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Abstract

The Resource Grammar Library is a very important part of Grammatical Framework. The
resource grammar mainly contains morphological and syntactic modules and implements a
common abstract syntax. This work focuses on writing a complete implementation of Nepali
computational grammar in Grammatical Framework. It tries to cover in-depth details of
morphological and syntactic structures of the Nepali language and the way we formalize these
grammatical details in the abstract structure that the Grammatical Framework provides. The
current implementation can be used for multilingual applications just like any other language
that is present in Grammatical Framework. The grammar covers as much details as possible
on both morphological and syntactic level, so claiming this implementation to be one of the
most comprehensive computational grammar for Nepali language won't be wrong. The
correctness of this work has been verified by feedback from native Nepali speakers about the
correctness of the examples in the GF resource grammar API.
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Chapter 1

1. Introduction

Natural Language Processing(NLP) has become one of the most practical and useful fields of
computer science. When we look at the world wide web or off-line print media there are
enormous amounts of useful information that is freely available, but often the language
becomes barrier for them to be explored. Learning new language to access each piece of
information written in another language is impossible task since we live in a world where we
have more than 6000 spoken languages, of which 4500 have more than 1000 speakers[8]. A
natural approach to solve this problem is to build a reliable multilingual system that can easily
help to translate the content from one language to another. Grammatical Framework(GF,
Ranta, 2004) is one of the efforts to build a reliable multilingual translation system, where

translation works in a very controlled environment so that we can trust output of the system.

The main aim of this project is to implement Nepali language as a resource grammar for
Grammatical Framework, to achieve this goal we need to study every grammatical constructs
of the Nepali language and formalize the Nepali grammar in such a way that we can express it

in computational form.

This chapter explains the motivation behind this thesis, and also covers a brief introduction to
grammatical framework and Nepali language. Chapter 2 covers the morphology of Nepali
language and its implementation in Grammatical Framework. Third chapter explains the
syntax part of the language and implementation details, as expected implementation of syntax
part is complex compared to the morphological part. Morphology part describes the word
structure of the language on the other hand syntax part covers the principles and rules for
constructing sentences. Later chapters covers the possible future work, conclusion of the

thesis work is given in the final chapter which is followed by appendix and references.



1.1 Motivation

This work is motivated by building a reliable and most comprehensive computational
grammar for Nepali language. Grammatical Framework is very suitable system to implement
and test computational grammar for natural languages, so Nepali resource grammar has been
build on top of the Grammatical Framework. With the Nepali resource grammar implemented
on Grammatical Framework it is possible to translate Nepali texts to languages that is already
implemented in Grammatical Framework and vice versa. Since the popular commercial
product like Google translate doesn't have support for Nepali language it is good to invest
time on the open-source tools like GF so that everyone can benefit from it. This is also one of

the motivation behind this work.

Work for this thesis is divided in to two parts, first is the study of Nepali grammar and
formalizing the grammar in computational form so that we can implement all the abstract
syntax provided by the GF, of course this formalization is useful to implement Nepali
computation grammar in any other system. The second part is the implementation of Nepali
formalized grammar and standard lexicons into GF framework so that we will get the

complete and reliable GF resource grammar for Nepali language.

1.2 Related work

There have been few previous efforts of writing a translation system for Nepali language.
DoBhase' is one of the effort of wring translation system, it mainly focused on building
Nepali to English translation system. The project has been conducted under the supervision of
Kathmandu University and is running since 2005. Madan Puraskar Pustakalaya? had made
some efforts of researching the translation system for Nepali language but no information
about the implementation details has been made available in it's home page. We believe this

thesis will serve as a valuable resource in future for similar related works.

1.3 Grammatical Framework

Grammatical Framework (GF) is a domain specific or a special propose language designed
for defining the grammar of natural languages. GF is much inspired by functional and logical
languages, it heavily depends on the notion of abstract and concrete syntax for the definition
of grammar. GF grammars consists of an abstract syntax and at least one concrete syntax.
Abstract syntax is declarative and it defines the scope of the grammar, abstract syntax gives

an abstract over view of all the structures that can be build from it, on the other hand concrete

1 http://nlp.ku.edu.np/lpdobhase/en/index.php
2 http://www.mpp.org.np/index.php



syntax takes the definition of abstract syntax and implement them for particular natural
language. The concrete implementation heavily uses inflection tables to get different forms of
a word to maintain contract between different part of sentence. In the core level GF has a
common abstract syntax and every language have to implement this abstract syntax to get full
concrete syntax of that language. This helps to achieve the multilingual grammar, as
translation from one language to another is trivial because of the common contract between

all languages.

GF provides features like parsing (converting concrete to abstract syntax) and linearizion
(converting abstract syntax to concrete syntax), it has separate rules for abstract and concrete
syntax[3]. It is a strongly typed system and supports multilingual grammars. GF provides
resource grammar for different languages as library, all these resource grammar are based on
the common abstract syntax provided with GF platform. GF currently contains resource

grammar for 27 languages.

1.4 The GF Grammar Example

To get the better idea of GF grammar let's take a very small grammar that describes the
quality of different types of books. The abstract syntax has the terms like category cat and
function fun, a function can take different categories to produce a required result, for example
in the example below Pred takes Item and Quality and produces Phrase, Quality can either be
Interesting, Romantic, Boring or Educational similarly we have other functions to get the
required result.
abstract Book = {
flags starcat = Phrase;
cat
Phrase; Item, Kind, Quality ;
fun
Pred : Item -> Quality -> Phrase ;
This, That : Kind -> Item ;
Mod : Quality -> Kind -> Kind ;
Novel, Course, Children : Kind ;
Very : Quality -> Quality ;
Interesting, Romantic, Boring, Educational : Quality ;

}

Figure 1.1: Abstract syntax of Book grammar.



The code below shows the English concrete syntax of Book grammar. /incat is the linearizion
type, for every category in abstract syntax we must have /incat type defined. Here every
category has the String as linearizion type, that means the final output of all categories will be
string.
concrete BookEng of Book {
lincat
Phrase, Item, Kind, Quality = {s : Str};
lin
Pred item quality = {s = item.s ++ "is" ++ quality.s} ;
This kind = {s = "this" ++ kind.s} ;
That kind = {s = "that" ++ kind.s}
Mod quality kind = {s = quality.s ++ kind.s} ;
Novel = {s = "novel"} ;
Course = {s = "course book"} ;
Children = {s = "children's book"} ;
Interesting = {s = "interesting"} ;
Romantic = {s = "romantic"} ;
Educational = {s = "educational"} ;

}

Figure 1.2: Concrete syntax for English language

While writing concrete syntax for a new language we need to follow the structure of abstract
syntax and grammar of the implementing language. The contract between different parts of
the sentence, gender, tense, number etc. are the basic things thats comes into consideration
while implementing concrete syntax of a natural language. The concrete syntax of Nepali for
the abstract syntax above looks as in the code below, we can clearly see that there is some

grammatical difference between the concrete syntax of English and Nepali.

concrete BookNep of Book {
lincat
Phrase, Item, Kind, Quality = {s : Str};
lin

Pred item quality = {s = item.s ++ quality.s ++ "& |"};



This kind = {s = "a1" ++ kind.s} ;
That kind = {s = "@" ++ kind.s}
Mod quality kind = {s = quality.s ++ kind.s} ;
Novel = {s = "ST=ITI"} ;
Course = {s = "IT6Y J%"} ;
Children = {s = "aTed J&Id"} ;
Interesting = {s = "TH=aH"} ;
Romantic = {s = "JFITRC®H"] ;
Educational = {s = "¢&eter"} ;
}

Figure 1.3: Concrete syntax for Nepali language.

1.5 Nepali Language

Nepali language belongs in the Indo-Aryan branch of the Indo-European family, mother
tongue of around 60 percent of the Nepal's total population. It is the official language of
Nepal and is also spoken in Bhutan, parts of India and Burma. Nepali is the medium of
uniform communication in public administration, educational system, TV, newspaper etc. It
was known with different names in different point of times, like Khas bhasa, Lokabhasa,
Gorkhali, and later the name Nepali came from the name of the country itself. It is a Sanskrit
derived language and some of the dialectal variation of Nepali follows the caste system of

Hinduism.

1.6 Nepali Writing System

Nepali is written in Devanagari script, it is written from left to right and Devanagari alphabet
has no Capital or Small letters[1]. Following vowels and consonant alphabets are found in

classical Nepali grammar,

Vowels 3, 3, g, é, 3, 3, K, Q, 3ﬁ, 3ﬁ, 31 3t

Consonants |, @, T, 8, S, 9, B, 9, 3,31, ¢,3, 8,3, 0, d, U, T, 4,49,9,%,9,9,7,3,3,d,
q,9,9, 9,8, &, 7, 3

Table 1.1: Devanagari alphabets
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Vowels TH,3MA, i, SI;,3f, S F, 56 Z, Te:, VE:, 3 O 3it W, 3f HM, 37: Hh:

Consonants |Pk, YK, Tg, UG, $n;,,dC,Bc,9j,HA],37Y,€q,3Q,Sx,c X, UIN,dt,
IT,9d, 9D, In,Up,HP,db, “¥B, M, Ty, Xr,cIL,dv,qS,¥2,Hs,Eh,
& kx:z, A txir, & jx:Y

Table 1.2: The Devanagari alphabets with Transliteration we used in GF program.

The Devanagari form of vowels have two forms 1) free form which are written the single
vowel constitutes the syllabus, which are displayed in the table above 2) conjunct forms

which are written when vowels are preceded by consonants[1]

Vowels F lam s § 8 % s v ¥ law |3

Conjunct Forms o) SR o S O S o SO o S S o B Y B

The vowel sound 3T doesn't have corresponding conjunct form, which means it's presence is
indicated by nothing but the shape of the bare consonant symbol(::)[1]. When these conjunct

form of vowels are joined with consonant symbols they form the following CV syllabus.

P+ 3
P+ 3T
P+e
T+%
P+
P+
D +B
P+
F+1
P+ N
% + 3t

[l Il Il I Il Il Il [l
S 8 S Sresi o8 o8 S P Y S

Additional symbols:
Apart from the things mentioned above following symbols are used in the Devanagari writing

system

Bindu/Chandarabindu

Ansuvar/Cirbindu

11



‘ Visarga ‘ : ‘

‘ Purna Viram (Full stop mark) ‘ I ‘
Table 1.3: Additional Symbols

1.7 Lexical form of Nepali Language

Nepali grammar consists of both inflected and uninflected forms which are open and the
closed form of classes, traditionally known as the parts of speech. The open classes are those
classes whose membership is in principle indefinite or unlimited and closed form of classes
are those whose membership is fixed or limited where the new items are not regularly added.
Noun, adjective, verb and adverb belongs to the open class whereas the pronoun, coordinating
conjunction, subordinating conjunction, postpositions, interjection, vocative and nuance

particle belongs to the closed class.[1]

12



Chapter 2

2. Morphology

This chapter covers the morphology of Nepali grammar and their implementation.

2.1 Nouns

Nouns in Nepali inflects for singular or plural numbers and for seven different cases
(nominative, accusative, instrumental, dative, ablative, genetive and locative)[1] as listed in
the table below. It doesn't inflect for gender (masculine or feminine) but belong directly to a
determined or undetermined gender class[1]. If we look at the traditional grammar it shows
nouns has a inflected form for gender, number and seven cases eg. choro 'son' vs. chori
'daughter’, but modern grammar prefers to treat such form as separate lexical items,

independent of each other.

Nepali noun shows inflectional contrasts for singular vs. plural eg. manis/AT¥ 'man’,
manisharu/FTG&% 'men’ and for seven different cases. The case-number suffixes are shown
in the table below.

Cases Singular Plural
Nominative (Nm) - -haru / 8%
Accusative (Ac) -lai / &g -haur-lai / 0Tl
Instrumental (In) le /e -haur-le / &%
Dative (Dt) -lai / &% -haur-lai / 0T
Ablative (Ab) -bata / §Ic -haru-bata / 0dIC
Genetive (Gn) ko /@ ~haru-ko / E5!
Locative (Lc) -ma / |l -haru-ma / 9HT

Table 2.1: The number and case suffixes of nouns

13



The inflection table of noun kitab/fhdTd 'book' looks like as shown below

Cases Singular Plural

Nominative (Nm) ESIE] IENIERE

Accusative (Ac) IESIEGIS [ESIERBIS

Instrumental (In) IGESIER] [CSIERSEY]

Dative (Dt) feparaes [ERICEUSIN

Ablative (Ab) [CSIEEIE [ERIESEIM
Genetive (Gn) IGCeSIEED] [CESIEREI
Locative (Lc) e [EGIERgall
Table 2.2: The number and case inflection of noun Book/fdreiTe
Noun in GF defined as
N ={ s : Number => Case => Str;

g : Gender;

t : NType;

h : NPerson

};
where

Number = Sg | Pl;

Case = Nom | Acc | Ins | Dat | Abl | Loc;

Gender =Masc | Fem

NType = Living | NonLiving ;

NPerson = Pers1 | Pers2_L | Pers2_ M | Pers2_H | Pers3_L | Pers3_M | Pers3_H ;s

It shows noun is a record of four fields 's', 'g', 't and 'h', 's' which is defined as ‘s : Number =>
Case => Str’ is read as ‘a table from Number to Case to String’. It is an inflection table that
stores different inflectional forms of a noun inflecting for number and case. In a table type
structure the entity on the left hand side of the symbol ‘=>’ is a parameter and on the right
hand side is a term assigning a value to the parameter on left. 'g' is the gender of noun, which
holds the information whether the noun is Masculine or Feminine, 't' is used to define the type
of noun, it stores information about the animacy of a noun like living or nonliving and also in

some cases it is used to indicate professions and occupations. This information is useful at

14



syntax level in different grammatical constructions. One such example is the construction of a

noun-phrase from a determiner and a common noun e.g.

charjana manis haru/ARSHT ATHEES 'four men'
charwata lathiharu/ IRACI (ﬂer\ISb 'four sticks'

here in the case of men (human case) jana/SIHT is added and in the case of sticks (non-human
case) wata/dcl is added after the determiner.
'h' defines the different honorific levels for nouns. This information is useful in the subject-

verb agreement at syntax level, to illustrate that we can take the following example.

Johan kitab padchha / ST fdheiTa UES 'Tohan reads the book’
Buba kitab padhnu hunchha / g fhdTd Ucdg ™ 'Father reads the book'

In these constructions, verb “reads” agrees with the honorific level of its subjects “Johan” and
“Father” respectively. In Nepali the noun, the honorific level of father is higher (High grade
honorific) and this information is very essential for correct grammatical constructions at

syntax level.

2.2 Morphological inflection of Nepali nouns in GF

The section above discussed about the different parameters that noun takes, here we will
discuss about the construction of noun, we use a special functions called lexical paradigms to
construct different lexical categories. These paradigms take canonical form of a word and
build the corresponding lexical category according to the lexical structure that has been
already defined . To illustrate the point lets take an example of a noun 'man' as man N : N ;
this is the abstract definition of noun man and every language implementing this function
should provide its concrete definition, for Nepali we defined as follows,

man_N = regN "manchey” human ;

where regN is a overloaded function to satisfy construction of different types of nouns. For
the construction of noun man it will call the function regh,

regN : Str -> NType -> N =\s, t -> mkNReg s t Pers3_L

To handle the different types of noun we have defined different functions of noun separately
so that users don't have to provide all the details to the system. Femenine nouns are
constructed using function mkNF, all the nouns defined using this function takes the feminine

gender by default. To handle uncountable nouns we have defined a function mkNUC, this

15



nouns have same singular and plural forms, similarly mkPN is used to construct proper nouns,
mkCmpdNoun is used to construct compound nouns and all the other regular nouns are
handled by regN, these nouns takes masculine as default gender. In Nepali unless

explicatively defined noun is treated in masculine form.

All these functions calls a common function mkRN, this function builds a inflection table of

different morphological forms of noun including different cases as we discussed above.

mkN: (x1,_, , ,, , ,,,, ,x12: Str) -> Gender -> NType -> NPerson -> Noun =
\sn, sa, si, sd, sab, sl, pn, pa, pi, pd, pab, pl, g, t, h -> {
s = table {
Sg => table {

Nom =>sn; Acc=>sa; Ins=>si;
Dat=>sd; Abl=>sab; Loc=>sl
3

Pl => table {
Nom => pn; Acc=>pa; Ins=>pi;
Dat=>pd; Abl=>pab;Loc=>pl
}

};

g=g; t=t; h=h

35

Based on above definition the GF table of noun man, man N = regN "HE" looks like, as

follows.
{s = table Number [table Case ["AT&"; "AFSaTS"; "HFel";
ST AT ST
table Case ["ATFSEY"; "AFLEOANR"; "AFwaoa’;
"HFBEOATs"; "HFEodIe”; " eEerl]);
g = Masc; h = Pers3_L; t = Living; lock_ N : {} = <>
}
Figure 4: Inflection table representation in GF for noun Man/AT78,
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As we can see, inflection table creates all the possible variations of word and retains other

informations like gender, honorific form and its type (i.e. living or non living)

2.3 Verbs

Nepali verb is one of the complex structure in grammar, it inflects for person (first, second
and third), number (singular and plural), gender of the subject in third person singular and
tenses. Verbs also inflect to show contrasts of the gender of honorifics in second and third
persons, similarly it also shows inflection for infinitive, perfective participle, imperfective
participle, conjunctive participle and absolutive participle forms[1][2][7]. There are three
levels of honorifics and the difference in gender is also marked in low grade honorific forms,
all these measures makes the verb's inflectional system fairly complicated.

Verbs function as the head of the clause structure. As head of the clause structure, verbs either
stand alone or in construction with various types of complements . We can classify verbs in to
transitive, equational and intransitive types. Transitive are the type of verbs which take direct
objects as complements, whereas equational verbs take subject complements as dependents
and intransitive verbs are marked by the absence of either direct object or subject
complements.

As verbs shows inflection for person, number, gender, tense, mood and aspect[1], because of
all these parameters a single verb can show more than 400 forms. We have used the following

definition to represent our verb including all required parameters.

VerbForm =
VF VTense Aspect Polarity NPerson Number Gender
| Root — Root form
| Inf - Infinitive form
| ProgRoot Aspect Number Gender
| PVForm -- Partial verb form 'khan' is the PVForm of 'khanu'
| Imp ;
where
VTense = NPresent | NPast PTypes | NFuture FTypes;
PTypes = Simpl | Hab ;
FTypes = Defin | NDefin ;
Aspect = Perf | Imperf’;
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NPerson = Pers1 | Pers2_L | Pers2_M | Pers2_H | Pers3_L | Pers3_M | Pers3_H ;
Polarity = Pos | Neg ;
Gender = Masc | Fem ;

The structure of VerbFrom looks a bit complex due to the fact that inflection of verb depends
on may parameters and some of the data-types like Root, Inf, Imp holds the information like
root, infinitive form and imperative form of a verb which we require in different inflection
cases. Nepali grammar has 3 main tenses, present, past and future. Past tense is further
divided in to unknown and known types where known types makes further two sub types
Simple and Habitual, similarly future tense has definite and non-definite sub types. Unknown
past is not very common in use so we have just considered Simple and Habitual subtype of
past tense.

PTypes = Simpl | Hab ;

There are two aspects in Nepali grammar, perfective aspect and non-perfective aspect so the
definition

Aspect = Perf | Imperf’;

One strange structure of Nepali grammar is that the negative verb form are formed at the
morphological level. For the imperative, infinitive, conditional and participial forms
morpheme na-/- is prefixed and for the verbs steam elsewhere -na/-7 suffixed, because of
this rule the morphological inflection table of verb becomes very large. Parameter

Polarity = Pos | Neg ; helps to determine whether its positive or negative form.

Nepali grammar has two modes, progressive and non progressives modes, as progressive form
can be made easily from the root form of the verb by adding some prefix, instead of forming
it in morphological level we introduces a data type 'ProgRoot’ along with parameters Aspect
Number Gender which is sufficient to make the progressive form of verb and which helps to

keep the inflection table small.

PVForm is a special form of a verb, which is used when another verb is used as complement
of the main verb. An example of such a usage is ‘want to eat’. In this grammatical
construction ‘eat’ is used as complement of the auxiliary verb ‘want’. In English infinitive
form of the second verb (i.e. eat) is used as complement of the auxiliary verb (i.e. want). But
in Nepali a special form of the second verb is used as complement of the first verb. We use
constructor ‘PVForm’ to store this form. It is used at syntax level for the constructions like

‘want to eat’.
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2.3.1 Morphological inflection and Structure in GF

Here we will see how the verbs are constructed in GF for Nepali, we will take the example of
avl play@(’_':[ and see how this verb inflection makes morphological inflection table of
different forms.

play V :V defines the abstract definition of noun play and every language implementing this

function should provide their own concrete definition, for Nepali we defined as follows

play_V = mkV "@("_j" ;

mkV is a lexical paradigm which takes infinite form of a verb and builds a inflection table
based on the rules we have defined. mkV is a function used to handle all intransitive(v1)
verbs, similarly we have mkV2, mkV3, compoundV to handle transitive, ditransitive and

compound verbs. All these functions makes use of a function mkVerb which is defined as

mkVerb : (_: Str) -> Verb = \inf ->
let root = (tk 2 inf) ;

in {

s = table {
Root => root ;
Inf => inf;

PVForm => (tk 1inf);
Imp => (mkImpForm root).s ;
ProgRoot aspect number gender => (mkProgRoot root aspect number gender).s ;
VF tense aspect polarity person number gender =>
case aspect of {
Imperf => (mkVImperf root tense polarity person number gender).s ;

Perf  => (mkVPerf root tense polarity person number gender).s

}
}
};
As defined in the function this function with the helper functions handles all the inflectional
cases and builds the required inflection table. All these functions take the primary base case of
a verb and to which certain suffix or prefix is added to form the inflection table. These
primary base case of the verbs are formed by dropping certain suffixes from the infinitive
verb, it is important to note that depending upon the base ending of verb the suffix we need to

remove varies. Table bellow shows the different cases.
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Group Infinitive Primary base
a. T/ to do R
b. T / to eat Kl
C. g / to wash g
d. 337 / to come SIS

Table 2.2: Different types of root depending on word ending

Here we have four different cases:[6]

a. Case of base ending in a consonant: &3, TY

b. Case of base ending in the vowels 3T, g : T, ST
c. Case of base ending in vowel S : g, ©

d. Case of base ending in vowels 313, g3: fEIG, Ucr3

To handle these cases we have a function called rootCheck’ which tells what type of root it is
and depending upon its type of ending it applies the appropriate rule to get the correct root

form. The code below shows how we achieve the different root forms for verbs.

rootCheck : Str -> {root1:Str; root2:Str; vcase: VCase} =
\root -> {

rootl = case root of {

ne n

ja => root + "nx:" ;
"hu" => root + "'nx:" ;

n n
rot + "x: => root ;
rot + ("h") => root + "nx:" ; --cmnt
rot + ("a" "i" "I") => root + "nX:" ;
rot + ("e" "u"|"U") => root + "nX:" ;
rOt + ("F' | "F") => rOOt + "V" ;

=> root

s

root2 = case root of {

ne n n.n

ja =>"g";
"hu" => IIB" ; __ § N q
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n n

rot + x: =>rot;

rot + ("a"["1"["T") => root ;
rot + ("h") => root + "'nx:" ; -~-cmnt
rot + ("e"|"u"|"U") =>rot + "o";
rot + ("f"|"F") => rot ;
=> root

s

-- it categories whether its regular or irregular form

vcase = case root of {

rot + "x:" => VReg;
=> VIReg

}
}s

In the code above first case to match is the irregular inflection of N1, if the root matches to SIT

then its other roots will be rootl = ST and root2 = T, similarly if root case matches with §

then their roots will be rootl = g and root2 = ¥, similarly the definition of the root matching

cases for Ug, I, ¢ and 313 is also defined by the function.

Now we will see other inflection cases of verb. Table below is the verb case of non-perfective

aspect, non-progressive mode, Simple present tense and positive polarity.

Person Singular Plural
First B / cu (TSB) Bl / cwV (TSB)
Second | Low grade B/ csx: (TGB) Bl / cw (U3BI)
(male) Honorific(Lgh) ) )
Mid grade Bl / cw (T8 Bl / cw (T8
Honorific(Mgh)
High grade 98 / nuhunx:c 98® / nuhunx:c
Honorific(Hgh)
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(Uedg™) (Uede™)
Second  |Low grade B/ cesx: (UGT¥) Bl / ow (TEB1)
(female) Honorific(Lgh)
Mid grade B/ cxyw (UEA) B/ cw (Y8
Honorific(Mgh)
High grade I8 / nuhunx:c I8 / nuhunx:c
Honorific(Hgh)
(ISTE™) (UeIE™®)
Third Low grade © /¢ (UV) B /cenx: (USBT)
(Male) Honorific(Lgh)
Mid grade / enx: (V) / enx: (UgB)
Honorific(Mgh) o1 (= o1 (e
High grade 9879 / nuhunx:c 989 / nuhunx:c
Honorific(Hgh)
(Uedg™) (Uedg™)
Third Low g‘rade © / ce (UD) B / cnx: (UgB™)
(Female) Honorific(Lgh)
Mid grade / cinx: (UGB / enx: (UgBT)
Honorific(Mgh) o (R o (e
High grade I8 / nuhunx:c I8 / nuhunx:c
Honorific(Hgh)
(Uede™) (Uede™)

Table 2.3: Inflectional suffixes in Nepali verb for positive form, case of non-perfective aspect

and non-progressive mode

(more information about the honorific form is available in pronoun phrases section)

Table below shows the inflectional suffixes of same case as above but negative polarity

Person Singular Plural
First =¥ / dinV (TRl W / dEnEV (F&5)
Second | Low grade UL/ dEnsx: (G«R) |/ dEnE (Fa<)
(male) Honorific(Lgh)
Mid grade &} / dEnE (Fg&) U / dEnE (9
Honorific(Mgh)
High grade I8 / nuhunx:c 18 / nuhunx:c
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Honorific(Hgh) (qgﬁ—:@:g) (‘ZI_Q?%_:@:EG)
Second |Low g‘rade 394 / dinsx: (q‘@T-R{) Qér / dEnE (Claﬁ:ﬁ)
(female) Honorific(Lgh)
Mid grade / dinE qgﬁ:ﬁ U / dEnE (YgaAT
Honorific(Mgh) sﬁ\ ( ) (&=
High grade 9579 / nuhunx:c 98 / nuhunx:c
Honorific(Hgh) CI?{%_:@_@
( ) (TG<TED)
Third Low g‘rade 09 / dEn (qaﬁ:{) Q:F[/ dEnx:n (‘ZIHﬁ:F[)
(male) Honorific(Lgh)
Mid gr‘ade U / dEnx:n (CI@TF[) U / dEnx:n (qaﬁ'_‘l:[)
Honorific(Mgh)
High grade 9579 / nuhunx:c 989 / nuhunx:c
Honorific(Hgh)
(ITED) (TRTE™)
Third Low g‘rade 3/ din (qg%v-[) 0 / dEnx:n (‘ZIEﬁ:F[)
(female) Honorific(Lgh)
Mid grade 9 / dinx:n (UGS U/ dEnx:n (@)
Honorific(Mgh)
High grade 9879 / nuhunx:c 98 / nuhunx:c
Honorific(Hgh) tﬁéﬁﬂg_@
( ) (TRTE™)

Table 2.4: Inflectional suffixes in Nepali verb for negative form, case of non-perfective

aspect, non-progressive mode

These tables in GF is defined by the function mkVPreNPReg, which looks like as below

mkVPreNPReg : Str -> Polarity -> NPerson -> Number -> Gender -> {s:Str} =

\root, po, pn, n, g ->

{s = case <po, pn, n, g> of {
-- Positive case
n "
=>r00t+ & ;

=> root + "Bl " ;

<Pos, Pers1, Sg, _>
<Pos, Pers1, Pl, _»>
<Pos, Pers2_L, Sg, Masc> => root + "8 ;
<Pos, Pers2_L, Sg, Fem> => root + "g’?:[" ;
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<Pos, Pers2_L, P, _> => root + "BI";
<Pos, Pers2_M, Sg, Fem> => root + "l ;
<Pos, Pers2_ M, _, _> => root + "BI" ;
<Pos, Pers3_L, Sg, Masc> => root + "B";
<Pos, Pers3_L, Sg, Fem> => root + " ;
<Pos, Pers3_L, P, _> => root + "B7";
<Pos, Pers3_M, Sg, Fem> => root + "%7‘[" ;
<Pos, Pers3_M, _, _> =>root+ "B ";
<Pos, _, _, _»> => root + "qgV" ;

-- Negative Case

<Neg, Pers1, Sg, _> => root + "f&T"
<Neg, Pers1, P, _> => root + " ;
<Neg, Pers2_L, Sg, Masc> => root + "éT-R:[" ;
<Neg, Pers2_L, Sg, Fem> => root + "f&=R" ;
<Neg, Pers2_L, P, _> => root + "" ;
<Neg, Pers2_M, Sg, Fem> => root + "f&";
<Neg, Pers2_ M, _, _>  =>root+"<";
<Neg, Pers3_L, Sg, Masc> => root + " ;
<Neg, Pers3_L, Sg, Fem> => root + "
<Neg, Pers3_L, Pl, _> => root + "< ;
<Neg, Pers3_M, Sg, Fem> => root + "f&";

<Neg, Pers3_M, _, _> =>root+ " ;
<Neg, _, _, _» => root + "Ig"

s

We can clearly see that the function takes parameters like polarity, person, number, gender
and creates an inflection table, also the suffixes added for the positive polarity and negative
polarity is distinctly different so we need morphological inflection for the negative verbs as
well.
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Inflection table for the simple past tense looks like as shown in table below,

Person Singular Plural

First T/ eV (9S) at/ ywM (gl )

Second |Low grade 9/ isx: (Ufes) It/ yW (CFE.{Zﬁ)

(male) Honorific(Lgh)
Mid grade At/ yw () At/ yw (g
Honorific(Mgh)
High grade gﬂqzﬁ / nuByo (‘:IEij) W / nuByo (Claﬂ‘qzﬁ)
Honorific(Hgh)

Second |Low grade 9 / isx: (UfeR) At/ yw (agh)

(female) Honorific(Lgh)
Mid grade At/ yw (acg) At/ yw (g
Honorific(Mgh)
High grade I9T / nuByo (YGI¥AT) |91 / nuByo (FGTHAT)
Honorific(Hgh)

Third Low grade A/vo q@zﬁ T/e (IS

(male) Honorific(Lgh) yo! ) )
Mid grade e (1) T/e (TR)
Honorific(Mgh)
High grade ﬁﬂ?ﬁ / nuByo (Clﬁﬂﬂ?ff) ﬂq?ﬁ / nuByo (EI@W)
Honorific(Hgh)

Third Low grade /1 (Y3 Tle (‘Zlé)

(female) Honorific(Lgh)
Mid grade /inx: () Ve (TS
Honorific(Mgh) & ( )
High grade TTIN/nuByo (YI¥T) | THA/nuByo (YT
Honorific(Hgh)

Table 2.5: Inflectional suffixes for simple past positive form

Similarly the negative form have different inflection form.

Inflectional suffixes of definite future tense positive form

25




Person Singular Plural
First ﬁ"g/necu ABi/necwM
Second |Low grade Honorific TBG/necsx: (TFTEY) B! /necwM (TGS
(male) | (Lgh)
Mid grade Honorific A8 /necwM (Clﬁﬁ’ﬂﬁ) TBl/necwM (qaﬁgﬁ)
(Mgh)
(ng}lll)grade Honorific f@el‘c'ﬁ/nuhunec (UgdgT®) |dgT/nuhunec (%agﬁ?ﬁ)
g
Second |Low grade Honorific ﬁ"tﬁ{/necsx: (qgﬁpgﬂz[) I8 /necwM (ErEﬁ'Eé‘T)
(female) |(Lgh)
Mid grade Honorific A8l/necwM (UGB TBl/necwM (UGB
(Mgh)
giglﬁ)grade Honorific | qe&/nuhunec (Ig®) | T§8/nuhunec (ISIETS)
g
Third Low grade Honorific A% /nec (qaerg) ePc:(F-[/necnxz (Elaﬁ'@T-[)
(male) | (Lgh)
Z&d hg)rade Honorific T8+ /necnx: (IGTS) T8+ /necnx: (TGTS)
g
gglﬁ)grade Honorific @ﬁﬁ/nuhunec (U8I8T®) | I8T8/nuhunec (qa@gﬁ*a)
g
Third Low grade Honorific A% /nec (qafrgg) e|"E§:T-|'\/necnx: (qaﬁ“aﬁ[)
(female) |(Lgh)
?ﬁd hg)rade Honorific erf@:[/necinX: (qaﬁf@:[) eﬁF—[/necnx: (t{aﬁ'EF[)
g
(}gg}}ll)grade Honorific f@elﬁ/nuhunec (UgdgT®) |dgT/muhunec (qaﬁgﬁt&)
g

Table 2.6: Inflectional suffixes of definite future tense positive form

Likewise we have many other functions like mkVPstHNP, mkVFutNDNP, mkVPreP,
mkVPstSP, mkVPstHP, mkVFutDefP and mkVFutNDefP to cover all the different forms of

positive and negative verbs.

2.4 Adjective

The main role of adjective is to qualify a noun or noun phrase. In Nepali adjective that ends in

-0/:2T inflects for gender, and number giving different form of adjective root.
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Table below shows the inflections of adjectives.

Singular form Plural form:

Masculine Feminine Masculine/Feminine
ramro/RTaT 'handsome’' ramri/RTHT 'beautiful' ramra/N9T 'handsome, beautiful'
batho/dTaT 'clever' bathi/dT! 'clever' bathi/dTaT 'clever'

lato/aTeT 'dumb’ lati/TET 'dumb’ lata/eTeT 'dumb’

kalo/@Tell 'black' kali/Tell 'black’ kala/Tell 'black’

Table 2.7: Adjective inflection forms[1].

There are many borrowed words in Nepali specially from Sanskrit and Hindi sources. These
words doesn't show inflection so they form a category of uninfected adjectival forms. They

show the same distribution and functions as adjectives, e.g.

Aasal keto/3ReT Bel 'good boy' Aasal ktaharu/3RTl BHTTE® 'good boys'
Aasal keti/3TTeT dict 'good girl' Aasal ketiharu/3RTeT Bc1g® 'good girls'

Here 3T¥c1/good takes same form for both singular and plural masculine and feminine forms.

2.4.1 Functional of adjectives

Normally adjectives function as the head of a adjective phrase structure. The adjective phrase
also function as pre-head modifiers in the noun phrases structures[1], e.g. birami
manish/fSRM! 7199 'a sick man'. The dependents of the adjectives are quantifiers which
qualify the adjectives by showing the degree of intensity including the comparative and

superlative forms.

2.4.2 Some of the characteristics of Nepali adjectives

* The demonstrative adjectives are q/this and FCﬁ/that[8]
* the word 'good' has many different forms, one or other is more suitable depending on
case[8].
o ramro/RTHT Strictly speaking means 'pleasing to eye', 'beautiful' is used in most
sense of the English 'good'
o aasal/31cT means 'of good quality' or 'morally good', e.g. T I A Bl/He is a

good man.
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o besa/sNT and its emphatic form SN refers to quality, e.g. ar WE\W ©/This pen is
good.
o mitho/H3I means 'good to taste' and is only used for food and drinks
* Repetitive of an adjective indicates plurality, e.g. thula yhula/ge{@elT meaning big,
&I GeIgall BRE® B | 'There are big houses'.

* Adjectives ending in -37 and postpositions - have a feminine singular form in -3, eg,
budhi/g&! 'old women'

* There are few cases though ends in -o they doesn't inflect for feminine gender like
others e.g. rato/RTal 'red'

2.4.3 Implementation of adjective in GF

Adjectives have the following structure in our construction.

A = {s : Number => Gender => Str};

now we will take an example of a adjective and see its construction in GF, lets see an example
of a adjective ramro/RTAT 'good’, the abstract definition of good is given in gf as good A:A;
so in Nepali it is implemented as good A = mkA " ; mkA is an overloaded function
which calls another function mkAdjnp, it is the main function which takes cares of all the

inflection and exception cases

mkAdjnp : Str -> npAdjective = \str ->
case str of {
st + t@"T" + "1 => mkAdj1 str str (st+t+":T") ; -- No Fem for red
st + "o => mkAdjl str (st+" ") (st

=> mkAdj1 str str str

s

the helping function mkAdjl makes the inflectional table out of different inflection forms as
described in table: 2.7

mkAdj1 : (x1,_x3 : Str) -> npAdjective =
\sm, sf, smf -> {
s = table {
Sg => table { Masc => sm ; Fem =>sf};
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Pl => table { Masc => smf ; Fem => smf }
1}

2.5 Adverbs

Adverbs can modify verbs, adjectives, clauses and other adverbs, and they do not show
inflections. Adverbs show the gradation of comparative and superlative degrees by syntactic
means of their dependents quantifiers or adverbs of quantity[1]. Adverbs can either occur as
independent of or as the head of an adverbial phrase structure, and function as dependents of
the verb i.e. as complements or adjuncts, e.g. ramrari khau/RTERI W13 'eat well'. Adverbs can
also function as quantifiers or intensifiers of adjectives, e.g.dharai ramro TR A 'very good'.
The adverbs which function as quantifiers of adjectives or quantifiers of other adverbs are
adverbs of quantity. We should note that the the comparative and superlative formations of the

adverbs are syntactic, not morphological e.g.

Comparative: aali bistari/31 ol SRR 'more slowly'
Superlative: jyadai bistari/S3 < foedr 'extremely slowly'

In GF adverb is simply defined as Adv = {s : Str} ; as it doesn't have any inflectional forms,
and is constructed using function mkAdv e.g. here_ Adv = mkAdv "TET" ; . MkAdy is defined
as mkAdv : Str-> Adv = \str -> {s = str} ; as we can see from the definition there are no

inflection cases, it simply takes a string and makes it Adv type.

2.6 Pronouns

A pronoun can replace a noun or another pronoun. Pronouns constitute a small closed class of
forms and their inflectional behavior is similar to nouns i.e. they inflects for case (seven cases
we defined previously) and number (singular and plural) . Pronouns belong indirectly to the
gender of nouns. The gender of pronoun is taken from the gender of noun, it is shown
syntactically in the third person by its cross reference tie to verb for which they function as
subject. Pronouns occur as head of the pronoun phrase and function as subject or object
complements and adjuncts of verbs[1]. Pronouns are marked by their simple forms that

distinguish them from other form classes.
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In GF pronoun 'I' is defined as i Pron = mkPron "H" "R Sg Masc Pers1 ; mkPron finally

calls the function makePron which is defined as,

makePron : (x1,_, , , ,x6:Str) -> {s: Case => Str} =
\n,ac,i,d,ab,l-> {
s=table{ Nom=>n; Acc=>ac; Ins=>1i;
Dat =>d; Abl=>ab; Loc=>1}
};

2.7 Conjunctions

2.7.1 Coordinating conjunctions

Coordinating conjunctions are a closed class of uninfected forms[1][2].

ani/37 'and then' athava/37¥dT 'or'

ki/f or’ ki...ki/fdb ... fh ‘either ... or
kintu/fep=g "but nn...na/7 ... 7 'neither ... nor'
naki/=Ife 'but not' parantu/UX—q 'but'

raX 'and' taipani/?fCITﬁf 'even then'
tara/cR 'but' tatha/dT 'and'

wa/dT 'or’ ya/dT 'or and'

These conjunctions are used in Nepali.

2.7.2 Subordinating conjunctions

subordinating conjunctions are a closed un-inflected classes. The closed list is: h/that, T/if,
‘-T%/after, GTféf/before, tI'fef/although, and the subordinating relative conjunctions.
The function of subordinating conjunctions is to mark dependent (adverbial or noun) clauses

as subordinate to the principal clause in sentential structures|[1].
ki/fh 'that' (makes noun clause)

pachadiﬂ'@'l% 'after' (makes adverbial clause)
pachi/Ufes 'after' (makes adverbial clause)
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pachi/qﬁﬁ "if' (makes adverbial clause)
yadi/afe if (makes adverbial clause)

agadi/3F $ 'before’ (makes adverbial clause)

bhane/a 'if (makes adverbial clause)
aghi/ﬂﬁf 'before'(makes adverbial clause)
pani/Jf 'although'(makes adverbial clause)
yadhapi/?l%zlﬁ 'if' (makes adverbial clause)

2.8 Numerals

Numerals in Nepali can be divided in to:

a. Cardinal adjectives or adjectivals, answering 'how many'.

b. Ordinal adjectives answering 'which one of a series'.

c. Distributive adjectives answering '"how many each' and

d. Ordinal adverbials answering 'which time of a series'.

Table below shows the different cases for the numbers one, two and three

Cardinal adjectives |Ordinal adjectives | Distributive Ordinal adverbials
adjectives

On/Udh first/gfeety one-one/TdH-Tdh once or first time/
Udh Yo

Two/S3 second/araT two-two /5358 twice or second time/
g8 Uee

Three/a third/aaT three-three/dH-ai| | thrice or third time/
RIERE

Table 2.8: Different forms of numeral cases.

The numerals below 100 in Nepali is irregular, so we represent this construction in GF by the
following algebraic type

DSize =sg |12 |13 |14 15|16 |t7 |18 |19 ;

where sg defines all numerals ending in 1 e.g. 1, 11, 21 etc similarly r2 represent numerals
ending in 2 e.g. 12, 22, same applies for remaining cases. Another feature of numerals we

need to consider is the size, which is defined as Size = singl | less100 | more100 ;
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In Nepali numbers multiply by ten are written in the following way

QUdH /1

90<U/10

900 /100

9,000 &SR/ 1,000

9 0,000 <2 89X / 10,000

9,00,000 Uh <TRg / 1,00,000

9 0,00,000 <7 119 / 10,00,000
4,00,00,000 FRIE / 1,00,00,000

9 0,00,00,000 2T &S / 10,00,00,000
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Chapter 3

3. Syntax

This chapter describes the syntax of Nepali grammar and its implementation in Grammatical

Framework.

3.1 Noun-Phrases(NP)

Noun-phrase for Nepali in GF is defined as

NP : Type = {s : NPCase => Str; a: Agr; t: NType };
where

NPCase = NPC Case | NPObj | NPErg ;

Case =Nom | Acc | Ins | Dat | Abl | Loc;

Agr = Ag Gender Number NPerson ;

NType = Living | NonLiving ;

3.1.1 Common-noun phrase(CNP)

A common noun phrase in Nepali consists of three functional slots, an optional determiner,
an optional modifier slot marked by the sign + and an obligatory head slot marked by the sign
+. The structure of the CNP is represented by the following formula

CNP = +Determiner +Modifier +Head[1]

eg. tyo bishan bhaban/a faeTTet Hd_ 'hat huge building'

3.1.2 Common nouns as head

When common nouns act as head they have following structure.
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Head: +steam # plural suffix + inflectional suffix[1]
The structure shows that the common noun can either be single or plural, and the plural suffix

is optional. The inflectional suffix is required if it is necessitated semantic purpose, eg.

HTf=4/man, ATFRI(E%)/men, HI-¥I(89)lTs/to men

The common nouns ending in -0/ Y like boko/dTe , doko/STeT , etc. have their allomorphs
ending in -a such as boka/TaT, doka/STehT , etc[1]. when they are followed by the optional

plural marker, or by a case inflection they show the following pattern

Singular Plural Inflectional forms

doko/SI®! 'a basket' doka(haru)/@ﬂib"f (8%) 'baskets' dokama/SIBTT 'in the basket'
boko/dd! 'male goat' boka(haru)/gﬁib"[ (89) 'goats' bokale/ddTel 'by the male goat'
choro/BRI 'son’ chora(ham)/Bﬁ?T (8%) 'sons' choralai/BRTeTTS 'to the son'

Gender of Nouns

Although the traditional Nepali grammar talks about masculine, feminine, neuter and
undefined genders but in modern grammar every noun belongs to either masculine or
feminine gender as reflected morphologically in the verbs[1]. Thus gender in Nepali is a
syntactic property, in other words the gender of nouns is not decided by the form of noun

instead it is indicated morphologically by the form of verbs e.g.

QIRST SIT-8/sharda jancha 'Sharada goes' 9TRET ST=/sharda janche 'Sharada goes'
In the example above Sharada can be names of both man or woman, but the difference in the

gender is reflected in and by the form of verbs.

3.1.3 Determiners in the common-noun phrase

Determiners in cnp can be summarized by the following formula.
+determiner: + demonstrative * limiter + quantifier + classifier[1][2]
The demonstrative, limiters, quantifiers and classifiers can be called 1*, 2™, 3" and 4" order

determiners.

In GF, Nepali determiners are defined as
Determiner = {s : Number => Gender => Str ; n : Number};

so we can say that inflection of determiners depends on number and gender.
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3.1.3.1 Demonstratives

Demonstratives determiners are a small closed subset of determiners which are inflected only
for numbers[2]. e.g. ?Iﬁ/yo 'this', ?ﬂ/yi 'these', and remote: a?ﬁ/tyo 'that', T/ti 'those' are the

commonly used demonstrative determiners in Nepali.

3.1.3.2 Quantifiers

The quantifiers are cardinal numbers like ek/Je 'one’, dui/g'sf 'two' followed by one of the two
classifiers i.e. either human classifier or non-human classifiers. The quantifiers followed by
classifiers. The classifier ST/jana occurs with human [+human] count nouns; the classifier

dcl/wata occurs with non-human [-human] count nouns. eg.

human [+ human] classifier: pach jana manis /AT ST AT 'Five men'[2]

non-human [- human] classifier: pach wata kalam /4Te 9eT Pt 'Five pens'[2]

Note that the form of Uh/ek 'one' and wata classifier is euta. Other forms show two free
variants each eg.

dui wata/g'g dcT 'two ones' duita @s‘a 'two ones'

tin wata/ci= < 'three ones' tinota /fC<T 'three ones'

1.3.2 Limiters

They are the closed set of quantifiers which as determiners follow the demonstratives in the

linear order of occurrence . The limiters are either definite or indefinite. e.g.

definites:
&b/harek 'each’, 1\;I??jiﬁ/pratyek 'each’
indefinites:

dEl/kehi ", Udh/eaklai 'only', 3TfH/antim 'final',

The nouns and pronouns in possessive forms also function as limiters.

3.1.4 Modifiers in the common-noun phrase(CNP)

Nouns or noun phrase, adjective or adjective phrase and the clause that act as adjectives can
function as a modifier in the common noun phrases. When noun or noun phrases co-occur
with a common nouns the first noun is the modifier and the final noun is the head of the
common noun phrase e.g.

nepali bhasa /ATt TS 'Neplai Language'

Similarly in case of adjectives and adjective phrases, they can act as modifiers after the

determiners and before the head of the common noun phrases[1] e.g.
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tyo sano sahar/cT A 216X "That small city'

The clauses that function as adjectives also acts as a dependent modifier of the nouns e.g.
johan birami bhayako bkhat /S AR YUY SRIT "The time when Johan was sick’

here the clause S19 faRTfT YUBT modifiers the item SR

functions like AdjCN, CompIN2, AdvCN, RelCN are written in grammatical framework to

handle the cases that can modify common nouns.

3.2 Proper-noun phrase

The proper-noun phase in Nepali has an optional modifier, an obligatory proper noun head
and is filled by the place and person names. Place and person names in Nepali do not co-occur
with determiners like demonstrative, limiters or quantifiers, however the person names do

occur with the modifiers like adjectives or adjectival modifiers[1].

3.2.1 Person names

Person names when functioning as heads consists of an obligatory person name with optional
modifiers but without plural number[1]. As obvious persons name does not inflect for number
as the person name is inherently singular as it refers to an individual is inherently singular.
When the plural number suffix -haru/&% occurs with a person name it does not mean plural
number marker it stands for the others, the unspecified names semantically associated with
the person name with which it occurs, for examples when we say \_rﬁ:I%"ﬁ/j ohanharu that

implies 'Johan and others'

Like common nouns, personal nouns also have a syntactic property of gender which is in one-
to-one correspondence with the sex of the individual that is reflected to by the name[1]. The
gender of the person name is reflected in the gender concord they have with the form of verbs,
e.g.

Sharada as male = Sharada gayo/ 2TRaT T 'Sharada went'

Sharada as female Sharada gayi /2TIR&T TS 'Sharada went'

Devi as male Devi gayo/é?ﬁ T 'Devi went'

Devi as female  Devi gayi/é?ﬁ TS 'Devi went'

When the person names of masculine gender such as 2TR&T U¥TS/Sharada Prasad and ot
U1 /Devi Prasad reduces to Sharada and Devi, their gender is ambiguous as they can refer

to male as well as female, only way their gender is disambiguated is by the verb in the clausal
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structure.

In GF implementation proper names to noun phrase has been defines as
UsePN pn= {s=\\c=>toNPpn.sc;
a=toAgr Sg pn.h pn.g ;
t=pn.t
}i
3.2.2 Place names

Place names when function as head consists of an obligatory place name, they do not inflect

for number as they refer to one geographical place name. e.g. Kathmandu, Géteborg

3.3 Pronoun Phrase

The pronoun phrase consists of an optional modifier slot and the obligatory head shot, it can
be formulated as

pronoun-phrase = +modifier +head *modifier[1]

where £modifier is optional modifier and +head is obligatory pronoun head. In some cases the
optional modifier occurs after head this applies to few personal pronouns and doesn't occur

with other personal pronouns.

3.3.1 Pronouns as heads

Pronouns are a small closed class and takes indirectly the gender of the nouns which they
substitute but are not inflected for gender. The gender of the pronouns is expressed
morphologically by the verbs with which they stand in syntactic construction[1]. Compared to
nouns pronouns inflect more irregularly for case and number. Table below shows the personal

pronouns and their honorific forms.

Person Singular Plural
First ma/d T hami-(haru)/8FH1-(89) 'we'
Second |Low grade ta/f timi-haru/fcHt-8%
(male) Honorific(Lgh)
Mid gr‘ade timi/feT timi-haru/[If-8%
Honorific(Mgh)
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High grade tapai/duTs tapai-haru/dUIg-8%
Honorific(Hgh) P P
Second | Low grade u, tyo/3, 1 uni-haru, tini-haru/3H-80, foH1-
(female) Honorific(Lgh) =
Mid grade tini/fcT tini-haru/fcF1-8%
Honorific(Mgh)
High grade waha/agl waha-haru/dgl-go
Honorific(Hgh)

Table 3.1: Personal pronouns and their honorific forms.

In formal conversations tapai and tapai- haru show variants yeha and yeha-haru

Cases 1% p. 2" p. 2" p. 2" p. 3" p. 3 3
(LGH) |(MGH) |(HGH) |[(LGH) |(MGH) | (HGH)

Nm ma/ ta/ timi/ tapai/ u, tyo/ uni/ waha/
q d foreft qars 3, S G

Ac malai/ talai/ timilai/ tapailai/  |uslai/ unalai/ wahalai/
qeTTs SIS e |quses  |Sees (SHles | d8les

In maile/ taile/ timile/ tapaile/  |usle/ unale/ wahale/
oI el forfier qUEel | S S CRIY

Dt malai/ talai/ timilai/ tapailai/  |uslai/ unalai/ wahalai/
HelTs SIS firflens  |quSas  |S¥els | SHles | Jglels

Ab mabata/ |tabata/ timibata/ |tapaibata/ |usbata/ unabata/ | wahabata/
ECI dare foflee |[dugee  |SEIe SHl§e  |g8lEe

Gn mero/ tero/ timro/ tapaiko/  |usko/ unako/ wahako/
Y N ISEIl qUSdT | S SIep! G

Lc mama/ tama/ timima/ |tapaima/ |usma/ unama/ | wahama/
AT AT forfmr qusHr SR ST TJEAT

Table 3.2: Inflection of the personal pronouns in singular number
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The function UsePron converts pronouns to noun phrase, which is defined as

UsePron p = {s =\\c => np2pronCase p.s c p.a ;

a=pa;
t=Living
}s

functions like makePron and makePronReg builds the inflection table of pronouns.

makePronReg builds the inflection table for regular nouns where as makePron builds the

inflection of other cases. The function makePronReg is defined as follows

makePronReg str=makePron str (str + "JTS") (str + ") (str + "TTS") (str + "IE") (str + "HT") ;

The plural case of the pronouns are also handled by the same functions as we call these

functions separately for single and plural cases but we pass a parameter to indicate whether its

singular or plural case. The example below makes it clear

i_Pron = mkPron "H" "o Sg Masc Pers1

we_Pron = mkPron "gFiE%" "ETHIEod" Pl Masc Pers1

These function creates the inflection table of I and we pronouns. The inflections of pronouns

in singular and plural form are given in the table 3.2 and table 3.3

Case | 1% p. 2" p. 2" p. 34 p. 3¢
8 (LGH (HGH (LGH (HGH)
MGH) MGH)

Nm |hami-haru/ hami-haru/ tapaiharu/ tiniharu/ wahaharu/

Ac  |hami-(haru)lai/ hami-harulai/  |tapaiharulai/ |tiniharulai/ wahaharulai/
BTH-(8)eTTe EH-(E0)els | quETeets | Reflevers | aleves

In hami-(haru)le/ hami-harule/ tapaiharule/ |tiniharule/ wahaharule/
EI-(80)el gIf-8%al durgeEreet | foetERa qelgoet

Dt  |hami-(haru)lai/ hami-harulai/ tapaiharulai/ |tiniharulai/ wahaharulai/
8- (8%)etTe giftgears  |dqugeears |foefievers | dgievers

Ab  |hami-(haru)bata/ |hami-harubata/ |tapaiharubata |tiniharubata/ wahaharubata/
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BI-(E0)aTC o) |/ ISEIRSEI GRIREI
SEIERAEIE

Gn | hami-haruko, hami-haruko/  |tapaiharuko/ |tiniharuko/ wahaharuko/

hamo/ gfieen  qudeed  frfeew  |adieod
gIf-gon!, gl

Lc  |hami-(haru)ma/ hami-haruma/  |tapaiharuma/ |tiniharuma/ wahaharuma/

EIfH-(E0)T EIfH-goHT quseredr  |foeiEeHT TETEOHT

Table 3.3: Inflection of the personal pronouns in plural number

3.3.2 Personal pronoun phrase modifiers

Pronouns do not occur with the demonstratives, numerals and classifiers determiners, but they

do co-occur with certain modifiers. e.g.

keval/ddat 'only’
khali/&Ted! 'only'
The following modifiers follow the pronouns they modify[2]:

eklai/@”ﬁ 'alone’

matrai/T 'only, alone'
dubai/gd 'both’
sabai/Ae"all
aphai/\’ﬂ'la?‘oneself

These modifiers precede the pronouns they stand in construction with.

3.4 Adjectival Structures

The abstract syntax of Grammatical Framework defines the principal ways of forming an
adjectival phrase, they are positive, comparative, relational, reflexive-relational, and elliptic-

relational. The following functions helps to build the required adjectival phrases.

PositA  : A -> AP;

ComparA: A -> NP -> AP;
ComplA2: A2 -> NP -> AP}

ReflA2 :A2->AP;

CAdvAP : CAdv-> AP->NP-> AP;
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The internal structure of Nepali adjective consists of the obligatory head slot filled by

adjective and an optional modifier slot filled by a qualifier or quantifier adverb.

An obligatory adjective occurs as the head within the internal structure of the adjective
phrases[1].
ramro/RTET 'handsome’

asal/319¢eT 'good'
aglo/iﬂ"?ﬁ 'tall'

Adjectives ending in ~0/3M which occur in the head reflects the gender and number of the
noun with which they stand in construction. e.g.

ramro keto/RTH! %el 'handsome boy'

ramri keti/RTEY BeT 'beautiful girl’

ramra ketaharu/RTHT BHETES 'handsome boys'

ramra ketiharu/RT9T B85 'good girls'

In the above examples ramro indicates the male gender where as ramri indicates the female
gender where as ramra is used both for masculine and feminine gender. To show this relation

in GF we have defined the function mkAdjnp as

mkAdjnp : Str -> npAdjective = \str ->
case str of {
st+ "o => mkAdj1 str (st+"<H") (st+"3T") 5

=> mkAdj1 str str str

s

which will check string against the -o ending and necessary suffixes are added, then the
function mkAdj1 will build the inflection table which will build all the necessary inflection
cases.
mkAdj1 : (x1,_x3 : Str) -> npAdjective =
\sm, sf, smf -> {
s = table {
Sg => table { Masc => sm ; Fem =>sf};
Pl => table { Masc => smf; Fem => smf }
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The function mkAdj1 distributes the input parameter in required category of inflection table.

Adjectives which end in -0/31T show inflected evaluative forms ending in -ai/ % which show
an evaluative degree of quality. Then an evaluative connotation lai/'fairly' or 'more or less' is

added to the meaning of such adjectives[1][2]. e.g.

thulo/gaT 'big! — thulai/get 'fairly big'
sano/AHI 'small’ —> sanai/AI 'fairly small'
aglo/iﬂ"?ﬁ 'tall’ — aglai/&l‘ﬁ 'fairly small’

The adjective sab/d¢ 'all', though not ending in ~0/3M, also shows an inflection for its
evaluative form ending in -ai which adds to its meaning the concatenation 'fairly' or 'more or

less'. For instance sab/ad 'all' vs. sabai/ds 'more or less all'

3.4.2 Quantifiers in the Adjp

The adverbs of quantity are

ajha/3T& 'more’ alik/37eflep 'somewhat'

alikati/3ffefepfeT 'a little' bahut/sgd 'very'

kehi/dhgt 'some, somewhat' sarhai/?:ﬂ% 'extremly’

these quantifiers function as quantifying determiners in the common noun phrase, e.g.
ajha ramro ghar/3T&A I ER 'more beautiful house'

3.4.2.1 Comparative with bhanda/q~<T 'than'
Comparative with bhanda follows the following construction order +nominal +comparative
bhanda +nominal +head(adj)
e.g. bhagya bhanda purushrtha thulo [ho]/¥FT H=<T E'WT?/? \?ﬁﬁ [_8>f][1]
'Hard work is greater than luck’
in GF the function ComparA implements this case
3.4.2.2 Comparative Adjp with jhan/&77 'the more'
comparative adjective phrase can be build by the rule +nominal + comparative (jhan) + head
e.g. taha jhan thulo rookha chha/cIgl 19 §Fﬁ AR

'"There is more bigger tree'
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3.4.2.3 Superlative quantifier phrases

Superlative quantifier phrase with sabbhanda/ATSI=ET 'most-of-all' and an adjective head.
e.g. tsagarmatha + sabhanda +aglo [pahada +ho|/+ATRATT +AFH~<T 31l [+UTE[S +3§f]

'Mt. Everest is the highest mountain'

The order of the constituents of the superlative quantifier phrases indicates a statistical order.
However the position of the subject is changeable. This is illustrated by the following
example.

+Sababhanda +thulo [+santosa +yehi +ho |/H-HFHT +Gell [+~dY +8l +€>[]

'This is the greatest satisfaction'.

3.5 Modifiers within common noun phrases

The dependent adjectivals modifies the common noun phrases. The common noun phrase
structures with dependent adjectivals have an optional modifier slot filled by one of the two
types of the dependent adjectivals and an obligatory head slot filled by a noun.

common noun phrase = +modifier +head

Dependant adjectivals are derived verbal adjectives. The participles are divided into two
subclasses

1. imperfect participle marked by the suffix -ne/™

2. perfect participle marked by the suffix -eko/TaT,

The imperfect participle marked by the definitional suffix -ne, functioning as a dependent
adjectival, is not inflected for tense, person, number, gender and aspect. The perfect particles
marked by the derivational suffix -eko/UaT is not inflected for tense and person but inflected

for number and gender, e.g.

Singular Plural
Masculine Feminine Masculine, Femenine
-eko/TdI'  -eki/ThHT ~eka/qaT"

In the case when the non-progressive vs progressive mode is marked, the imperfect participial
suffixes -ne, and perfect participial suffix -eko follow the progressive mode marker -irah-.

The progressive mode is unmarked, e.g.
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Non-progressive mode Progressive mode

Imperfect participial | Perfect participial |Imperfect participial  Perfect participial

e/ -eko/TD (m. sg.) -iraha-ne/3%&A -irah-eko/3&d! (m.

sg)
-ne/™ -eki/ThT (f. sg.) -iraha-ne/3%&" -irah-eki/SRgdN (f. sg)
e/ -eka/T®T (m/fpl.) | -iraha-ne/3TE -irah-eka/SREPT (m/f
pl)

Table 3.4: non-progressive and progressive mode[1].

3.6 Adverbial Structures

Adverbial phrase consists of an optional complement slot filled by an instrumental, dative,
ablative or locative complement, an optional modifier slot filled by a quantifying adverb, and
an obligatory head filled by simple adverbs, or adverbials, or compound adverbials[1]. It can
be summed by the following formula:

Adverbial phrase = (+complement) *modifier +head

3.6.1 Simple adverbs

Simple adverbs act as the head in an adverb phrase and are divided into two categories
derived adverbs and non-derived adverbs.

The derived adverbs are grouped into three subclasses

1. adverbs ending in -ari/3TR

2. adverbs ending in -sath/HTf and

3. adverbs ending in —purvakafﬂﬁ?ﬁ.

The derived adverbs consists of a stem (adjective, adverb or noun) and one of the following
suffixes: -ari/3TR , -sath/A1Y and —purvaka/gﬁfﬁ . The suffix -ari/3TR occurs with the Nepali
stems; the suffix -sath/ATf occurs with stems borrowed from Hindi and the suffix

—purvaka/ﬂﬁiﬁ occurs with stems borrowed from Sanskrit.

3.6.1.1 Adverbs ending in -ari/3fR 'doing’

Adverbs ending in -ari/3TR 'in a manner' are derived from Nepali adjectives and adverbs. The

underlying linear order consists of an adjective stem, or an adverb stem plus the adverb suffix

-ari/3TN,
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Nepali Adjective stem: Derived adverbs in -ari
ramro/RTH 'good’ ramrati/RT9N 'in a good manner'
susta/JI¥ 'slow’ sustari/FIERT 'slowly’
kasto/@ how' kastari/@¥aR! 'in what way'
jaso/\_rl?x_’lsf 'how(relative)' jasari/STERT 'in which way'

3.6.1.2 Adverbs ending in -sath/ {7 'with'

They are the Hindi derived adjectives or nouns. The underlying linear order consists of a

Hindi adjective or noun stem plus the adverb suffix -sath/&12 e.g.

Hindi noun, adj-stems Derived adverbs in -sath
khusi/gefl (adj.) 'happy’ khusisath/RgefiRATl happily’
dikdari/lRaeRY (n.) 'sadness' dikdarisath/fCIFERITY 'sadly’

3.6.1.3 Adverbs ending in -purvaka/ ’Zﬂc@_

The adverbs ending in —purvaka/q\ac_cﬁ are of Sanskrit origin and are derived from nouns. The

underlying linear order consists of a Sanskrit noun root plus the adverb suffix -purvaka/qﬁ'cﬁ,

e.g.

Sanskrit noun stems: Derived adverbs in -purvaka
utsaha/3cATE 'enthusiasm’ utsahapurvaka/3cd 8‘3?135 ‘enthusiastically’
ananda/3AT< 'happiness' anandapurvaka/GTFIT_Q’W 'happily’

Different forms distinguishes the adverbials from the adverbs. In terms of distribution, ans
they fill the same functional slots as the adverbs do. The list below presents a list of
adverbials of most frequent occurrences[1].

aba/319 'from now on', ahile/31fEal 'now, at this time',
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aghi/37 &Y ‘before, previously', ahile/aTfaal "now’,

akhira/3TER 'finally’, atyanta/3<Id 'extremely’,
barabar/dIRIR 'frequently’, bhaepani/“ﬁ'q@QT 'although’,
bharkhar/¥RaR 'recently’, bitikai/facidh 'recently’,
eklai/(’ﬂ?} 'alone’, ekdam/Ud<H 'completely’,
jahile/STf&er 'when', jasari/SRIR! 'in which way',
kaha/@gl 'where', kasari/@9ax] 'in which way?',
kahilekahi/@fecieral 'sometimes', kehi/dat 'somewhat',
paraspara/U¥UX 'mutually’, naj ikai/ATSfld 'near’,
pachiltira/JfesfecR 'behind', pani/af 'also!,

saberai/qe} ‘early’, sadaiva/A<d 'always',
talatira/detfcR 'downward', tyasari/'c?RT\ﬁ 'in that way',
uhile/3fgat 'then', Vyatl"‘[h'cli/a’J?:TY 'unnecessarily’',

yastari/JaN! 'in such a way'.

3.6.2 Compound adverbs

Compound adverbs are formed by the combinations of two adverbials. Hyphen indicates that
they are they are compound adverbials, but in their transcribed from although there is no
hyphen in their Devanagari orthography they are compound adverbs, like as shows in the

examples below[1].

agadi-palti/SFTI@Qf -9fS 'in front' aghil-tira/@ﬁﬁ? 'in front'
amane-samne/3TFA-AAF 'face to face' bicabica-ma/fd=fee T intermittently’
mas-tira/ATRRR ‘upward' mathi-tira/ATefIfcR 'upward
pari-patti/qTR-Ufg 'on the other side' tala-tira/detfcR 'beneath’

3.7 Conjunctions

Conjunctions helps to conjoin two or more structures like word, phrases, or clauses. We can
find two types of conjunctions, namely co-ordinating conjugations and subordinating
conjugations. Any two equal structures are conjoined by the co-ordinating conjunction where
as the subordinating conjunctions conjoins unequal structures like a clause dependant on a
word, phrase or clause. The internal structure of the co-ordinating conjunctive structures is
presented in the following formula[1]:

coordinating conjunctions = +head +head ... thead +C: +head

where +C is connecting slot and an obligatory head at the end. The optional heads may be

46



words, phrases, clauses or sentences.

3.7.1 Coordinating conjunctions

Any two equal structures, like phrases, words, clauses or sentences are conjoined by the co-
ordinating conjunctions. Table below shows the Nepali coordinating conjunctions in

alphabetical order.

Coordinating conjunctions Words Phrases | Clauses
ani/37 'and then' - - +
athava/3f[dT 'or’ + + +
ki/fh or’ + + +
ki...ki/fd & ‘either ... or' + + +
kintuf% 'but not' - - +
parantu/4¥—q 'but’ - - +
ra/} 'and' + + +
taipani/ﬁtlﬁ 'even then' - - +
tara/cX 'but' - - +
tatha/doIT 'and' + + .
va/dT 'or' + + }
ya/dr 'or' + + ;

Table 3.5: Table showing Nepali coordinating conjugation and the elements they co-join[1]

From the table we can see that ani, naki, parantu, taipani and tara conjoin only clauses and
sentences, and the coordinating conjunctions athava, ki and ra conjoin words, phrases and
clauses. e.g.

ani/37 'and then':
ani ke bhayo/(ﬂﬁf & T 2 'And then what happened ?'.
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ki...ki/fép ... fdh ‘either ... or"
ki tyo jancha, ki ma janchu/fe D, fh T ST | 'either he goes, or I will go'.

3.7.2 Subordinating conjunctions
The subordinating conjunctions like aghi/&l’f@[ 'before’, agadi/3T $ 'before’, bhane/* if',

pachi/dfts ‘after' and pani/df 'although' occur at the end of the subordinate clause[2]. The

subordinate clauses marked by these subordinating conjunctions occur before the principal

clause. Subordinating conjunctions ki/f& 'that' and kinaki/fdfd 'because' occur at the

beginning of the subordinating clause. The subordinating clause marked by these
subordinating conjunctions occur after the principal clause. In Nepali the subordinate clauses
are marked by subordinating conjunctions in two ways the formula for the subordinate clauses
is written in the following two ways:

SubCl = +Axis: clause + Relator: aghi, agadi, bhane, pachi and pachi

SubCl = +Relator: ki and kinaki + Axis: clause

the following example illustrates the subordinating conjunctions in context:

daktar aunu aghi birami marisakeyko thiyo/SIdcR 3137 arfer Rt A<D @?ﬁ[l]

"The patient had died before the doctors came'.

3.8 Verb Phrases

There are two forms of verb phrase, infinitive form and finite forms. The internal structure of
the verb phrases is as below

verb-nonfinite = *+negative(na- ... -i kana) + root * causative +voice +aspect

verb phrase-finite = +prefix (+negative na-) + root +causative +voice +mode +aspect +Aux:

suffixes (+person +number +gender +tense (+negative -na-))[1]

The non-finite forms are
1. infinitive marked by the infinitive suffix -na or -nu
2. participles marked by the suffixes -eko, -ne, -dai, -tai, -era, -i, -i kana

3. conditional marked by the suffix -e
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1. infinite forms:
ja-na or ja-nu/NTTe 'to go' kha-na or khanu/4dgT] 'to eat'

gar-nu or kha-nu/ 'to do'

2. Participles forms:

gar-eko/ D '(perfect participle) done' gar-ne/TFfY '(imperfect participle) doing'
gar—dai/"l_&’Y '(conjunctive participle) doing' gar-era/‘ﬁ'\’ '(absolutive participle) having
done'

gar-i/TTR '(absolutive participle) having done'  gar-i kana/fTR@ '(absolutive participle)

having done'

3. Conditional forms
ga-e/‘ﬁ 'if-go' kha-e/dTq 'if eat'
gar—e/‘ﬁ 'if do'

Nepali verb phrase in GF is defined as

VPH : Type = {
s : VerbForm => {inf: Str};
obj :{s:Str;a:Agr};

subj : VType;
comp : Agr => Str;
inf  : Str;
ad : Str;
embComp : Str;
¥

where

S is verb form, obj is object of the verb, subj is of VType and VType is defined as VType =
Vintrans | VTrans | VTransPost ; comp, inf and ad are complement, infinitive form and adverb

of the verb and finally embComp is the embedded component s.
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3.8.1 Verbs as heads

The simple finite verb forms are the head of verb phrases. Thus we can formulate verb as:

Verb = +Prefix +Steam +Causative +Voice +Mode +Aspect +Suffix

3.8.2 Auxiliary verbs in the verb phrase

The auxiliary verbs in Nepali are: parnu/t{ﬁ 'should, must', hunu/g7 'be' and saknu/Hd 'can,
may'. Auxiliary verb pernufq_g(’ 'should, must' is inflected for tense, but uninflected for aspect,
person, number or gender, e.g.

parcha/cl"c'iS (present) 'should must' paryo/q?ﬁ (simple past) 'had to'

parthyo/CI‘fx iy (habitual past) 'had to' parecha/C{';’E (unknown past) 'had to'

parla/q?*l'f (future) 'will have to'

The auxiliary verbs hunu/g7 'be' and saknu/Xd 'can, may' are inflected for aspect, person,
number and gender. With the auxiliary verb hunu/§7 'be’ the head of the VP carries the perfect
participal suffix -eko for masculine singular, -eki for feminine singular and -eka for plural
both cases. With the auxiliary saknu/Xd+] 'can, may' and parnu/tl_fir 'should, must' the head of

the verb phrase is in the infinitive form[1].

3.8.3 The negative verb forms

Unlike most of the languages in Nepali negative verbs forms are formed at the morphological
level[1]. To make the verb negative, morpheme na-/=- is prefixed to the imperative, infinite,
conditional and participial forms or is suffixed to the verb stems elsewhere , depending upon
the verbs contract with noun and tense it can take different inflectional case of negative. The
negative prefix na-/- : The negator na-/- 'not' is prefixed to imperative, infinitive and

participial forms, e.g.

Imperative:

Positive Negative

khanos/g1J4 'Please eat' nakhanos/T9TJ¥ 'Please don't eat'
jano/NITY 'Please go' najanos/" ST 'Please do not go'
garnos/ T4 'Please do it nagarnos/F937 'Please do not do it'

Table 3.6: Negative form of imperative verbs[1].
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Infinitive:

Positive Negative

Jana/STTH 'to go' najana/SiT 'not to go'
khana/&T 'to eat' nakhana/TdT 'not to eat'
garna/TFT 'to do' nagarna/'"ﬂ(:f 'not to do'

Table 3.7: Negative form of infective verbs[1].

Conditional forms:

Positive Negative

khane/&T 'if eat’ nakhane/=Rg™ 'if not eat’
gare/ﬂef "if do' nagarne/'—-Pﬁ 'if not do'

Table 3.8: Negative form of conditional verbs[1].

3.8.3.1 The negative suffix na-/=-

The negative form in Nepali is not uniform, there are few cases which adds -na at the last of

word to make it negative form e.g.
gardina/TTiG 'He does not do it' khadina/@T1fe 'He does not eat'
jadaina/\_rﬁﬁ:f 'He does not go' khadaina/@'lézlz['They do not eat it'

jadainan/ﬁ%ﬂ'They do not go'

In the third person plural form, negative -na- is followed by the third person plural suffixes.
The full range of the negative verb forms are exemplified by the conjugation of the verb
garnu. In GF the negative form is morphologically inflected as shows in the code below, this

is the negative form of present tense, non-perfective aspect, non-progressive mode.

mkVPreNPIReg : Str -> Str -> Polarity -> NPerson -> Number -> Gender -> {s:Str} =
\root, rootl, po, pn, n, g ->
{s = case <po, pn, n, g> of {
-- Negative Case

<Neg, Pers1, Sg, _> => root + "VdinV" ; -- & (GIf)
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<Neg, Pers1, Pl, > =>root + "VdEnEV"; -- (@)

<Neg, Pers2_L, Sg, Masc> =>root + "VdEnsx:" ; -- Q:R:[ (34|3°é'_‘|?:])
<Neg, Pers2_L, Sg, Fem>  =>root + "Vdinsx:" ; -- $7%] (@T@'_‘R{)

<Neg, Pers2_L, P, _> => root + "VAEnE" ; -- ™ (W)
<Neg, Pers2_M, Sg, Fem> =>root + "VdinE" ; -- séf
<Neg, Pers2 M, _, _> => root + "VdEnE" ; -- k)

<Neg) PCI‘S?)_L, Sg, Masc> => root + "VdEn" T Q,—_r
<Neg, Pers3_L, Sg, Fem>  => root + "Vdin"; -- 37 (@Ife)

<Neg, Pers3_L, PI, _> => root + "VdEnx:n" ; -- U]
<Neg, Pers3_M, Sg, Fem> => root + "Vdinx:n"; - $
<Neg, Pers3_M, _, _>  =>root+"VdEnxn"; -- 1
<Neg, _, ., _» => root + "Vnuhunx:z=n" -- g1
}

3.8.4 Modifiers in the verb phrase

Modifiers in verb phrase are either adverbs, adverbial or post-positional phrases, e.g.

Adverbs: sustari bhanin/ﬁ??‘l@f q4'ﬁl7-['she said faintly'
Adverbial phrases: eak eak gari here/Udh Uh TR & 'He examined one by one'

3.8.5 Transitive verbs and their complements

All transitive verbs(tv) occur with an obligatory direct object. The transitive verbs are sub-
categorized as transitive verb-1, transitive verb-2, transitive verb-3 and transitive verb-4 on

the basis of other obligatory complements they take besides the direct object.

Transitive verb-1(tvl) is a verb which occurs with an compulsory direct object, similarly
transitive verbs-2(tv2) occurs which an obligatory dative complement, besides an obligatory
direct object complement. Transitive verb-3(tv3) occurs with an obligatory direct object in
accusative case and an obligatory object complement in the accusative case and tv4 occurs

with compulsory direct object and an compulsory locative complement.
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3.8.6 The equational verbs

The verbs which co-occur with subject complement(SC) are equational verbs[1]. Equaltional
verbs in Nepali are hunu/g7 'to be', dekhinu/éf@ﬁ ‘appear’, and lagnu/eTTg 'feel'. The

equational verb-1 hunu has two forms, the existential and identificational hunu.

3.8.6.1 Identificational hunu/§7 case

The form of hunu/g7 'be' which identifies its subject shows the following inflections.

Table 3.9 : Inflection of indentificationla 'hunu' case.

3.8.6.2 The existential hunu/§7 case

Pronouns Past Present Future

Simple Definitive Indefinite
Ist (sg.) ma thie/foRY hu/g hunechw/gg | hula/gell
2nd (sg.) ta thiyau/fQ\Rﬁ hos/&RT hunechas/gﬁ‘iﬂz[ holas/%ﬁ?l'l?{
3rd (sg)u thiyo/fﬁ?lﬁ ho/&l hunecha@ﬁ"&S hola/8TeTT
Ist (pl) hami thiyau/ferdt hau/&! hunechau/gT®! | houla/glall
2nd (pl) timiharu thiyau/frt hau/g hunechau/gﬁ’aﬁ houla/gtelt
3rd (pl) uniharu | ¢hie/forg hun/gJ hunechan@ﬁ'@ﬂ holan@?'ﬂ:[

The form of hunu/g§73 which indicates the more existence of its subject shows the following

inflection:
Pronouns Past Present Future
Simple Definitive Indefinite
Ist (sg.) ma thie/f&F chuw/® hunechw§1g | hula/gefl
2nd (sg.) ta thiyau/fQ\Eﬁ chas/Bq hunechas/gﬁ‘t'ﬂ:[ holas/'&ﬁ?fl'l?{
3rd (sg) u thiyo/fra cha/® hunecha@ﬁ’@ hola/gYelT
Ist (pl) hami thiyau/farit chau/st hunechaw/gT8! | houla/glelm
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2nd (pl) timiharu | ghiyay/ o} chau/Bt hunechaw/§T8! | houla/gldl

3rd (pl) uniharu | e /fory chan/B, hunechan@ﬁ’@t[ holan/&leTH

Table 3.10 : Inflection of existential 'hunu' case.

3.8.7 Transitive verbs and complements

Intransitive verbs are the type of verbs which do not stand in construction with direct object
function or a subject complement function. Nepali has three types of intransitive verbs.

Intransitive verbs-1 (iv-1) are verbs which occur with no complements[2].
¢.g. Johan laughed/ST= BRI

Intransitive verb-2 (iv-2) are verbs which occur with an obligatory dative complement[2]
e.g. Johan went home soon/ S TS BR TRA|

Similarly intransitive verb-3 (iv-3) are verbs which occur with an obligatory locative
complement[2] e.g. Johan lay in the bed/ST WTeHT gfee

3.9 Clauses

Clauses are the small grammatical unit that can express a complete proposition. Clauses of

Nepali are defined in GF as shown below
Clause : Type = {s : VPHTense => Polarity => Order => Str} ;
where

VPHTense =

VPGenPres

| VPSmplPast
| VPFut

| VPPerfPres

| VPPerfPast

| VPPerfFut

| VPCondPres
| VPCondPast;

Polarity is either positive or negative, and order is defined as Order = ODir | OQuest ;
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The construction above shows that a clause takes parameters like VPHTense, polarity, order
and forms a record of only one filled labeled 's'. One limitation in this implementation is that
common API of GF only supports eight tenses, combination of four tenses (present, past,
future and conditional) and two anteriorities Anter and Simul but Nepali tense system has
some rich constructs like aspect and mode which makes tense cases slightly different than the
GF's common resource API, so VPHTense has been defined and later it is mapped with the

standard definition of GF's common resource API.

GF has lots of different abstract functions defined for the construction of clauses. One of the
important function is PredVP : NP -> VP -> CI ; which takes noun and verb phrase and
constructs the required clause. The concrete syntax of PredVP for nepali looks like

PredVP np vp = mkClause np vp ;. PredVP calls another function mkClause, this is a complex

function which creates a clause with variable tense, order and polarity.

3.9.1 Imperative clauses

There are some special type of clauses in Nepali they are passive, imperative and question
clauses. The GF resource grammar have a limited support for imperative sentences. Mainly
the function ImpVP : VP -> Imp ; helps to form a imperative sentences it takes verb phrase
and converts it in to imperative case. Basically, any verb phrases can be turned in to an

imperative clause.

3.9.2 Question clauses

There are various ways we can form a question in GF, more than 14 abstract classes are
available for the construction of question clauses. However, QuestCl and QuestVP are the
main functions that comes frequently while constructing a question clause. QuestCl is
responsible for creating yes/no question and QuestVP is responsible for creating wh-
questions.

The concrete syntax of QuestCl for Nepali looks like shown below,

QuestCl cl = {
s = \\t,p,qf => case qf of {
QDir =>cls!t!p!OQuest;
QIndir => "AfE" ++ cls ! t! p ! ODir
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The function above create clauses which do not have fix tense and polarity. If it is indirect
case then the term "3fS" is added at the beginning of the clause.

ho/hoina B/&1ST 'yvea/no' question has the same syntactic or grammatical structure as the
declarative sentence but is differentiated by the shift in intonation, e.g. Is Johan going to
school/STH FPpet S8l ?

3.10 Sentential Structure

Sentence is the highest grammatical unit and as such it is not a constituent of any higher level
grammatical structure. The internal structure of the sentence consists of a segmental
constituent and a prosodic constituent[1] i.e.

+ Segmental constituent

+ Prosodic constituent

The segmental constituent is a sentence is filled primarily by a clause or clauses. The prosodic
constituent consists of one of the three intonation patterns. The intonation pattern of a
statement and imperative statement, and the intonation pattern of ho/hoina questions 'yes/no

questions' and the intonation pattern of K-question 'wh- question'.

There are many functions to construct sentence in GF, the most common one being the UseCl
function. The definition of UseCl looks like
UseCl :Temp->Pol->Cl ->8S;

It takes tense, anteriority, polarity and a clause as input and generates a sentence as output.

The concrete syntax of UseC! for Nepali is implemented as shown below
UseCl temp p cl =
{ s = case <temp.t,temp.a> of {
<Pres,Simul> => temp.s ++ p.s ++ cl.s | VPGenPres ! p.p ! ODir;
<Pres,Anter> => temp.s ++ p.s ++ cl.s | VPPerfPres ! p.p ! ODir;
<Past,Simul> => temp.s ++ p.s ++ cl.s | VPSmplPast ! p.p ! ODir;
<Past,Anter> => temp.s ++ p.s ++ cl.s | VPPerfPast ! p.p ! ODir;
<Fut,Simul> => temp.s ++ p.s ++ cl.s | VPFut ! p.p ! ODir;
<Fut,Anter> => temp.s ++ p.s ++ cl.s | VPPerfFut ! p.p ! ODir;
<Cond,Simul> => temp.s ++ p.s ++ cl.s | VPCondPres ! p.p ! ODir;
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<Cond,Anter> => temp.s ++ p.s ++ cl.s | VPCondPast ! p.p ! ODir
I3
}s

Similarly we have functions like UseQCIl : Temp -> Pol -> QCI -> QS ; and UseRCI : Temp
->Pol -> RC1 -> RS ; to handle the case of question and relative sentences, these are also

belongs to the category of frequently used functions for the construction of sentences.

3.10.1 Clauses as segmental constituents

We have covered the full clauses as segmental constituents in previous sections. A clause with
finite verb or number of clauses with finite or non-finite verb embedded in the principal

clause constitute a sentence.
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4. Evaluation and Results

Nepali resource grammar implements all the abstract syntax provided by the Grammatical
Framework. It has 194 standard syntax functions and few new functions specially defined to
handle the special cases of Nepali language. This covers almost every aspect of the language
but there are few corners which are not currently covered by resource grammar. These parts
requires some theoretical foundation to implement them successfully in computational form,

which is left as a possible future work.

The synopsis page® of Grammatical Framework lists all the API that GF application
programmers can use. It displays all the standard and language specific functions with
examples. These examples are translated in every languages that are available in Grammatical
Framework, one way to test correctness of resource grammar is to check thoroughly whether
these examples are translated correctly or not. If all examples are correctly translated then we
can be sure that the rules covered by the resource grammar are correct. Of course to verify the
accuracy we need someone who understands the given language plus at least one stable
language that has been implemented in GF, for our case English was taken as a reference
language to test the accuracy of Nepali language.

For the evaluation of our resource grammar feedback from the native speakers of Nepali
language was taken, on the first feedback we discovered errors mostly related to syntactic
conjunction and typos. The link to synopsis page has been send to three native speakers of
Nepali and in total roughly 40 errors were reported out of around 400 synopsis examples,
some of them were just typo-graphical errors and few of them were serious issues like error in
word formation as we translate from one language to another. All the reported errors were
fixed in the second iterations, now except the few known issues resource grammar produces
accurate result. There are still a few issues in indirect question clauses and few verb cases

which will require bigger change in the resource grammar.

5. Further work

This implementation covers all the basic functions and covers almost all part of the Nepali
language but still some research is needed to implement some of the complex part of the
language like idioms, and also there are some expressions which can be expressed in many
different ways in different contexts which need more theoretical foundation to implement
these things in GF. Another possible work is to expand Nepali vocabulary in GF, currently we

have common 450 words, these words has been chosen to cover wide variety of examples as

3 http://www.grammaticalframework.org/lib/doc/synopsis.html
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possible but we can expand this to cover full vocabulary of Nepali which also helps to check

the accuracy of Nepali resource grammar.

6. Conclusion

It has been a great experience to work with the Grammatical Framework and Nepali language.
Effort has been made to cover a wide variety of structures in Nepali language, but the current
resource grammar doesn't cover every aspect of the language. This work provides useful
information about the Nepali computational grammar and the current implementation can be
used in the multilingual applications where well defined text is available. Despite some of the
limitations of the system, GF can be used successfully in the applications where you have full
control of your text, like software localization, dialogue systems, translation of your web
pages etc. As all the resource grammars share a common syntax, translation in other

languages is automatic this makes very easy to build multilingual systems.
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7. Important Terms
Conjunction: Conjunction is a word that joins two or more parts of a sentence.
Equational verb: Verb which occurs with subject complement.

Inflection: Modification of a word to express different category of grammar, eg cats is the

inflection of cat, and its the inflection case for number
Inflection table: Table formed by containing all the inflected form of a term

Interjection: It is a word added to convey emotion, interjections are not grammatically related

to any other part of the sentence.

Intonation: Intonation is variation of pitch while speaking which is not used to distinguish
words

Linearizion: Converting tree into string.

Morphology: Morphology is a branch of linguists that study the words, their formation and

internal structures.
Multilingual: Being able to express in more than one language.

Non-perfective aspect: Non-perfective aspect is an aspect that expresses an event or state,

with respect to its internal structure, instead of expressing it as a simple whole[11].
Parsing: Converting string into an abstract tree (finding a tree that produce given string).

Perfective aspect: Perfective aspect is an aspect that expresses a temporal view of an event or

state as a simple whole[10].
Preposition: A preposition links nouns, pronouns or phrases to other words in a sentence.

Postpositions: The placing of word or a suffixed element after the given word.
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8. Appendix

Here are examples of some of the inflection tables formed by grammatical framework. As
verb in Nepali has complex structure and inflects for many cases and inflection table becomes

very large so only the fragments of table has been included here.

Nouns:

(s = table Number [table Case ["3TTSHTS"; "SSHISATS"; "STSHISA",;
TS, T, ST
bl Case [*STEHTEgR"; "aTdgoan'; "amdeTdeeer;
ST "o, ")
g = Fem; h = Pers3_M; t = Living; lock N : {} = <>}

Table 8.1: Inflection of Noun woman

Verbs:
{S _ table VCerOfm ["\_)ﬂ_?" n; "\_)ﬂ_?" n; "W" 'n; "W" 'n; n\—’ﬂ—m:[‘_ u; "G‘I'I_é?:['- n;
HWH; "W"; "W"; "W"; n\—)ﬂ:@}-"; "W";

"SIEB"; "WgD"; "Wg-v"; "Igo"; "SB";

"SR ST "B SIS SR ST

TS VITgg e NITdg T NI Nldgo; 1}

Table 8.2: Inflection of verb 'go', for present tense, non-perfective aspect, non-

progressive mode, positive form

{s = table VerbForm [ "\_rlhlyﬁ'_:fy"; "\_rﬁ%:\fv"; "\_Ilﬁﬁ"; "\_Tﬁ’éﬁ{"; "\_rlﬁq?:]f'; "GIT'@:I?{";
"l "SI e Sgg T g 1}

Table 8.3: Inflection of verb 'go', for present tense, non-perfective aspect, non-
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progressive mode, negative form
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