more precise, the word rAni in this context of the sentences 5.13 to 5.15 would mean "does not
know by heart".
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an adjunct of the PP so as a last guess the possibility of adjunct formation with the verb
is tried. That succeeds and location of memorisation is taken to be the park. As a
contrast to the last step in the processing of 5.14, in sentence 5.15 the word adhyAyaMIO
(in chapter) is an adjunct of the word ayidu SIOkAlu. Hence both 5.14 and 5.15 arc
accepted.

The PP attachment regime given here may be contrasted with those found in literature for
English [Fraz79, Shie83, Hirs87]. Many of these approaches are not directly applicable
to analyse the PP attachment problems in Telugu. In the rest of this paragraph, an attempt
is made to see what would happen if their methods were used for the analysis of Telugu’.
The Frazier and Fodor's [Fraz79] approach, which uses the notion of "right association®"
and the principle of "minimal attachment”, cannot be used for Telugu as it fails to cover
the examples 5.11, 5.13 and 5.15 correctly. The approach of Shicber [Shie83] which uses
syntactic notions of resolving shift-reduce conflicts and reduce-reduce conflicts fails to
analyse correctly sentences 5.12, 5.13 and 5.14. The approach advocated by Hirst
[Hirs87], the principle of parsimony, requires a model of beliefs and presuppositions for
PP attachment disambiguation. Even though this model is very powerful and can analyse
al the above cases well, the notions of belief and presuppositions are not in a state to
provide the computational frame work for PP attachment disambiguation.

5.5.5 Handling noun-noun relations

It was earlier mentioned that many fields in database relations are naturally expressed as
verb complements and the relations themselves expressed as sentences. However this one
to one mapping between database relations and natural language sentences is not aways
directly possible. Many relations are not naturally expressible using verbs only.
Typically, noun-noun relations, and possessive noun-PP relations fal into this category.
The interaction between non-complement PPs has been seen in the previous section
54.4. In section 5.4.3 handling the ambiguity concerning suffix information of
possessive nouns was given. In this section handling the semantics of the possessive
noun-PP relation and other noun-noun relations is highlighted. For the sake of
uniformity, possessive noun-PP  combination will aso be called as noun-noun
combinations in the rest of the section. For example, all the sentences below

TTheir methods can not be directly used and requie some adaptation to sit the analysis of Telugu. The
subsequent comparative study assumes that such an adaptation is feasible.
8]ts equivalent for Telugu may be "I€ft associative'.
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Tt 08 R0, ©eL8 BT
rAmuDu seeta IMTIO allari cESADu
Rama made mischief at Sita's house

Tty O 069D Srath
rAmuDu seeta taMdrini cooSADu
Rama saw Sita's father

Trauthy 0¥ oGy 2RKED Srath
rAmuDu seeta tamDrijanakuDini cooSADu
Rama saw Sita's father Janaka

T oty DodErth §Try
rAmuDu beMji kAru konnADU
Rama bought a Benz car

Tt BIoBY, T8¢ ey, ¥yt
rAmuDu bEtaMcerlarALlatO illu kaTTADu
Rama built a house with stones from Betamcharla

T ot oot DBrHo HEE
rAmuDU laMDan vimAnAM ekkADu

Rama boarded the flight to London

involve noun-noun combinations. Even though these sentences can be expressed without
noun-noun combinations using some extra verbs the resulting sentences are not at dl
natural. Hence they must be handled as they are. The case of handling possessive nouns
is comparatively easier than the genera case of houn-noun combinations. The variety of
relationships that can be possibly expressed using possessive case are not many. There
are two ways in which possessive nouns are used. When relational words like taMDri
(father), AdAyaM (income), or vayassu (age) are used they subcategorize for a word in
possessive case. In such a situation, a possessive case PP is just like any other
complement PP. Hence its semantic contribution is straight forwardly indicated in the
aakaamksha of the relational word. The FB for the word taMDri is

[ aak:l: [var:X, isa:humanl_],



var:yY,

yog:[isachuman, pos:n, ref: [n:___],agr: [ [m,5,3J, [_.cnt]]],
sem:[ reln:taMDR1 , id:Y, father_of:X]]

The FB clearly indicates the role of the possessive PP. The aakaamksha given above is
in a dlightly different format than the one for verbs. This was done so that the semantic
processing of possessive could be optimised by not requiring to use the procedure fill
which is used for filling verb complements. In addition, in the case of matching a
complement to the aakaamksha of a verb, the FB of the complement is embedded into
the semantics of the verb through a case relationship, such as experiencer, agent, giver,
taker, taken etc. But in the case of nouns it is not customary to use such case relations,
and hence the semantics of the possessive PP should be explicitly represented. In
addition, from point of view of assigning scopes to quantifiers representing possessive
PP's, semantics in an unembedded fashion has certain advantages (Chapter 7) of
uniformity. Another compelling reason is that certain nouns which idicate units of
measures like mArkulu (marks), sumvatsarAlu (years) when used as complements to
some verbs, do not lend their semantic content to the verb but for their quantifiers. Based
on such considerations, the complement filling in case of nouns has been implemented
some what differently from the complement filling of verbs and hence requires a
different kind of treatment. The FB of the word sequence rAmuDi taMDri would be the
FB of the PP taMDri with the additional feature called "and" with the value equal to FB
of rAmuDu. When the logical form for this word sequence is generated subsequently, the
feature "and" is treated as a logical "and" operator and it also participates in quantifier
scoping considerations. Thus the FB of rAmuDi taMDri is simply

[ aak:l: [ ...same as the contents of the "and" feature below...],
var.Y, post:.none,
yog:[ isa:human, pos:n, ref: [n:_,_], agr: [ [m.s,3], [_,cnt]]],
and: [ aak:n: [],var:X, isa-human, pos:n,
agr: [ [m,s,3], [none,_]], sem: [reln:name, id:X, string:rAma]l,
sem: [reln:taMDri, id:Y, father_of:X]]

The second kind of possessive occurs in word sequences like seeta illu (Sita's house), and
rAmuDi yoonivarsiTi (Ramas university) where the exact relationship between seeta and
illu, and rAmuDu and yoonivarsiTi are not clear. In such possessive cases, words like
illu and yoonivarsiTi have no aakaamksha for the words seeta and rAmuDu. A proper
treatment of such possessive nouns and other noun-combinations requires world
knowledge [Gros87], domain knowledge and at times discourse knowledge also. For
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example in the first sentence above, seeta illu (Sita's house) could mean (i) the house
owned by Sita, or (ii) the house sita presently lives in, or possibly (iii) the house Sita is
going to get built. Similarly the noun-noun relationship in beMj kAru (Benz car) could
mean (i) a car manufactured by the Benz company or (ii) a car hired from the Benz
hiring company or (iii) a car whose model name is Benz. Thus the relationships
expressed by noun-noun combinations are too idiosyncratic to be captured by a few rules.
In TELANGANA a few well known relationships are stored under the procedure name
noun-noun. The procedure noun_noun has three arguments. The first and second are the
sortal types of the two nouns involved in a noun-noun combination. The third gives the
semantic relationship. For example,

noun_noun (X”*manufacturer, Y”entity, manufactured _by (Y,X)).
noun_noun (X”place,Y”entity,supplied_from (Y,X)).

When the procedure, apply, comes across two adjacent PPs and the first PP has the
suffix "a', or "dfli_i", or "i", or no suffix at all, then a noun-noun combination is
suspected. The possible relationship accruing from the noun-noun combination is
computed using the procedure noun_noun. The computation is done so as to be
backtrackable in case the suffixes were guessed wrongly (see Section 5.5.3).

5.5.6 Handling adjectives and quantifiers

The lexical entries for adjectives and quantifiers were described elaborately in Chapter 3.
The mechanisms for achieving the agreement between adjectives and nouns, quantifiers
and nouns, and between multiple quantifiers and nouns are described in this section.

The procedure apply has three clauses dedicated to analyse the adjective, determiner and
quantifier interactions and to build the FB of the result of the interaction. The procedure
code for adjective analysis is as follows.

apply ([[aak:r: [],var:XITI]IT2]-RES, [aak:n:A,var:XIT3]) :-
mem (pos.adj,Tl), (mem (pos:n,T3);mem (pos.pro,T3)),
(adjagree (T1,T3),!; error (" adj and noun do not agree’),nl fail),
apply (T2-RES, [aak:n:A,var:X,vish:THT3]).

The procedure adjagree, in the above clause, verifies the syntactic conformance of case,
gender and person between the adjective and the noun. It also verifies semantic
conformance in terms of checking up if the adjective is appropriate to the sortal type of
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the noun. This is done by seeing if the quality the adjective qualifies is an attribute of the
noun or not. For example in the word sequence tella poolu (white flowers) the adjective
tella (white) indicates the colour attribute of the noun poolu. If poolu (flowers) do not
have an attribute, colour, then this is an ungrammatical word sequence. The procedure
adjagree does this kind of conformance checking. For example the FB® for the word tella
is

[ aak:r: [var:YI_]_, var:X,pos:adj,
isacramgu, agr: [, [none,deg]),
sem:raMgu(X,Y)]

The FB of poolu is

[ aak:n: [], var:X,pos:n,post:none,

isa:flora, attr: [ramgu, odor, size, weight ...ezc),
agr:| [n,pl,3],[none,]],

sem:puvvu(X)]

The feature "attr" of poolu has a list value that contains the element "ramgu”, and the
sortal type of tella is "ramgu”, hence tella can be a suitable adjective for poolu. The
sortal hierarchy is used to get the attributes for different nouns. The lex_sem procedure
explained in section 5.4.1 takes care of inserting the attributes of objects into their FBs
during run time.

Determiners are handled in a fashion similar to adjectives, but using the procedure
detagree. Determiner-noun agreement is purely syntactic in nature and can be affected by
unifying the "agr" features of the determiner and the noun.

The procedure quantagree is invoked to test the conformity amongst quantifiers and
nouns. Handling quantifiers requires some tricky case analysis as indicated in Chapter 3
because, the semantic content of quantifiers is sensitive to the entity they quantifiy. For
example cAIA poolu means many flowers and cAla baMgAraM means much gold, and
cAlA maMci means very good. To handle this mutiple meanings of quantifiers like cAlA,
the "agr' and "sem" features of quantifiers are made list valued. The list values of "agr"
are closely related to the list values of "sem”. The procedure quantagree traverses these
lists to select the right sense of the quantifier by using the values in the "agr" feature list.

9The'sem' feature is shown in predicate form for pedagogical purposes.
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For example, the noun lekkalu (arithematic problems ) takes a count quantifier, like
padi (ten) as in padi lekkalu (10 mathematics problems), and hence cAIA lekkalu means
many problems rather than much problems. As given in Chapter 3, the FB for cAIA is

[var:X,
yog: [pos.quant,

agr: ([ LLpL_), [indef,cnt]]/ [ [_s_], [indef,mas]]/ [, {indef,deg]))],
sem: (number (X,caalaa)/quantity (X ,caalaq)/degree (X,caalaa))]

The procedure for quantagree is caled by the apply procedure in three different contexts.
The first one is when a quantifier and a noun/ adverb as in cAlA lekkalu, kAsta melligA,
CAIA tvaragA, are to be related. In this case, quantagree is called with its first argument
as "gn", indicating a quant-noun or a quant-adverb combination is being analysed. The
second one is when a quantifier and another quantifier as in CAIA maMci, em:O konni
are being related. In this case, quantagree is caled with its first argument set to "qq". The
third one isin comparative sentences like

TPt 10 80 JEug Y B¥en BB
rAmuDu 10 kaMTE ekkuva lekkalu cEyalEDu
Rama can not solve more than 10 problems

wherein 10 kaMTE (than ten) is a modifier to the quantifier ekkuva (more). The third
case will be treated in the next Chapter. The procedure quantagree has four arguments.
The first argument as mentioned above indicates the type of the construct being analysed.
The second argument is the FB of the quantifier with list valued "agr" and "sem". The
third argument is the "agr* feature value of the entity (noun/ adverb/ another quantifier).
being modified by this quantifier. The fourth argument gives the disambiguated FB of
the quantifier that is appropriate in the given context. Strictly speaking, quantagree
procedure is not necessary, and can be subsumed by the adjective-noun/adverb case. But
that would need backtracking to get the appropriate sense of the quantifier. To avoid such
costly backtracking and for the sake of effeciency, this kind of list structure and list
traversal have been used. The quantagree procedure is defined as follows,

quantagree (Type,QFB,AGR,FBOut) :- rem ([agr:AGRList,sem:SEMList],QFB,FBI),

setsem (Type, AGRList,SEMList,AGR,FB 1,FBOut).
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setsem (gn, [G, [D,Y]],S, [G, [none,Y]],T, [agr: [G, [D,Y]],sem:SIT]).
setsem (qq, [G, [indef,deg],S, [G, [indef,Z]],T, [agr: [G, [indef,deg]],sem:SIT]).
setsem (kaMTE, [G, [D,Z].S, [G, [indef,Z]],T, [agr: [G, [D,Z]},sem:SIT]).

setsem (Type,G1/G2,S1/S2,AGR FBin,FBOut) :-

setsem (Type,G1,S1,AGR,FBin, FBOut).

setsem (Type,G1/G2,S1/S2,AGR ,FBin,FBOut) :-

setsem (Type,G2,S2,AGR,FBin,FBOut).

5.5.7 Handling stative sentences

Stative sentences in Telugu usually contain the verb un (exists) or no verb at al. The
case where the verb un is present is straight forward and can be analysed using the
procedures mentioned hiterto. When no verb is present, as in,

Tt Sodarenty
rAmuDu maMcibAluDu

Rama is a good boy
* maMcibAluDu rAmuDu

o o,

seeta POTTI

Sitais short

*poTTiseeta (can not be a senetence, but can be a PP)

Bo¥gen 2odden

kukkalu jaMtuvulu
Dogs are animals
*jaMtuvulu kukkalu

164



o¥ doby 238K
seeta taMDrijanakuDu

Sita's father is Janaka

2B Y Soby
janakuDu seeta taMDri

Janakais Sita's father

o SaHuy 10 DoB yoren
seeta vayassu 10 samvatsarAlu
Sita's ageis 10 years

10 samvatsarAlu seeta vayassu

Ty TR AL
vVADU rAmuDu
Heis Rama

Tr oty T
rAmuDu vADuU
Rama is that person

the verb ayiun (happens to be) with suitable agreement features like number, gender,
person is assumed to be present. The aakaamksha of the verb should alow for al the
above sentences and disallow the starred variants of some of them which happen to be
syntactically invalid. The problem is in correctly positing the aakaamksha of ayiun to
accommodate only the valid variants. This is not a difficult problem if multiple senses of
ayiun are accepted and their suitable aakaamkshas are appropriately set.

5.6 Conclusion

The author wasinspired by the rich tradition available in the Sanskrit grammar for
explaining word and sentence formation. The treatment of Telugu syntax presented in
this chapter draws its support from the ideas found in Panini's Sanskrit grammar;
particularly aakaamksha, yogyata, sannidhi, and samarthah. These ideas were couched
in non-formal terms as seen from the present day grammatical formalisms. Hence these
ideas were formalized, the first three in the third chapter and the last one in this chapter.
From this formalisation a novel and a computationally viable method for parsing Telugu
sentences has been developed. This method of parsing is called 'Functional Application

165



Parsing. This parsing technique has been used as the basis of the syntactic/semantic
analysis module of TELANGANA. This chapter justifies and describes Functional
Application Parsing and then details parsing and building the semantic representations
for a variety of simple Telugu sentence structures such as, sentences with no verbs
(copula) sentences, sentences consisting of one verb and its complements, sentences with
noun modifiers like adjectives, determiners and quantifiers, and sentences with verb
modifiers like adverbs, and adjuncts. In doing so, the operation of the syntactic/semantic
analysis module of TELANGANA is aso detailed.

Handling more complex setences consisting of relative clauses, comparatives sentences
(including clausal comparatives, adjectival and adverbial comparatives, superlatives),
some amount of intra-sentential anaphora and limited conjunctions is dealt in the next
chapter. TELANGANA parses dl these varied types of sentences in the uniform and a
simple way layed out in this chapter.
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Chapter 6

Syntactic and Semantic Analysis of

Complex Sentences

6.1 Introduction

The foundations of functional application parsing were laid in the previous Chapter. In
addition, syntactic and semantic analysis of simple sentences was also presented. To dea
with more complex sentence types, the principles underlying their analysis need to be
incorporated into the parser. This chapter presents those principles and the manner in which
they are incorporated into TELANGANA.

Complex sentences are sentences with multiple verbs. Sentences containing relative clauses,
subordinate clauses, coordinate clauses, and comparative clauses are examples of complex
sentences. Analysing complex sentences leads to severa interesting questions like, What
kind of constraints exist in Telugu on the formation of relative clauses?, How are gaps in
relative clauses matched to their fillers?, Can the SLASH feature of GPSG be used for this
purpose?, How can subordinate clauses be related to their matrix verbs?, and Can
comparative sentences be handled using aakaamksha information only? Questions of this
nature will also be answered in this chapter. Details of parsing sentences with relative
clauses, multiple verbs, comparative clauses and pronouns will be presented in the
subsequent sections.

6.2 Handling Relative Clauses

The purpose of a relative clause is to restrict the set of referents of the noun' which the
relative clause modifies. The process of relativization?, in Telugu, involves removing a noun
phrase together with its suffixes from the sentence, and making the rest of the sentence (the

1Called antecedent noun
2The process of converting a sentence into arelative clause
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relative clause), a modifier to that noun by suitably changing the suffixes of the main verb of
the sentence. The suffixes indicating the number, gender, and person of the main verb of the
relativized sentence the verb are deleted and ina, E, ani or O is added to the root form of the
verb. The noun that is taken out of the sentence loses al its old suffixes, that indicated its
deep case relationship to the verb of the relative clause, and gets a new set of suffixes as
constrained by the aakaamksha of the matrix verb. In Telugu, arelative clause is placed just
before the antecedent noun phrase it modifies. For example, the sentence

Tt Dy 8 It
rAmuDu ninna pArkuki veLIADu
Rama went to a park yesterday

can be relativised into the following clause,

TP Aty DY IPN B,
rAmuDu ninna veLlina pArku
The park to which Rama went yesterday

The suffix ki, which indicates that pArku (park) is the destination of the act velLl (go), is
removed at the time of relativization. For example, the above relative clause can be used as
shown below,

Tduth D9 DD Tt T D B, TN
rAmuDu ninna veLlina pArkulO cAlA gulAbi ceTlu unnAyi
There are many rose plants in the park which Rama went 19 yesterday

Telugu relative clauses can be classified into three classes’, based on the relationship
between the clause, its antecedent and the way the antecedent is syntactically related to the
gap. Specifically, these three classes are characterized by,

1. Antecedent fills a gap in the relative clause,
2. Antecedent is semantically null, and

3. Antecedent is expressed idiosyncratically

3This classification is an invention of the author for the purpose of computational anlaysis. This classification
is not found in Telugu grammar books or liguistic literature.
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The following sections present analyses of the above types of relative clause constructs, and
detail how they are dealt with in TELANGANA.

6.2.1 Antecedent Fills a Gap in the Relative Clause

In the above type of relative clauses, a complement PP or a certain class of adjuncts in the
relative clause would be missing. The antecedent of the relative clause fills in the role of the
missing PP. Typical examples of this type of relative clauses are

Tty H¥E DS Yrev T T 0w
rAmuDu seetaki iccina poolu cAIA bAvunnAyi --6.1
The Flowers which Rama gave to Sita are very beautiful

TPty ebRY D9¥8 S58r HBrErHo BB
rAmuDu aDigina praShaki evvaroosamAdhAnaM ceppal Edu --6.2
Nobody replied to the question which Rama asked

Q088 30,5 S8 TAWED ¥OLoB
iMTiki velina seeta rAmuDini kalisMdi —6.3
Sita who went home met Rama

At THHE™H) T ool Bendy
rAmuDu dAkkonna cOTu amdarikee telusu --6.4

The place where Rama was hidden is known to everybody

ToQ DByd 0D de?
gAMdhi puTTina ooripEru EmiTi? -6.5
What is the name of the city where Gandhi was bom?

TP aNt) JQ ¥ &0LTH?
rAmuDu vellina ooripErEmiTi? -6.6
What is the name of the city to which Rama went?

) IV szﬁn &H B

rAmuDu vellani ooru IEdu --6.7
There is no city to which Rama did not go (visit)
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ED° Tarn0 Sruodd bt O ROET, By

TVIO rAmAyaNaM coopiMcinarOju seeta iMTIO 1Edu -6.8
Sita was not at home when Ramayana was shown on TV

Tt 89BEL,E Dubdo T Bevk
rAmuDu krikeTTADE sTEDiyaM nAku telusu --6.9
| know the stadium where Rama plays cricket

In the first sentence above, the antecedent noun, poolu (flowers), fills the role of the missing
object noun in the relative clause. The object must be expressed in accusative case using the
suffix ni. The antecedent, on the other hand, is in nominative case, and is used as a subject
in the matrix sentence. In the second sentence the word praSha fills the role of an object
noun in the relative clause, but unlike poolu of the first sentence it is used in dative case in
the matrix sentence. In the third sentence, the antecedent noun, Sita, is used in nominative
case as a subject in both the relative clause and the matrix sentence. In the third sentence
cOtu (place) fills the locative case of the relative clause which must be expressed with the
auffix 10. In the sixth sentence, the noun ooru (city) fills the role of destination in the
relative clause. Normally destination is expressed using the suffix ki. The word ooru is used
in possessive case in the matrix sentence. Thus, in Telugu relative clauses, the case of the
missing element is in no way related to the case of the antecedent. This means that the entire
complement PP is lost. Its suffix/caseis also not available for subsequent reference. Even in
the case of adjuncts, a similar thing happens. For example, in the previous two example
sentences, where the antecedent contributes an adjunct to the relative clause, there is no clue
as to the nature of the adjunct; adjunct of manner, time or location.

The deletion of al the suffixes in this way, imparts to Telugu a kind of uniqueness not
present in English. In English some clues as to the possible relation of the antecedent to the

main verb of the relative clause are left behind when sentences are relativized. For example,
in the following sentences

This is the topic on which | gave a lecture _ yesterday®.

The person whom you gave this book to __ is not here.

4 A customary in linguitis literature, the symbol "_" indicates a gap.
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the antecedent preposition phrase "on which" in the first sentence, and the word sequence
consisting of a gap, "to _", in the second sentence have the necessary preposition markers to
indicate the case role of the antecedent When antecedents are adjuncts, suitable relative
pronouns like where, when, which are provided as clues to the nature of the adjuncts. Thus,
in English, a few clues aways exist to enable one to relate an antecedent to the gap in the
relative clause. However in Telugu no such syntactic clues are left behind. The gap-filler
relations in Telugu, on the other hand, can only be analysed using semantic clues. Syntactic

clues tend to be of little or no help. This makes analysing Telugu relative clauses more
difficult and interesting.

Telugu linguists do not know the grammatical restrictions governing the formation of
relative clauses in Telugu [Knis85, p 248]. Certain case relations between the antecedent and

the relative clause can not be implied by the smple syntax of relativization given before.
From the sentences

orith HES* DL
rAmuDu seetatO veLIADu
Rama went with Sita

ity HET Yren §owoTre
rAmuDu seetacE poolu kOyiMcADu

Rama made Sita pluck flowers

one cannot derive the relative clause

*¥T S0t JPm v

*rAmuDu veLlina seeta

Xor st Lrev §¥onodd O¥

*rAmuDupoolu kOyiMcina seeta
The lack of well articulated constraints on relative clause formation makes it difficult to
analyse good sentences and recognise illformed sentences. In TELANGANA the working
hypothesis taken is that complements indicating an independent agent, an object, an
instrument, or a predicative argument and adjuncts indicating a place or a generic time are
the only possible candidates for right extra-position during relative clause formation.

The above hypothesis, in conjunction with the observation that the sortal type of the
antecedent helps in choosing the correct semantic relationship, leads to the following
heuristic rules for analysing relative clauses.
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(A) If the sortal type of the antecedent is human or propositional®, then it can satisfy only an
agent or an object related gap in the aakaamksha of the main verb of the relative
clause.

(B) If the sortal type of the antecedent is human or propositional, then the antccedent can
not be an adjunct.

(C) If the sortal type of the antecedent is physical _object, then it can satisfy any gap in the
aakaamksha of the main verb of the relative clause, subject to sortal constraints. If
there are no gaps in the aakaamksha, then the antecedent can be an adjunct.

To test the possibility of an antecedent being an adjunct one needs postposition information.
However, such information would be missing due to the relative clause formation rules of
Telugu. So suffixes like tO, 10, meeda, paina are tried out one after the other in
TELANGANA. If the order in which the suffixes are tried is according to the statistical co-
occurrence of the word and the suffixes, better performance can be obtained. This co-
occurrence information can be gathered from textual corpora. The frequency information can
be stored as part of lexical information associated with every noun. In fact this kind of
information aso helps in morphological analysis, even though TELANGANA's
morphological analyser, MA, does not use this information at present. Such a strategy, no
doubt, would improve the speed of TELANGANA. However, performance being not the key

issue in the design of TELANGANA, such enhancements have been left to future
implementation.

The above heuristics are implemented as part of the fill procedure and the apply procedure
described in chapter 5. A set of additional clauses in the definition of the apply and fill
procedure, handle the relative clause structures of this type where the antecedent fills a gap
in the relative clause. While performing morphological analysis, if a verbal root, V, is found
to be present in the input adong with one of the suffixes ina, E, or ani, then the
morphological analyser outputs the string "V,suffix”" instead of outputting the normal string
sequence "V+suffix". This helps the parser in applying the verb, V, to its yogyata words
(complements) before applying the suffix to the verb. If the "V+suffix" form was used,
suffix would have been applied to the verb, V, right in the lex_sem procedure, leading to
problems that will become evident shortly. The order of application of suffix and verb is

50bjects like books, news papers, and stories belong to this category.
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important to the proper processing of relative clauses. When the verb is applied to the words
seen so far, the fill procedure, described in chapter 5, forms a FB wherein dl the
aakaamksha of the verb, V, is satisfied except for the missing complements. The ina, E and
ani suffixes takes such an FB as their argument, and checks if the aakaamksha of the FB is
well formed for relativization purposes. The unsatisfied elements in the residual aakaamksha
essentially have a bearing on the acceptability of the relative clause formation as follows.

(i) If the number of unsatisfied complements in the aakaamksha is greater than two, the
relative clause is tagged as ungrammatical.

(i) If that number is two, then the list elements of the "for" feature (cf. Section 6.3) are
checked to see if any one of them is unfilled. If more than one is unfilled then again
an error is indicated.

(iii) If the number is zero, then reject the relative clause formation if the antecedent is of
sortal type human or propositional, and indicate a failure, otherwise accept it.

(iv) If the number is one, then accept the FB argument as valid.

If the FB is found to be acceptable, then it is fit to be an argument of the relative clause
formation suffixes ina, E and ani. The suffix ina acts as a function over the FB of the main
verb of the relative clause, and converts the verb's residual aakaamksha from aak:l:A to
aak:r:A'. This causes anew FB to be associated with the verb. It may be observed that owing
to the presence of the string "r" in the new aakaamksha, the relative clause acquires the
ability to seek a complement to its right in the sentence. The elements of A' determined got
by changing the suffixes of the complement in A to "relc" from whatever they were earlier.
The feature value "relc" is used to signal to the fill procedure to ignore suffix
incompatibility, when the yogyata of complement is maiched to aakaamksha of the
embedded verb. This enables the fill procedure to accept a complement or an adjunct based
on its sortal category alone. Hence, the effect of applying the suffix ina or E or ani to a
verb, is to modify the aakaamksha of the verb as above. In effect, the FB of the words
processed upto the relative clause suffix, has aakaamksha for a noun that occurs to its right.
That is, the relative clause behaves as if it were an adjective. However, as the antecedent
could be amissing complement or an adjunct, an additiona clause is defined in the apply
procedure. This calls the fill procedure to handle both these cases. This way of processing
relative clauses, as if they had aakaamksha for an element to their right, obviates the
necessity of using the SLASH features in the analysis of Telugu relative clauses. This also
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makes relative clauses similar to adjectives, the way linguists have been treating them
[Kris85, p 237]. This is one of the major deviations of TELANGANA from GPSG
[Gazd85], HPSG [Poll87], and JPSG [Gunj87]. This is achieved due to viewing suffixes as
functions over FBs of the root words.

The third case, (iii), in the analysis of the well formedness of the relative clause requires
some explanation. The failure to accept the case where there is no unsatisfied element in the
aakaamksha, and the antecedent is of sortal type human or propositional, leads to
backtracking. This leads to regjection of the last complement that was accepted while
processing applying the verb to the words on its I&ft in the sentence. This rejection leads to
the creation of a gap in the aakaamksha of the main verb of the relative clause. The
antecedent fills this gap subsequently. The initially accepted, but later rejected complement,
in effect, is passed on to the matrix verb. The following example clarifies the situation. In the
following sentence,

it DEES”T D 58,0 drgBed Dl BTy
rAmuDu pareekshalO kaapee koTTina vidyArthini paTTukunnADu.
Rama caught the student who copied in the examination.

while analysing the antecedent, vidyArthini, the aakaamksha of the main verb, koTT, of the
relative clause would be totally satisfied. The subject role is the one that gets filled last. It
gets filled initially because the noun, rAmuDu, has the appropriate yogyata with respect to
the aakaamksha the verb, koTT. However, the acceptance of rAmuDu as the subject of koTT,
renders further analysis of the relative clause impossible. This is because the word
vidyArthini does not have a place to fill in the aakaamksha of the verb koTT, even though it
has the right yogyata to satisfy the aakaamksha of the verb koTT. The above rule handles this
situation. It flags the relative clause as not being well formed. Hence, backtracking takes
place and the subject role in the aakaamksha is left empty. This is subsequently filled by the
antecedent. It may be noted that this problem can not be overcome by just changing the
eager matching of complements in the fill procedure to lazy matching. The following
example shows where eager matching is profitable.

it HEESE B EM8S T Dén, oGt

rAmuDu pareekshalO kaapee koTTina rOju paTTubaDDADu
Rama was caught the day he copied in the examination
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The case of the antecedent filling a gap in the relative clause is the most frequently occurring
one in real life texts. However, there are many situations, which warrant the use of the
second type of relative clauses. In these clauses, the antecedent does not contribute anything
to the semantics of relative clause.

6.2.2 Semantically Null Antecedent

In some relative clause formations, the clause determines the semantic content of the
antecedent and adds substance to it. Without the relative clause, the semantic content of the
antecedent would be null. For example, in the following English sentence,

Nobody noticed the fact that Rama went home

the relative clause specifies the content of the noun "fact". Such relative clauses in Telugu

are formed using the same syntax as the previous type of relative clauses. For example, in the
sentences given below

oriwth DBEET® d )% HoKB SBBE BOHME
rAmuDu pareekshalO tappina saMgati evvarikee teliyadu
The fact that Rama failed in the exam is not known to anybody

TPt DITFHD089 ergdINTY, Ernoe” F¥dos JE0d
rAmuDu pradhAnamaMtri ayyADaninavaArta kshanaMIO dEsaMaMtA pAkiMdi

The news that Rama has become the prime minister spread in a minute all over the
country

the words saMgati (fact) and vArta (news) are neither complements or adjuncts to the
embedded relative clauses. On the contrary, the relative clause fills in the content of the
antecedents. Nouns which can be antecedents of this type are few in number. However their
use in the sentence must be tested before accepting them as semantically null, because these
nouns can often be genuine complements or adjuncts also. For example, in the following

sentences the words saMgati (fact) and vArta (news) can be complements or adjuncts as
follows.

oriwth D88 BLYSboNEe THE B By

rAmuDu seetaki ceppinasaMgatulurAdhaki kooDA ceppADu
Ramatold the facts to Radha which he told to Sita
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Trant S8D% Y, HY 8% TK
rAmuDu cadivina vArta se eta cadava lEdu

Sita did not read the news that Rama read

To the best knowledge of the author, Telugu linguists have not published any constraints on
formation of relative clauses of this type. Hence TELANGANA makes use of a simple
heuristic to handle such relative clauses. The key observation to be made in the case of these
types of relative clauses is that there are a very few number of nouns which can act as
antecedents to them. In addition, the main verb of the relative clause in such cases is one of
words like an (say), cepp (tell), and caduv (read/study) which have a sortal type of mental.
When the parser of TELANGANA encounter a word like saMgati, mATa, or vishyaM as an
antecedent to a relative clause, it tests the sortal type ("isa' feature value) of the main verb
of the relative clause. If the sortal type is mental, then the sthiti (state)/samdarbham (event)
variable of the relative clause is unified with the "var" value of the antecedent. This indicates
that the antecedent and the relative clause refer to the same state/event. In the domain of
database access relative clauses of this category seem to occur very infrequently.

6.2.3 Antecedent Expressed Idiosyncratically

It was stated in section 6.2.1 that certain kinds of relative clauses can not be constructed by
using the simple relativization mechanism given earlier in that section. The only
complements which surely admit relativization using the direct ssimple suffixes ina and E are
the subject and the object. Other complements and adjuncts occasionaly allow direct
relativization. The situations under which the simple relative clause formation works is not
understood well [Kris85, p 248]. It appears that, when the antecedent has no specific
reference or refers to an unknown entity or if it is meant to fill certain kind of complement
PP gaps, an idiosyncratic syntax is used in Telugu to from relative clauses. For example for
each of the following starred sentences with relative clauses, the ordinary relative clause
formation mechanism leads to incorrect sentence formation. By using the idiosyncratic
syntax as shown in the corresponding valid sentences, relative clauses can be formed.

¥T Swth HEE Tood zglo T ESRND
* rAmuDu pareeksha rASnajvaraM cAlA bAdhAkaramainadi

Trdwth dzgod® eowd VY TGS wrglo TE TTESDN0
rAmuDu EjvaraMtO aitE pareeksha rASADQ gjvaraM cAIA bAdhAkaramainadi
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The fever with which rama wrote the exam is very painful
TSty S BOI T, S8, STy
« rAmuDu caduvu ceppina vALlu vruddhilOkivaccAru

Tiuth JUBZE SHYHBIYET TW, 8 1B e STR®

rAmuDu evarikaitE caDuvuceppADQ vA Llu vrudhilOki vaccAru

Those Whom Rama taught prospered well

*T St HHiT/rtio EOL DVITEE Erm wivdd eTyd
rAmuDu eeprayOgaM kalisi cESinavADikikooDA bahumati icCAru

Tdutn &dytirtio J35738 KON ITE® TEE Brth w8 wTy
rAmuDu eeprayOgaM evartonaitE kalisicESADQ yADiki kooDcbahumati iccAru
The person together with whom Rama did this experiment aso got an award

All of the above sentences have one commonality, which has been highlighted with
underlining. These sentences have the interrogative pronoun evaru, evaDu or Edi or a noun
with the interrogative prefix E, in conjunction with the suffix aitE, an antecedent that is a
matching pronoun or a noun, and the suffix O on the main verb of the relative clause. All
these give strong clues to the parser in establishing a correspondence between the
complements and the antecedents. At present, the analysis of these types of relative clauses
in TELANGANA is simplistic. When the lex_sem procedure, described in chapter 5,
encounters aword, W, with the prefix, £, and the suffix aitE, it does a look ahead for a word
in the input sentence that matches the word W. If it finds such a word, M, it adds to that
word the indicator, ind(V). The variable, V in ind(V)yis the variable representing the word
W. The indicator indicates to the parser that the "var" feature value of the matching word,
M, must be identica to the "var" feature value of the word, W. When the parser
subsequently encounters the indicator ind(V) with the word M, it unifies V with the value
of the "var" feature of the FB representing M. This ensures that both W and M refer to the
same entity when the FB of the whole sentence is computed.

6.3 Handling Subordinate Constructions

Subordinate clauses in Telugu are formed by adding suffixes like 1, tE, 0, oo, akuMDA aka,
inaa, and EmQO to the main verb of a sentence, and then using such a clause in conjunction

with a main sentence. Typica examples of Telugu subordinate constructs using these
suffixes are
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Tty ROLE T, Dby,,e0 Sty )E™ Tyt
rAmuDu iMTiki veLli baT Talu maarcukonnADu
Rama went home and changed (his) clothes

TSt B Iy, , DO SHHEt

rAmuDu TrainulO veLltoopEparu caduvutADu
Rama reads paper while going in the train

Tt edyo BS%oE e B8 HBTE L
rAmuDu annaM tinakuMDA skooliki parigettADu
Rama ran to school without eating food

Trduthy SEBETFR LB e ) F
rAmuDu cadavakapOtE pareekshalalO tapputADu
If Rama does not study he will fail in the examinations

TaGE oD Srdhpen 8, SdodoE Fb,, et
rAmuDiki maMci mArkulu vastE manaMdariki pArTeeistADuU
1f Rama gets good marks, he will give us dl a party

ety HB8BR,T I DT D
rAmuDu parigettinA nEnu parigettanu
Even if Ramaruns, | will not run

3050 HBTY I, O $ET B

manaM parigettakapObaTTivAnalO tadiSAmu
We got wet because we did not run in the rain
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--6.10

--6.11

—6.12

—6.13

—6.14

—6.15

—6.16

In the above sentences, the underlined words do not appear in the corresponding Telugu
sentences. Those words represent gaps in the corresponding Telugu matrix sentences. The
case of the gap is not aways same as the case of the filler. Subordinate sentence
constructions in Telugu have one striking difference with respect to English. The subject and
to a lesser extent certain other complements of the subordinate sentence can fill the gaps in
the matrix sentence. That is an element in the embedded sentence fills a gap in the matrix
sentence! This situation never occurs in English. This entails that the simple unidirectional
SLASH mechanism and the Foot Feature Principles of HPSG and GPSG proposed for



English are inappropriate for handling Telugu gap-filler structures which are bi directional.
In addition in Telugu multiple gaps can be present in the embedded or the matrix sentences.
This makes it necessary to sortally match gaps and fillers before they are bound together.

The method used in TELANGANA is to make use of a new list valued feature called "for"
(forward), which indicates the complements that can become gaps. This information is
present in the lexica entry of every verb. The elements on the "for" list are the
complements which can be missing in the clause or the subordinate/coordinate sentence. If
they are missing in the embedded clause then they can be bound to some eligible
complements in the matrix sentence. During this binding process certain suffix changes are
allowed to take care of a possible suffix mismatch between complements of the embedded
clause and matrix sentence. If complements are not missing in the embedded clause, but are
missing in the matrix sentence then the complements in the matrix sentence are matched with
the complements in embedded clause with appropriate suffix changes. For this purpose the
complements in the embedded clause should be forwarded to the matrix sentence and should
be available for reference while processing the matrix sentence. If the corresponding
complements of the matrix clause are indeed present and are not gaps, then they need not be
matched with the forwarded complements of the embedded clause. In this situation, the
forwarded complements are ignored. In other words complements in the embedded clause
are treated as default complements available for use only if they are needed at the matrix
sentence level. This default value like behaviour is what makes the HPSG and GPSG style
SLASH feature based approach unsuitable for gaps and fillers in Telugu. In HPSG and
GPSG, information about the fillers in the matrix sentence percolate into the embedded
sentence through the SLASH category. Fillers can be in the matrix sentence only, but not in
the embedded sentence due to the fact that English alows only this. Hence, information
flows is in one direction, from matrix sentence to the embedded sentence. Whereas in
Telugu, as shown in the above analysis, information needs to flow in both directions. Thus
the use of "default values' and the two way percolation of information pertaining to fillers
and gaps, makes the nature of information flow across FBs in Telugu fundamentally
different from HPSG, GPSG, JPSG [Gunj87] and CG [Vanb87]. Functional application
parsing enables this information flow, hence it is more generic and unconstrained than the
simple unification based information flow.

Some examples can clarify this kind of information flow and the appropriateness of treating
gaps using the "for" feature described above. Consider the following sentence.
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TANGE EO0L® H0D drtiyen 3D, WTosE 16, @t
rAmuDiki eepareekshalO maMci mArkulu vastE manaMdarik.ee
pArTee istADu --6.17

If Rama gets good marks in this exam, he will give us a party

In the above sentence, rAmuDiki is a complement of the main verb, vastE, of the embedded
sentence. It has the correct suffix also, as required by the aakaamksha of vastE. Even so, it
can satisfy the aakaamksha of the main verb, istADu, belonging to the matrix sentence.
Hence, afiller in the embedded clause is able to fill a gap in the matrix sentence. It could be
argued that rAmuDiki really belongs to the matrix sentence and only fills the gap in the
embedded clause. If this is true, then as per Telugu syntax, any surface order of
complements must form an acceptable sentence. Hence, every sentence that is a surface
word order variant (at the complements level) of the above sentence must be grammatical.
However, a minor variation of the given word order, where the word rAmuDiki is scrambled
with other complements of the matrix verb vastE as below, renders the sentence
ungrammatical.

¥EDEEET W0D Brlpen ¥, THUGE BsotsE T6,, T
eepareekshalO maMci mArkulu vastE rAmuDiki manaMdarikee pArTee itADU

X¥&D0Le® LoD Srdjen ¥B, LHoseE TENEE 6, Tt
* eepareekshal O maMci mArkulu vastE manaMdarikee rAmuDiki pArTee iStADu

Hence RamuDiki rightly belongs to the embedded sentence. Not only this, the following
sentence is also valid; the matrix sentence has its own subject complement, sOmu.

TEWRE &OEES® oD drtupen 8D, VU W¥oXsE T8,
rAmuDiki eepareekshalO maMci mArkulu vastE sOmu manaMdarikee pArTee
istADu

If Rama gets good marks in this exam, then Somu will give us a party

On the other hand, in the following sentence, which has the same meaning as the example
sentence 6.17, the word rAmuDu really belongs to the matrix sentence. This is because
scrambling the word rAmuDu across the matrix sentence does neither harm the syntax nor
the semantics of the sentence.



Tt HBES® oD drtipen 8D, Hobolsl 36, w3k
rAmuDu eepareekshal O maMci mArkulu vastE manaMdarikee pArTee istADu

BDOBKSE %008 Srthzen ¥ TrEwt Sobouss T8, vl
eepareekshalO maMci mArkulu vastE rAmuDu manaMdarikee pArTee istADu

HHBEE™ HoD AUrdyen 3D, SMolBE Tty T8y, v
eepareekshalO maMci mArkulu vastE manaMdarikee rAmuDu pArTee istADu

The above example sentences prove that fillers in the embedded clauses can fill gaps in the
matrix sentences in Telugu. In the above example sentence, 6.17, the embedded clause's
complement was having the suffix ki. Another case where the embedded clause's forwardable
complement has null suffix (ic. nominative case) can be taken. Even in these cases, it can be
seen that afiller in the embedded clause fills the gap in the matrix sentences

eodd D QN8 erodgm J9 Y0 OE Sev B™6808
atanu sTEshanki AlasyaMgA veLlinappaTikee railu dorikiMdi
Even though he went late to the station, he got the train

In the above sentence the word atanu can be scrambled within the embedded sentence
without altering the meaning of the sentence. Whereas, it can not be moved into the matrix
sentence as that would render the sentence syntactically unacceptable. Whereas in the
following sentences which convey the same meaning as the above example sentence, the
word ataniki can be fredly moved across the matrix sentence.

¥DE D, AME eS0T IS0 0E Bew BBECH
ataniki sTEshanki AlasyagA vel LinappaTikee railu dorikiMdi

Ve OOIT TGO IGE esefDE Tev B76808
sTEshanki AlasyagA velLinappaTikee ataniki railu dorikiMdi

The question now remaining to be answered is, how does one relate the complements in the
embedded clause to the complements in the matrix sentence? Linguistic literature in this
regard is again unhelpful, and some heuristics were developed using the textual corpus. By
observing several Telugu sentences it was realized that suffix changes can be accounted for,
to a fair degree of accuracy, as indicated in the following table. In the following table, the
entry X-->Y indicates that a complement in the embedded clause with a suffix X can fill a
gap in the matrix clause with an expected suffix Y. Theentry X <— Y indicates that a gap in
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the embedded clause with an expected suffix X can be filled by a complement in the matrix
clause with the suffix Y. In either case the entity X must be in the "for" list of the verb.

Change Condition

subj —> subj If subj complement is missing in matrix clause.

ki or ni —> subyj If there is no subj in embedded clause and matrix clause.

ni —> ni If accusative complement is missing in matrix clause.

ni or ki —> ki If dative complement is missing in the matrix sentence.

subj --> ki If dative or subj complement is missing in the matrix
clause.

tO —> subj If subj complement is missing in the matrix clause (less
reliable rule).

ki <— subj or ni If dative complement is missing in the embedded clause.

subj <-- subj or ki If subj complement is missing in the embedded clause.

In the situation where fillers are in the embedded clause and gaps are in the matrix clause,
the fillers which are on the "for" feature list are passed to the matrix clause as default
complements (at the end of the complement list indicated by the first argument of apply
procedure). This is done at the time of processing the subordination suffixes such as i, tE,
akuMDA, and inA. If default complements are not consumed by the matrix sentence, no
error is indicated. If the embedded clause has gaps, then they will be available for inspection
in the for list of the embedded clause when the matrix clause is being processed. The filler
procedure (described in Chapter 5) while matching yogyata to aakaamksha of the matrix
verb, comes across the embedded clause. At that stage, the filler procedure looks at the
missing complements and matches them to the entries in the aakaamksha of the matrix verb.
Once suitable matches are found, the values of the "va" feature are unified indicating
sharing of complements. In this fashion, information flow in both directions is achieved,
with the possibility of default value assignment to matrix complements.

6.4 Handling Comparative Sentences

Handling comparative sentences in Telugu is challenging both from the syntactic point of
view and from the semantic point of view. In, Telugu, comparative sentence must
necessarily have a degree adjective like ekkuva (more), takkuva (less) , tella (white) , pedda

182



(old/big) or an adverb like muMdara (early/before), tvaragA (fast), kOpaMgA (angrily) and
a noun with the suffix KAMTE as its constituents. Typical examples of comparative sentences
in Telugu are the following.

Tt D¥¥0D Swoll 08 I
rAmuDu seetakaM TE muMdara iMTiki ve LIADu --6.18
Rama went home earlier than Sita

Trdwth V¥¥0D TPUE ¥ Dren IT
rAmuDu seetakaMTE rAdhaki ekkuva poolu iccADu --6.19
Rama gave more flowers to Radha than to Sita

Tty 80D D8 Yrev SEd BT
rAmuDu seetakaMTE padi poolu takkuva kOSADu —6.20
Rama plucked flowers ten less than Sita

H880% o) Dorey SHTE TrELE R, Dot
seetakaMTE aidu nimishAlu taruvAta rAmuDu illu cErADu --6.21
Five minutes after Sita, Rama reached home

o¥ B0 Swodl o8 IVN T, eolbr Ben o6
seeta kaMTE muMdara iMTiki vellina vALlu aMdaroo cEtulu ettaMDi  --6.22
All people who went home earlier than Sita raise your hands

TE6E $B) S80800 O TV By S8
rAmuDiki vaccE jeetaMKAMTE seeta cESE kharcu ekkuva —6.23
Sita spends more than what rama gets as saary

Trawth 88 @DYY BYL,0800 TYE JBupd Db, RDH
rAmuDu seetaku iccina biUalakaMTE rAdhaki ekkuva paLlu iccADu —6.24
Rama gave more fruits to Radha than he gave toffees to Sita

ot Q0D JUTN TYLD 2w, 08 B STt

rAmuDu seetakaMTE poDugaina vALlanu jaTTulOki cErcukonnADu —6.25
Rama admitted people taller than Sitainto the team
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Tt oidy TO¥0D H¥ S8 2088 ¥D )08
rAmuDu anukunna dAnikaMTE seeta tvaragA iMTiki vacciMdi -6.26
Sita came home earlier than rama thought

Tty D3boY 8E ¥t From HenE
rAmuDu prapaMca rikArDukaMTE vEgaMgA parigettADu --6.27
Rama ran faster than the world record

The above sentences show a large variation in the syntactic structure of the comparative
sentences. Sentences 6.18 to 6.21 are examples of comparative ellipses. The sentences 6.24
to 6.26 are typical clausal comparative sentences. Sentence 6.22 and 6.23 have relative
clauses with embedded comparative clauses and are mixtures of both the categories.
Sentence 6.27 is valid though peculiar. It does not fal under either category. It is called in
this thesis as a non standard comparative.

There is very little linguistic literature covering both the syntactic and semantic processing
of comparatives in GPSG [Klei80], LFG [Bres77] and GB formalisms. HPSG [Poll87] and
JPSG [Gunj87] have not dealt with comparatives at all. Practical systems like TEAM
[Gros87], Linguistic String Project [Sage8l], and CLE [Alsh89] have dealt with some
simple cases of comparative constructions only. In linguistic literature most of the issues
dealt with are syntactic in nature, and do not get carried to Telugu. In order to deal with
comparatives in TELANGANA, novel and detailed theories had to be developed to analyse
the syntax and semantics of comparative sentences. Consequenlty, TELANGANA can
handle, both the syntactic and semantic issues of comparatives, in considerable depth.

Observing the example sentences given above it is easy to see that, nouns conjoined with the
postposition kaMTE indicate the presence of a comparative construction in Telugu. Let such
a noun be called CC (comparative complement). The CC has to occur to the left of the
Comparative Operator (CO) which could either an adverb as in sentences 6.18 (muMdara)
and 6.2I(taruvAta) or an adjective/quantifier as in 6.19 (ekkuva) and 6.20 (takkuva). A CC
can occur to the left of a CO with any number of intervening words asin 6.19, 6.23 and 6.24.
If the CC occurs to the right of a CO then either it does not belong to that CO or it is an
erroneous sentence. For example, observe the following sentences.

oriwth HE¥0D Uhdoded Izt
rAmuDu seetakaMTE dhanavaMtulani pogiDADu

Rama praised people wealthier than Sita
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XTSI Phdoded HeEcd  Das
*rAmuDu dhanavaMrulani seetakaMTE  pogiDADu

TrawEy  PRdoded H¥¥0D Swokld DA%

rAmuDu  dhanavaMtulani seetakaMTE muMdara pogiDADuU
Rama praised wealthy people before Sita did

Trdwth  O8¥0D $HdoXen Swold BAE
rAmuDu seetakaMTE dhanavaMtulani muMdara pogiDADu
Rama first praised people wealthier than Sita

Syntactically al the above sentences can be handled by positing optional aakaamksha, in
adverbs and adjectives, for a complement noun with suffix kaMTE. However the standard
relative position markers like left (1) and right (r) are inadequate for the purpose, as they do
not allow for any intervening complements belonging to other words. Hence, the type of
position marker needed to cater to CCs is different. As already explained in Chapter 3, it is
"Ir", indicating "left but remote”. The value "Ir" in the aakaamksha of a word indicates to the
filler procedure that the complement needs to be down the list of complements accumulated
so far, ignoring the intervening ones. If more than one CCs are present or if the CCs are
misplaced, then an error is indicated. Thus, syntactic errors can be taken care of easily. The
problem that now needs to be attended to is, how does one construct the semantics of the
comparative sentences? The next section details this.

As indicated above, the comparative sentences 6.18 to 6.27 can be categorized into three
classes. Elliptical comparatives, clausal comparatives and non standard comparatives.
Computation of semantics is predicated on the type of the comparative sentence.
Determining the type of the comparative sentence is highly dependent on the sortal types of
the complements and the CC. The following two comparative sentence belong to two
different categories owing to the differences in sortal category of CCs and their matching
complements. The matching complement is called comparand complement (COMC). In the
following two sentences CC, CO and COMC are marked using subscripts.

ity e H0h  Eod JBpd Hrev ST

rAmuDucopc aa manishicc kaMTE ekkuvacp poolu kOSADu —6.28
Rama plucked more flowers than that person
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Tan  ere 50 JHpS rev ECFH
rAmuDu aapoolacc kaMTE ekkuvacp poolucopckOSADu -6.29
Rama plucked more flowers than those flowers.

In the first sentence, it is the case that both Rama and "that person” have plucked the flowers
and that the number of flowers plucked by Rama is greater than the number of flowers
plucked by "that person". However, in the sentence it is not explicitly stated that "that
person” plucked the flowers. This is what makes this an elliptical comparative sentence. That
is, the semantics of CC is not self contained, it requires the support of the matrix sentence. In
the second sentence there is no implication that Rama plucked those flowers (aapoolu). The
reference to those flowers is indeed a reference to their number. The second sentence thus is
not an elliptical sentence and is purely a clausal comparative sentence. The meaning of the
CC is sdf contained. To see which complement in a sentence is a possible COMC one needs
to try for sortal match between the CC and al the complements of the main verb of the
sentence. If the sortal type of the CC matches the sortal type of some complement X in the
sentence then X becomes COMC.

In the elliptical comparative sentences, mostly, both COMC and CC do not have degree
modifiers (eg. 6.18, 6.19, 6.20) and they occur before CO in the sentence. If COMC has a
degree adjective and also occurs earlier than CC in the sentence, then also the sentence is
deemed to be elliptical. If the COMC with the degree modifier occurs later than CC in the
sentence and the modifier is not ekkuva or takkuva, then such sentences are not usually
acceptable to native speakers. This is because they lead to ambiguities at times. For example,
the following sentence was not acceptable to many native speakers as a good sentence as it
leads to the following ambiguity.

Tauh  Od EoD Bo, edraond  Bwodd Srzeth
rAmuDucopmc seetacckaMTE tella pco ammAyini muMdara cp COOSADU

Ramasaw afair girl earlier than Sita
or
Ramasaw agirl fairer than Sitaearlier.

However, the first meaning is generally choosen as more appropriate. In all such cases, the
heuristic used in TELANGANA is to consider the sentential adverb as the appropriate CC
and not the adjective modifier of the COMC as the CC. This heuristic prefers the first
meaning over the second meaning.



In the case of clausal comparatives, COMC should necessarily occur later than CC in a
sentence, and also the modifier of COMC should be the CO which subcategorizes for CC.
It may be observed that this condition holds good in sentences 6.24 to 6.26. For example in
the sentence 6.29 the CO ekkuva, which is a degree adjective, modifies COMC. The lexica
information for the word ekkuva has aakaamksha for a comparative complement. This
optional aakaamksha is satisfied by the CC aapoola kaMTE. Hence 6.29 is a clausa
complement.

In non standard comparative sentences, there is often no sortal match between the CC and
any of the verbal complements, as in the sentence 6.27.

Implementing the above methods of syntactic identification of comparative clauses raises a
curious problem for the parser. Considering the above sentence 6.29 as an example, when the
parser encounters the word tella it has to make a decision as to accept seeta kaMTE as a
comparative complement of tella or not. If it accepts it, then the subsequent occurrence of
the word muMdara will create a problem, because seeta kaMTE indeed must be a
complement of muMdara, instead of being a complement of tella as mentioned aready. If
seeta kaMTE is not taken as a comparative complement of tella, it can lead to problems in
cases where there is no subsequent adverbial modifier as in the following sentence.

TEG O ¥ob Bo, edrgond SrT T

rAmuDucopc seetacc KaMTE tellacp ammAyini cooSADU
Rama saw a girl fairer than Sita

There are two possible solutions to this problem. The parser can accept the CC, seeta
kaMTE, as a complement of tella initially. Then subsequently, when the adverb muMdara is
encountered by the parser, the CC seeta can be removed from tella and attached to the word
muMDAra. This means one has to undo some work already done. This is against the spirit of
deterministic parsing [Marc80]. The other possibility is to leave the CC seeta kaMTE as it is
and take care of it in the filler routine while matching the yogyata of the complements to the
aakaamksha of the main verb. This means matching yogyata and aakaamksha of
comparative complements and comparative operators must be done lazily. Till now al such
matching has been done eagerly. Thus if a lazy matching strategy is used, then this problem
of matching CC to CO is solved more elegantly. TELANGANA uses this approach. In the
filler procedure, when a word with aakaamksha such as aak:rl:X is encountered, the search
for the CC is initiated. Once the CC is found, it is hooked to the FB of the CO as a feature
value of the feature "comp".
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Matching a CC to a CO only solves the syntactic aspects of processing comparative
sentences. The semantic aspect lies in locating the COMC which was meant to be compared
against the CC. This task cannot be done eagerly in the filler procedure itself at the time of
matching complements to the aakaamksha of the main verb, because, in the case of relative
clauses, COMC may not be present till the antecedent of the relative clause is processed. For
example in the following relative clause,

QO EoD Bwoly =odE I % 6%
rAmuDu ninnaTikaMTE muMdara iMTiki vellina rOju
The day rama went home earlier than yesterday

the CC ninnaTi kaMTE has no corresponding (sortally matching) COMC in the relative
clause. When the filler procedure gets invoked while processing the verb VelLl, it encounters
the adverb muMdara. It looks for a CC and finds ninnaTi KAMTE. At this stage if it tries to
locate the COMC matching the CC, then it can not find one. Hence it has to postpone al
such match making till the antecedent is processed. At this stage there are two options. One
can process and locate the COMC for CC at the time of filling in the antecedent or
alternately postpone the matching until the next stage® of sentence analysis, namely Logical
Form generation. In TELANGANA, the later approach is taken. This is motivated by the fact
that to generate logical forms from the FBs (feature bundles) of sentences, one has to go
through every substructure of the FB in any case. At that time, the additional work involved
in locating the COMC can be done.

The exact work to be done, wherever it is done, depends on the type of the comparative
construction. All comparative sentences have the comparative operator. The semantic content
of the comparative operator CO is taken to be that of a numerical operator such as lessthan,
greaterthan or equal with two arguments N1 and N2. These arguments indicate the measure
of the degree adjectives or adverbs. For example, for the adjective tella (white), N1 and N2
may be some numbers indicating the degree of whiteness. For the adverb muMdara (early)
N1 and N2 may be some numbers that stand for the time of the occurrence of the events.
Hence the semantic denotation of CO would be some formula like lessthan(NI,N2),
greaterthan(N1,N2), and equal(N1,N2), meaning N2 is less than N1, N2 is greater than N1,
and N2 is equal to N1 respectively. When N1 and N2 are abstracted out of the formula using
B-reduction [Bare84, p 50-53], and the denotation of CO becomesAM. AN II(M,N) where I

6The different stages of sententid andysis are described in Chapter 3.
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stands for operators like lessthan, greaterthan and equal. A more general denotation of for
the degree adjectives is one which has three arguments. The first and second arguments are
as before, the third one corresponds to the amount by which first is less than or more than the
second. The following sentence motivates the neccesity for using three arguments.

Tdwth D880D 10 Hrev ¥ ¥ ST
rAmuDu seetakaMTE 10 poolu ekkuva kOSADu
Rama plucked 10 more flowers than Sita

The words "10 more", in the above sentence, precisely indicate how many more flowers did
Rama pluck than did Sita Hence the denotation for ekkuva should be AM. AN
morethan(M,N,10). In either case the number of variables is two only. Let the abstracted
denotation, AM. AN. n(M,N), be caled IT. Comparative expressions like "many more",
"much less", and "very many more", can also be given a denotetion fitting the context.

6.4.1 Type 1 Compar atives

Let S be a sentence containing the entities CC, COMC and CO. S can be thought of as a
sentence made up of the sentences S1 and S2, such that S1 consists the COMC and CO parts
of S, and S2 just contains CO. Let the denotation of S1 be ®. From &, the denotation of S1,
and IT, the denotation of S2, the denotation of the sentence S can be formed. Since S1is a
simple non-comparative sentence its semantics can be easily computed using the techniques
described so far. The semantic contents of S2 has been described in the last paragraph. Hence
computing the semantic content of S from S1 and S2 would just need a suitable rule
schemata. This idea of rule schemata is explained in the next few paragraphs. For example
the sentence

Tty H8E TUE0D JEd Lrey Ty
rAmuDu seetaki rAdhakaMTE ekkuva poolu iccADu

can be thought of as

it D88 S¥pd Lren [T + TR
rAmuDu seetaki ekkuva poolu iccADu + rAdhakaMTE

The |eft side of "+" in the above line is S1 and the right side is S2.
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The denotation of S1 has two important parts; one contributed by the COMC and the other
contributed by the degree modifier CO. By giving a wide scope to the variables belonging to
the comparative operators and by ignoring other quantifiers, the denotation of S1, ¢, using
predicate calculus can be written as

3N. IM.{ivv(rAmuDu', seetd, g(some, X, puvvu(X) & number(X,N))) &
ekkuva(N.M,K)}

where rAmuDu' and seeta’ are short hand notations to mean the denotation of rAmuDu and
seeta respectively. For simplicity, event and state variables are not shown in this section
unless their specification has a specia bearing to the discussion on hand. In the above
formula the contribution of the complement, COMC, is rAmuDu" and the contribution of the
comparative operator, ekkuva, is the sub-formulae number(X,N) and ekkuva(N,M,K).
Breaking the above formula at ekkuva(N,M,K) one gets

ivv(rAmuDu', seetd, q(some, X, puvvu(X) & number(X,N)) --6.30
ekkuva(N,M,K) --6.31

The above two formulas are instances of @ and I1 respectively. These two formulae can be
further abstracted by P-reduction [Bare84, pp 50-52] on some of their arguments.
Abstracting COMC, and N out of the first formula gives

AR. AN. {ivv(R,seeta, q(some,X, povvu(X) & number(X,N)))} -6.32
and abstracting the predicate "ekkuva' from the second formula gives
APAN. AM. P(N,M,K) --6.33

In the above formula mostly K is bound to a constant. The formula, 6.32, is an abstract
version of an instance of @, 6.30, with respect to the COMC complement. The formula,
6.33, is an abstraction of an instance of T1, 6.31.

Let such an abstract version of @ be caled ®'. Let W1, W7 represent the denotations of
COMC and CC. Then giving wide scope to N1 and Nj, the denotation of the sample
comparative ellipse sentence can be re-written more abstractly as

3N7. 3N2.®'(¥1.N1) & @'(¥2,N2) & IT(N},N2) --6.34
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The above formula gives a clue to the most generic form the denotation of a comparative
sentence. In the most general case where quantifier scoping of quantifiers belonging to ¥j,
W2, fI>\ and IT, could be arbitrary, the formula, 6.34, is best described using a rule-
schemata such as

kaMTE(IT'(N],N3), AP.AN.®'(P,N), ¥{,¥2) --6.35

This rule schemata encodes very compactly the denotation of a comparative sentence S, in
terms of the denotations of its constituent comparative operator, comparative complement
and the rest of the clauses of the sentence. The above rule schemata, should be trandated to
the following logical form.

IT(q(exw, N1, int(N}) &®'(¥1.N1)), qlexw,Na, int(Np) & '(¥2.N3))) --6.36

In the above formula, the quantifier "exw", is a specia case, a weaker form, of the
existential quantifier "ex" and alows the embedded quantifiers such as "al" to outscope.
Thus the predicate kaMTE acts as a template that can emit the correct semantics of the
comparative sentence given ¥, W2 @', and IT. It may be noted that for type 1 comparative
sentences, the top level predicate denoting the semantics of the entire sentence would be a
kaMTE predicate. The purpose of parsing comparative sentences in TELANGANA is to
develop the above kind of an encoding of the sentence. The Meaning Representation
Language (Chapter 3) encodes the above kind of information for comparative sentences
using the predicate kaMTE. The Logical Form generation step (Chapter 7) which expects
formulae to be in a certain format, expands this formula into the correct form before
guantifier scoping related modifications are performed.

6.4.2 Type 2 Comparatives

In the type 1 comparative sentences both the third and the fourth arguments of the rule
schemata F6.6 would be nominals. However, in the case of type 2 comparative sentences, the
third argument, which corresponds to the CC, will be a relative clause missing a sentential
complement. That means Y1 has a missing sentential complement. In other words, it is of
the form AP.a(P) where P belongs to sentential category. This missing complement can be
filled by the predicate of the matrix sentence. This difference in semantics is accompanied by
a matching difference in syntax also. The CC, instead of being a simple nominal
complement, would be a pronoun in feminine gender modified by a relative clause. The
relative clause would be missing a sentential complement whose role the antecedent pronoun
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can take on. The following sentence illustrates both these syntactic and semantic
phenomenon.

TPt 08 elid) TO¥D Swold [w. Jovk

rAmuDu seeta anukunna dAnikaMTE muMdara iLlu cErADu -6.37
Rama reached home earlier than Sita thought.

In the above sentence the comparison is between the reality and what Sita thought about
Rama's reaching home. This makes type 2 comparative sentences interesting and aso leads
to some amount of semantic complication. This kind of sentence being intensional [Davi90,
pp 74-76], can realy have two readings, de-dicto and de-re . However out of these two
reading, dere' reading is most appropriate with respect to the variable indicating the
degree of comparison, and de-dicto reading is most appropriate with respect to the
event/state variable, in most cases of comparative sentences. This approach is consistent with
the naive semantics of the above sentence, 6.37, because Sita takes some time value, say
5:30PM, to bethe arrival time of Rama. Whereas the event of Rama reaching in that time is
a factious event, entirely in the mind of Sita. Hence, the event variable indicating the
factious event gets a de-dicto interpretation. This topic of de-dicto and de-re meanings is
extremely complicated and leads one into modal logic and possible worlds [Davi90, Chapter
2]. In the context of relational databases, the application domain of this thesis, de-re and
de-dicto do not have much significance as relational databases tend to encode extensional
information only [UlIm88, pp 78-79]. Hence they can be ignored without significant |oss.

The ru)e-schemata for type 2 comparative sentences gives, as indicated above, a blend of
de-re and de-dicto interpretation to intensional sentences. Consequently, wide scopes are
assigned to N1 and N7 in the rule schemata. Subsequent processing can change the scope of
the quantifiers. Hence, except for the preassigned rigidity of de-dicto and de-re readings, all
other readings, including the most appropriate quantifier scoping reading, can be easily
generated.

The discussion above leads to the following rule schemata for type 2 comparative sentences

kaMTE(IT(N{,Ng), AP. AN.®'(P,N), ¥1,%2)

Tt is quite simple to change the rule-schemata to give the de-dicto reading also.
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The trandlation of the above rule-schemata is done as below.
IT(g(exw, N1, int(N) &Y 1(D(¥2 N1))), q(exw, No, int(N3) & (¥, N2)))

While tranglating the rule-schemata, one can choose the correct translation by analysing the
form of third argument. If it has lambda abstraction then it must be type 2 comparative
kaMTE. Hence even though only one rule-schemata is given for both cases of comparative
sentences there would be no confusion.

For example, with respect to the above sentence,

XP. AN.®'(P,N) =AP. AN. cEr(q(ex, E, samdarbham(E) & time(E,N)),P, home")

¥ =XP. anukon( sita, P)

Y9 =rama'

IT = AM. AN. tvaraga(M,N,K)

hence the denotation of the entire sentence is

tvaraga( q(exw,N1, int(N1) & anukon(sita,cEr(g(ex, E, samdarbham(E}) &

time(E(,Np)),rama’, home'))),
g(exw,Np, int(N2) & cEr(q(ex, E2., ssmdarbham(E2) &

time(E7,N)),rama’, home'))),K).

The above sentence after suitable quantifier scoping yields

g(exw,NI, int(Nl) & anukon(sita', g(ex, E1, samdarbham(E{) & time(E{,Ny),
cEr(E{,rama’,home'))),

q(exw, N, int(Np) & g(ex, Ep, samdarbham(E3) & time(E,N»p),
cEr(Ep, rama’, home")), tvaraga(N 1.N2.K)))

which means

3N1.3N,.3E,. anukon(sita,JE1.cEr(Ej,rama,home)& time(E1,N1)) &
cEr(Ep,rama,home) & time(E,N2) & tvaraga(N1,N3, K)

The event variables Ey and Ej represent the factious event and the real event. In most
database applications, however, there is no necessity to represent sentential information as
above. It is only in knowledge based systems that such sentential embedding become
important.



6.4.3 Type 3 Comparatives

In type 3 comparative sentences, the third argument has no relation to the second argument.
In the following sentence,

Tty D9dod BEig¥o® Jtor HERE L

rAmuDu prapaMca rikArDu kaMTE vEgaMgA parigettADu --6.38
Rama ran faster than the world record.

the world record does not run, as in type 1 comparative sentences, nor does the word "world
record” indicate or imply a sentence missing a sentential complement, as in the type 2
comparative sentences. Additionally, with respect to semantic category the word has no
proximity to the person rAmuDu. This makes recognizing this type of sentences easy. Hence,
while analysing comparative sentences, when no semantic compatibility is perceived
between CC and COMC, a smple trick is used to get the effect of CC not actualy
participating in the action indicated by the matrix verb. This is done by taking the semantic
content of CC to be a A-abstracted formula without the lambda abstracted variable occurring
any where in the formulal Hence type 3 sentences can be treated as type 2 sentences, with
the addition of the above minor twist. The above twist deletes the re-use of the matrix verb
and at the same time introduces the comparand variable signifying the CC. This twist may
be viewd as semantic type raising; a semantic variant of the notion of type raising in
Categorial Grammars [Vanb87, Stee91].

An example best illustrates the processing. Taking 6.31 as the example sentence, one can see
that

XP. AN.®'(P,N) = AP. AN. pariget(q(ex, E, samdarbham(E) & speed(E,N)),P)
¥ =AP. world_record(N)

¥y = rama’

IT' = AM. AN. vEgaMgA(M,N,K)

Hence, the denotation of 6.31 is

kaM TE( vEgaMgA(N1,N2,K),AP. AN. pariget(q(ex, E, samdarbham(E) &
speed(E,N)),P), AP. world_record(N), rama)
which means

vEgaMgA( d(exw, Ny, int(N )& pariget(q(ex, E, samdarbham(E)& speed(E,N1p)),
rama’)),



q(exw,N2, int(N2)& world_record(N»7)).K)

which is the intended denotation.

The above three types of comparative constructions exhaust the most frequently occurring
comparative sentence formations in Telugu. The semantics of the less frequently occurring
comparative sentences consisting of phrases such as emta tvaragA avutE amta tvaragA (as
soon as), and enni xyz anni (as many as xyz) can also be analysed using the above rule-
schemata. However, recognizing them syntactically requires more idiosyncratic processing.
Such cases have not been considered in TELANGANA.

The last type of linguistic phenomenon to be considered in this thesis is handling pronoun
references and anaphora. Since there is no discourse component in TELANGANA the
treatment of anaphora in TELANGANA is limited to inter-sentential references only. For
such inter-sentential references both reflexives pronouns and ordinary pronouns can be used
in Telugu.

6.5 Handling Pronouns

Traditionally, the analysis of what a pronoun refers to in a sentence, has been done by taking
recourse to the phrase structure tree of the sentence. Transformational grammar and GB
theory [Chom81, Chom86] both have advocated, the binding theory (Chapter 2.3.1), which
lays down structural constraints such as c-command on phrase structure trees to identify the
possible referents of pronouns and reflexives. In TELANGANA however, as stated
repeatedly, there is no notion of phrase structure. The question that naturally arises is, how
does one analyse pronominal references when phrase structure is not conceived of? In this
section an alternate approach based on the contents of aakaamksha is presented.

The words vADu, atanu, AmE, vALlu, nuvvu, meeru, nEnu, and mEmu are pronouns in
Telugu. Double usage of the pronouns® as in nannu nEnu, nAku nEnu, vALIni vAlu, vALallO
VALlu, neeku nuvvu, memmalini meeru, and mArO mEmu makes them reflexive pronouns.
Reciprocal pronouns are formed, again, by the double pronouns, such as okaDini iMkokaDu,
and okalLlatO jMkokaLlu. The word tana is used in Telugu to indicate "self. For translation
purposes, it is some what like the zibun of Japanese]Kuno73] but different in distributional
properties as indicated by Wali[Wali91]. Unlike zibun, it can be doubled, just like the other

8except for atanu
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Telugu pronouns, to give additional reflexive stress as in tanaku tANE, and tanani tAnE.
Because of these differences, the analysis of pronouns in Telugu needs special attention.
Techniques borrowed from English, Japanese and other Indian languages can not be directly
applied to analyse Telugu pronominal references.

A few examples of pronoun usage in Telugu are given below. As is common in the
linguistic literature, the subscripts are used to indicate the nominals the pronouns refer to.
When "*|" is used, it means that the given pronoun cannot refer to the word indicated by

nen

the subscript "1". The symbol, 7", is used to indicate the alternate words that can also be used
in that context.

Tawty 6 / eodd / &) o088 I th
rAmuDu; vADix;/; /atani*y;l tanaj/x; iMTiki veLlADu --6.39
Ramawent to hisxj/; / his *j/; / selfj/x; home

Tt TE Qo8 TE I
rAmuDu} VADI iMTiki vADul-/*j veLIADu --6.40
Rama went to himself s (his)i/*j home

poldr Y, TV, Y ITLH
aMdaroojvALla vALlaj/«; iLlaku vellAru -6.41
Every; one went to theirj/*; repective homes

T ity gD / &3 el

rAMUDU} ataninixjs; | tanani xi/; cCO0SADU --6.42
Rama;j saw himxj/j / selfxj/j

Tty H89 & B8 BYHD STt
rAmuDu} seetani; Ame;/x; kadha ceppamani kOrADu --6.43

Rama; asked Sitg; to tell herj/k story
Triuth HED &5 qodE Ed Ivnte

rAmuDu} seetani tana} iMTiki teesuku veLlADu --6.44
Rama; took Sita to self(his)i home
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Tty D80 ¥ BY DO %0 o
rAmuDu} seetanij tanaj/; kadha ceppamani kOrADu -6.45
Rama; asked sitg) to tell self(her)y/self(his); story

T Trird $S8 Y Eo oD Edes® B
VAsu; mOhanj tanakii/*j pustakaM iccADani kamalatO ceppADu --6.46
Vasu; told Kamalay that Mohanj gave the book to selfj/*j/*k

TG V8 LY LW, drETTl
[rAmuDoo sitA); okaLlanu okaLlu; coosukonnAru --6.47
[Rama and Sita]; saw one another;

The above sentence brings out various facets of pronominals and their referents in Telugu
sentences. The most prominent of dl constraints on pronominal reference is that there has to
be agreement between the pronoun and its referent in number, gender and person. The other
constraints arise due the various referential properties of the pronouns. The referential
properties of pronouns are best understood in terms of local and non-local domains.

A few definitions are given here before embarking on the main task specifying the
constraints on pronominal referents. Let the word that has an aakaamksha for the pronoun be
caled the root word. The loca domain of a pronoun is the set of words which are
samarthah (see chapter 5) to it. All other words in the sentence are said to belong to a non-
local domain with respect to that pronoun. For example in sentence 6.46, the words mohan,
pustakaM, iccADu belong to the locad domain of tana and the words vAsu, kamalatO,
ceppADu are non-local. The root word is iccADu. In the sentence 6.45, the local domain of
the pronoun tana is the single element set {kadha} and the nonlocal domain is the set
{rAmuDu, seetani, ceppamani, kOrADu). The root word is kadha. Depending on the level
of embedding of sentences, one can talk about the levels of nonlocal domains. The outer
most nonlocal domain is called the maxima nonlocal domain. It may be observed that the
notion of local domain, being defined in terms of samarthah, is intimately connected to the
notion of aakaamksha. It may also be observed that processing of pronouns thus comes
under the realm of the meta-rule samartha padavidhih of Asthaadhyayi [Josh68] explained in
the first chapter. The concept of a loca domain is central to the understanding of pronoun
processing.

One simple approach to analysing pronouns in Telugu would be to see, to what English
words they translate and then use pronomina reference constraints in English to study
Telugu pronouns. This approach does not work well. For example the word, Ame of Telugu
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can be translated to "she” or "her" in English. The pronoun binding rule in English can be
stated’ as, pronouns are free in their local domain and can be optionally bound in their non-
local domain. Reflexive pronouns in English must be bound to the subject in their local
domain. For example in the following two English sentences,

Ramatalked to Sita about her
Rama talked to Sita about hersdalf

the pronoun her in the first sentence can not refer to Sita and the pronoun herself in the
second sentence can only refer to Sita. In the first sentence her necessarily refers to some
person not mentioned in this sentence. Whereas in Telugu, as borne by the following
sentence, the pronoun Ame can refer to Sita as if it were a reflexive or it can refer to some
other third person as if it were a pronoun free in its local domain®®.

Trdwthy DEE® 80D Aoty
rAmuDu; seetatO AmeguriMci;j mATIADADu

Rama; talked to Sita about herselfi/her;

The pronouns atanu and VADu can be translated in to the pronoun "he". But neither of them
entirely behaves like the English pronoun "he". In the following sentence, it is easy to see
that there are differences in the referents (as accepted by a many native speakers) of
atanu/vADueven though both these words are treated alike in many other contexts.

TPty T8 & DO E0ST edd / TE EY drarty
rAmuDu} VAsukij ee pustakaMIO atani*,yj/k/vADii/j/k kadha coop ADu --6.48

Rama showed Vasu hisjj/g story in this book

TEVGE T TED / 0¥d) e 08" SrreD Bevd
rAmuDiki; vAsu; vADinijy, / ataninixjf, addaMIOcoosADani telusu --6.41
Rama; knows that Vaslj saw himj/y / him=j/x in amirror

9This IS a considerbly smplified version of the actual binding principle [Chom86} .

10This interpretation is based on a survey conducted by the author wherein it was observed by some native
Telugu speakers felt at first sight that Ame refers to Sita.
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Pronoun binding rules from English, and from non-configurational languages like Japanese
[Whit86] were found to be inadequate. Hence processing pronouns and reflexives in Telugu
requires a classification other than traditionally accepted [Chom86, Spor86, Whit86,
Wali91). Telugu pronouns are classified into four classes in TELANGANA based on their
ability to refer to nominals present in the rest of the sentence. The first and second classes
consists of only one member each; tana and atanu!!. The third class consists of pronouns
VADu, Ame, vALlu, meeru, nuvvu, neenu and mEmu. For the sake of clarity, these are called
personal pronouns in the rest of this section. The fourth category consists of reflexive and
reciprocative pronouns such as nannu nEnu, nAku nEnu, vALlani vAlu, VALallO VvALlu,
neeku nuwu, mimmalini meeru, mAtO mEmu, and okallatO iMkokaLlu.

The pronoun tana belonging to the first class of pronouns is mandatorily bound to another
nominal X in its loca domain only if the root word has a kon suffix and X is a subject.
Otherwise it can not be bound in its local domain. The following sentence illustrates this

aspect.

TPtk ¥9D el 08" St
RamuDu; tanani+; addaM|O coosADu
Rama; saw selfxjin the mirror

Tty E59 eliy08” SruETTyth

RamuDui tanani; addaMIO coosukonnADu

Ramaj saw himselfj in a mirror
If tana is not bound in its local domain then it can be either bound to the subject in the
maximal non-local domain or be free. Thisis illustrated by the following example

S¥ TRWGE d5 DoNB eod BOND owodD Fohbt LB
seeta; TAMUDIKi; tanaj/«; saMgati aMtA telisipOyiMdani bhayapaDDadi
Sita got afraid that all about her became known to Rama

11 41an4dS given a separate class here. Most linguists tend to classify atanu into the third class presented here.
Hence in the traditional classification there are only three classes. In TELANGANA four classes have been
used based on the observed minor differences some native Telugu speakers cognized in the referents of
atanu and vADu in sentences like 6.40. However, the parser in TELANGA itself is written independent of the
number of such classes and works with any number of classes. The class information is represented in a table.
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It may be noted that the subject nominal in a sentence can found by inspecting the "for”
feature value of the root word and not the "aak" fesature as is done normally for finding a
complement This is so because, the aakaamksha information associated with a word
indicates only suffixes, and the subject has no fixed suffix in Telugu. The "for" feature is
thus useful for pronoun disambiguation also, in addition to aiding the analysis of certain
conjunctive sentences (see section 6.2). Using this scheme for understanding the referents of
tana, the example sentences 6.39, 6.42, 6.44-6.46 can be analysed easily.

The pronoun, atanu, is never bound in its loca domain. It is free in its non-loca domain.
That is it can be bound or remain unbound. If it is bound, however, it must be bound to only
a non-subjective non-interrogative nominal which occurs in the sentence earlier than atanu.
The following example illustrates the behaviour of the pronoun atanu.

TPl TRED edd/  HBET EDT
rAmuDu; vAsooni; atanixj/i gadilO kaliSADu

Ramaj met Vasu; in hisj/; room

TPt eodd ¥ TLD EoT i
rAmuDu} atani *i/%i/k gadilO vAsunij kaliSADu

Ramaj met vAsu; in hisxj/+;/k room

ALK S¥BD ead¥d oty Borin 7
rAmuDu evarini; atani*yg iMTIO diMpADu?
Who; did Rama drop at hisxj/x home ?

Tant TD edd Qo8 Bodr
rAmuDu VAsunij atani j iMTIO diMpADu
Rama droped Vasuyj at hig home

The third class of pronouns ( VADu, Ante, vALlu etc.) behave very much like the second
class of pronouns but for a minor difference. They are unbound in their local domain but can
be bound in a non-local domain to any nominals which appear before the pronoun in the
sentence.

T ENGE T TE DoBoR HBBLNBED &G0 ¥D )08
rAmuDiki; vAsu; vADij/jpaiyiMtiMg pradarSiMcalEdani kOpaM vacciMdi
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Rama; got angry that Vasuj did not display hisj/; painting

Tt ed® H¥80D drerEth

rAmuDuAmetOpxseetaguriMci; mATIADADu
Rama talked to hery/+; aoout Sita;

TPty HES® eDiBod Srin .
rAmuDu seetatO; AmeguriMciximATIADADuU

Rama spoke to Sita; about herselfx;/hery

TPty O8E gD Brey ety
rAmuDu seetaki; AmelOni;z. dOshAlu coopADu

Rama; showed Sitathe defects in herselfj/hery

The last type of pronouns are reflexive and reciprocal pronouns. The use of reflexive
pronouns is aways accompanied by the verbal auxiliary kon in Telugu. This aspect of the
kon was pointed out with respect to the first type of pronoun tana. Due to the presence of
kon, tana becomes reflexive and refers to the subject. However the reflexives to be treated
now are more verbose and introduce reflexivization by duplicating and stressing the
pronouns as in tananu tAnE, tanaki tanE, vADini VADE, and VvALlIalO vALIE. These
duplicating pronouns can have interspersed nominals also as in VADi kAUameeda VADE (on
his own legs), and tana Asti amtA tank (all his property by himself). They are mandatorily
bound to some element which is agreeable in number, gender, and person in their local
domain.

TPtk DB B &) Hood E3D BI DobothBiTyt
rAmuDu; ninna cEsina tappu guriMci tanani tAnE[ niMdiMcukunnADu
Ramaj blamed himselfj for the mistake made yesterday

rAmuDu; vAsuki; seetay tananixj/xiitAnE xi/xjn nimdimcukonnadani ceppADU
Rama; told Vasyj that Sitay blamed herselfsj/+jx
Taoty #5 Erevdl @3 Trow DTWETTW

rAmuDu} tana; kAlumeeda tAnE; rAyi paDEsukonnADu

Rama; droped a stone on hisj (own) leg
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There are two interesting pronoun doubling patterns in Telugu which appear close to
reflexives but are not reflexives. Hence care must be taken in identifying reflexives. The
doubling of pronoun with a minor variation where the first occurrence is an interrogative
version of the second, is used as universal quantifiers in certain contexts as in

Tt 38D V6B TED SdwzEtt

rAmuDu evarini paDitE VADIni nammutADu
Rama believes (each and) everyone

The above is quite obvioudly not a reflexive pronoun type of usage. The pattern for this kind
of usage is interrogative pronoun (evaru, evalLlu, evaDu, evarte €tc.) + word with tE suffix+
matching pronoun. This kind of pronoun pattern can be easily observed in the input sentence
and suitable processing done to delineate such usages of double pronouns. Another similar
pattern is interrogative pronoun+word+pronoun as in the following sentence.

Trawth oS0 Bwvgen TYLE 880 aTt

rAmuDu evari; Dabbulu vALlaki; tirigi iccADu
Rama returned to each person; his money

All such non reflexive uses of pronouns are detected using specia rules in the apply
procedure. However in TELANGANA, at present, al such patterns, being idiosyncratic, are
inspected only to ensure absence of reflexives.

The table 6.1 summarises the kind of processing performed in TELANGANA for resolving
pronominal referents.

category Non-Local Local
tana +B.+5,~Q kon & subj
atanu ~B,-S.-Q (left) —
pro-pronoun ~B.~S.-Q (left) —
reflexive — left

Table 6.1 Classification of Pronoun Processing

In Table 6.1, +B means necessarily bound, ~B means need not be bound, -S means should
not be bound to a subject, +S means, should be only bound to a subject, and -Q means,
should not be bound to an interrogative noun. Subsequent to ~B, whatever appears, it is
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taken to be conditional, that is, if the entity in first column were to be bound, it can be bound
subject to the constraints appearing after ~B. The symbol left indicates that, if a pronoun is
to be bound, then it must be bound to some referent that occurs to its left in the sentence. For
example, consider the row describing atanu. It consists of the entry ~B, -S, -Q (left) in the
non-local column and "—" in the local column. The entry in the local column indicates
that atanu can not be bound in its local domain. The entry in the non-local column implies
that atanu is free in its non-local domain. In other words, it is free either not to refer to any
noun in its non-local domain or to refer to one. When it does not refer to any noun in its
non-local domain, then it must refer to some extraneous discourse specific referent. But if it
were to refer to some noun in its non-local domain, then that noun must be a non-subject and
non-interrogative noun. Further, the noun must occur to the left of atanu in the sentence.

6.6 Conclusion

In this chapter, analysis of complex and coordinate sentences was presented. Processing
these types of complex sentences requires many innovations in the theory underlying the
parser, the information contents of the FBs in the lexicon, the apply procedure and the
filler procedures. These innovations were presented at length. Some cases of gaps and fillers
were presented which necessitate filling gaps with default values. This is a feature of Telugu
language and does not appear to be present in English. This feature of Telugu necessitates
abandoning the simple methods of gap filling used in the analysis of English [Gazd85,
Poll87]. The gap-filler dependencies in Telugu are treated using a combination of
aakaamksha related lexical information and suffix changing rules. Thus aakaamksha
information seems to have a larger say in the processing of Telugu sentences than
subcategorization information in English. Subsequently the role of samarthah in deciding
the pronoun antecedents was shown. Thus the magor principle used throughout the
processing is samarthah padavidhihof ashtaadhaayi [Josh68].

The processing of Telugu sentences presented in this chapter is very much deeper and wider
in the coverage of the language and closer in spirit to Asthaadhyaayi than the approaches
taken by some researchers [Alwa88, Bhar90a, Bhar90b] working on other Indian languages.
The author believes that the coverage of the syntax and semantics of Telugu sentences in
TELANGANA is at par with many of the well known NLP systems developed for English
and European languages such as ASK [Thom83], CHAT-80 [Warr80], SMACK-85
[Rayn86], and TEAM [Gros87].
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Chapter 7

Quantification and Question-Answering
7.1 Introduction

The previous chapters presented details of the computation of feature bundles (FBs) for
sentences through complex sentences. The meaning of a sentence is captured in a FB through
predicates. These predicates, to attain maximum generality, tend to be based on
considerations essentialy linguistic in nature. The predicates so motivated are application
neutral and hence require further massaging/transformations to become appropriate for an
end application. The nature of the transformations depends upon the particular end
application. In this thesis, accessing information from a relational databases was targeted as
the application. In order to query databases two magor transformations were required:
quantifier scoping, and translation. In addition to the above owing to the format chosen for
the FBs, a further step of restructuring the FBs into predicate form was necessary before
quantifier scoping and translation related transformations could be performed.

Restructuring converts FBs into a form where quantifiers and the predicate structure of the
guery become explicit. The FB corresponding to the input query is converted into a predicate
whose argumecnts are quantifier formulas. The quantifier scoping phase takes this predicate
form as input and transforms it into the logical form (see chapter 3.5) where al quantifiers
are appropriately scoped. The need to properly handle quantifiers arises when one has to
answer queries whose meaning critically depends on the order of the quantified nhominals in
it. For example, in the following sentences the differences in meaning arise purely due to the
order of the complements which contain quantifiers.

D98 OIgB, DBy B08® EE* Hrdydn
prati vidyArthi EsabjekTulalO tappADO coopumu
For each student, show me the subjects he failed in
DB Bop 08 DIB DIPgO, STNE® Srdysn
EsabjekTulalO prati vidyArthi tappADO coopumu
Show me the subjects in which every student faled
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In the above sentences, the relative order of quantifiers prati (every) and E (which plural)
totally changes the meaning of the sentence. Approaches which do not recognise the
importance of quantifiers in database access are doomed to failure.

The need for trandlating FBs arises because users of natural language interfaces tend to
frame their questions in the way they think about the stored information. Their conception of
the organization of the information is often different from the way the information is
actually structured in the computer. Existing databases employ different representational
conventions, many of them devised to satisfy various database management criteria. For
example, database designers can encode the information that a student has passed in a
relation, such as student_record!, by using different fields and their corresponding values,
for instance as "Y" or "N" in the pass field, or as a number in the marks field, implicitly
carrying the information of passed or failed, or as "promoted”, or "not-promoted” in the
status field. The above information could have also been represented through different
database relations, instead of the relation student_record. In whatever way the information
is organised in the database, the natural language query to extract that information would be
independent of that organisational detail. For example, the natural language query asking if
somebody has failed in maths would be as follows,

odntn  Hedod”® SryEe?
rAmuDu gaNitaMIO tappADA ?
Did Rama fail in maths?

The predicate of the above query, is

tapp(rAmuDu, gaNitaM)

The above predicate does not have any explicit reference to student_record, or its fields.
Hence it needs to be trangated into one of the following?

student_record(,, rama, ,n) or
student_record(, , rama,, MARKS) & MARKS < 35 or
not (promoted(,, rama,,,))

depending upon how the information is stored in the database. In certain contexts some
predicates need to be ignored. For example, in the query

INames in bold letters indicate either database relations or fileds in detabase relations.
2pass marksis assumed to be 35 marks (as is true in many traditional Indian universities) in this chapter.
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TG ¥069 DB Srsw
rAmuDi taMDripEru coopumu

Show the name of Rama's father

the predicate corresponding to the word coop (show) does not get translated into a database
relation and is in fact dropped in the final query to the database.

Another reason why trandation is required is to optimise the output query. In the query that
is generated after the quantifier scoping, there could be many predicates corresponding to the
sortal constraints on the arguments of the predicates. These constraints may be unnecessary
in the context of the database relations where the sortal types of fields are implicitly assumed
owing to the database schema definition. For example,

DT g8E Hesdoes® 100 Sretygen SToyow ?
EvidyArthiki gaNitaMIO 100 mArkulu vaccAyi ?
Which student got 100 marks in Maths ?

The logical form for the above query would be
g(wh, X, student(X), student_marks(X,gaNitaM,100))
and if the database query is generated straight away it would be
student(X)& student-record(X ,gaNitaM,100)

The relation, student, would not be defined in the database schema since the student_record

relation implicitly assumes its first argument to be of type student. Query translation removes
such redundancies in the trandated queries.

This chapter details the above three transformations, restructuring, quantifier scoping and
translation, which convert the output of the syntactic/semantic analyser into database specific
queries. Throughout the rest of this chapter, a sample database is used to illustrate the
various aspects of the above three transformations. In the next section the sample database is
presented. In the subsequent sections, the three transformations are explained in detail with
special emphasis on the quantifier scoping algorithm. These three transformations, and the
pragmatics related processing detailed in Chapter 5, impart the flavour of the domain to the
otherwise domain neutral processing of Telugu in TELANGANA.



7.2 The Sample Database

It is evident from the explanation given in the previous section, that the translation
transformation is highly domain dependent. Hence, a well defined database needs to be used
as a reference or sample database. The sample database considered here encodes thc
information about the students and the lecturers in a university, and comprises three

relations, student_record, student_marks, and lecturer_record. There are a number of
fields in each relation as shown in figure 7.1.

student record

stu_name | course | year | grade | college_name
rAma iMTer 1989 a caitanya
vidyA bsc 1990 b nijAM
aparNa | msc 1990 a kOTi
rAma bsc 1991 f hiMdoo

student_marks

stu_name | subject marks
rAma gaNitaM 85
udaya phijiks 78
aparNa | kemisTree 96

lecturer_record

lec_name | subject course year
bhArati vEdAntaM ma 1991
kANAda akaunTs bcom 1988
pataMjali | telugu iMTer 1980
SAstri kemisTree msc 1978

Figure 7.1 Relations and Fields in the Sample Database

The first relation student_record has five fields, stu_name, course, year, grade, and
college_name, that together specify a student's name, the course he/she undertook , the year
the student left the university, the grade obtained by the student, and the college he/she
studied in. The second relation, student marks, comprises of three fields, stu_name,
subject and marks, which together specify the student's name, the subject he/she studied
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and the marks obtained in that subject. A student typically studies many subjects in any
given course. The third relation, lecturer_record, comprises of four fields, lec_name,

subject, course and year, and indicates the lecturer who taught a particular subject in a
particular course in a given year.

The important thing to note about the relations given above is that some field names occur in

more than one relation. The common fields alow queries that span more than one relation.
For example the query,

&UaHE 1980 &° PV DY Wtvyen BTmyow ?
udayaki 199010 phisiksulO enni inArkulu vaccAyi ?
How many marks did Uday get in Physicsin 19907

involves references to both the relations student_marks and student-record. Hence the
predicate vacc needs to be trandated into two database relations. Common fields thus entail
complications in the tranglation stage.

7.3 Query Restructuring

The details of the restructuring transformation are presented in this section. The FB of a
sentence is the input to this phase of processing and the output is a predicate with quantified

arguments. The operation of the restructuring program is best explained using an example.
Consider the following sentence,

THWGE B98¢ DY Srdpen HaEyow?
rAmuDiki kemisTreelO enni mArkulu vaccAyi?
How many marks did Rama get in Chemistry?

and the following FB generated for it by syntactic and semantic analyser.

[ aak: [],
word_loc:5,
sentype: [none,q],
var:X0,
yog: [pos.v, isakriya, agr: [ [m,s,3],_]],
sem: | reln: vacc,
saMdrabham: XO,
vidyArthi: [aak: [],
word_loc:l,
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var:X1,post:ki,
yog: [ pos:n,isachuman,agr: [ [m,s,3],J],
sem: [ reln: name,id: X1,string:rAmal],
vishayam: [aak: [],
word_loc:2,
var:X2,post:10,
yog: [pos:n,isa:subject, agr: [ [f,s,3],_]],
sem: [ reln: name,id:X2,string: kemisTrec],
mArkulu: [aak:[],
word_loc:4,
var: X3,
yog:[pos:n,isa:maark,agr:[[{,p],3],_]],
sem:[reln:maark, id:X 3],
quant:[ aak:[],
word_loc:3,
yog: [pos.quant, isa:det,agr:{|_,pl,_}.[def,cnt]],
var:X3, [reln:number, id:X3,quant:cnni]]

FIGURE 7.2 The FB generated by the syntactic and semantic analyser for the sentence
rAmuDiki kemisTreelO enni maarkulu vaccAyi?

The FB with dl its details, as shown in figure 7.2, is the input to the restructuring
transformation. Out of al the features present in the FB, the features "sem", "word_loc",
"post”, and "agr" are of primary importance to the restructuring transformations. The "sem"
feature value is initialy stripped of al syntactic information except for the "wordjoc" and
"post” feature values. Appropriate logical quantifiers, based on the number as indicated in
the "agr" feature of the nominal are next inserted into the FB. In addition, along with the
guantifiers, the value of their "wordjoc" feature and the value of the "post” feature of the
nominals they quantify, are also indicated. All singular unquantified nominals are treated as
existentially quantified. As explained in Chapter 3, bare plural nouns occurring as subjects
or modified by a relative clause are given the logical quantifier "all* and other bare plura
nouns are given the logical quantifier "some". Occurrence of bare plurals in database
querying is rare. Question indicating words like evaru (who), ekkaDa (where), and eppuDu
(when), are converted into the logical quantifier "wh". The question word enni (how many)
needs some special processing. If it refers to a number it should be translated into the simple
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"wh" quantifier, otherwise it should trandated into the quantifier "enni". The rationale for
dichotomy is that the lexical quantifier "enni" asin

qg(enni, X, p(X), q(X))

normally necessitates counting the number of cases where p(X) & q(X) is true. However,
when X represents a numeric field, the counting process is not necessary, as the value of X
itself gives the answer. For example, the query

TS DY Dy B0 L ecirgti?
rAmuDu enni sabjaKTlalO pAs ayyADu?
In how many subjects did Rama pass ?

requires counting all the instances where the database query
student_marks( ,rAma,_subjects, M) & M> 35

is true. Whereas, the query

T EWGE B, 98 ID Brlpen STmyow ?
rAmuDiki kemisTreelO enni mArkulu vaccAyi ?
How many marks did Rama get in Chemistry?

requiresjust getting a value for M from the database using the database query

student_marks(_,rAma,_,M)

Negation in the query is treated as the predicate "not". For example, the query

Tty gobb S8SBo?
rAmuDu iMTer cadavalEdA?

Did rama not study Inter ?

is restructured into "not" of " rAmuDu iMTer cadivADA".

As dready indicated, the "word loc" and the "post” information corresponding to every
guantifier is also made available with the quantifier in the restructured FB. The restructured
FB for the example sentence is shown in figure 7.3.

sem: [ reln: vacc,
samdarbham: q(fex,5,none], XO, samdarbham(XO0)),
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vidyArthi: q([ex,1,ki},X1, human(X) & sem: [reln: name,id:
Xl,string:rama)),
vishayam: q([ex,2,10],X2, subject(X2) & sem: [reln: name,id:X 2,
string: kemisTree]),
maark: g({[wh,3,none],X3, maark(X3))
]

FIGURE 7.3 The stripped FB for rAmuDiki kemisTreelO enni maarkulu vaccAyi?

Note that the eventstate variable takes the verb's word_loc value in the above restructured
FB. From the above restructured FB, the following predicate form of the origina FB is
obtained:

vacc( q([ex,5,nong], XO, samdarbham(X0)),
q([ex,l,ki], X1, human(X1) & name(Xl,rAma)),
q([ex,2,10], X2, subject(X2) & name(X2,kemisTree)),
g([wh,3,noneg], X3, maark(X3)))

The predicate form of the restructured FB is called the Intermediate Logical Form or
intermediate LF. This is then input to the quantifier scoping algorithm. The details of this
next stage are presented below.

7.4 Scoping Algorithm

An intermediate LF with al the quantifiers is passed as an input string to the quantifier
scoping algorithm. The output, called final LF, is a string that has al the quantifiers scoped
appropriately. To properly scope the quantifiers, they need to be extracted out of the
predicate they are contained in. They have to be moved over earlier quantifiers if their scope
is thought of to be wider than the earlier quantifiers. This is known as raising the quantifiers.
The quantifier scoping algorithm is designed to maintain the lexical order of the quantifiers
where possible, because in Telugu lexical order of quantifier quite often tends to be the red
order of the quantifiers. It is only under certain conditions that the lexical order is not the
right order. The algorithm identifies such exceptions, and changes the quantifier scopes
accordingly. The algorithm presented here is a more detailed and an enhanced version of the
one presented in [Ravi91b].

The scoping related behaviour of quantifiers is idiosyncratic to the language. The quantifiers
in Telugu behave differently from English quantifiers. For example quantifiers belonging to
a relative clause in English do not outscope the quantifiers of the antecedent [Wood78,
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Mora88]. Whereas in Telugu they do. Similarly the Telugu quantifiers such as konni (few),
prati (each), anni (every) behave differently than the corresponding English quantifiers. This
prompted the author to develop a quantifier scoping algorithm for Telugu. To the best
knowledge of the author, there is no systematic study of quantification in Telugu, either by
Linguists or by Computer Scientists. Hence, such a study was conducted by the author to
analyse the preferences of native Telugu speakers in understanding sentences with multiple
guantifiers. There were two main observations of the study.

The first was that the behaviour of the scopes of quantifiers in Telugu can change drastically

depending on the postfixes of the corresponding nominals. Especially, subject and non-
subject distinction is noticeable. For example, in the following sentence,

893 BELer Erold B>

anni lekkalu koMdaru cEsAru

al problems some people solved
Some people solved dl the problems

the qunatifier, embedded in the word koMdaru (some people) which is the subject of the
sentence, has wider scope compared to anni (all) which quantifies the object of the sentence.
Whereas in the following sentence, even though the quantifiers anni (all) and konni (some)
are in the same relative order as in the above sentence, their scope is reversed.

eotidr 870 B¥jen JIK
aMdaru konni lekkalu cEsAru

everybody some problems solved
Everybody solved some problems.

The second observation was that most of the time the surface order of the quantifiers is
preserved in the logical forms. This implies that the algorithm for proper quantification in
Telugu only needs to act on those cases where surface order cannot give the correct scoping.

In the following paragraphs, an algorithm respecting the above observations is given. Its
implementation in TELANGANA is given in the subsequent section.

In TELANGANA, the different quantifiers of Telugu are categorized into 5 groups as
follows.

E, evaru, enni, evvaroo,evarinee etc. group 1
numeric (oka, reMDu, mooDu etc.) group 2
prati group 3
kondaru, konni, konta, cAIA group 4
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anni, andaru, anni, okkokka group 5

The quantifiers and the operator |IEdu in every sentence can be arranged as a list of lists. The
inner most list corresponds to the most deeply embedded sentence. Relative clauses are
considered to be independent sentences with respect to quantifier scope assignment and
hence the quantifiers in them are represented in an independent list. The quantifier list
corresponding to the relative clause is put after the quantifier of the anatecedent of the
relative clause. As an example, for the following sentence,

prati upAdhyAyuDu aMdaru vidyArthulu cESina konni tappulu pErkonnADu
Every teacher mentioned a few mistakes which al the students made

the corresponding quantifier list would be,
[prati, konni, [aMdaru]]

For the following sentence,

koMta maMdi konni lekkalu rvaragA cEya-lEdu.
some people some problems quickly did -not
some people did not solve some problems quickly

the quantifer list would be,
[koMta, konni, IEdu]

The algorithm works from outermost list to the innermost list. While processing quantifiers
at any given level, the quantifiers at a deeper level are ignored.

Step (1): Form alist of dl the quantifiers, and IEdu in the sentence. Let i= 1;
while (i .lessthan. length of list) do
Step (2): Examine the i-th and (i+1)*th element of the list

RULE 1— If the i-th element belongs to group 3 and it has not been exchanged
earlier, and the (i+1)-th is |[Edu, then exchange the two elements.

RULE 2-- If the i-th element belongs to group 2, 4 or 5, and the (i+l)th element
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RULEZ2—  [f thei-th element belongs to group 2, 4 or 5, and the (i+l)th dement
belongs to group 1, then exchange the two elements

RULE 3— If the i-th element belongs to group 5, and it has not been exchanged with
any element earlier, and the (i+l)th element is [Edu, then exchange them.

RULE 4~ If the i-th element belongs to group 5 and is in accusative case, and the
(i+l)-th element belongs to group 4, then exchange the elements.

RULE 5~ If the i-th element belongs to group 5 and is in nominative case, and the

(i+)-th element belongs to group 2, and the tail of the list contains IEdu,
then exchange the elements.

Step(3): i=i+l;
End while;

It may be observed from the above algorithm that quantifiers in relative clauses do not
outscope the quantifiers of the antecedent. A relative clause can only contribute to the
restriction of the quantifier and hence can not normally out scope the quantifier of the
antecedent. But this is not the case always. In some situations, people tend to give a wider
scope to the quantifier konni/prati in the relative clause, over the quantifier anni, konni and
prati of the antecedent. This appears to happen when konniiprati occur as a quantifier to a
noun which acts as a subject in the relative clause. The following sentence provides an
example of such a situation.

§~odd Tgchdrdyen 70 Eoden VBN @Dy B8PF,ed H83V0T
koMdaru nyAyamoorthulu konni kaMpaneelupeTTinaa anni darakhAstulani
pariseeliMcAru

Somejudged inspected al the petitions which some companies made

Under such circumstances, at the time of restructuring the logical form of the sentence, the

raised quantifier of the relative clause is given wider scope than the quantifier of its
antecedent.
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A similar situation arises while analysing donkey sentences® [Karap81]. While assigning
scope to quantfiers in donkey sentences, it becomes mandatory, on logical grounds, to give
wider scope to the quantifiers in the redtive clause than to the quantifiers of the antecedent.
Further, at times the quantifiers themselves may have to be changed. Such situations,
wherein the quantifiers are needed to be changed are ignored by not changing the quantifiers
in the present treatment, even though the quantifiers are outscoped. This does not lead to
unsound results but leads to some nonintuitive quantifier scoping in the rare event of such
gueries being posed to the database. The mechanisms used for rearranging quantifiers are
given in the following section.

An important observation to be made is that the quantifier inside a postposition (PP) clause
modifying a nominal automatically gets a higher scope than the quantifiers of the nominal,
because in Telugu PP modifiers appear before the nomina they modify. In English PPs
occur after the NPs, hence special preference rules [Mora88, Vanl87, Wood78j are needed

to handle quantifiers in PPs. A few examples will make the operation of the algorithm clear.
In the following example,

00l%) DTG TV 0w 28 BLE,, Bedn

aMdaru vidyArthulu pass ayina oka sabjekT telupumu
Every student pass rel-marker one subject inform
Inform (the speaker) the subject in which every student passed

The quantifier list for the above sentence is
[oka, [aMdaru]]

which when expanded back to LF (see section 7.4.2) gives
g(ex,X,sabjeKT(X) & g(al,S, vidyArthi(S), pass(S,X)), telup(X))

In the following sentence,

3For example
Every farmer who owns a donkey, bests it.
g(al, X, donkey(X), (dl, F, former(F& owns(F,X), beats(F,X)))
The quantifier "a" in the relative clause gets awider scope and aso gets modified to "all’
One can get away by not modifying the quantifier "d" aso,
g(ex, X, donkey(X), (dl, F, former(F)& owns(F,X), beats(F,X)))
but this is not the intutive meaning of the sentence.
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e0l8 DIrghgen SNB ), OF $Jnt 7
aMdaru vidyArthulu EsabjekTulO tappAru ?

Every student which subject failed show
Show the subject every student failed

the quantifier list is
[aMdaru, E]

which becomes owing to RULE 2 in step (2) above,
[E,aMdaru]

yielding the following LF
q(wh,X,sabjekT(X),q(all,S,vidyArthi(S), tapp(S.X)))

In the following example, no rules are applicable, hence there is no exchange of quantifier
scope.

D98 DIFgB, DB B0y HIET X
prati vidyArthi EsabjekTulO 1appADO coopumu

Every student which subject failed
Show for every student, the subject he falled in

ItsLF, is

g(al, X, vidyArthi(X), g(wh, Y, sabjekT(Y), coop(failed(X,Y)))
In the following sentence,

e0t) DIPGEIGEY SVBY B, 08®  EDNBE® Srdn

aMdaru vidyArthulu EsabjekTIO  tappalEdO coopumu

Every student which subject did not fal  show
Show the subject in which not al students failed

with the quantifier list
[aMdaru, E, IEdu]

owing to RULE 2, aMdaru and E get exchanged. No rule is further applicable, hence
aMdaru and |Edu do not get exchanged. Hence, the LF of the above sentence is

g(wh, X, sabjekT(X), q(al, V, vidyArthi(V), not(fail(V,X))))

Whereas in the following sentence, where aMdaru and IEdu occur in the same order as in the
above sentence, the quantifiers are exchanged due to RULE 3.
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Tt ey BEer SoHBR
rAmuDu anni lekkalu cEyalEdu
Rama dl problems not solved
Rama did not solve al the problems

The LF of the above sentence is

not(g(all, X, lekkalu(X), cEy(rama,X)))
7.4.1 Implementation of the Quantifier Scoping Algorithm

The means of implementing the above quantifier scoping algorithm is obscure due to the
presence of g-terms. Hence, the implementation of the algorithm and its foundations in the
notions of quantifier stores [Coop83], is explained here briefly.

The scoping agorithm can be understood as a non deterministic program, pull(ILF,S,P), that
lakes the intermediate LF, ILF, as input and returns a quantifier store, S, and the scoped
logical form, P. While pulling the quantifiers from the predicate M, the occurrences of 0o-
terms in M are replaced by the variables of the g-terms. The g-terms are A-abstracted to
contain a new argument each. A predicate whose quantified arguments are replaced by the
corresponding variables is caled a kernel. The scoped logical form P results from applying
some subset R of the sct Q of g-terms in the ILF to the kernel of outer most predicate, M, 1n
the ILF. S is the subset of g-terms, equal to Q-R, which is not yet applied to the kernel

predicate.
For example, the kernel of the fpllowingILF

has ( g(ex, XO, event(XQO)),
g(all,XI,man(Xl),
g(some,X2,desire(X2))

which has three quantifiers, is
has(X0,X1,X2)
and the abstracted g-terms are

X?. g(ex, XO, event(X0),P), AP. g(all, X!, man(X1),P), and
AP. g(some,X2,desire(X2),P)

Let the quantifier store, S, consist of only one out of the three quantifiers. Let that quantifier
in store be
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X?. q(some, X2, desire(X2),P)
Then the two remaining quantifiers

AP. q(ex,XO0,state(X0),P) and XP. q(some,X2,desire(X2),P)
are applied to the kernel, so the P of the ILF is

g(ex, XO, state(X0), q(all, X2,desire(X2), has(X0,X1,X2)))

The quantifier store concept presented here extends the quantifier store proposed by Cooper
[Coop83] and can give, just as Cooper's scheme does, al the LFs that are legal with respect
to the given set of quantifiers present in ILF. Out of this set of possibilities, the one
permitted by the quantifier scoping algorithm is emitted. Logicaly equivalent but scope
wise different combinations are considered equivalent and are not treated differently. The
"pull" procedure in conjunction with another procedure, apply(S,M,WFF), delivers the
properly quantified formula given a FB. The procedure apply(S,M,WFF) is used to get the
resultant, WFF, of applying a quantifier store S to a matrix predicate M.

The procedure "pull” is defined inductively on its arguments. Each argument is pulled out to
get the corresponding quantifier store, S, and the scoped LF, P. The stores and the scoped
LFs of all the arguments are accumulated to give the store of the predicate and the kernel of
the predicate. The store of the entire predicate is the union of al the stores of its arguments.
The quantifier store thus obtained is then reshuffled, subject to the rules given in step(2) of
the quantifier scoping algorithm, to get the correct order of quantifiers.

The pull procedure has subcases based on the type of its arguments. Predicates are classified
into two classes. Intensional and normal. Verbs which do not expect sentential complements
are normal, like veLl (go), tin (eat), and vanD (cook). Verbs which have aakaamksha for
sentential complements are intensiona verbs. For example, koor (want), ishTapaD (like) and
cepp (tell or say) and intensional verbs. Generally intensional verbs are optionally opaque
with respect to the argument which represents the sentential complement.

In the case of normal verbs, when a quantifier is pulled out of the predicate, the quantifier
leaves its variable in its position in the predicate. For example, if the quantifier ql is pulled
out in the following unscoped logical form,

p( _. q(@1,X,r(X)), _,_)

one gets the following kernel

p(L.X,___)
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and the store would contain
AP. q(ql.X, r(X),P)
which, in Prolog, can be represented as
Pq(q1,X,r(X),P)
The variable, P, in the above formula ranges over predicates and is intended to capture the
predicate of the matrix sentence at the time of applying the store to the kernel. By

accumulating al the quantifiers of the arguments in the store, then rearranging the store, and
applying the quantifiers to the kernel, one gets the fina properly quantified LF.

If the verb, or more generally an operator, is opague with respect to the argument that is
being pulled out of its body, then there are two possibilities. The first one is that the
quantifiers in the argument are not given a wider scope than the operator itself. This gives a
de-dicto reading. If the quantifiers are allowed to scope over the operator, then it leads to the
de-re reading of the sentence. The scoping algorithm must allow these two readings. The
default order TELANGANA uses leads to the de-re reading. While giving wider scope to
the embedded quantifier in intensional sentences, special care must be taken while pulling
out the embedded quantifier. In the following unscoped intensional predicatc p with
sentential complement s,

pCs(q(alX.r(X))).__)

when g1 is pulled out, one gets

p(,s(X),_._)
as the kernel and
AP. q(ql,X, r(X),P)

as the element in store.

For example, the following unscoped LF
like(rama, q(ex, A, apple(A), eat(rama, A)))
would become,
g(ex, A, apple(A), like(rama, eat(rama, A)))

after proper scoping of the quantifiers.
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The third subcase of the pull procedure is invoked when a quantifier is pulled out of a
restriction of another quantifier. This case arises when quantifiers present in a relative clause
or a postposition phrase need to be out scoped relative to the quantifier of the nominal they
modify. Very rarely, the quantifiers in the relative clause get a wider scope than the modified
nominal. Conversly, the quantifier embedded in a propositional aways gets a wider scopc
than the quantifiers of the modified nominal. For example, in the following unscoped
predicate

pass(qg(all, X, student(S) & in(S, q(ex, C, class(C)))))
if the quantifier "ex" is given a wider scope then one should get
g(ex, C, class(C), q(al,X, student(X)& in(S,C), pass(X)))
In a more general setting, in the following ILF,
p(a(al, X, rl(X) & s(X, a(q2, Y, r2(Y))))
when the quantifier g2 is to be given a wider scope than g1, the resultant scoped LF must be
q(a2,Y, r2(Y), q(gl, X, rl(X)&s(X,Y),p(X))
The kernel of the above kind of predicateis as usua
P(X)

but the store should have more complicated (than earlier two subcases of pull) entries in
order to capture the predicate of the relative clause in addition to the predicate of the matrix
sentence. For this purpose an island, "isl", construct which lets one generalise over both the
restriction and body of a quantifier is used as follows,

iSI([AP. q(q2,Y,r2(Y),P), APAQ. q(ql,X, rl(X)&P, Q)], (X,Y))

The island operator does the "book keeping" necessary for giving different scope to the
guantifiers. For example, the quantifier gl can be either given a wider scope than g2 by
removing it from the "id" or a narrower scope than g2 by letting it remain in the "id". The
island operator "id" is defined so that, al the quantifiers in it are first applied to its second
operand, s(X,Y) in the above example. The second argument encodes to the kernel
corresponding to the predicate of the relative clause or the postpositional phrase. After that
they can be applied to the kernel of the sentence. The island operator lets one handle the case
of donkey sentences, where due to logical requirements a quantifier inside a relative clause
needs to be given a wider scope than the modified nominal.

7.5 Query Translation
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Logical forms are generated from predicates which are predominantly linguistically
motivated. The purpose of the query translation is to translate such domain independent
logical forms into database queries which reflect the database structure. This translation
involves

* mapping logical form quantifiers to database query operators,

* mapping predicates and their arguments in the logical form to database relations, fields,
and values, and

» determining the information to be displayed in reply to a query.

The tranglation process can aso involve optimising the fina database query to remove
redundant sortal constraints or accesses to database relations. Redundancies arise due to the
fact that different predicates in the logical form for a given query may well map to the same
database relation using different but not mutually exclusive fields and values.

The translator can be viewed as a term rewriting system that takes the scoped logical form
and rewrites it into a simpler form preserving the logical equivalence under the closed-world
assumption [Reit78]. The transformed query will produce the same answers as the initia
input logical form when evaluated against the database.

7.5.1 Mapping Quantifiers to Query Operators

The first step in trandation involves mapping the quantifiers in the logical form to database
operators. The relational database, in this case being in Prolog, has very few operators: ","
and "not". The "," operator of Prolog encodes the logical "and" operator. The "not" operator
encodes negation as failure operation. Apart from these two operators, a few more operators
like "number_of", "many" and "few" are required to form interesting queries. The operator
"number_of(p(X))" gives the number of instances of the given predicate p(X) that are true.

It is useful in answering questions like
In how many subjects did Rama pass?

The operator "many(p(X),q(X))" tests if the number of different values of X for which p(X)
& q(X) is true is more than haf of the number of different values of X for which p(X) aone
is true. This operator is useful in translating the quantifier "many" in the following query

Did many students fail in Physics.
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The meaning of the operator "few" can be similarly understood.

A query in Prolog is implicitly existentially quantified. Hence the quantifier "ex" in a logical
form can be ignored. The quantifier "al" is translated into double negation, if it is embedded
in a"yn" (yes-no) operator, otherwise it is translated into the setof operator [Cloc81] of
Prolog. That is al(P,Q) is trandated into not(P, not(Q)) of Prolog or setof(X,P(X),Y). The
quantifier "wh" isignored, as it is implied in the query operation of Prolog.

7.5.2 Mapping Predicates to Database Relations

As discussed above, the information described in a given sentence may be represented in

different ways in different databases. For example, the information pertaining to the college,
in the question

Tratn RoLd O 82 ST ?
rAmuDu iMTer E KAIE]jilO cadivADu 7

In which college did Rama study Inter ?

IS represented in the sample database in the college_name field of the database relation
student_record. In some other database it could have been encoded in the institution field
of some relation inter_record_1990 which contains names of the students who passed in
Intermediate exams in 1990 and the colleges they studied in. Not only this, in a given
database, the same predicate of natural language may be mapped into different relations
depending on the type of arguments it takes. For example, with respect to the sample
Watabase, the predicate tapp (fall) in the following question

TPty DK e it 7
rAmuDu EkQOrsulQO tappADul --7.1
In which course did Rama fail?

should be trandated into a query on the database relation student_record. Whereas in the
following question,

Trdnth 0B, g daryis 7

rAmuDu EsabjekTIO tappADu? -12

In which subject did Rama fail?

the same predicate tapp (fail) should be translated into a query on the database relation
student_marks. This is because the relation student_record contains information about
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students and the courses they studied. Whereas the relation student_marks contains
information about the subjects which students had studied and the marks they obtained.

In effect, there can be no unique way to encode information in a database. In addition, the
relationship between natural language predicates and database relations is idiosyncratic. The
guery translator of TELANGANA uses information present in the predicate definitions of a
predicate by name, dbtrans, to map predicates into database queries. The predicate
definitions specify how predicates appearing in logical form are to be mapped onto database
relations. They also specify the sortal constraints that need to be satisfied to affect the above
mapping. A predicate definition has the following form

dbtrans([P1,P2.P3.... Pl R) :- $1.2. S3,... Sp.

In the above Py, P7 , and Py, are predicates of natural language which express the contents of
a database relation R. S1. Sp and Sy, are sortal constraints on the fields of the relation P. For
example, the definition associated with the relation student_record would be

dbtrans({vacc(E1,S1,CRS1,GRAD 1),time(E1,YR),
caduv(E2,S1,CRS1,COL1), time(E2,YR), name(SI,NI)],
student_record(N,CRS,YR,GRAD,COL)):-

SI=(S:human), CRSI=(CRS:taragati), GRADI=(GRAD:grade),

COL1=(COL:kaLASAIla), El =(_:vacc),E2=(_:caduv).

The above predicate definition tells that, the information in the tuple

student_record(N,CRS,YR,GRAD,COL) belonging to the database relation student_record
encodes the meaning present in the sentences,

A student S1 whose name is N got the grade GRAD. He studied the course
CRS1 in COL1I college in the year YR,

provided the variables S1, CRS1, GRADI, and COL1 have the sortal type human, taragati
(course), grade, and kalL ASAla (college) respectively. The above definition is complex as the
relation student_record captures two different kinds of information. The information in the
relation student_marks can be expressed by a simple predicate caduv (study), as follows.

dbtrans([caduv(E,S,SBJ), name(S,N)], student_marks(N,SBJ1,_)):-
S=(SI:human),SBJ=(SBJl:vishayam).

The information in the database relation lecturer_record is linked to the predicate nErp
(teach) as follows
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dbtrans([nErp(E,S,SBJ),time(E, YR),name(S1,N),JIO(SBJ,CRS)],
lecturer_record(N,SBJ1,CRS1,YR)):-
S=(S1 :human), SBJ=(SBJ1:vishayam),CRS=(CRS 1 :taragati),E=(_:nErp).

The predicates like tapp (fail) can be given the following "dbtrans’ predicate definitions
depending on the sortal types of the arguments.

dbtrans([tapp(E,S,CRS), name(S,N)],student_record(N,CRS1,_.f, )):-
S=(81:human), CRS=(CRS 1 :taragati),E=(_:tapp).

dbtrans([tapp(E,S,SUBJ), name(S,N)],(student_marks(N,SUBJ1 M)&(M<35))):-
S=(Sl:human), SUBJ=(SUBJ1:vishayam),E=(_:tapp).

In the above dbtrans definitions, the same predicates tapp (fail), is defined in terms of two
different database relations based on the sortal types of the third argument. Thus, it is
possible to handle queries such as 7.1 and 7.2, without any ambiguities. All the above
predicates were in some way directly linked to single database relations. At times seemingly
simple queries can lead to accessing multiple database relations, asin

e Tl DT gUT
udaya kANAda vidyArtha? —73
Is Udaya Kanada's student?

Answering the above query necessitates consulting dl of the database relations,

student_record, student_marks and lecturer_record. The appropriate equivalent query is
as follows

student_record(uday, ,YR, ,J & student_marks(uday,SUBJ,J &
lecturer_record(kANAda,SBJ,_,YR)

The predicate of the query is vidyArthi(X,Y) where X is a student and Y is a lecturer. It is
common sense knowledge that, X is a student of Y if X studied some course C in year YR,
and also X studied some subject S in that course, and Y taught that subject in that course that
year YR. This common sense knowledge is required to translate the above query 7.3.
Common sense knowledge of this nature is provided through a predicate by name ckr as
follows

ckr(vidyArthi(X,Y), [caduv(E1,X,CRS), time(El,YR), caduv(E2,X,SUBJ),
nErp(E2,Y,SUBJ), time(E2,YR), 10(SBJ,CRS)]).

The predicate "ckr* can consist of many other types of common sense relations such as
transitive relationships between various entities, or common sense notions such as
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ownership means possession, outside is the opposite of inside, and tall is the opposite of
short More the common sense information of this type, the more difficult it becomes to be
sure of the outcome of the translation. Hence, use common sense knowledge of the above
kind is restricted in TELANGANA to the minimum level possible under practical
constraints. In the above fashion, the translation procedure uses the predicate definitions in
the "dbtrans" and "ckr" predicates uniformly to translate both types of queries; those which
require accessing a single database relation and those which require accessing multiple
database relations simultaneoudly.

7.5.3 Determining Information to be Displayed

The notion of an appropriate answer to a query has received considerable attention both in
the database community and in the NLP community [Kapl83]. However, there is no
unanimously agreed notion of best answers to queries. In TELANGANA, a simple heuristic
that was used in TEAM [Gros87] is used to display the answers to the queries. While
converting logical forms into the corresponding database queries, the variables which
outscope the quantifier "wh" are taken to be the variables that should be output in response
to the query. For example, in response to the following query

298 DTl © 8 DTET Srydw
prati vidyArthi EkOrsu cESADO coopumu
Show for each student the course he did
q(all,X, vidyArthi(X),
g(wh,K, taragati(K),
g(ex, E, samdarbham(E), cEY (E,X,K))))

the appropriate response would be to show a table of students and the courses they took.
Whereas, the most appropriate response for the following query

O8%tyy D9B DB, BTE® Srdsw
EkOrsu prati vidyArthi cESADO coopumu
Show the course which every student did
g(wh,K, taragati(K),
q(all,X, vidyArthi(X),
g(ex, E, ssmdarbham(E), cEY(E,X,K))))
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would be to show a list of courses which every student undertook. The difference in what
needs to be shown is connected to the quantifiers which out scope the "wh" quantifier in the
above queries. Hence this smple heuristic was used in TELANGANA.

7.6 Examples of TELANGANA in action

To give an over al picture of the processing of queries in TELANGANA a few example
sessions with TELANGANA are given below with comments. In the following examples,
non-verbal relations are shown in the predicate form instead of the feature:value form ease of
understanding. TELANGANA gives the prompt "TEL>" for input and output.

Consider giving the following simple sentence as input

Trdwthy dErod” bse SB8on
raamubDu nijAMIO BSC cadivADA ?
Did Rama study B.Sc in Nijam?

The input is given without the question mark as follows.

TEL> raamuDu nijAMIO bsc cadivADA

The morphological analyser analyses the input, and passes on the following list to the
syntactic and semantic analyser.

TEL>[raamuDu, nijAM+lO, bsc, caduv+aaDu+aa]

Syntactic and semantic analyser analyses this sentence. It finds in the lexicon the first
definition of caduv (see appendix B) which has aakaamksha for three entities, an entity
whose sortal category is animate entity, an entity whose sortal category is "degree", and
another object whose sortal category is "kalLASAla". The sortal categories are represented in
nemonic form for brevity. In redlity they are long strings encapsulating the full path from
root to the category in question in the sortal category tree given in Chapter 3. The suffix
needed with each entity is aso indicated as part of aakaamksha information.
TELANGANA emits the following FB as the output of its syntactic and semantic analysis.

TEL> [aak:l: [],var:_11AC,word_loc:4, sentype:[none,ynq], used:_OF98,
yog:[pos:v,isa:mtrans,agr:[[m,s,3},[none,_0400]]], post:aaDu,
sem:[ reln:cadu,
samdarbham:_11AC,
vidyArthi:[aak:n : [],var._0390,word_loc:1, aak_isa:anim,post:subj,
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sentype:[none,none],used:yes,
yog:[pos:n,isa:hum,agr:{[m,s,3],[none,_0400]]],
sem:name(_0390,raamuDu)),

kalLASAla:[aak:n : [},var:_081C,word_loc:2, aak_isa:kaLASAla,
sentype:[none,none), used:yes,post:lO,
yog:[pos:n,isa:kaLASAla,agr:[[n,s,3],[_0884,none]]],
sem:name(_081C,nijAm)],

taragati:[aak:n : [},var:_0C44,word_loc:3, aak_isa:taragati,
sentype:[none,none],post:none, used:yes,
yog:[pos:n,isa:taragati,agr:[[n,s,3],[ OCAC,nonel]]],

sem:name(_0C44,bsc)]]]

In the above FB, as is the norm with Prolog language outputs, variables are indicated using
numeric strings. Notice in the above FB, the sentype indicated with each word. The sentype
of the verb indicates "yes-n0" question, where as the sentypes of the words are through out
[none,nong]. It was mentioned in Chapter 5, that sentype can not be modelled using the fool
feature of GPSG. In the above FB this aspect is demonstrated.

The above FB is converted into the following intermediate LF* and output as

TEL> caduv(g([ex,4,none],X0,samdarnham(X0)),
q([ex,1,subj],X1, human(X1)& name(X1,raamuDu)),
q([ex,2,10],X2,kaLASAla(X2)&name(X2,nijAm)),
q([ex,3,none],taragati(X3)&name(X3,bsc)))

The scoping algorithm redlises that there are no explicit Telugu quantifiers in the above
guery and hence, arranges the "ex" quantifiers in the order they appear in the sentence. The
qguantified LF for the above is ouput as

TEL>qg(ex,X1 ,human(X1)&name(X1 ,raamuDu),
q(ex,X2,kaLASAla(X2)&name(X2,kaLASAla),
g(ex,X3,taragati(X3)&name(X3,bsc),

4Variables have been renamed from their original numeric Prolog names, for the sake of
readabilty.

227



q(ex,X0,samdarbham(X0), caduv(X0,X1,X2,X3)))))

The above LF is trandated based on the predicate caduv with sortal constraints placed as
follows,

caduv(Y0:samdarham, Y1:human, Y2:kalLASAla,Y3:taragati)
and yields the following statement as the database specific query
TEL> student_record(raamuDu,bsc,_,_,nijAm)

All the name predicates in LF are ignored based on the common sense knowledge that names
can stand in lieu of the object they indicate. The above database query is evaluated by the
guery evaluator in TELANGANA, and the answer "yes' or "no" is given depending on the
presence or absence of the requested data.

Consider another example sentence,

TENGE PVEYET DY Srtuzen STyow
rAmuDiki phisiksulO enni maarkulu vaccAyi ?
How many marks did rama get in Physics?

The first stage of TELANGANA, MA, analyses this sentences and produces the list
TEL> [rAmuDu+ki, phisiks+lO, enni, maarkulu, vacc+aayi]

The syntactic and semantic analyser produces the following FB as,the output
TEL> [aak:l : [],var:_2010, sentype:[none,q],word_loc:5,
used:_1E48, for:[ki],post:aayi,
yog:[pos:v,isa:ptrans,agr:[[n,pl,3],[def,cnt]]],
sem:[reln:vacc,
samdarbham:_2010,
vidyarthi:[aak:n : [],var:_04BC,aak_isa:anim,wordJoc:1,
sentype:[none,none}j,
used:yes,post:ki,
yog:[pos:n,isa:hum,agr:[[m,s,3],[none,_052C]]],
sem:name(_04BC,raamuDu)],
maarkulu:[aak:n : [],var:_OF70,aak_isa:mark,post:subj,
quant:[

yog:[ pos:quant, agr:[[n,p!,3],[def,cnt]]],
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sem:number(_OF70,enni),word_loc:3,

used: OED8,sentype:[none,q]],
yog:[pos:n,isa:mark,agr:[[n,p!,3],[def,cnt]]],word_loc:4,
sentype:[_164C,_1654],used:yes,
sem:maark(_0F70)],

vishaym:[aak:n : [],var:_OAB60,aak_isa:vishayam,word_loc:2,
sentype:[none,none),used:yes,post:10,
yog:[pos:n,isa:vishayam,agr:[[n,s,3],[_0880,none]]],

sem:name(_0818,phisiks)] ]]

Notice in the above FB the sentype information is taken from the sentype information of the
guantifier word enni. The intermediate LF corresponding to the above FB is

TEL> vacc( q([ex,5,none],X0,samdarnham(X0)),
a(lex,1,subj],X1, human(X1)& name(X1,raamuDu)),
q([ex,2,10],X2,vishayam(X2)&name(X2,phisiks)),
q([wh,4,none], X3, maark(X3)))

Notice that the quantifier enni has been trandated as "wh", because the filed corresponding
to the entity maarkuluis encoded as a number. The above intermediate LF is scoped. This
time the quantifier "wh" gets the widest scope as it corresponds to the Telugu quantifier enni.
The scoped LF is

TEL> q(wh, X3, maark(X3),
g(ex,X1, human(X1)& name(X1,raamuDu),
g(ex,X2,vishayam(X2)&name(X2,phisiks),
q(ex,X0,samdarnham(X0),vacc(X0,X1,X2,X3)))))

This LF is trandlated to

TEL>student_marks(raamuDu,phisiks,N)
The above being a "which" type of query, as described earlier in section 7.5.3, a note is made
by the query translator to display the results of the answer as a table. If the person had

written several exams in Physics and has several results in Physics, then al the marks in
those results would be displayed by the query evaluator.

Consider another sentence consisting of a relative clause, and its list form as output by the
morphological analyser, given below.
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TF S0)% 198 o K, e S8 Trdowor ?
raadha tappina prod sabjekTIO seetapaasayiMdA ?
Did Sita pass in every subject which Radha failed?

TEL> [raadha,tapp,ina,prati,sabjekT + 10,seeta,paasavv + iMdi + aa]

The syntactic analyser generates the following FB>.

TEL> [aak:l: [],var:_41EC, sentype:[none,ynqg],word_loc:7, post:iMdi,
sem:[reln: paasavyv,
samdarbham:_41EC,
vidyarthi:[var:_3B24,word_loc:6,sem:name(_3B24,seeta)],
vishaym:[var:_1 F90,word_loc:5,
sem:name(_154C,_19A8)
reic:[aak:l : [],var._0984,word_loc:2,
sem:[reln:tapp,samdarbham:_0984,
vidyarthi:[var:_042C,word_loc:1,
sem:name(_0384,raadha)],
vishayam:[var:_154C,post:relc,sem:_154C],

]

quant:[ sem:number(_154C,parti),word_loc:4]]

]

The LF corresponding to the above FB is

TEL> q(prati, X3, vishayam(X3)&
q(ex,X1,human(X1)&name(X1,raadha),
q(ex,X0,samdarbham(X0), tapp(X0,X1,X2)),
q(ex,X5,human(X5)&name(X5,seeta), g(ex,X4,samdarbham(X4),
paasaw(X4,X5,X3))))

SThe FB has been abrdiged, for an easer understanding of the essential festuresin it.
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This LF has two predicates, tapp (to fail) and paasavv (to pass) and the universal quantifier
prati (all). Also note that the input sentence is an yes no type of sentence, hence the above

guery is translated into

TEL>not((student_marks(raadha,SUBJ,M1) & (M1 <35)),
not(student_marks(seeta, SUBJ,M2) & (M2>35)))

The above query is evaluated by the query evaluator, and a "yes' or "no" type answer is
given by its processing engine Prolog. In the case of a "no" answer, it would be more useful
to give the list of subjects which both Radha failed and Seeta have failed. Providing such co-
operative answers necessitates incorporating many additional extra features [Gal87,Kapl83]
in the translator and the query evaluator, which are much beyond the scope of this research.

It is hoped that, with the above three examples, and the elaborate discussions about the
different implementation aspects of TELANGANA covered in Chapters 4,5, and 6 a good
picture of the internal processing of TELANGANA would have been generated.

7.7 Conclusion

This chapter dealt with domain specific issues, such as transforming FBs into intermediate
LFs, then scoping the quantifiers in the LFs, and findly translating the LFs into database
specific predicates’ commands. In this chapter some preference rules for quantifier scoping
for Telugu were presented. These were arrived at after presenting many sentences to native
Telugu speakers and observing their preferred reading. As this method is highly empirical,
the algorithm may not be foolproof, as is true with any quantifier scoping algorithm [Gros87,
Hobb87, Wood78]. However, it does seem to capture the intuitions of native Telugu speakers
with respect to quantifier scopes. The approaches to quantification given in [Grosg7,
Wood78] are highly tuned to English are not appropriate for Telugu. Many of the heuristics
used for English do not map well into Telugu. Some examples of TELANGANA in action
were aso given.
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Chapter 8

Conclusion and Future work

8.1 Objectives Met

The main objective in the design and development of TELANGANA was to explore
how the concepts of traditional Indian Linguistics can be practically utilised for
developing a computer program that can analyse and understand Telugu sentences,
specifically in the context of database access. This objective was divided into four
specific objectives as detailed in Section 1.10. The ensuing section reviews the extent to
which those objectives have been met and highlights the contributions made by the
research reported in this thesis.

8.1.1 Formalising traditional grammatical theories

The existing theories of natural language processing do not adequately capture the
syntactic and semantic criteria of wellformedness of Telugu and other Indian languages.
The traditional linguistic theories propounded in Sanskrit seem to have a better chance of
success with respect to Indian languages. These theories proposed severa ideas for
analysing sentences. Prominent among those were the ideas of aakaamksha (expectancy),
yogyata (ability), sannidhi (proximity) and samarthah (equi-meaning) propounded by
Panini in his book, Ashtaadhyaayi (AST). The first objective of this thesis was to
formalise these ideas and notions into a form that is suitable for computational purposes,
remaining close in spirit to AST. Among the above four ideas of Panini, the idea of
samarthah is very intricate and was interpreted in different ways by different
grammarians [Maha84, pp 10-18]. In Section 5.2, a complete and computationally
appropriate definition of samarthah is given, which improves and extends the one given
by Mahavir [Maha84]. In Section 3.2.2, the ideas of aakaamksha, yogyata and sannidhi
have been formalised.

In AST, the meta rule, samarthah padavidhih, was given as the al pervading rule in
sentence formation. The applicability of this rule for the study of Indian languages is
reinforced in this thesis by developing a parser which uses samarthah between words as
the only guiding principle for parsing. Several sentential constructs which hitherto were
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never analysed in traditional grammar books of Sanskrit and Telugu using samarthah
have been analysed in this thesis. The handling of pronoun references has not been
linked to the samarthah rule in the traditional grammatical books. The link between
samarthah and pronomina reference has been established and explained in Chapter 6.
This is probably one of the advantages of formalising a theory.

8.1.2 Operationalizing the theory

In Computer Science, no theory becomes interesting unless it can be put to test on the
computer. The computer program, TELANGANA, is the result of Operationalizing the
theory of samarthah. Operationalizing a theory involves spelling out each and every
detail of the theory, and developing solutions to al the implementation and performance
problems. More specifically it involves spelling out al the data structure that are needed
to capture the knowledge structures crucial to the theory and dl the algorithms needed to
simulate the theory. The notions of aakaamksha, yogyata, and sannidhi which capture
the static aspects of samarthah theory, were operationalized as the Feature Bundle (FBS)
data structures, which have structure sharing properties. The language MRL has been
introduced in Chapter 3 to describe the FBs. The dynamic aspects of samarthah theory,
which manifest in the context of analysing sentences, have been operationalized using
the idea of Functional Application Parsing (FAP) in Section 5.3. It must be appreciated
that FBs and FAP together offer one of the ways of Operationalizing the theory of
samarthah. The idea of FAP forms the backbone of parsing in TELANGANA. FAP
relies heavily on the close integration of syntax and semantics.

Using this parsing scheme, TELANGANA, can parse and build the semantic
representation for a variety of Telugu sentence structures consisting of, simple
sentences, copula sentences (verb-less sentences), relative clauses, comparatives
sentences, subordinate sentences, and some amount of intra-sentential anaphora and
limited conjunctions. TELANGANA parses al these varied types of sentences in a
uniform and a simple way.

The special features of FAP and consequently TELANGANA include,

1. Closeintegration of Syntax and Semantics. Samarthah is Syntactico-Semantic in
nature. Hence, FAP which uses samarthah as its basis is aso Syntactico-Semantic in
nature, and attains its parsing capabilities due to the close integration between
syntax and semantics. FAP interweaves syntactic and semantic analysis to achieve
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robustness and performance. Due to the bottom-up nature of FAP, TELANGANA
can accept even partially formed sentences, and compute their possible meaning. As
Telugu offers very few syntactic clues for analysis (see Section 6.2, and 6.3), a
"syntax first" and "semantics next" kind of an approach would have caused
excessive backtracking and hence loss in the performance of the parser. The use of
sortal constraints in FAP facilitates weeding out semantically illformed possibilities
in the early stages of parsing, and hence contributes to the performance of the
System.

2. Comprehensive treatment of postpositional phrases. One of the major problems in
NLP is resolving ambiguities arising out of post(prc)position attachment. This
problem is accorded detailed examination in TELANGANA and a heuristic approach
to deal with it in the context of Telugu is given in Section 5 .5.4.

3. A novel treatment of relative clauses. The matching of fillers in the matrix
sentences with the gaps in relative clauses is done in a novel way, as given in Section
6.2. In FAP, relativising suffixes such as ina, and E, are viewed as functions which
modify the aakaamksha of the main verb of the relativized clause. The verb with
modified aakaamksha behaves similar to adjectives. This makes relative clauses
equivalent in behaviour to adjectives. This way of treating relative clauses obviates
the necessity for using the SLASH feature of GPSG, and aso is in the spirit of
Telugu grammars[Kris85]. Telugu grammar books [Kris85] treat relative clauses
under the heading of adjectives and adjectival sentences.

4. Comprehensive treatment of subordinate clauses: The subordinate clauses of
Telugu pose some interesting problems which can not be easily solved using the
traditional SLASH feature of GPSG theory. The reasons for this are explained in
Section 6.3. A bi-directional mechanism for information flow is needed. Such a
mechanism is presented in Section 6.3. Using this mechanism a wide variety of
subordinate sentences can be analysed. This mechanism also helps in matching
default fillers to gaps.

5.  Comprehensive treatment of comparative sentences. Computing the semantic
content of comparative sentences is a difficult task that taxes the semantic
capabilities of a parser. A type of semantic 'type raising' is presented in Section 6.4
which allows a common rule schemata to be used for computing the semantic
denotations of different kinds of comparative sentences. Using the idea of rule
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schemata, TELANGANA can analyse a wide variety of comparative sentences
(including clausal comparatives, adjectival and adverbial comparatives,
superlatives), and compute their semantic content.

6. Resolving anaphoric references: Anaphoric reference resolution in FAP is based
on a new categorization of pronouns, given in Section 6.5, which extends the
standard categorization of pronouns currently employed for analysing English, and
Japanese. The current categorization is inadequate to handle the different pronouns
of Telugu. The methods explained in Section 6.5 make identifying the referents of
anaphoric pronouns in Telugu easy.

8.1.3 Developing a Morphological Analyser and a Lexicon

Developing a morphological analyser for a highly inflection and suffixation oriented
language like Telugu which, in addition, alows compound word formation, is a
challenging task. Especially so, when a machine readable lexicon is not available. The
bootstrapping technique detailed in Chapter 4, makes it possible to simultaneously
develop a morphological analyser and a lexicon for Telugu. The morphological analyser
was developed and tested using a 2,82,000 word corpus. The lexicon currently contains
about 11,000 root words and captures information like the part of speech of the word,
and the suffixes with which the word can combine. To the best knowledge of the author,
this lexicon of root words of Telugu is the first of its kind generated entirely
automatically.

8.1.4 Developing a Quantifier Scoping Algorithm for Telugu

There is no published literature on the problems of quantifier scoping in Telugu. The
scope related properties of quantifiers of a given language are idiosyncratic to that
language. The algorithms and rules presented in English quantifier scoping oriented
research do not map well into Telugu. This motivated the development of a new
algorithm for assigning correct scopes to Telugu quantifiers. The algorithm and its
implementation are presented in Section 7.4. This algorithm assigns proper scope to
guantifiers in natural language (NIL) queries, and thus, facilitates translating NL queries
into appropriate database queries. In TELANGANA, quantifier scoping information is
also used in deciding the type of response to be displayed to the user.

Earlier in this section, it was mentioned that current natural language processing
approaches are not suitable for analysing Telugu. In the next section, the reasons for
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their unsuitability are presented briefly. Along with that, the manner in which
TELANGANA overcomes those inadequacies is also presented. The ensuing discussion
also brings out the differences between TELANGANA and other NLP systems.

8.2 Comparison of TELANGANA with Other Approaches to NLP

Some of the approaches given in chapter 2, principled based approach (GB theory) of
Chomsky, GPSG/HPSG, Pragmatic based approach of Schank, and Mathematical
approach (Categorial Grammar) are supeficialy similar to those adopted in
TELANGANA. The principles embodied in TELANGANA do not put forth an entirely
new paradigm of NLP, but use some of the strengths of those approaches and the
traditional Indian linguistic approaches, to create a novel solution to the problems of
NLP with reference to Telugu. In away, TELANGANA tries to embody the best of both
the worlds. A brief comparison of the principles embodied in TELANGANA with other
NLP methodologies would highlight the novelty and differences of FAP. In the ensuing
discussion, the word TELANGANA is conveniently used to refer to the principles
embodied in TELANGANA.

8.2.1 FAP and GB Theory

The GB [Chom81, Chom86] approach posits the notion of phrase structures as a
fundamental property of a language and tries to explain every syntactic and semantic
facet of a language using well defined constraints on the phrase structures in the
language. Given a sentence, its well formedness is determined by seeing if the phrase
structure tree of the sentence satisfies all the phrase structure principle and theories of
GB. If not, the sentence is deemed to be ill formed.

In FAP there is no notion of phrase structure. In fact, every attempt was made not use
any phrase structure rules or any principles which basicaly rely on phrase structure.
This was done so, because, in the entire Sanskrit literature and Ashtaadhyaayi there do
not seem to be any rules which are in any way dependent on any notions of syntax other
than some rudimentary classification of words as nouns, verbs, adjectives, particles and
adverbs. Hence no notion of phrase structure was used in FAP. This does not seem to
handicap TELANGANA. In addition to this, some of the phenomenon handled by FAP
can not be treated well if recourse to phrase structure alone is taken. For example, in
section 6.5.5, data related to pronominal references in Telugu was presented and it was
shown that pronouns become bound to words occurring to their left in a sentence. That
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data clearly indicates that typical phrase structure oriented notions such as c-command
(Chapter 2) which are phrase structure and subject oriented do not adequately handle
pronoun binding in Telugu. Hence it was felt that GB style NLP need not be taken to
analyse Telugu.

8.2.2 FAP and GPSG

The GPSG [Gazdar'85] approach is notable for its departure from traditional
transformation grammar of English, and in its ability to handle long distance
phenomenon by using the idea of SLASH categories. The SLASH category of GPSG
allows information about NPs and PPs from a matrix sentence to be passed to a gap in an
embedded sentence. However, in Telugu, in addition to the above flow of information,
nouns in the embedded sentences can be bound to gaps in the matrix sentence also. This
makes the GPSG style SLASH features inadequate for describing Telugu filler-gap
dependencies as shown in section 6.3. When this happens, the suffix information is lost.
This further renders the SLASH feature of GPSG inadequate for correctly handling
Telugu complex sentences.

The subcategorization information in GPSG is presented as a number. This means that
subcategorization information is atomic and no operations on it can be done. It also
implies that the structure of subcategorization information itself is not of much
consequence to the linguistic theory. However, in TELANGANA, the subcategorization
information, which is part of the aakaamksha of the word, has a rich structure. The
theory exploits the structure of the information present in the subcategorization frame.
Especially in the treatment of relative clauses, causative sentence formation,
passivization and in handling pronouns.

8.2.3 FAP and HPSG

The similarity in HPSG and FAP lies in the use of the notion of structure sharing in
representing linguistic knowledge, and in the exploitation of the structure of the
subcategorization frame. Both HPSG and FAP are very lexical in nature. After that, all
the similarities end. The kind of knowledge captured in the subcategorization frame, the
way it is organised and the way it is used in FAP is entirely different from HPSG. The
notion of head is very important in HPSG and the parsing in HPSG critically uses the
notion of head categories [Prou85]. As has been repeatedly pointed out, the notion of
head does not seem to matter much in Telugu and FAP does not use the notion of heads.
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Parsing in FAP is headless!' It proceeds left to right irrespective of whether a head is
found or not. Heads are not searched for while parsing. Also, the notion of viewing
suffixes and words with aakaamksha as functions over root words and words with
yogyata respectively, makes FAP different from the HPSG style parsing.

Some cases of subordinate and coordinate sentences in Telugu necessitate the use of
default values for fillers. Treatment of filler-gap dependencies in HPSG does not seem to
cater to such necessities. Relative clauses are handled in HPSG by using the idea of
SLASH features, just as in GPSG. As pointed out earlier, FAP does not use the idea of
SLASH categories. Published research literature on HPSG [Poll87] does not deal with
processing adjuncts, and comparative sentences. In FAP, these phenomenon have been
dealt with rather extensively. Ideologically and in the data structures for the lexicon there
are some similarities between HPSG and FAP but in implementation and finer details
they are entirely different.

8.2.4 FAP and Pragmatics Based Approaches

The pragmatics based approaches of Schank [Scha75], Delong [Dego79] are similar to
FAP in terms of usage of the concept of "words having desire for other words". In the
pragmatic based approaches, the parser is driven by the "desire (expectancy)" of the
words. Whereas in FAP, aakaamksha (desire for other words) is used as a constraint on
the wellformedness of sentences. It in no way drives the parser. Further, in pragmatic
based approaches, the pragmatic and the episodic content of the sentence is more
important than the minor shades in semantic content that accrue due to the presence of
many non-episodic words, like determiners, adjectives, and adverbs, in the sentence.
Hence, in pragmatic based parsers many words are skipped while parsing, if they are
perceived to be immaterial for understanding the theme of the sentence. Whereas, FAP
considers no word to be unimportant. Hence it deals with each and every word in a
sentence with the same amount of attention as any other word. In addition, many of the
pragmatic based approaches can not handle the variety of syntactic phenomenon, like
relative clauses, comparative sentences, quantifier analysis (to be dealt in the next
chapter) and the subtleties in them at par with FAP.

8.2.5 FAP and Categorial Grammar

1pyni s intended !



The similarity between Categoriad Grammars (CGs) [Stee88] and FAP lies in treating
parsing as functional applications. Categorial grammars have a few category combining
rules, given briefly in Chapter 2.3.3, for functionally applying one category over the
other. These rules would appear to be like the rules in the apply procedure of the parser
in TELANGANA. The combinatory rules of CG are basically motivated from
mathematical logic. They are a separate set of rules, like any set of context free grammar
rules, and are used to analyse a scntence. The combination of categories (feature
bundles) in FAP is not motivated by mathematical logic, and happens only when there is
aakaamksha/yogyata relationship between categories. In other words, the combinatory
operations in FAP are driven by the Aakaamksha/yogyata relationships, rather than stand
alone combinatory rules. This is a mgor difference in the basic philosophy of the
approach itsdlf.

In addition, CG grammars use the notions of type raising to handle relative clauses, and
long distance dependencies. Type raising in these grammars, leads to substantial over
generalisation of the syntax of the language. The approach taken in FAP does not seem to
be reducible to type raising and also does not lead to a proliferation of accepting
syntactically illformed sentences Witt91).

As seen above, functional application parsing in TELANGANA and the basis of that
parsing, samarthah theory which encompasses the notions of aakaamksha, yogyata, and
sannidhi are significantly different from many other seemingly similar approaches to
NLP. An interesting possibility is to see if FAP can usd to parse English sentences. In
principle yes. The aakaamksha information for words in English would be much more
syntactic in nature to capture the highly constrined word order of English. One way to
specify aakaamksha for English would be to specify the expected sannidhi (proximity) of
words using much largers FBs which capture the word order constraints of interrogative
sentences. This means alot of syntax is embedded into the FBs. As a matter of cognitive
economy, to simplifiy FBs, one would like to take the commanalities in word order out
of FBs and posit them as independent entities. This is nothing but phrase structure rules!
Hence, the structures embedded in FB can be equated to phrase structure rules in the
extreme case of English.

Finally, the question that can crop up is, in what way is TELANGANA limited. How can
it be improved to achieve even better and more efficient coverage of the language? Some



suggestions as to future enhancements to TELANGANA are presented in the next
section.

8.3 Future Research Directions

TELANGANA is the firgt of its kind for handling queries in Telugu. It was developed in
response to the difficulties faced by Indian language oriented NLP researchers in
applying the current NLP approaches to Telugu. It was designed more to test the
feasibility of Operationalizing the traditional theories of Indian Linguistics, than to show
significant user friendly behaviour or useability at large. Presently it is a prototype for
conducting research into Indian linguistic theories and in particular for solving problems
associated with Telugu NLP. Hence it has some short comings. Some of the more
important ones are described below aong with possible approaches to overcome them.
Indian language oriented NLP being in its infancy, this research work lays the first few
bricks of the foundations of a more exhaustive research program. In the sequel, possible
directions for such exhaustive research are also pointed.

8.3.1 Resolution of Lexical Ambiguity.

Selecting the correct sense of a word in a given context is a difficult problem. It can be
solved either by carrying al the meanings of the words as the parser progresses, or by
simply backtracking or by using context sensitive heuristic to choose the correct sense of
the word. If the first method is employed, where al the senses of each word are carried
aong in the parser till some of those senses are semantically ruled out, it can lead to
combinatorial  explosion.  Currently TELANGANA uses the second option of
backtracking. This results in wasted effort when words are highly polysemous. The best
option for resolving the problem of lexical ambiguity appears to be the third one. It
entails formulating heuristic rules for selecting the word sense based on the co-
occurrence of other words and markers in the sentence. Large textual corpora are useful
in generating such heuristic rules. The textual corpus used in Chapter 4, for developing
the MA can aso be used for this purpose. A preliminary investigation in this direction
was done by the author as reported in [Ravi91a] in the context of information retrieval
systems. The type of rules mentioned there can be easily incorporated into
TELANGANA by including them into the lex_sem (Chapter 5) procedure. However,
word co-occurrence tests themselves may not suffice as indicated by Dahlgren [Dahl87].
Developing heuristic rules for selecting the contextually correct sense of Telugu words is
avery promising line of research to follow up.
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8.3.2 Lexical acquisition

The other major area of improvement is to automate the process lexical acquisition. At
present, al the FB entries in the lexicon are manually generated. The techniques given in
Chapter 4 are able to generate the part of speech information only, whereas the FBs
encapsulate a lot more information, including aakaamksha, yogyata and sannidhi
information. That kind of information can be gathered by interacting with the user when
new words are used. The TEAM [Gros87] system is an example of such an approach.
TEAM learns new words by interactively asking the user many questions on the use of
the unknown word in various contexts and thus learns the syntactic and semantic
properties of the new word. The design of TELANGANA is currently suitable for this
kind of learning. Incorporating the changes needed to affect such a learning mechanism,
would require a moderate amount of effort, as the domain dependency in TELANGANA
is captured using a few predicates only. The effort is in preparing the appropriate
questions to €elicit the right kind of information, and making the acquired informcution
available to the parser in terms of FBs and predicates described in Section 5.4 and
Section 7.5.2 such as noun_mod, noun_noun, and verb_mod, dbtrans and ckr. This kind
of enhancement to TELANGANA is planned for near future.

8.3.3 Using textual corpus to glean more information

Another possible approach, to extracting aakaamksha, and yogyata type information is to
use large textual corpora. Extracting this type of information from corpora poses several
problems and at present is limited gathering syntactic subcategorization information only
[Bren9l]. Akaamksha captures both syntactic and semantic information. Hence,
gathering aakaamksha type information would be much more difficult than mere
syntactic subcategorization information. Developing new techniques to automatically
gather aakaamksha, yogyata and sannidhi type information from untagged corpora
would be a fruitful direction for future research. TELANGANA would benefit
immensely from such information.

8.3.4 Accessing Dictionaries

Dictionaries are a good source of  syntactic and sortal information. Making
TELANGANA access machine readable dictionaries, when available for Telugu, to
handle unknown words would be a very interesting extension to TELANGANA. The
alied field of lexicon and dictionary building using automatic computational methods is
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an unexplored fiddd in Telugu lexicology. In chapter 4, a bootstrapping method for
building better morphological rules and a simple lexicon from rudimentary
morphological rules and the textua corpus was presented. The bootstrapping technique
explained there may be extendable to a higher level, where one versions of
TELANGANA can ad in building a better verson of TELANGANA and a
corresponding dictionary together.

8.3.5 Handling co-ordinate sentences

Presently, TELANGANA is able to analyse a limited type of conjunctive sentences
called implicit co-ordinate constructions. Implicit co-ordinate sentences are those
sentences where explicit conjuncts like mariyu (and), and kAni (or) are not used to form
conjunctions. For example, in the following Telugu sentence,

Te bt Q088 3% HEst SR
rAmuDu iMTiki veLli seetatO mATIADADu
Rama went home and taked to Seeta

there is no word equivalent to the English conunctive word "and", even though it is used
in the English translation. Telugu many times avoids explicit conjunction by taking
recourse to the above kind of sentential embedding. TELANGANA can handle
conjunctive sentences of the above type, which are formed by sharing a subject, object
or an indirect object among different clauses. This type of conjuncts are called VP (verb
phrase) conjuncts in English. TELANGANA, at present, can not handle noun-noun
conjunction such as the following

T Ewt, S8 Jdup e T’
rAmuDu seeta pArkulO unnAru
Rama and Seeta are in a park

The reason for not handling even such simple noun-non conjunction is not that it is
difficult, but handling co-ordination has been largely ignored in TELANGANA.
Providing this type of conjunction for simple sentences aone is easy, but making sure
that all cases of conjunction are handled well in the presence of comparative constructs,
and anaphora requires additional research.

The architecture of FAP and consequently TELANGANA is well suited for handling
conjunctions. The strength of FAP lies in its ability to handle non-constituent conjuncts
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(NCC) very well, just like Categorial Grammars [Stee85]. Handling NCC is very
difficult for phrase structure oriented approaches, because NCC cuts across phrase
boundaries and forms conjuncts which are not phrase structures. Consequently, NCC
does not fit well the moulds of phrase structure. FAP is not beset with this trouble, as it
does not use the notions of phrase structure. It may be observed that, just as residual
aakaamksha was used in Section 6.2 for handling relative clauses, it can also be used for
conjoining portions of sentence which have similar resdua aakaamksha. This avoids
the problem of type raising present in CGs [Witt91]. This kind of treatment of co-
ordinate constructions can open up a wide area of research for analysing conjunction
using aakaamksha information.

8.3.6 Scope for exploring parallelism

The morphological analyser, MA, in TELANGANA at present works in a sequential
fashion. Many parts of the algorithm can be rewritten to work in parallel on the current
generation of parallel machines. In the present design, MA sequentially tries severa
morphological rules before it hits upon the appropriate one to analyse a suffix. Similarly
it explores several alternates break points before it guesses the right place to break a
compound word. Searching for the right rules to break words into morphemes and root
words can benefit enormously if MA is implemented on a parallel machine.

Another avenue for exploiting parallelism is in parsing. Non-configurational languages
like Telugu enjoy freedom in word order. Free word order can lead to better parallel
parsing, as mutual syntactic dependencies of words are minimal. The parse tree of such
languages tend be wide and shallow, as compared to the parse trees of configurational
languages like English which tend to be deep and narrow. Due to this, it is conjectured
by the author that, free and semi-free word order languages offer better scope for
parallelization than phrase structure oriented configurational languages. The truth of this
conjecture can only be ascertained by future research.

8.3.7 User friendliness

The input and output to TELANGANA is at present in English script owing to the
inability of the current machines and software to handle Telugu script input and output in
an integrated way with Prolog, the implementation language of TELANGANA. It would
be aesthetically better if TELANGANA interacts with its users in Telugu script. More
serious than this problem is that TELANGANA has no language generation capabilities,

243



and hence, the output generated by TELANGANA is currently very rudimentary. It can
only display yes, no, symbolic or numeric outputs. The responses generated by
TELANGANA to users' queries are not very cooperative. It would be much better if
TELANGANA displays its replies in the form of complete Telugu sentences where
necessary. The approaches taken by [Gal87, Kapl83] to generate co-operative answers
can be researched in the context Telugu.

8.3.8 Parsing right to left

Telugu is written left to right. Hence in TELANGANA, Telugu sentences are anaysed
from left to right. However, there is no good reason why Telugu should not be parsed
right to left. Aakaamksha, yogyata and sannidhi related information being highly
declarative in nature, it just specifies the "what" aspect of computation and leaves open
the "how" aspect of computation. It would be very interesting to implement such a parser
and compare the pros and cons of using a right to left parsing strategy. It is conceivable
that, such a study could throw light on novel possibilities for mixed strategies of parsing.

8.3.9 Further exploration of traditional theories

TELANGANA at present uses only a few ideas presented in the traditional Indian
linguistic literature. There are many other similar ideas propounded for analysing
sentences at higher levels such as discourse level, intention level, speech act level, and
rhetoric level. Treatises like Vaakyapadiyam [Bhar66], and Dhvanyaaloka [Anan40]
present many more concepts and ideas that can be utilised by NLP researchers. The
research reported in this thesis is ajust a beginning in this direction. It dealt with the
analysis of single sentences in isolation. It is envisaged that in the near future discourse
level components will be added to TELANGANA based on modelling these traditional
Indian theories of discourse and rhetorics.

8.4 Conclusion

All the original goals of this thesis stated in Section 1.10 have been met. The main
reasons for the unsuitability of current approaches in understanding Telugu syntax and
semantics were presented. Some of the short comings of TELANGANA have beeen
pointed out, and possible research approaches to alleviate those problems were presented.
More ambitious research projects that can take of from the spring board of
TELANGANA have aso been pointed. The work reported in this thesis supports the
belief that traditional theories of sentence comprehension provide a solid basis for
analysing Telugu sentences.
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APPENDIX - B

A sample of the morphological rules in TELANGANA. A description of the rules is found
in Chapter 4.

[Eka,5,0 -n- 00>u,2;lu>lu,2;1>1u,2,a>-,0;7.

cE>E 5,2 -v- anic>anicc,3;ioivv,0;iM>iMc,2;>.

mEraku,5,2;tOpATu,5,2;kAdu,5,5:

guriMci,5,2;gurinci,5,2;p0gA,5,5;k00DA,S5,5;

paTla5,2;kai,5,2;nuMci,5,5; dvArA,5,2; valana,5,2;

paina,$,2;paibaDi,5,2;paiciluku,5,2;

1AMT],5,2;taruvAta,5,2;t0Onu,5,2;10ki1,5,2:10ni1,5,2;

nunci,5,2;madhya,5,5;vadda,5,2;kinda,5,2;nuMDi,5,2;ainA,5,2;ayinA>ainA,5,2;

nunD1,5,2;10Mc1,5,2;10nc¢i,5,2;

kiMda,5,2; kOsaM,5,2;valla,5,2;

mceda,5,2; cE,5,2; cEta,5,2 -n-
DDi>DDi,0;Di>Du(?n),l;1a>la,2;ni>ni,l;ki>ki,l;r>ru(?n),2;
I>la(?n),2;.

muMdu,5,5;muMdara,5,5 -v/n- aka>aka(v),5;>.

kaMTE,5,2;kanna,5,2;10pala,5,2;10pu,5,3;

mkEra,5,2:kAdu,5,5;muMdu,5,2;muMdara,5,2;

10nu,5,2;madhyalO,5,2;1AgA,5,2;vaMTi,5,2;vaipu,5,2;

varaku,5,2

-n-
E>E(v),5;DDi>DDi,0;Di>Du(?n),1;la>1a,2;ni>ni, 1;ki>ki, 1;r>ru(”n),2;
[>la(?n),2;.

gA,5,5 -n- tA>t+Anu(v),4;MTA>nt+Anu(v),4;DDi>DD1,0;D1>Du(n),0;
pai>+pai,5;kA>+#avv+,5;rA>vacc,0;,iMdi>iMdi(v),5;iMca>iMc(v),2;
kO>kon(v),3;?.

Eyi>u,5,0; eyyi>u,5,0 -v-
ij>i+#cEy+(n),0;ic>i+#cEy+("n),0sic>i+H#cEy+,5:1)>1+#cEy+.5;
rAj>+#rAjEy+,0,>.

iMdi,5,3; indi>iMdi,5,3 -v- Als>Alsi,3;ay>avv,0;a>avv,0;valas>valasi,5;>.

CEy>#cEy,|,5;
JEy>#cEy,|,5 -v- iMpa>iMc,2; iMp>iMc,2;ya>y,0;rA>-();.

Aru,5,4;Amu,5,4;Anu,5,4;Avu,5,4;Ayi,5,4,ADu,5,4;AVE,5,2;
AgA>Anu+gA,5,3;Aka5,4;In>in,4,3
_V_
DD>D,0:tann>tann,0;dunn>dunn,0;in>In,4;
nn>n,4;Dip>Dup, 1 ;iloul+iMc+,0;il>ul,0;
MT>nt,4;ayy>avv,1;Dc>Duv,0;pOy>pOv,5;
cEs>cEy, 1 ;c00s>c00D,0;b0y>pOv,5;
ik>uk,0:ir>ur,0;ig>ug,0;,0y>0v,5;inc>iMc, 1;
ocoivacc,0;ip>up,l ;nicc>nicc,3;
is>uv,0:ic>uv,1;iMc>iMc,2;iMch>iMc,2;
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S>y,1;s>y, 1 ;mm>mm,0;im>um,0;m>-,0;1>1,4;>.

EIA,5,3;Edi,5,3;Eyi,5,2;eyyi,5,2;Emduku,5,2;Enu,5,3;EnA>Enu+A,5,2;
EMduku,5,3;AgA>Anu+gA,5,3;Ena>Enu+A,5,2;iMdi,5,4;indi>iMdi,5.4;uku,3,2

-V-

DD>D,0;tann>tann,0;#mann>#mann,0;nn>n,4;

ile>ul+iMc+,0;11>ul,0;

MT>nt,4;ayy>avv,0;Dc>Duv,0;pOy>pOv,S;

cEs>cEy, 1 :coos>cooD,0;

ik>uk,0;ir>ur,0;ig>ug,0;0y>0v,5;inc>iMc, 1 ;ip>up, 1;

ocoivacc,0;

is>uv,0sic>uv, 1;

S>y, 18>y, 1 ;mm>mm,0;im>um,0;m>-,0;.

Ali,5,3 -v- ag>ug,0;ak>uk,0;av>uv,0;kOv>kon,3;.

uTA>uTat+A,5,0;uTa,5,0;unu,5,0-v- galug>gala,3;ac>uv,0;uc>uv,0;?.

nu,5,2;

noo,5,2 -n- DicEta>Du+cEta,0;cEta>cEta,5;l1a>la,2;#ata>-,0;
u>u(”n),0;ayya>ayya,0;g A>+g A,2;MTE>ntE(V),5;tE>E(V),5;
E>-,0;10>+10,2;t0>+10,2;7.

nis>#ivv,3,3 -n- ta>tanu,l;a>anis-(v),3;n>niMc-(v),2;@>@ni("n),S;>.
[Eka,5,0 -n- lu>lu,2;1>lu,2,a»,0;?.

aTlu,5,4; aTTu>aTlu,5,4 -v- in>ina,5;nn>n,4;ET>E,5;un>+u+,0;an>-,();?.

MDi 5,5 -v- #ra>#vacc+a,0;ira>i+#vacc+a,b;
@a>@aMD+i-(7v),0;@a>@u+a(?7v),5;>.

nunna,5,2;bOvu,5,3;naina>aina,5,2;1Ed,5,2;kapOv>ka+#pOv,5,5;kabOv>ka+#pOv,5,5;
pOv,5,5;kuMdAnE>akuMdA+E,5,2;b0v,3,3;bOv>bOvu,5,3;naMduku>a+aMduku,(;
1Eru,5,3;1Edu,5,5;1EDu,5,2;1Evu,5,3;1Emu,5,3;1Enu,5,3;
1Eka,5,2;g0ru,5,2;dagu,5,1;goor,5,2;
vals,3,2;valsi,5,2;valas,3,2;valasi,5,2;vaddu,5,1;valadu,5,1;
kooDadu,5,1;vaccu,5,1;valenu,5,1;dagga,S,1;dagina,5,1;
nivv,3,3;nis>nivv,3,3;nicc>nivv,3,3;gA,5,5

~V-
ara>ur,0;ala>ul 0;alca>ul+iMc+,0;kO>kon, 3;aka>uk,0;aga>ug,0;ava>uv,0;
uMDa>un,4:;:kona>kon,3;neeya>nicc,3;tE>+#tecc+(_),5;aca>uv, 1;
Da>Du,0:kA>avv,0;rA>#vacc,5;0>0v,0;inca>iMc,2;apa>up,1;a>NULL,3; @>@(n),S;.

ara5,5 -v- @>@u(?_),5;.

Tamu>TaM,5,5;Tam>TaM,5,5;TaM,5,5 -n/v-pOrA>+#pOrA(),5;>.
Damu>TaM,5,5;Tamu>TaM,5,5;
Tam>TaM,5,5;Dam>TaM,5,5;DaM>TaM,5,5;

-n/v- D>D-,0;@>@TaM-(v),5;.
TaM,5,5 -n/v- kO>kon,3;p0>pOv,5;>.
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Alsi,3,2;Alsi,5,2;
araM>TaM,5,2;aTaM>TaM,2,3

_V_
ar>ur,0;al>u1,0;alc>ul+iMc+,O;k0v>kon,3;ak>uk,0;ag>ug,0;av>uv,O;liy>luv,();
uMD>un,4;0v>0v,5;kAv>avv,0:rAv>vace,0;inc>iMc,2;.

mu,5,3 .y- ram>vacc+u,0;pom>pOv+u,0;u>+u,3;>.

gaa,3,3;
gal>gala,3,3 -v- gala>gul,1;ta>tagul-,0;iMpa>iMpa,2;ppa>pp.2;
pa>pagul-,0;i>igul-,0;E>E(n/v),5;>.

mmu>u,5,0-v- @>@mm(?v),0;-.
NEG>NULL,5,3;ru>aru,5,3;nu>anu,5,3;Du>abDu,5,3;vu>avu,5,3:
mu>amu,5,3;rAdu,5,3;du>adu,5,3;MDi>aMDi,5,3;
ka,5,3;rA,5,3;gala,3,3;gala,5,3;nun>nunn,5,0;nee>anee, 5,3

_V_
agala>agala,3;ara>ur,0;alca>ul+iMc+,0;ala>ul,0;rac>ruv, 1;
kO>kon,3;aka>uk,0;aga>ug,0;ava>uv,0;tE>+#tecc+(_),5;
uMDa>un,3;Mda>-,0;iMca>1Mc,2;iMcha>iMc,2;abalDa>abaD,2;
kona>kon,3;eyya>Ey,1;neeya>nicc,3;apa>up, 1 ;nivv>nice,3;
Da>D.0;kA>avv,0;rA>vacc,0;0>o0v,0;inca>iMc,2;
E@a>E@),0;
@@a>@ @,0:@na>@n,0;0@a>0@,0;ec@a>eec@,0;00@a>00@,0:A@a>A@,0;-.

ina,5,3;inA,5,3 -n/v- ip>up,0;il>ul,0;ik>uk,05ir>ur,0;1g>ug,(0;1S>uv,0;
Als>Alsi,3;im>um,);ma>M+a(n),0;valas>valasi,5;
occ>vace,5 ;coos>+#cooD+(),5;
inoiMc,3;a>i+a(? ),5;a>u+a(?n),5;
ay>avv,0;raoruv, 1,
pOy>pOv,S;ic>uv, 1;5>y,1;S>y, 1;.
na>a,5,4 -v- tun>tun+in,4:kun>kun+in,3;ko>kon+in,3;#vun>#un+1,0;un>UN+in,
pa>-,0;gon>gon+in,4;an>an+in,5;ja>janaM (n),0;-.
nA>A,5,4 -v- un>un+in,4;,A>Anu,5;E>E,5;-.
ma>maM,5,4 -n- A>-,0;-.
Mdi,5,4 -v- u>un+i 4;#ma>#ma(n),0;
ma>+ma(n),0;ma>man+1,4;,0>0n+1,4;-.
di,5,5;vi,5,2 -n- na>nat+#a(?V),5;li>lu(?n),2;
Ani>aM,0;A>-,0;E>E(v),5;.

kon,3,2;koM Too>kon+t00,5,2;kuni>kun+i,5,2;koni>kon+i,5,2;
kun,3,2;:kuMTu>kun+t00,5,2;kuMToo>kun+t00,5,2
-V- i>>,5;Ak>Ag,0;c00s>co0D,0;coosu>cooD,0;lusu>liy,0;
ac>uv,l;uc>uv,1;su>y,0;5>y,0;u>NULL,2;.

cEta,5,2 -n- DDi>DDi,0;Di>Du,0;la>1a,2;.

ani,5,0 -n/v- jal>jalu+ni-(n),2;galar»,5;par»,5;
ar>ur,0;al>ul,0;alc>ul+iMc+,0;
ak>uk,0;ac>uv, 1 ;iMch>iMc,2;Ay>Ayi,5;
ag>ug,0;av>uv,0;uMD>un,3;0;iMoiMc,2;abaD>abaD, 2;
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tE,5,3

kon>kon,3;inc>iMc,2;>.

-v- bO>bOv,5:#yis>#ivy,0.#is>#ivy,0;yis>+#ivv+(?_),S;

rissruv, 1;is>iMc, 1;au>avv+i+, 1;
galigi>gala,3;taravA>taravAta+E-(n),2;
nis>nis,3;vas>vacc,0;nai>ni+#avv(?n),5;nayi>ni+#avv(n),5;
kai>ki+#avv+i+(n),5:kayi>ki+#avv+i+(™n),S;
ai>avv+i+,1 ;Alsos>Alsi+#vacc,3;ip>up,1;
ayi>avv+i+, 1;us>uv,0;pO>pOv,5;avu>avy,0;
av>avv,(;avu>avv,0;ceb>cepp,0;cep>cepp,0;c00s>c00D,0;00s>00y,0;
os>vacc,0;cEs>cEy,1;Es>Es,3;s>y,3;u>NULL,3;.

un,4,3 -v- mT>n+,3;MT>n+t,3;aTl>aTlu,5;-.

ni,5,2;
nee,5,2

-n- la>1a,2;DDi>DDi,0;Di>Du(n),0;0Ti>Oru,1;
sabhyu>sabhyuDu,0;xu>xuDu,0;xun>xuDu,0;enniMTi>enni+iMTi+,0;
nniMTi>nni,0;nniTi>nni,0;kun>kuDu,);tun>tuDu,);shun>shuDu,();
10>10,2;gA>+kA(),5;aru>aruDu,0;kO>kon+ani,3;
DAn>DaM(v),5;TAn>TaM(?_),5;ETi>Eru,0;
neeTi>neeru,0;ni>nu,2;|E>+lE,2;al>ala,2;

Tee>Tee,2;r>ru(?n),2,E>- I,

An>aM,(0;yan>yan,0;n>-,0;i>u(?_),0;?.

ni>i,5,3 -v- ku>kun,3;ko>kon,3;kO>kon+an,3;>.

10,5,2;t0,5,2;10ki,5,2

-N-

I>lu(n),2;DDaM>DDaM,0;DaM>TaM(v),5;
TaM>TaM(?_),5:0Ti>Oru, 1;E>-,0;.

ki,5,2:ku,5,2;:kee,5,2;

koo,5,2

-n-
ETi>Eru,0;neeTi>neeru,0;DDi1>DD1,0;Di>Du,0;0Ti>0ru, 1;
nniMTi>nni,0;nniTi>nni,0;appaTi>appaTi(_).5;
DaM>TaM(v),5;TaM>TaM(?_),5:k>>,5;
DAni>DaM(v),5;TAni>TaM(?_),5;
Ani>aM(n),0;vadda>+vadda,2;r>ru(”n),2;
la>la,2;10>+10,2;E>-,0;.

[u,5,0;1u,2,0;Lu>Iu,5,0;

100,5,0

-n- ku>kuDu,0;sthu>sthuDu,0;stu>sthuDu,();thu>thi,0;dhu>dhi,0;
gAL>gADu,0;iL>il(?n),O;vAL>vAru,1 J1>-,0;5u>su,1;
Aru>Arni,0;Nu>Ni,0;nnu>-,0;nu>ni,0;DA>SDaM(?_),0;vAL>VAru, 1;
ushu>ishi,0;tu>ti,0;du>di,0;mu>muDu(?),0;mu>mi(n),0;
aT>aTTu,0;iT>iTTu,0;uT>uTTu,0;eT>eTTu,0;MT>MT(ne),0;T>Tu,0;
TA>TaM(?_),0;A>aM,0;maL>maDi,0;aL>annu(?n),0;xu>xuDu,0;
r>ru(?n),0; yu>yuDu,0;Mdru>Mdri,0;D>Du(?),0;u>i(?n),0;

E>-,0;7.
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APPENDIX C

Sample Lexical Entries:

lex_sem(vacc,[aak:l:[ki:X 1:anim+man,subj:M1:mark+man,lO:S1:vishayam+man],

var:E,

for:[ki],

poS.V,

isa:ptrans,

sem:[reln:vacc,samdarbham:E,vidyarthi: X 1,maarkulu:M1,
vishaym:Sl]]).

lex_sem(tapp,[aak:l:[subj:X1:anim+man,]O:S1:vishayam_taragati+man],

var:E,

pos.v,

isaptrans,

sem:[reln:tapp,samdarbham:E,vidyarthi: XI,vishaym:Sl]]).

lex_sem(paasavv,[aak:1:[subj:X 1:anim+man,lO:S1:vishayam_taragati+man],

var:E,

pos.v,

isaptrans,
scm:[reln:paasavv,samdarbham:E,vidyarthi:X|,vishaym:Sl]]).

lex_scm(nErp,faak:l:[subj:XI:anim+man,l O: X 2:taragati+opt,ni: X 3:vishayam+man],

var:E,
pos.v,
1sa:mtrans,
sem:[reln:nErp,samdarbham:E,upAdhyAyuDu:X1,
taragati: X 2,vishayam:X 3]]).

lex_sem(caduv,[aak:]:[subj:XI:anim+man,|O:X2:kaL ASAlat+man,ni; X 3:taragati+man],

var:E,
pos.V,
isa:mtrans,
sem:[reln:caduv,samdarbham:E,vidy Arthi:X 1, kalLASAla: X2 taragati:X3)]).

lex_sem(caduv,[aak:|:[subj:XI:anim+man,| O: X 2:taragati+man,ni: X 3:vishayam+man],

var:E,

pos.v,
isa:mtrans,
sem:[reln:caduv,samdarbham:E,vidyArthi:X1,taragati:X2,vishayam:X2)]).

lex_sem(bsc,[aak:n:[],var:X,pos:n,

isataragali,
agr:[[n,s,3],[_,nonel],
sem:[reln:name,id: X,str:bsc]]).

lex_sem(msc,[aak:n:[],var:X pos:n,
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isataragati,
agr:[[n,s,3],L,none]],
sem:[reln:name,id:X,str:msc]]).
lex_sem(kOrsu,{aak:n:[],var:X,pos:n,
isataragati,
agr:[[n,s,3],[_,none]],
sem:[reln:name,id: X,str:N]]).
lex_sem(college,[aak:n:[],var:X,pos:n,
isa:kalLASAla,
agr:[[n,s,3],[_,none]],
sem:[reln:name,id: X,str:Y1]]).
lcx_scm(caitanya,[aak:n:[],var:X,pos:n,
isa:kalLASAla,
agr:[[n,s,3],[_,none]],
sem:[reln:name,id: X,caitanya]).
lex_sem(nijAm,[aak:n:[],var:X,pos:n,
isackaL ASAla,
agr:[[n,s,3],[_,none}],
sem:[reln:name,id:X,str:nijAm]}).
lex_sem(phisiks,{aak:n:[],var:X,pos:n,
isa:vishayam,
agr:[[n,s,3],[_,none]],
sem:[reln:name,id:X,str:phisiks]]).
lex_sem(kemisTree,[aak:n:[],var:X,pos:n,
isacvishayam,
agr:[[n,s,3],L,none]],
sem:[reln:name,id: X, str:kemisTreel}).
lex_sem(sabjekT,[aak:n:[],var:X,pos:n,
isa:vishayam,
agr:[[n,s,3],[_.cnt]],

sem:[reln:name,id:X,sring:N)]).

lex_scm(prati,faak:r:[],var:X,pos:quant,
agr:[[_.s,_].[def,cnt]],
sem:[reln:number,id:X,qunat:parti)]).

lex_sem(raamuDu,[aak:n:[],var:X,pos:n,
isa:hum,
agr:[(m,s,3],tnone,_]],
sem:[reln:name,id:(X,str:ramu]]).
lex_sem(seeta, [aak:n:[],var:X,pos:n,
isa:hum,
agr:[[f,s,3],[none,_]],post:dfit_i,
sem:[reln:name,id:X,str:seeta]]).
lex_sem(raadha, [aak:n:[],var:X,pos:n,
isaihum,
agr:[[f,s,3],[none,J],post:dflt_i,
sem:[reln:name,id:X,str:raadha]]).
lex_sem(maark,[aak:n:[],var:X,pos.n,
isa:mark,
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agr:{[n,s,_],[_,cnt]],
sem:[reln:maark,id: X]]).

lex_sem(physics,[aak:n:{],var:X,pos:n,
isa:vishayam,
agr:[[n,s,3],[_,none}],
sem:[reln:name,id: X,str:phisiks]]).
lex_sem(chemistry,[aak:n:[],var:X,pos:n,
isaivishayam,
agr:[[n,s,3],[_,none]],
sem:[reln:name,id: X kemisTree])).
lex_sem(sita, [aak:n:[],var:X,pos:n,
isa:hum,
agr:[[f,s,3],[none,_]],post:dflt_i,
sem:[reln:name,id:X,str:seetal]).

lex_sem(saMvatsaraM,[aak:n:{],var:X,pos:n,
isayear_time_unit,
agr:[[n,s,3],[_,cnt]],sem:[reln:saMvatsaram,id: X]]).

lex_sem(cepp,[aak:1:[subj:X 1:anim+man,ki:X2:anim+man,ani:X3:dhaatuvu+man],
var:E,
yog:[ pos.v,isaomental_prop],
sem: [reln:cepp,samdarbham:E,vakta: X1 ,srOta:X2,vishayam :X3]]).

lex_sem(un,[aak:l:[subj:[aak:A,var:VIX]:obj+man,
gaa:[aak:B,var:VIY]:anim_attr+man},
var:s,
yog:[pos.v,isa:asti_dha],
and:fsem:[aak:B,var:VIY]],
sem:[reln:un,sthiti:Skarta:[aaK:A,var:VIX]]]).
lex_sem(un2,[aak:l:[Kki:X:anim+man,gaa Y :feeling+man],
var:S,
yog:[pos.v,isa:asti_dha],
sem:[reln:un2,stilhi:S karta: X ,feeling:Y]]).

lex_sem(ivv,[aak:]:[subj:X 1:anim+man,ni:W1:0bj+man,ki:Y l:anim+man,
10:Z1:1oc+opt],
var:E,
yog:[pos.v,isa:ptrans|,
sem:[reln:ivv,samdarbham:E,daata: X |,graheeta: Y|,
padaartham:W1,cOTu:Z1]]).

lex_sem(vacc,[aak:1:[ki:X 1:anim+man,subj:M1:mark+man,l0:S1:vishayam+man,
10:Z1:exam+opt],
var:E,
for:[ki],
[pos:v,isa:ptrans],
sem:[reln:vacc,samdarbham:E,vidyarthi:X 1 ,maarkulu:M1,
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subject:S1,pareeksha:Z1]]).

lex_sem(veLl,[aak:1:[subj:K1:hum+man,]O:V1:movable+opt,
ki:Ll:loct+opt],
var:E,
[pos.v,isaptrang],
sem:veLl(samdarbham:E karta;K1,vaahanam:V1,
cOTu:L1])).
lex_sem(kon,[aak:]:[subj:K1:hum+man,]1O:L1:loc+opt,
ni:O1:0bj+man],
var.E,
yog:[pos.v,isa:ptrang],
sem:[reln:kon,samdarbham: E karta:K|,padaartham:01,
cOTu:LI]D).
lex_sem(kOy,[aak:1:[subj:K1:hum+man,lO:L1:loc+opt,
ni:Ol:obj+man],
var:E,
yog:fpos.v,isaptrans],
sem:[reln :kOy,samdarbham:E karta:K1,padaartham:01,
cOTu:LD]).

lex_sem(cooD,[aak:l:[subj:K1:hum+man,]O:L1:loc+opt,
ni:01:obj+man],
var:E,
yog:[pos:v,isa:ptrans],
sem:[reln:cooD,samdarbham:E,drik:K1,drisyam: 01,
cOTu:LI]]).

lex_sem(parigett,[aak:]:[subj:K1:anim+man,
|O:LI:loc+opt],
var:E,
yog:[pos.v,isaptrans],
sem:[rel:parigett,samdarbham:E karta:K1,cOTu:L1]]).

lex_sem(naDuv,[aak:]:[subj:K1:hum+man,lO:L1:loc+opt],
var:E,
yog:[pos.v,isa:ptrans]|,
sem:[reln:naDuv,samdarbham:E karta:K1,cOTu:L1]]).

lex_sem(rOju,[aak:n:[],var:X,
yog:[pos.n,isaitime,agr:[[n,s,3],[ _,cnt]]],
sem:[reln:rOju,id:X]]).

lex_sem(kOpaM,[aak:n:[],var:X,
yog:[pos:n,isa:mental_attr,agr:{[n,s,3],[_,mas]]],
sem:[reln:mental_state, id:X,type:kOpaM])]).

lex_sem(poDugu,[aak:r:[],var:X,
yog:[pos.ad],isa:physical _attr],
sem:[reln:length,id:X,unit:Y]]).
lex_sem(adi,[aak:n:[],var:X,
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yog:[pos:pro,isa:obj,agr:[[n,s,3],_]l.ref:[_,_1].
sem:S)).
lex_sem(vaaDu,[aak:n:[],var:X,
yog:[pos:pro,isa:hum,agr:[[m,s,3],_]}.ref:[n:_,_]],
sem:g)).

lex_sem(aadaayaM ,[aak:|:[aak:n:[],var:X,post:nn_i],var:Y,
yog:[pos:n,ref:[n:_,_J],agr:{[n,s,3],[_,cnt]]],
sem:[reln:aadaayaM,id:Y ,person: X]]).
lex_sem(vayassu,[aak:1:[aak:n:[],var:X post:nn_i],var:Y,
ypg:[pos:n,ref:[n:_,_Jagr:[[n,s,3],[_.cnt]}],
sem:[reln:vayassu,id:Y,person:X]]).

lex_sem(taMDri,[aak:1:[aak:n:[],var:X,post:nn_i],var:Y,isa:hum,
yog:[pos:n,ref:[n:hurn,_],agr:[[m,s,3],L,cnt]]],
sem:[reln:taMDn,id:Y,of:X)]).

lex_sem(kaaru,[aak:n:[],var: X,
yog:[pos:n,isa:vaah,agr:[[n,s,3],L,cnt]]],
sem:[reln:kaaru,id: X]]).

lex_sem(tella,[aak:r:[],var: X,
yog:[pos:adj,agr:[_,[none,deg]l],
attr:ramgu,comp:[Y22Y32deg_telupu(Y,Y21,Y3)],

sem:[reln:raMgu,id:X,str:Y]]).

lex_sem(maMci,[aak:r:[],var: X,
yog:[pos:adj,agr:[_,[none,_]]],
sem:[reln:quality, id:X, adj:maMc1)]).

lex_sem(aa[aak:r:[],var:X,

yog:[pos:dct,agr:[_,[none,_]]],
sem:[reln:ref_resolve,id:X str:aa))).

lex_sem(ee,[aak:r:[],var:X,
yog:[pos:det,agr:[_,[none,_]1],
sem:ref_resolve(X,ee)]).

lex_sem(caalaa,[aak:r:[],var:X,
yog:[pos:quant,agr:([[_,pl,_],[indef,cnt]]/
[[_.s,_].[indef,mas]])/
[_.[indef,deg]])],
sem:([reln:number,id: X ,quant:caal aa]/
[reln:quantity,id:X,quant:caalaa)/
[reln:degree,id:X,quant:caalaa]))).

lex_sem(melligaa,[aak:n:[],var:X,
yog:[isa:ISA pos:adv,agr:[_,[_,degl]],
sem:[reln:melligaa,id:X]]).
lex_sem(aMta,[aak:r:[],var:X,
[pos:quant,agr:[_,[def.deg]V/[[_,s,_].[def,mas]]],
sem:([reln:degree,id:X,quant:D]/
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[reln:quantity,id:X,quant:aMta]])).
lex_sem(eMta,[aak:r:[],var:X,
sentype:[_,q],
yog:[pos.quant,agr:L tindef,deg]]/[[_,s,_].[indef,mas]]],
sem:([reln:degree,id: X ,quant:D]/
[reln:quantity,id:X,qunat:N])).
lex_sem(konni,[aak:r:[],var:X,
yog:[pos.quant, agr:[[_,pl,_],[indef,cnt]],
sem:[reln:number,id: X ,quant:konnil]).
lex_sem(enni,[aak:r:[],var:X,
yog:[pos:quant,agr:[[_,pl,J,[def,cnt]]],
sentype:[none,q],
sem:[reln:number,id:X,value:N)]).
lcx_sem(sEpu,[aak:l:[ pos.quant: X],var: X,
yog:[pos:adv,isa:time_duration,agr:[[n,s,3],[_,mas]]],
sem:[reln:time_duration,id:X]]).

lex_sem(kaasta,[aak:r:[],var:X,
yog:[pos:quant,agr:([[_,s,_],[indef,mas]}/[_,[indef.deg]])],
sem:([reln:number,id: X ,quant:kaasta]/
[reln:degree,id: X ,quant:kaast])]).
lex_sem(koMta,[aak:r:[],var: X,
ypg:[pos:quant,agr:[[_,s,_],[indef,mas]]],
sem:[reln:quantity,id:X,qunat:koMta]]).

lex_sem(baMgaaraM,[aak:n:[],var:X,
yog:[pos:n,isa:obj,agr:[[n,s,3],[_,mas]]],
sem:[reln:bamgaaram,id: X]]).
lex_sem(lekka,[aak:n:[],var:X,
yog:[pos:n,isa:abs,agr:[[n,s,3],[_,cnt]]],
sem:[reln:lekka,id:X]]).
lex_sem(l,[aak:r:[],var: X,
yog:[pos:quant,agr:[[_,s,_],[def,cnt]]],
sem:[reln:number,id: X ,value:l]]).
lex_sem(10,[aak:r:[],var:X,pos.quant,
yog:[pos:quant,agr:[[_,pl,_].[def,cnt]]],
sem:[reln:number,id: X ,value: 10]]).

[* compare ekkuvalekkalu with ekkuva bamgaaram */
lex_sem(ekkuva,[aak:r:[],var:X,
yog:[pos:quant,agr:[[_,pl,_],[indef,cnt]]/
[[_,s,_],[indef,mas])/[_,[indef.deg]]],
comp:[Y12Y2”ekkuva(Y,Y1,Y2)],
sentype: [comp,none},
sem:([reln:number,id:X,quant: Y}/[reln:quantity,id:X,quant: Y]+
[reln:degree,id:X,quant:Y])]).

lex_sem(tvaraga,{aak:n:[],var:X,
yog:[pos:adv,isa:manner,agr:[ [ ,deg]]],
comp:[EANAtvaraga(Y,E,N)],
sem:[reln:time_duration,id:X,value:Y1])).
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lex_sem(muMdara,[aak:n:[],var:X,
yog:[pos.adv,isa:itime,agr:[_,L,mas]]],
comp:[EAD*muMdara(Y,E,D)],
sem:[reln:time_point,id:X,value:Y])).

lex_sem(gaMTa[aak:n:[],var:X,
yog:[pos:n,isa:time_unit,agr:[[n,s,3],[_,cnt]]],

sem: [reln:gaM Ta,id:X]]).

lex_sem(graam,[aak:|:[pos.quant:N],var: X,
yog:[pos:n,isaweight_unit,agr:[[n,s,3],[_,cnt]]],

sem:[reln:graam,id: X ,value:N]]).
lex_sem(ninna[aak:r:[],var:X,

yog:[pos.adv,isatime,agr:[_,_]],

sem:[reln:time,id:X,value:ninnal]).
lex_sem(ivaalla,[aak:r:[],var:X,

yog:[pos:adv,isa:time,agr:[_,_]],

sem:[reln:time,id:X,valueiivaalla]]).
lex_sem(muMdu,|aak:r:[],var:X,

yog: [pos:adv,agr: [_,attr:_]],

sem:[reln:muMdu,id:X,value:Y]).
lex_sem(puvvu,[aak:n:[],var:X,

yog:[pos:n,isa:inanim,attr:[ramgu],agr:[[n,s, ].[_,cnt]]],

sem:[reln:puvvu,id: X]]).

lex_sem(kaMTE,[aak:]:[],var:X,

yog:[ pos.comp],

sem: X,

none: X1]).

lex_sem(X,Y):- nl,write(X),error(" *** not in Lexicon."),nl,
write(' Give correct root word:'),read(X1),
( X==fail,! fail;lex_sem(X1,Y)).
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