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1 Introduction

Words encountered in text frequently occur in their derived form. The size of electronic
dictionaries is greatly increased if it includes inflected as well as derived forms for each
word. In order to retain dictionary completeness and restrict its surplus expansion,
electronic dictionaries are usually equipped with a morphological analyzer. A
morphological analyzer contains necessary details for each word and the rules these
words follow for derivation and inflection. For this reason it can associate words in text
with entries in dictionaries. Consequently building a morphological analyzer requires

morphological analysis of each word in the lexicon and formation of morphological rules.

For various natural languages (like French and English) it has been shown that these rules
can be completely expressed by finite-state devices. These devices are frequently used in
solving problems of morphology, and have hence evolved as a separate field of study
called finite-state morphology. Similarly the term finite-state morphological analyzer
refers to the morphological analyzer in which the lexicon and the morphological rules are

built using finite-state devices.

Morphological analysis of Urdu language as found in literature, e.g. Siddiqi (1971), lacks
robustness. This absence has created a crater which hinders progress in enabling
applications for further kinds of natural language processing, including part-of-speech
tagging, parsing, translation and other high-level applications. This thesis intends to fill
this crater by providing finite-state morphological analysis, and building a finite-state

analyzer for Urdu language.



2 Background and Literature Review

This chapter provides background knowledge about both the linguistic and computational
aspects of this thesis. First, some linguistic terminology is explained. This is followed by
a discussion on finite-state morphology. Urdu grammar rules relevant to analysis and
results of this thesis are presented next. Then problems regarding lexicon building and
rule development are narrated. This chapter ends by briefly describing conventions and

techniques used in recognizing potential morphemes.

2.1 Morphology

This section explains terms and concepts frequently encountered in the study of

morphology.

Grady et al. (1997) define morphology as “the study of the internal structure of words”.
The most important component of word structure is the morpheme. It is defined as “the
smallest unit of language that carries information about meaning or function” (Grady et
al. 1997). Fromkin and Rodman (1993) define morpheme as “the minimal linguistic sign,
a grammatical unit in which there is an arbitrary union of a sound and a meaning and that
cannot be further analyzed”, and they further state that “every word in every language is

composed of one or more morphemes”.

For example the English word builder consists of two morphemes: build (with the
meaning ‘construct’) and —er (which indicates the entire word functions as a noun with
the meaning ‘one who builds’). Similarly the word Aorses is made up of the morphemes
horse (name of an animal) and —s (with the meaning ‘more than one’). Examples of Urdu

words and their morphemes are given below.

Words Corresponding Morphemes

ol S (chair) * b (with the meaning ‘more than one’)



b L(indicating negation) T Y (intelligent)

Dl A3 (manners) T ls (indicating presence of a property)

2.1.1 Free and Bound Morpheme

According to Fromkin and Rodman (1993) “some morphemes are not meaningful in
isolation but acquire meaning by virtue of their connection with other morphemes in
words”. A morpheme that can be a word by itself is called free, while a morpheme that
must be attached to another element is said to be a bound morpheme. Examples of free

and bound morphemes of Urdu are given below:

Free morphemes

.
3 a2 e
Bound Morpheme
. ¢ .
Dlasasinglyns o asin S, p- ASiN e

2.1.2 Roots, Affixes and Bases

Complex words typically consist of a root' and one or more affixes. The root morpheme
carries the major component of the word’s meaning and belongs to what is known as the
lexical category. A lexical category consists of noun (N), verb (V), adjective (A),
preposition (P) and adverb (Adv), see Grady et al. (1997) for details. For example, eat is
a root and it appears in the set of word-forms including words such as eat, eats, eating,
ate and eaten. It may be noted that good and better do not share a common root.
According to Katamba (1993) “Roots tend to have a core meaning which is in some way

modified by the affix”.

" The term ‘root’ and ‘lexeme’ have been used interchangeably in this document, even though there is a
slight difference in meaning between the two.

10



Katamba (1993) defines an affix as “a morpheme which only occurs when attached to
some other morpheme such as a root or base” (the latter term is explained below). By
definition affixes do not belong to the lexical category and are always bound morphemes.
Morphemes which occur only before other morphemes are called prefixes. Similarly,
suffixes are those morphemes which occur only after other morphemes. Some languages
also have infixes, a type of affix that occurs within a root or base. Examples of prefixes

and suffixes are given below.

Prefix Suffix
prefix + root root + suffix
na + laiq kam + tar

R A8

The internal structure of a word can be represented as a tree diagram. Figure 2.1 shows

the internal structure of Urdu words likhai (él&) and na-laig ( 53‘)1\.3). The word likhai

belongs to the lexical category noun (N), which is indicated at the top of the tree diagram.
This word can be further broken into root morpheme /ikh, a verb (V), and a suffix, ai
indicated as leaf nodes of the tree diagram. Similarly a tree diagram for the word na- laig

has been drawn.

N A

7N\ /N

Vv Suffix Prefix A

] |
) ;

3 Y

Figure 2.1: Internal Structure consisting of a root and an affix

Grady et al. (1997) defines base as “the form to which an affix is added”. Many times,
the base is also the root. However, “an affix can be added to a unit larger than a root”
(Grady et al. 1997). This can be seen in the English the word blackened, in which the past

tense affix -ed is added to the verbal base blacken — a unit consisting of the root

11



morpheme black and the suffix —en. In Figure 2.2 blacken is the base but not the root for -
ed. The symbol ‘Af” below stands for an affix. This figure has been taken from Grady et
al. (1997).

v

Base for-ed —» V

Root and base X AL Af

for -en
| | |

black en ed

Figure 2.2: A word illustrating the difference between a root and a base

2.1.3 Concatenative and Non-concatenative Languages
Most natural languages form their words by concatenating morphemes (Beesley and
Karttunen 2003). Such languages can be called as concatenative languages. In these

languages morphemes can be concatenated by attaching (concatenating) affixes.

However, there are languages which do not form words exclusively via concatenation
(Beesley and Karttunen 2003). Languages that cover non-concatenative phenomena such
as infixation, reduplication and interdigitation (the later two terms are explained below)
are sometimes called non-concatenative languages. However, most of these languages
“also employ concatenation or are even principally concatenative, so the description ‘not

totally concatenative’ is usually more appropriate” (Beesley and Karttunen 2003).

Reduplication is a phenomenon in which the root or part of the root (like a syllable) is
repeated, and this repetition corresponds to some change in meaning of the root; see
Beesley and Karttunen (2003) for details. In Semitic languages like Arabic, prefixes and
suffixes are usually concatenated but the stems are composed of a ‘root’, which usually
consists of three characters (like drs and ktb), and a “pattern’ of vowels / consonants with
empty slots (like _a a and u_i ). Roots can be inserted in these empty slots (it can be
said that root is ‘interdigitated’ with the pattern). Various roots can be interdigitated with

a pattern. Also vowels / consonants of a pattern can usually be changed to give new

12



patterns. The example below, taken from Narayanan and Hashem (1993), shows how

interdigitation works for the Arabic root *drs’ (’study’).

Root Pattern Words
drs _a a_ (third person singular verb) daras (he studied)
_ui (perfect passive verb) duris (was studied)

2.1.4 Inflection and Derivation

There are two broad classes of ways to form words from morphemes: inflection and
derivation. Inflection is the modification of a word’s form to indicate the grammatical
subclass to which it belongs. This modification is introduced to give rise to contrasts
between categories such as singular versus plural and past versus non-past. Consider the

examples below:

Number Tense
Singular Plural Non-past Past
cat cat+s Work work-+ed
car cart+s Talk talk+ed

Derivation forms a word with a meaning and/or category distinct from that of its base

through addition of an affix (Grady et al. 1997). Few English examples of derivations are

as follows:
Verb base Resulting
noun
develop develop+ment
excite excit+ment
treat treat+ment

13



Since inflection and derivation are both marked by affixation, the distinction between the
two can at times be ambiguous. Three criteria are introduced in (Grady et al. 1997) to
help distinguish between inflectional and derivational affixes. These criteria are briefly

described below.

Category change: Derivational affixes “characteristically change the category and/or the
type of meaning of the form to which they apply and are therefore said to create a new
word” (Grady et al. 1997), while inflection neither changes the grammatical category nor

the type of meaning present in the word to which it applies. Figure 2.3 shows two Urdu

words kitabein (ugL“S) and neiki (&.}) as an example of inflection (with no change in

grammatical category) and derivation (with change in grammatical category)

respectively.

N N

N\ 7N\

N Suffix A Suffix
%)\:S o ega <

Figure 2.3: Tree structures illustrating inflection and derivation respectively

Order: It means the relative order in which inflectional affixes and derivational affixes
combine. According to Grady et al. (1997) “A derivational affix must combine with the
base before an inflectional affix does”. Grady et al. (1997) explains this feature by the

example given in Figure 2.4.

The example shows formation of English word neighbourhoods. In this example the
suffix —hood does not bring about a category change (since both the base neighbour and
the resulting word neighbourhood are nouns). However this suffix does modify the type
of meaning from ‘person’ (for neighbour) to ‘place’ (for neighbourhood). Therefore —

hood is a derivational affix. The tree-diagrams in the figure below show that the relative

14



positioning of a derivational affix (DA) is closer to the root than that of an inflectional

affix (IA). (The symbol asterisk (*) will be used to indicate an incorrect word)

N N
N N
\\/\Af Af !\/\Af Af
| | | | | |
neighbour  hood S * neighbour s  hood
Root DA 14 Root 14 DA

Figure 2.4: The relative positioning of derivational and inflectional affixes: the derivational affix
must be closer to the root

Productivity: Productivity is “the relative ease with which affixes can combine with bases
of appropriate category” (Grady et al. 1997). Inflectional affixes normally have relatively
few exceptions and are therefore more productive than derivations. In English the suffix —
s, for example, can combine with almost all nouns that allow a plural form (except for a
few cases such as oxen and feef). In contrast, derivational affixes typically apply to
restricted classes of bases. Thus, -ize can combine with only certain adjectives to form a

verb (Grady et al., 1997) as shown below.

Familiar-ize *common-ize
public-ize *open-ize
modern-ize *new-ize
priorit-ize *first-ize

2.1.5 Causation in Urdu Verbs

This section reviews contemporary linguistic discussions on Urdu verb classifications.

15



Material for this section has been taken from Butt (2003). The article introduces two
causative morphemes in Urdu/Hindi: -a- and -va-. It supports” the following distinction
between them in modern Hindi/Urdu.

- direct causation (-a- morpheme)

- indirect causation (-va- morpheme)

Verbs can take both causative morphemes as shown in the examples below. This
distinction between direct and indirect causation is however “not hard and fast, leading to

speaker variability”.

Root verb Direct causative verb Indirect causative verb
o L |y
\$ W s\

a3 las |55

Another way of causitivizing / transitivizing is via “strengthening” roots. This can be
seen in the following words.

Root verb “root strengthening” of verbs

& Jl

In other words the roots are strengthened by vowel lengthening. The article however
concludes that “the strengthening of root has entered the language as a transitivizing
strategy” and “transitivization differs from causativization”. Also ‘“causative morphemes

are always added to the non-transitivized root” indicating their independent formation.

2 “Given that a distinction between indirect and direct causation is an old part of the language, a likely
scenario is that the two morphemes are indeed being identified as direct vs. indirect causation.”

16



Thus root verbs can be transivitized and / or causativized. Transitivity is specified by root
strengthening while direct and indirect causitivity is shown by morphemes -a- and -va-

respectively.

2.2 Finite-State Morphology

Over the years, various problems in morphology, including those in non-concatenative
morphology (Kay (1987) and Beesley (1996)) have been solved using finite-state devices.
This has given rise to finite-state morphology, which has become a widely accepted

paradigm for the computational treatment of morphology.

This section begins with the description of terminology related to finite-state
morphology. It later discusses the components that are required to build finite-state

morphological analyzers.

2.2.1 Two-Level Morphology

Koskenniemi (1997) describes two-level morphology as a “general, language-
independent framework which has been implemented for a host of different languages
(Finnish, English, Russian, Swedish, German, Swahili, Danish, Basque, Estonian, etc.)”.

It consists of two representations and one relation:
1. The surface representation of a word-form. This is the actual spelling of the final

valid word. For example English words eating and swimming are both surface

representations.

17



2. The lexical (also called morphophonemic) representation of a word-form. This shows
a simple concatenation of base forms and tags’. Consider the following examples

showing the lexical and surface form of English words.

Lexical Form Surface Form
talk + Verb talk

walk + Verb + 3PSg walks

eat +Verb + Prog eating

swim +Verb + Prog swimming

It may be noted that the lexical representation (or form) is often invariant or constant.
In contrast, affixes and bases of the surface form tend to have alternating shapes. This
can be seen in the last two examples above. The same tag “+Verb + Prog” is used
with both eat and swim, but swim is realized as swimm in the context of ing, while eat
shows no alternation in the context of ing. This phenomenon is also explained in

section 2.3.

3. The rule component. This consists of rules which map the two representations to each
other. Each rule is described through a finite-state transducer (details of finite-state
transducers are described in the next section).

Figure 2.5, which is taken from Koskenniemi (1997), schematically depicts two-level

morphology.

3 Tags are markers that indicate information such as part of speech (like +Noun tag for noun and +Verb for
verb etc). They are also used to specify distinctions within a main category, such as +3PSg for third person
singular form and +Prog for progressive (continuous) tense (Beesley and Karttunen 2003).
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Surface (phonemic/graphemic) word-
form

Figure 2.5: Two-level morphology

2.2.2 Finite-State Transducer

Of all the finite-state devices, such as finite-state automata and graphs, finite-state
morphology mostly uses finite-state transducers (FST). An FST is simply a classical
finite-state automaton whose transitions are labeled with pairs, rather than with single
symbols, e.g. 2= {a.a, b:b, a:c, a:¢, e:¢&, ...}. It maps one set of symbols to another, via a
finite automaton. The figure below shows an FST built over the pairs a.4, b:B and c:C.

For details about finite-state transducers see Roche and Schabes (1997).

a b c :
A B C

Figure 2. 6: An arbitrary finite-state transducer

Kay (1987) suggests that linguists in general and computational linguists in particular,
benefit from employing finite-state devices wherever possible. They are theoretically
appealing because they are best understood from a mathematical point of view. They are
computationally appealing because they make for simple, elegant, and highly efficient
implementations. Beesley and Karttunen (2003) assert that computing with finite-state

devices is attractive because of the following three reasons.

First, the mathematical properties of finite-state machines are well understood. This
allows one to modify and combine finite-state devices in ways that would be impossible

using other traditional algorithmic programs. In other words this “mathematical beauty”
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3

of finite-state devices translates into ‘“unparalleled flexibility”, especially due to
properties such as inversion, intersection, union and composition (Beesley and Karttunen

2003).

Second, finite-state devices are computationally efficient, resulting in excellent

processing speeds.

Third, in most cases, finite-state devices can store a lot of information in relatively little

memory (Beesley and Karttunen, 2003).

2.2.3 Constructing a Finite-State Transducer
As stated earlier a finite-state transducer accepts a language stated over pairs of symbols.

It consists of states and arcs, where the arcs are labeled by symbol pairs.

A set of strings, a language, can be represented by symbols on one side of the arcs of an
FST. In Figure 2.6, for example, the first string “abc” will be known as the upper

language; while the string “ABC” will be known as the lower language.

A set of pairs of strings is called a relation. For example, the relation for the FST given
in Figure 2.6 is {<*abc”, “ABC”>}. In other words each path of the transducer represents

a pair of strings in the relation.

If the upper language of the transducer is the string in lexical form, and the lower
language of the transducer is the string in surface form, then the transducer so formed is
able to map between the lexical and surface representations. Consider the example in
Figure 2.7. It shows a finite-state transducer for an English word walks, whose root is
walk.
OO O OO0
W a 1 k £ S

Figure 2.7: Finite-state transducer for English word walks
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Using the above transducer the word walks (surface form), maps to the string “walk
+Verb +3PSg” (lexical form), which means:

— The traditional base form is walk.

— The word walks is a verb.

— The word walks is in the third person singular form.

— The relation between the surface and lexical forms is {<“walk +Verb

+3PSg”,"walks”>}

Notice the new multicharacter symbols in Figure 2.7: +Verb and +3PSg are in fact single
symbols, with multicharacter print names. These symbols or tags are chosen and defined
by linguists who build the system. The order of these tags, and the choice of the infinitive
as the base form, is also determined by linguists (Beesley and Karttunen 2003). These

tags may vary from system to system.

It may also be noted that FST of Figure 2.7 gives the rule (as described in section 2.2.1)

to associate lexical and surface representations.

When all the lexicons and rules (such as the one described above) are defined and
compiled into finite-state transducers, they can be combined together using set operations
like union, intersection, and composition (Beesley and Karttunen 2003). This forms a
network of transducers. The pairs that the network as a whole accepts are those that are

accepted by any one of the component transducers.

2.2.4 Morphological Analysis and Generation

Two-level morphology is used as a model for morphological analysis and generation
(Koskenniemi 1997). The term morphological analysis is used for transformation from
surface representation to lexical representation (e.g. eating — eat+Verb+Prog). At some

places the term recognizing a word is also used to indicate morphological analysis.
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The opposite of analysis is generation, i.e., to generate surface strings from lexical
strings. It is used in exactly the opposite way from analysis (e.g. eat+Verb+Prog —
eating) (Beesley and Karttunen 2003).

Since transducers are inherently bi-directional, due to inversion property of finite-state
devices, rules written for generation can be used for an analyzer and vice versa. Thus

building morphological analyzers/generators require the same kind of rule formation.

2.2.5 Building a Finite-State Morphological Analyzer
In order to build a finite-state morphological analyzer we need the model of rules (or rule
component as shown in Figure 2.5). Finite-state morphological analyzer is always

composed together with a lexicon. Such a lexicon consists of words represented by FSTs.

When all the lexicons and rules defined by the linguist and compiled into finite-state
transducers, they can be combined together using any operations like union, intersection,

and composition (Beesley and Karttunen 2003).

For some natural languages, it is possible and convenient to divide up the work, doing
nouns, verbs, and adjectives separately, the resulting sub language transducers can then
simply be unioned together when they are finished (Beesley and Karttunen 2003). Most
morphological analyzers are equipped with lexicons. Brief introduction of two tools that

are used to build morphological analyzers is given in appendix A.

2.3 Problems in Rule Formation

According to Beesley and Karttunen (2003) there are two central problems in
morphology as given below. The third problem discussed below ahs been taken from

Sarkar (1993).

2.3.1 Word Formation

The morphemes of a word are constrained to appear in certain combinations and orders.

These constraints need to be considered while forming rules. For example, English words
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such as piti-less-ness and un-guard-ed-ly are valid, while *piti-ness-less and *un- guard-
ly-ed are not valid due to incorrect order. Similarly, insaan-i-yat is a valid Urdu word, but

*insaan-yat-i is not.

Word formation is also called morphotactics or, in other traditions, morphosyntax

(Beesley and Karttunen, 2003).

2.3.2 Phonological and Orthographical Alternation

The spelling of a morpheme often depends on the environment. Thus those morphemes
that can change shape need to be taken into account. For example in English note the
following alternations (among many others).

- pity is realized as piti in the context of a following /ess

- fly is realized as flie in the context of a following s

- die is realized as dy, and swim as swimm, in the context of a following ing

Similar phenomena appear in almost all languages (Beesley and Karttunen, 2003).

2.3.3 Large Number of Imported Foreign Words

This problem arises when a language frequently follows different phonological rules for
words of foreign origin. Sarkar (1993) argues that in languages like Hindi and Tamil
large number of words imported from Sanskrit. These imported words display Sanskrit’s
phonology (not Hindi or Tamil’s). The cases where this occurs are common and
productive, and cannot be termed as exceptional (Sarkar 1993). Consider the following

Hindi words reproduced here from Sarkar (1993).

Hindi Words that follow Nom. Sing. Ob. Sing.
Sanskrit phonology pita Pita
data Data
common Hindi phonology  phita Phite
ladka Ladke

All these examples show that we need to access for a certain class of words to the

phonology of another language whose rules might conflict with its own. Urdu language
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being an amalgam of various languages depicts similar behavior. This can be suggested

from the following examples:

Urdu Words that follow Nom. Sing. Masculine. Ob. Sing. Masculine
Persian phonology aaqa aaqa
common Urdu phonology larka larke

2.4 Morpheme recognition and Unsupervised Systems

Recognizing morphemes in words can be tricky and even complex. This is depicted in the

following extracted text taken from Napoli (1996 p.183-184).

“The question of how many morphemes a word has is interesting from a theoretical
perspective. If we ask how many syllables a word has, we will find a near uniformity in
answers (at least for speakers of the same dialect). But the same question asked about the

numbers of morphemes can elicit a variety of answers.

Sometime rules of the language will help us figure out the correct answer. But much of
the time the rules of the language will not be so helpful. We have to rely, then, on native
speaker intuitions. Some speakers make more associations between the items in their
lexicon than others. And the more languages you have studied, the more likely you may
be to make the less-obvious associations.

So our comment in the above paragraph mean that even two people with who know
precisely the same words may have different lexicons, in that one person might recognize
the existence of a morpheme that the other person doesn’t recognize.”

Nevertheless, productive affixes are easily recognizable to most speakers. For this reason
morphemes, in general, can be recognized by identifying ‘recurring forms’ and matching
these forms with ‘recurring meanings’ (Grady et al. 1997). However allomorphs
(variations in affixes due to context), homophones (affixes identical in sound but not in
sense) and homographs (affixes that are orthographically identical but differ in sense)

induce exceptions to this general rule.
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Problems also arise with affixes having more than one letter. These affixes can either be
identified as a whole morpheme (using longest match technique) or they can possibly be
split into further legitimate affixes (using techniques such as minimum description

length).

Unsupervised systems (like Goldsmith (1997) and Schone and Jurafsky (2000)) can also
be used for automated morphological analysis. Existing systems "focus on identifying
prefixes, suffixes, and word stems in inflecting languages” (Schone and Jurafsky 2000).
Thus avoiding non-concatenative phenomena like infixation, interdigitation and
reduplication. It is for this reason that features as root strengthening discussed in section

2.1.5 cannot be indicated by these automated systems.

Most systems also use “high frequency occurrences (using large corpus) of some word
endings or beginnings, perform statistics there on, and propose that these appendages are
valid morphemes (Schone and Jurafsky 2000). Goldsmith (1997) develops a “set of
heuristics that rapidly develop a probabilistic morphological grammar, and use MDL
(minimum description length) as a primary tool to determine whether the modifications
proposed by the heuristic will be adopted or not”. The resulting grammar is said to match

well the analysis that would be developed by a human morphologist.

But as Schone and Jurafsky (2000) report “there are several problems can arise using
only stem-and-affix statistic: (1) valid affixes may be applied inappropriately (“ally”
stemming to “all”’), (2) morphological ambiguity may arise (“rating” conflating with “rat”
instead of “rate”), and (3) non-productive affixes may get pruned (the relationship
between “dirty” and “dirt” may be lost)”. Some of these problems can be resolved if one
could incorporate word semantics (e.g. “all” is not semantically similar to “ally”, so with
knowledge of semantics, an algorithm could avoid conflating these two words) (Schone
and Jurafsky 2000). Such an algorithm is introduced in Schone and Jurafsky (2000)
which automatically tries to induce semantics. Details of this algorithm are omitted from

discussion here.

25



2.5 Literature Review from Urdu Grammar

Literature review extracted from Urdu grammar books are presented in this section.

2.5.1 Verbs

Verbs are discussed extensively in Urdu grammar books. The following sections

summarize relevant information about verbs extracted from Urdu grammar books.

2.5.1.1 Infinitive verbs and their classification

In Urdu grammar infinitive verbs are usually categorized within nouns and are called as

ism-e-masdar (oas [w\) or simply masdar (;o.as). A suffix _l indicates masdar form.

Presence of this suffix is a necessary but not a sufficient condition to indicate masdar
(infinitive) verbs.
The verb form obtained after removing the suffix _U is called mada masdar (;0as o5ls)

(Rafiq 1993) or elamat-e-masdar (;uas =w)e). This document refers to these resultant

forms as root verbs.

In Urdu text affixation of suffixes _3_ and _J3 with root verbs can also be found.
Compound word formed by combining the _3_ ending verb with the word Y|, or ll,

forms Ism-e-fael (Jcb rw\). The two suffixes can occur with root verb in few other

situations as well details of which require studying semantic construction of sentences

and are thus not covered in this document. For this document I refer to the affixes 3

and _jas plural infinitive (joas Ce.?) and feminine infinitive (joas &ise) verbs

respectively.
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With respect to meaning masdar or infinitive verbs can be divided into (1) masdar lazim

(p")' yaas) and (2) masdar mutaeddi (¢oxw yoas). Finite verbs further formed from
masdar lazim and masdar mutaeddi can be simply called as lazim (P'Y) and mutaeddi

(so=xw) verbs respectively. In general /azim corresponds to intransitive verbs while

mutaeddi corresponds to transitive verbs. Sentences with mutaeddi verbs usually have the

conjunction 3_.

Mutaeddi verbs can be further categorized into three sub-classes:

- Mutaeddi banafsihi (a-iv ¢Ja): This sub class includes infinitive verbs that
are transitive in their inherent nature. For example Lmj.:, bﬁ.

- Mutaeddi bilwasta (daw) sl cos): This sub class includes infinitive verbs that
are made “transitive” from an intransitive form. For example b3,s,blg!, b,Ul
are derived from intransitive nouns Ujs,lg ), U 5| respectively.

- Mutaeddi al-mutaeddi (coxe)l coss): Infinitive verbs that are made

“transitive” from an already transitive form are included in this sub-class. For

example LS, LY are derived from transitive nouns bLS, L respectively.

Verbs are entered in most dictionaries in their masdar (infinitive) form. In the ilmi
dictionary' almost all (non-compound) verbal entries are categorized as lazim, mutaeddi
or Mutaeddi al-mutaeddi. Other dictionaries like the Urdu lughat board’s Urdu Lughat

generally classify non-compound verbs between lazim and mutaeddii. Urdu Lughat at

places uses the term tadia (w.x) to indicate Mutaeddi al-mutaeddi verbs.
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2.5.1.2 Classification of Verbs with respect to tense

With respect to tense verbs are categorized in Rafiq (1993) as (1) Past tense verbs ( |®
sol), (2) Present tense verbs (Jb =8), and (3) Future tense verbs (L&t J=8). Other
sources include non-past tense verbs (@Laﬁ Jad), positive command verb (.| |x5) and

negative command verbs ( & 1a2) as additional verbal categories with respect to tense.

In addition, Rafiq (1993) gives details of six further subclasses of past tense and present

tense. It also provides two sub classes for future tense. Grammar books typically specify

a grammatical table (Q\;jg) for each of the verbal subclass. Grammar table for certain
subclasses® include verbs with auxiliaries (e.g. « LY, g LY). Some categories’ even
contain complex predicates® (e.g. byy LY, €5y LY). The negative command verbs (¢ Ja3)

are formed by adding conjunctions (= .«) before positive command verbs (! Jx3).

Four sub categories of verbs can be extracted that contain individual morphological

verbs. The grammatical tables (Q\)j) for the root verb & for these categories are given

below.
Table 2.1: Simple Past Tense (5119,, @aLn Jaﬂ)
r&" PE1S -k o>
o Jals o Jaly > Jaly

2 wsd oo, (solo ; S)hoiwl (olo, (slho Jl> Js8, ploi Jl> Jsd, (silass! Jl> Js8, Jubiwo Js

o pafiq 1993)
5 aSew b oloas oo, )l Js U9, SHls Jusiws Job ( Rafiq 1993)

¢ «“Complex predicates in Hindi/Urdu consist of a nonfinite ‘main’ verb in collocation with a tensed ‘light’
verb” (Butt and Ramchand 2001).
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Words from table 2.1 can be combined with auxiliaries and other verbs to form the

following classes of verbs:

Table 2.2: Conditional Past Tense ( § il alat sole J=b)

Ll b aSa b Lol sl g5l o B o0l

e

sl

soly

N

S

ey

N
Jols
Y
&8

LA

Eoge

Words from table 2.2 can be combined with auxiliaries and other verbs to form the

following classes of verbs:

ol s Ja, Sl Jlo e Jlo o) patd e

Table 2.3: Non Past Tense (@La.« daﬁ)

)"‘K;"

ol

sl

sy

-

soly

soly

s

&

&

o)

S

s

Iy

&

28

&
&
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Words from table 2.3 can be combined with auxiliaries to form the following verb class:

sllar it o

7 This category (i.e. silioi b ~udais (suolo) is defined differently (as verbs with auxiliaries) in (Rafiq
1993). The table used here has been taken from a basic grammar book written by an anonymous writer.
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To show honor and/ or respect further two verbal forms are used to indicate second

person plural form (for both masculine and feminine) in the above table. For the example

used in the above table the three forms (in order of increasing honor / respect) are: )4§J,
u:.& and g«ﬁ .

Table 2.4: Command (el )

Aol px | ol sl >

S8 & S
&8 & 0 g

This category also shows similar behavior for plurals. That is it has three levels to

indicate honor / respect to the addressee (58, & and 4@9).

2.5.2 Nouns

Nouns are discussed extensively in Urdu grammar books. The following section

summarizes relevant information about nouns extracted from Urdu grammar books.

In Urdu grammar nouns are usually categorize with respect to (1) formation (&s,l), (2)

meaning (=), (3) number (slas), and (4) gender ( >) (Rafiq 1993). These categories

are further classified into sub-categories which include different parts of speech such as

infinitive verbs (;u.as (w\), adjectives (c/&.or.,\) and pronouns (e (.N\). For this reason

extracting relevant information for nouns from Urdu grammar has been more complex

and less successful in comparison to verbs.

Categorization of noun with respect to number shows the presence of two number
contrasts in Urdu: singular and plural. While categorization of noun with respect to

gender indicates the presence of two gender contrasts: masculine and feminine. Results
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have shown that most of the affixation rules presented in grammar books are not
productive. This is especially true for most prefixes. All the affixes that are productive

are discussed in the noun chapter.

Depending on the language of origin noun morphology can vary. Thus for words of
Arabic origin (like ‘") valid plurals can formed by Arabic morphological rules (plural

‘Jkw”) and/or productive Urdu morphological rules (plural ¢ J:”). Similarly all Arabic

words that end with letter tay (‘=’) or are formed from the pattern of ‘t_ _i_* (‘ Laii’) are

always used as feminine in Urdu (Khan 1988 p.197).
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3 Problem Statement and Methodology

This chapter explains the problem that this dissertation tries to solve. It also gives details

of the methodology that was used to solve this problem.

3.1 Problem Statement

Dictionary completeness is a fundamental issue when analyzing large corpora. When a
word encountered in text cannot be found in an electronic lexicon, the analysis of the
sentence is highly compromised (Clemenceau 1997). The content of paper dictionaries,
by and large, does not mention words derived according to derivational and inflectional

rules. Dictionaries like (Badkhashni 1969) include only a few such words.

In electronic lexicons these holes are a great handicap for text analysis, since derivations
and inflections occur frequently in texts (Silberztein 1997). For this reason a
morphological analyzer is needed along with an electronic lexicon to associate the

occurrences in texts with entries in dictionaries.

This leads to the following problem statement for this thesis.

“When words encountered in Urdu text cannot be mapped to entries in electronic lexicon
the analysis of the sentence is highly compromised. On the other hand, the size of lexicon
is greatly increased if it includes inflected as well as derived forms for each word.”

The solution for this problem is to develop a system (a morphological analyzer) for Urdu

which retains lexicon completeness while restricting its surplus expansion. Different

aspects of the problem statement are explained below.
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3.1.1 Linguistic Dimension of the Problem
Developing a morphological analyzer requires rigorous morphological analysis of Urdu
language. In this thesis morphological analysis of inflected and derived words are

conducted.

An entry in an Urdu dictionary usually corresponds to the normalized form of a word.
The normalized form, in general, is the nominative masculine singular for nouns and
masculine singular for adjectives, and the infinitive for verbs. Sub-problems to be solved
in this thesis include identification of productive inflectional and derivational affixes that
map normalized form of a word to its corresponding inflectional and /or derivational

form. The tables below show some examples of inflections in Urdu.

Table 3.1: Examples of inflections in Urdu nouns

Masculine Feminine

Larka ij larki 5 jj
Nominative Singular Nominative Plural
Larka ij larke L jj
Kitab o \:S kitabein o \:S
Oblique Singular Oblique Plural
bach.che bach.choon
3 s

Table 3.2: Examples of inflections in Urdu Verbs

Base form Singular Masculine Past Tense
Aana T aaya LT
Dekhna %& 5 dekha Qg) N

Derivational affixes also occur regularly in Urdu text. These affixes usually materialize in
form of pre and postfixes. Examples in table 3.3 show some categories of derivations in

Urdu.

Table 3.3 Examples of derivations in Urdu

Noun to Adjective

Noun: 3 | Adjective: 3 L
Adjective to Noun

Adjective: ei,, Noun: &
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Noun to Adverb

Noun: N Adverb: L),;.

3.1.2 Computational Dimension of the Problem

The computational dimension of the problem required development of a morphological
analyzer for Urdu language. The rules that were determined during linguistic analysis
have been implemented in a morphological analyzer for Urdu by constructing network of

finite-state transducers.

Once a morphological analyzer for Urdu has been developed, it can also be used in
enabling application for further kinds of natural language processing, including part-of-

speech tagging, parsing, translation and other high-level applications.

3.13 Scope

This thesis takes into account Urdu words that are written with Arabic script. Words are
generally separated by spaces® in Urdu text. However separate words can also be written

jointly (i.e. without spaces). The examples below show this variation.

Words with spaces Words without spaces
S A
gu}b K> 9D
bl <3 ol

Due to this possible orthographic variation words cannot be tokenized with space. Also

Urdu words can optionally be written with aerabs (vowel markers).

However this thesis assumes that word boundary is defined by space. Thus for this thesis
word is a set of characters (without aerabs) that cannot be further separated by space to

form complete words (i.e. hard space tokenizes individual words).

¥ The word space has been used to indicate, in general, all white spaces including hard-space. However in
this document the word space has not been used to indicate soft-spaces.
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In this dissertation commonly used Urdu verbs, common nouns and closed class words
have been analyzed. All the affixes that these words take have been studied.
Morphotactics shown by these affix have also been noted. Pure morphological analysis’,
including reasons behind affixation and morphotactics, was however out of scope for this

thesis.

On the computational side, requirement has been to develop a morphological analyzer, a
generator, an enumerator (module which finds all possible surface forms from the base
lexeme of a given word) using finite-state transducers. Implementation parameters such
as user friendliness, time and memory efficiency etc. have been neither measured nor

considered in this thesis.

3.2 Methodology

First the linguistic groundwork for Urdu was established. A large database of almost all
possible valid Urdu words was developed at CRULP (Centre for Research in Urdu
Language Processing) for spell-checker project. Words with high frequency usage were
chosen from this database for analysis. A simple (Visual Basic) program was used to
categorically separate different affixes from data base words. Affixes (such as s, ing
etc.) that appear only with English lexemes were ignored during analysis.

In total 330 closed class words (including prepositions, auxiliaries, conjunctions,
determiners, pronouns and adverbs) were analyzed. Affixes entered against for closed

class words were very few. Frequency of occurrence of each affix was noted.

For verbs, duplicated and potentially wrong entries were subsequently removed from the
list of verbs to be analyzed. Affixes entered against base verbs in the data base were

computationally collected and their frequency of occurrence was noted. All affixes that

? In a pure morphological study rules that dictate formation of Urdu words from roots (of parent languages)
that are not Urdu lexemes would also be analyzed. Rule such as formation of Urdu word S} from Sanskrit
root S3J, where the root S is not a lexeme in Urdu. Similarly analysis of phonological and orthographic
rules would be included in such a study.
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appear with 24 or more base verbs were considered for analysis and are discussed in the

verb chapter.

To quantify the number of verbs analyzed, four Urdu alphabets (o, 7, #, ) were

randomly selected. Verbs starting from these alphabets were looked up in a contemporary
dictionary (Sarhindi 2003). In total 345 verbs were thus examined. 48% of these words
were found to be present in the data used for current analysis. The linguistic analysis

covered 952 infinitive verbs. Of these 641 were also base verbs. List of root verbs (i.e.

base verbs without the affix i_) and their corresponding variations is given in appendix

B.

After verbs, common nouns with high frequency usage were chosen from the database for
analysis. The analysis covered 12094 (eventually 10,655) common nouns in their base
(lexeme) form. Approximately 28% of these nouns showed no affixation. Here again
affixes entered against base nouns in the data base were computationally collected (by
matching orthographic characters) and their frequency of occurrence was noted. All
affixes that appear with 24 or more base nouns were considered for analysis and are
discussed in the chapter for nouns. On the other hand any allomorphic variation of
productive affix have been analyzed and discussed even if the allomorph itself is not

productive.

It was noticed that one orthographic affix can have multiple roles i.e. some affixes were
homographs (same grapheme but different semantic functions). These roles have been
identified. Data given in implementation and in appendix C does not separate different

homographs. Thus when the morphological analyzer tries to parse a feminine surface

string with an affix © y’, it recognizes the surface form both as a feminine affix (masculine

to feminine) and as a derivational affix (noun to adjective).
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The above method was used for affixes that undertake simple concatenation. For other
cases roots entered against base nouns in the data base were analyzed. Set of rules that
govern the transformation from root to base forms were manually identified and then
collected. Affix template that satisfied 24 or more such transformations were considered
for analysis and are discussed in chapter 5. For nouns duplicated and potentially wrong
entries have not been removed. It is for this reason that data given in appendix C show a

lot of noise.

The linguistic analysis has been done on words written in Urdu orthography. Though
orthographical variations are discussed in detail their corresponding phonological
investigations are largely absent. Also this dissertation frequently uses Urdu orthography
instead of IPA symbols. For this reason, readers fluent with both English and Urdu
orthography can fully benefit from this document.

In parallel to the linguistic analysis, computational model was developed. First Xerox’s
finite-state lexicon compiler lexe and replace rules were studied and used on a small set
of Urdu words. Based on this experience a program (loader) was developed in Visual
C++ 6.0 that simulated Xerox’s lexc compiler with some changes. Modules for the
morphological analyzer, generator and enumerator (discussed in chapter 7) were later

added to this program.

Finally the lexicon file which is given as input to the loader was developed. This lexicon
file encodes the morphological analysis for 10,655 base nouns and 641 base verbs. Since
no productive affix was found for closed class words, they were not included in this file.

Homographs have been encoded in this file by indicating a special format for their tags.

Thus tags such as these were added to the two instances of * y’affix: +_1_Noun+Fem+Sg

(to indicate change from masculine to feminine) and + 2 Adj (to indicate change from

noun to adjective).
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4 Verbs

Verbs in Urdu language are highly inflected. A root verb can show as many as 25
inflected variations. Productive derivational affixes are however scarcely present in Urdu

verbs. This chapter presents both inflection and derivation analysis of Urdu verbs.

This chapter is organized as follows. The first section identifies semantic functionalities
depicted by verbs. Observations, results and rules are covered next. Linguistic analyses
deduced from these observations are also included in this section. This chapter concludes

by exploring few unexplained observations.

4.1 Identification of verbal morphemes

To identify verbal morphemes I have used the Urdu grammar rules and linguistic
terminologies stated above (chapter 2) to identify the complete set of semantic
functionalities (‘meanings’) indicated by individual verbs. Affixes corresponding to these

functionalities were then identified by:

- Indicating recurring forms using the adjacency condition (This condition
states that affixation may be sensitive only to the most recently attached
morpheme. This gives rise to the terminology adjacent morpheme.),

- Using examples given in literature,

- Using entries in dictionaries indicated by terms such as ‘Mutaeddi’ and
Mutaeddi al-mutaeddi (to indicate causative and transitive affixes), and

- Using my own intuitions as a native speaker
This analysis helped in identifying allomorphs, homophones and homograms in Urdu

verbs. Also irregular verbs and exceptional cases were indicated. Information such as

these is covered in detail in this chapter.
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4.1.1 Extracting affixes from grammar rules
This section states the affixes and semantic functionalities that can be extracted from

Urdu grammar rules described in section 2.5.1. Consider table 2.1 from section 2.5.1. All

the grammatical classes this table represents (i.e. ole im wobo v d ol (3lhe ol

rLJ Jb U aSs b iles)) indicate some form of past tense. Auxiliaries and non-main

verbs are added to show variations within past tense.

Similarly continuity/habitualness is indicated by grammatical classes for table 2.2

(e ol it dlent Jo i alhe Jlo o)) ol wolec Jlas b alas s5L). On close observation
it can be seen that auxiliaries and non-main verbs are added to this class to denote present
and future tense. By default however it represents past tense.

Table 2.3 (3lhe Lt Jad c@\méw J=%) indicates non-past verbal classes, while table 2.4

represents commands (sl Jx3). After removing repetitions, these tables can be reduced to
the ones given below.

In table 4.1 (reduced from table 2.1) notice that the distinction of first, second and third

person is irrelevant. That is same words are used to denote changes in person.

Table 4.1: Past Tense (@o\n d.:.'b)

- »\} o>
o _ I_ S
o S— S 2e

In table 4.2 (reduced from table 2.2) again the distinction of first, second and third person

1s irrelevant.
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Table 4.2: Habitual Past Tense

-3 -’°\) o>
3 b_ S
o d— Ll

On close observation of words in table 4.2 are formed by adding suffix - before adding

past tense affixes indicated in table 4.1. Thus to indicate habitualness we only one suffix

i.e. « . This leads us to table 4.3.

Table 4.3: Habitual Form (Lﬁ')\°‘ Jaﬂ)

(S5

In this case of table 4.4 (reduced from table 2.3) gender difference is irrelevant. As stated
in section 2.5.1.2 to show honor and/ or respect further two verbal forms are introduced

in second person plural form.

Table 4.4: Non Past Tense (&\.@e Jab)

r&u ol sl
> Jals g | b = Jols
o w— S| e YIS

-

For table 4.5 (reduced from table 2.4) again the difference in gender is irrelevant. In this
case too there are three levels for plural form to indicate honor / respect to the addressee

(2.5.1.2).

Table 4.5: Command ( o} J3)

x| b

2 S/
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4.1.2

From the discussions in the previous and current section the following semantic

Semantic Functionalities

functionalities (labels / tags) for verbal affixations can be extracted.

No. English Tags Urdu Tags

1 Root sdanosle
? Infinitive singular e dals
’ Infinitive plural e
* Infinitive feminine San By
° Past masculine singular 5“.\” »b @b\"’
° Past feminine singular ‘wjﬁb\) “5“.’\"'
! Past masculine plural jh@?@b\"
° Past feminine plural M’”C“} @bu
° Habitual form 6)\‘?
10 Non past third person singular ‘~’JL¢ b\j @u“
h Non past third person plural *’J\é - @\"m
2 Non past second person singular f‘"\° »\’ @Lém
" Non second person past plural honor level 1 fb\b@? @L‘u
1 Non past second person plural honor level 2 J"b\"@?' @L‘éﬂ
1 Non past second person plural honor level 3 /“bLCQ @Lé”
10 Non past first person singular VK"“' ‘b‘j @L‘u
" Non past first person plural (’K;“C“} @Lé“
8 Command singular sels !
"9 Command plural honor level 1 @?f\
20 Command plural honor level 2 C“?J”\
2! Command plural honor level 3 C‘?f\
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22 .
Transitive g

23 . .. ..
Direct causative ol gastie [ axie

24 R 3 3
Indirect causative (QM)dM\dW

4.2 Observations and Results

During analysis verbal affixes and their semantic functionalities were identified as
discussed above. Verbs were then sorted according to affixations they support. Various
observations have hence been made on Urdu verbs. These observations and results

consequently deduced are covered in this section.

4.2.1 Common Inflectional affixes

Analysis show that each verb is inflected by the affixes corresponding to the first 21
labels (semantic functionalities) stated above. Suffixation of verbs is dependent on the
vocalic characteristic of last alphabet of base verb. With respect to the ending alphabet

verbs can be grouped as:

- Verbs ending with consonant alphabets (all alphabets except «_ . ¢ s.))
- Verbs ending with alphabet alif (1)

- Verbs ending with alphabet vao ()

- Verbs ending with alphabet choti-yeh (<)

- Verbs ending with alphabet bari-yeh (»_)

The remaining section describes the characteristics of verbs in individual groups.
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4.2.1.1 Behavior of verbs ending with consonantalphabets
Majority of verbs fall in this group. A complete list of these verbs is given in appendix A.

These verbs show identical behavior for all the 21 functionalities. The following

description for the verb (& depicts this behavior.

No. Tags Surface Strings Affixes
1 Root 4& -
2 Infinitive singular L& L
3 Infinitive plural dﬁ 5
4 Infinitive feminine . SI 3
5 Past masculine singular \.& \
6 Past feminine singular &@Q P
7 Past masculine plural S -
8 Past feminine plural S] h
9 Habitual form &z 828 kS + consonant past s_
tense affixes''
10 Non past third person singular &gj o
11 Non past third person plural S] 12u—’
12 Non past second person ‘é_l o
singular -
13 Non second person past plural
honor level 1 }49 =
14 Non past second person plural
honor level 2 “‘:L& -
15 Non past second person plural dg; >
honor level 3 B -
16 N t first ingul
on past first person singular u:@g-l s
17 Non past first person plural S} o

' This affix (No. 8) is orthographically similar to four other affixes (No. 11, 14, 17 and 20). But the
pronunciation of this affix differs (i.e. sound of s and U) from the rest (sound of ._ and v) (see discussion
in Hussain, 2004). Thus this affix shows a homographic variation with respect to others.

' T use the term consonant past tense affixes for the following affixes:! , ¢, and o4 .

12 Affixes (No. 11, 14, 17 and 20) are homophonous affixes since these are identical in sound but not in
sense.
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18
19
20
21

4.2.1.2

Command singular
Command plural honor level 1
Command plural honor level 2

Command plural honor level 3

Behavior of verbs ending with alif and vao

LN N

A large number of verbs fall in this group. It has been seen verbs ending with a/if and vao

show identical behavior for all the 21 functionalities. Complete lists of verbs ending with

alif and vao are given in appendix B. The following description for the verb \.5 depicts

this common behavior.

—_

A WD

o N O o

10
11
12

Tags
Root

Infinitive singular
Infinitive plural

Infinitive feminine

Past masculine singular
Past feminine singular
Past masculine plural

Past feminine plural

Habitual form

Non past third person singular
Non past third person plural

Non past second person
singular

Surface Strings

LSS

S
S
SRS

Affixes

I_+
st
N P

et

+ consonant past «_

tense affixes

o _te_
et

e _t+s
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13

14

15

16
17

18
19
20
21

4.2.1.3

Non second person past plural
honor level 1

Non past second person plural
honor level 2

Non past second person plural
honor level 3

Non past first person singular

Non past first person plural

Command singular
Command plural honor level 1
Command plural honor level 2

Command plural honor level 3

Behavior of verbs ending with choti-yeh

To—4s—
et
2t
s —ts_

w—ts_

st

et
S

There are only three verbs that end with the letter choti-yeh. Also these verbs do not show

identical behavior for all the 21 functionalities. Their behavior is given below.

A W N

o N o O,

Tags
Root

Infinitive singular
Infinitive plural

Infinitive feminine

Past masculine singular
Past feminine singular
Past masculine plural

Past feminine plural

Habitual form

Surface Strings
S ty
i N
= =
L L>
= =3

Tk g

T oh oo

c“a““a“

o

Affixes

+ o

consonant
past tense
affixes

1 Although the affix is stated to be = + g, however for correct orthographical representation one needs to
type a single Unicode character 5 (SHIFT”B) instead of typing two separate Unicode characters s and
(SHIFT”N and s). For more information on behavior of hamza see discussion in Hussain, 2004.
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10 Non past third person ~ e

. = 4 _
singular - - B
11 Non past third person
olural P /0 R U/ o /-
sdelete
P
12 N_on past second person - S e o
singular - - -
13 Non second person past
plural honor level 1 = xT o -
14 Non past second person X i e
plural honor level 2 CR/am oS s ae o
sdelete
u.)._+;,_+
15 Non past second person > e > no common
plural honor level 3 - - B affix
16 Non past first person
singular U Ll (S8 ot I —
17 Non past first person
olural P /0 AR U/ e / G-
sdelete
we—te_+
18 Command singular -
? G ty &
19 Command plural honor
level 1 = xT o -
20 Command plural honor
el P B/ A U/ e / -
sdelete
st _+
21 Command plural honor > N > no common
level 3 - - B affix

4.2.1.4 Behavior of verbs ending with bari-yeh
There are only two verbs that end with the letter bari-yeh. These two verbs show identical

behavior for the 21 functionalities. Their behavior is given below.

No. Tags Surface Strings Affixes

1 Root os 3 -
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N

o N O O»

10

11

12

13

14

15

16

17

18
19
20

21

Infinitive singular
Infinitive plural

Infinitive feminine

Past masculine singular
Past feminine singular
Past masculine plural

Past feminine plural

Habitual form

Non past third person
singular

Non past third person
plural

Non past second person
singular

Non second person past
plural honor level 1

Non past second person
plural honor level 2

Non past second person
plural honor level 3

Non past first person
singular

Non past first person
plural

Command singular

Command plural honor
level 1
Command plural honor
level 2
Command plural honor
level 3

o2

oy ey oy

s

9
2R
Pl
usd

o

ok E

I S O

i3
i
gia

3

s
.6

b oo oo e -

3

& &

b oo o -

k3

I_+ ¢+ _~_ delete
s_+ < delete
o _+_+ o delete

ot < delete

+ consonant past «_

tense affixes

s_+ < delete

U—

=_+_+. delete

us_t < delete

J—

s_+ - delete

J—

=_+s_+o delete

' The correct morphological rule is a simple concatenation of bari yeh ending verbs with affixes that start
with consonants (& « & ¢ <), But due to a limitation of (or error in) Unicode standardization character
bari yeh cannot occur as a non-separator. Thus I am forced to type letter choti yeh at start and middle of

ligatures even when I intend to use letter bari yeh.
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4.2.1.5

There are three exceptions to the general rule narrated above.

No.
1

A W0 DN

o N o O,

10

11

12

13

14

15

16

17

18
19

Irregular Verbs

Tags
Root

Infinitive singular
Infinitive plural

Infinitive feminine

Past masculine singular
Past feminine singular
Past masculine plural

Past feminine plural

Habitual form

Non past third person
singular

Non past third person
plural

Non past second person
singular

Non second person past
plural honor level 1

Non past second person
plural honor level 2

Non past second person
plural honor level 3

Non past first person
singular

Non past first person
plural

Command singular

Command plural honor
level 1

Surface Strings

5
i$

=5, S
ws
5

o

5
55

>
ble
2l
b

NI SNSRI

3 lbl
b3l

3k,

sy 3y

Affixes

Exception
_do_
_do_
_do_

+ e

consonant
past tense
affixes

Exception
_do_
_do_
_do_
_do_
_do_
_do_

_do_

Exception

' This entry i.e. No. 16 (nasalized /u/ vowel) differs in pronunciation from the entries No. 11, 14, 17 and

20 (nasalized /o/ vowel). Thus it is a homograph of others.
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20 Command plural honor ; do
level 2 Uﬁ/g =k usy -

21 Command plural honor : < ; ,
level 3 PH 200§ Sl < g _do_

4.2.1.6 Linguistic Analysis

It is clear from above discussions that there is a universal concatenation rule for the

affixes (none, = 2 3 b) that start with non-vocalic letters (No.1, 2, 3, 4, 9 and 19).

Variation arises for affixes that start with letters representing vocalic sounds (¢ s ).

In the two irregular verbs (j, ls) given in previous section morphological phenomenon of

“suppletion” can be identified in the following conversions.

§ + Past masculine singular — \:S
§ + Past feminine singular — S
j + Past masculine plural — é
§ + Past feminine plural — U:S

s + Past masculine singular — \S
b + Past feminine singular — S
Va
s + Past masculine plural — A
s + Past feminine plural — wf

Dissimilarities between verbs that end with consonants and those that end with vowels
(especially alif and vao) give birth to allomorphs. The table below shows allomorphs

hence identified.

No. Tags Allomorphs
5 Past masculine singular \ L
6 Past feminine singular ‘ .
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7 Past masculine plural 5

4 -

8 Past feminine plural ,
- ur—
10 Non past third person singular o L_

11 Non past third person plural ;
p Ird p plu o o

12 N_on past second person o 5
singular - -

13 Non second person past plural .
honor level 1 = =

14 Non past second person plural .
honor level 2 - -

15 Non past second person plural > =
honor level 3 - -

16 Non past first person singular ,
PL— U9—

17 N t first lural ;
on past first person plura o o

19 Command plural honor level 1 5 3

20 Command plural honor level 2 ;
- ur—

21 Command plural honor level 3 > -

4.2.1.7 Rules
Since majority of verbs end with consonant letters I take their behavior as standard. Their

semantic functionalities given by labels 1-21 require simple affixation (concatenation).

There are only five verbs that end either with letter choti-yeh or bari-yeh. For this reason
variations (for vocalic affixes) shown by these verbs can be taken as exceptions. However
we need to explain the productive behavior shown by verbs that end with either letter alif
or vao.

The orthographic rule that depicts this behavior is as follows. We insert a hamza (.)
before the vocalic affixes that start with vao, choti-yeh or bari-yeh (i.e. affixes _¢, _ <,

1 —sr wsr — &) (see discussion in Hussain, 2004 for behavior of ~amza in Urdu text).

On the other hand we insert choti yeh () before the affix that start with alif (i.e. past
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masculine singular affix _). These two parallel rules are presented below. Phonological

base of these rules have however not been studied.

LI= /D] Lol lslolal o] %

L=V D1 1.4

4.2.2 Transitive and Causative affixes

As introduced in section 4.1.2 verbs can be classified as transitive, direct causative and
indirect causative (labels 22-24). Analysis show that not all verbs are inflected by affixes
corresponding to these semantic functions. For this reason lexical gabs (absence of

inflected form) can be seen against many root entries.

Here again verbs in general can be grouped with respect to the ending alphabet. The

groups are as follows.

- Verbs ending with consonant alphabets (all alphabets except «_ ¢ s<)

- Verbs ending with vowel alphabets (I, s, ¢, «_)

This section describes transitive, direct causative and indirect causative affixes with

respect to these groups.

4.2.2.1 Transitivity via vowel lengthening
Intransitive verbs can be converted to transitive verbs by root strengthening and roots are
strengthened by vowel lengthening (section 2.1.5). That is a short vowel is changed to a

long vowel to indicate transitivity.
Usually short vowels are represented in Urdu orthography via optional markers called

aerabs (vowel markers). These aerabs are generally omitted in continuous text. However

long vowels are indicated explicitly by the letters alif, vao, choti yeh and bari yeh. For
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this reason vowel lengthening appears in text as insertion of a vocalic alphabet (alif, vao,

choti yeh or bari yeh) “within” a verb.

In total 57 (out of 641) root verbs use vowel lengthening to form transitive verbs. Since

in my analysis I have not distinguished root verbs as transitive or intransitive, it is

difficult to say what percentage of intransitive verbs allow root strengthening. However it

is obvious that root strengthening is not a very productive feature in the Urdu verbs.

It has been observed that root strengthening only occurs with verbs that end with

consonant alphabets. The following are the four affixes that are used to strengthen roots.

Below is the list of verbs that use these affixations.

4.2.2.1.1

This affix occurs in the following words.

Serial No.

1

2
3
4

Affix |
Affix 9
Affix S

Affix o

Affix |

Root Verb Verb after affixation

Ll
!
il
Je>!

58

Jul
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(o}

10

11 5
. °
13 e
15 g
16 A
17 Lo
i o
19 =<
20 LS
21 £
22 ).’
23 N
24 -
25 s
2 P
27 ;@i
28 &
29 K
30 o
31 Jat
32 Saj

42212  Affix_,_

This affix occurs in the following words.

)5
Y
Hle

J&
L&

Ju
S
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Serial No. Root Verb
1

&
2 o
3 S
4 5
> J$
° )
7 o
8 s
° 2
10 u-4’

Verb after affixation
05
S,

RT3

Jsé

4.2.2.1.3 Affix _ ¢

This affix occurs in the following words.

Serial No. Root Verb Verb after affixation

1 >

2 ,,g

J'\}

$

42214  Affix -

This affix occurs in the following words.

Serial No. Root Verb Verb after affixation

1

§ % et

a A WN

$
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10
11
12

13

v ¢ EL&E ™
AR

o4 %

4.2.2.1.5 Exceptions
There is one exception to the rules stated above.

Serial No. Root Verb Transitive form

! e s

4.2.2.1.6 Further Rules
The transitive verbs formed by the four ways discussed above can be concatenated with

the affixes corresponding to the first 21 labels (semantic functionalities) stated in section
4.1.2. All the new transitive verbs so formed end with consonants. It is for this reason that

their behavior is similar to the (consonant ending) verbs discussed in section 4.2.1.1.

Affixation for the exceptional case of . (which ends with a vowel choti yeh) has been

shown in section 4.2.1.3 (behavior of verbs ending with choti yeh).

4222 Transitivity / direct causativity via suffixation

There are four ways to form transitive / direct causative verbs by suffixation.

- Adding suffix |
- Deleting long vowel and adding suffix |

- Deleting ending vowel and adding suffix ¥
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- Deleting long vowel (if present) and adding suffix ,

Although transitiveness / direct causativeness through suffixation can be termed as a
recognizable semantic functionality, majority root verbs have null entries against their
respective direct causative forms. Out of these four methods listed above only the first
can be termed as productive (147 roots verbs). Below is the list of verbs that use these

rules.

42221  Adding suffix |_

This affix occurs in the following consonant ending verbs.

Serial No. Root Verb Verb after affixation

1 5 Kl

5
2 5 K|
3 o) el
4 S !
5 4 B
6

z b
/ sy e
8
’ 2 e

10 o Lo

11 L Ly

12 o L..z

13 éSL KL

14 5 N

15 Js b

16 % LQ},

17 @ L@

18 & e
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19
20
21
22
23
24
25
26
27
28
29
30

2

31

¢

R s M ¥ M IR TR

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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vM« MM n\» \w \» \‘w‘“ vw‘ \%“. bw \»w \Wm V%M \% \ﬁ \»“. VM”. /Wu /vbv v»“. vwv bv vwr \b“. %7 mm“.

48

49

50

51

E
-

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
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81

83

85

87

S
S
=
P
P W

&3 4
égwj\w.
A O —+=H N M
0 O O O O

94

SRFEENE R N A

LA RIS

n O© N O OO O = o ™M <
a o0 o o0 o0 O o o o o o
< - - = =
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BRI s = B S I T - ERR® R B e g I BV

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
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135 4 =
136 Jj \Jj
137 & £
138 eg.é .
139 s e
140 e L
141 Q,LVL w
142 e’ \%’3
143 Iy \)3
144 Jf \’li
145 e L_Wf
146 Cay \if
147 é}f K}f

4.2.2.2.2 Deleting long vowel and adding suffix \_

This rule occurs in the following consonant ending verbs.

Serial No. Root Verb Verb after affixation

! S Ky
2 s e
3 59 I
4 Se &
> Jse> pUS
6 £ S
7 S e
: 8 L

4.2.2.2.3 Deleting ending vowel and adding suffix Y _



This rule occurs in the following vowel ending verbs.

Serial No. Root Verb Verb after affixation

: S LS

2 =8 U
3 $ 5
4 ’ »
> 98> Uas
6 » Y
7 - W
° 3 %
9 L; Y

4.2.2.2.4 Deleting long vowel (if present) and adding suffix o

This exceptional rule occurs in the following verbs.

Serial No. Root Verb Verb after affixation
1 S S
2 TS
3 Lew
4

93 5

4.2.2.2.5 Exceptions
There are two exceptions to the rules stated above.

Serial No, Root Verb Direct causative form

1 S W
2 e Ve
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4.2.2.2.6 Further Rules
The transitive / direct causative verbs formed by the four ways discussed above can be

concatenated with the affixes corresponding to the first 21 labels (semantic
functionalities) stated in section 4.1.2. All the new verbs so formed end with either alif or
vao. It is for this reason that their behavior is similar to the (alif and vao ending) verbs

discussed in section 4.2.1.2.

4223 Indirect Causative

There are three ways to form indirect causative verbs.

- Adding suffix |,
- Deleting long vowel and adding suffix |,

- Deleting ending vowel and adding suffix |5}

4.2.2.3.1  Adding suffix |5 _

This affix occurs in the following consonant ending verbs.

Serial No. Root Verb Verb after affixation

! A I
2 o 5]
3 & pe
4 Fyu JERM
> o e
° & P
’ * 5
) 5
i 5 b5
10 o \ %

11 s
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
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i A I3
42 S .S
43 =< 1,5
4 2§ JReS
45 i IS
- £ 59
48 A8 NP
49 =8 S
0 g 1
51 e |4
52 - I
53 Ak PRt
54 . e
> P 550
56 S5 IS
A o
58 So ISé
%9 S 156
60 Sag |Sag
61 e e
62 Jat |yl

4.2.2.3.2 Deleting long vowel and adding suffix ‘j_

This affix occurs in the following consonant ending verbs.

Serial No. Root Verb Verb after affixation
! o 2
2 Js At



5
2

7 G493 lsdeal
° g =

4.2.2.3.3 Deleting ending vowel and adding suffix \)J_

This affix occurs in the following vowel ending verbs.

Serial No. Root Verb Verb after affixation

1 \é \,QS

2 L \)L(
3 ey |slas
4 » ls))

3 sk

4.2.2.34 Exceptions
There are three exceptions to the rules stated above.

Serial No, Root Verb Verb after affixation

1 s K3
2 L sk

’ > bz

4.2.2.3.5 Further Rules
The indirect causative verbs formed by the three ways discussed above can be

concatenated with the affixes corresponding to the first 21 labels (semantic
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functionalities) stated in section 4.1.2. All the new verbs so formed end with alif. It is for
this reason that their behavior is similar to the (a/if and vao ending) verbs discussed in

section 4.2.1.2.

4.2.2.4 Further observations

It is interesting to compare transitive verbs formed by vowel lengthening (section 4.2.2.1)
with those formed by suffixation (section 4.2.2.2). Most verbs (97.6%) take either vowel
lengthening affixes or suffixes or have lexical gabs against both entries. In other words
vowel lengthening and suffixation are almost always mutually exclusive. However given

below are the sixteen cases where this mutual exclusion does not hold.

Root Verbs Transitive form Transitive / direct causative Indirect causative form

(vowel lengthening) form (suffixation)
A bl 5l ly,51
W O Lo £
~ 2 L4
r@" a e
2 = > b
o2 o b Iz
- e e
453 4§33 ng
e & R s
N5 NS kS |5
& 3 e
o &) L 53]
A W ke |20
\: Js %
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In these cases the semantic difference between transitive form formed by vowel
lengthening and the one formed by suffixation is recognizable. Also they usually cannot

be used in place of each other.

4.2.3 Other Affixes

This section discusses less productive affixes.

4.2.3.1 Variation of accent

Speaker variation has also given rise to few allomorphs. The following are the three

words where variation occurs by affix ¥ .

Serial No. Root Verb Allomorphs
Form 1 Form 2

! 4%3 \53 \Jugg:
? & LS Y-
’ b b ey

Another variation in accent can be seen as the affix 5 . This affix is speaker variation of

for the affix » (Non past second person honor level 1 and Command plural honor level

1). Its allomorphic forms with respect to ending letter are given below.

Consonant ending verbs

g

Verbs ending with alif or vao o
Verbs ending with choti yeh 3 o
@ -
O -
Verbs ending with bari yeh 2s ,2_delete
2 e>v_, < delete

Irregular Verbs ; 5
R i

e
‘e
|
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4232 Derivational Affixes
Derivational affixes vary in productivity. Details of three (comparatively) productive
affixes are given below. However most of the derivational affixes are used by less than

10 verbs. These less productive affixes have not been further discussed.

4.2.3.2.1 Affix &

This is the only productive derivational affix. It converts a verb to a (feminine) noun. The

following 47 verbs take this suffix.

b Lo Bain Laa Lava Deses Lo e el L6 L g L 19 B M g b oy
ooy K83 L33 Lgng Lo 133 L s LSS 1SS LSS 188 15858 155 LSS s | e s L

s bses | 5 50

18 Ko SL A S S0

42322  Affix 3ly_

All the root verbs that allow indirect causative affixation can take this derivational affix

to form nouns (ism -e-maevza). These nouns are formed by adding }§ to the indirect

causative verbs as discussed in section 4.2.2.3.

42323  Affix §|_

The following are the 17 verbs that take the derivational affix 3| . This affix converts a

verb to a noun.

do Sy S 2 o gl im s S0 0 0n
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4.3 The unanswered questions

In this chapter verbal variations have been explained. As a conclusion few unexplained
behaviors depicted by verbs are presented here. The following are some of the

unanswered questions.

Question: Why are there lexical gabs against entries for transitivization and

causitivization (section 4.2.2)?

Question: Does productivity shown by the data presented in section 4.2.2 indicate that
originally transitive verbs were formed by vowel lengthening however now suffixation is
a productive way to form transitive verbs? If this is true, then how can we explain the

data given in 4.2.2.4 and the recognizable difference they demonstrate?

Or do the cases given in 4.2.2.4 suggest that transitivization differs from direct
causativization? And transitivation and direct causitivization affixes are separate
morphemes (with separate semantic functionalities) rather than being allomorphs. With

this explanation we can say':

Intransitive form Transitive form Direct causative Indirect causative

form form
4§> @: L@g:
L - L W
_ $ 3 s

But if transitivity and direct causativity are indeed different with different semantic
meanings, then why 97.6% verbs show mutual exclusion between transitive and direct

causative affixes.

'® The lexicon file ‘combine.txt’, which implements linguistic analysis, tags verbs in this way. This lexicon
file is given with MORPH (executable file of the computational model)
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Question: Does vowel lengthening (section 4.2.2.1) indicate presence of interdigitation

(vowel-consonant template) in Urdu verbs?

Question: Do the following 40 verbs indicate presence of reduplication in Urdu verbs?

b Lo Bain Laa Lo Besses Lo e Moo L6 Ll L 1 B W g Wb vy
Loy K83 L3 g Lacad 135 Wb s LG8 185 1SS 168 15858 1SS 1SS L | by iman

L lses | 5 5
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S Nouns

Unlike verbs, nouns are not highly inflected in Urdu language. They also do not show
regular behavior like verbs. Common nouns usually take number, gender, case and

vocative affixes. Few nouns also accept evaluation and other derivational affixes.

This chapter presents affixation in common nouns. The next section states observations,
results and rules extracted during analysis. In total 40 suffixes and 2 prefixes are
discussed in this section. Homographs identified during analysis are presented in section
5.2. This chapter ends by exploring data that indicates potential presence of non-

concatenative morphology in common nouns.

5.1 Observations and Results

The observations and results deduced during the analysis of common nouns are covered
in this section. The normalized form for nouns is nominative masculine singular.

Morphology of common nouns is given in the following sections.

5.1.1 Number affixes

Number is the “morphological category that expresses contrasts involving countable
quantities” (Grady et al. 1997). In Urdu language this contrast consists of a two-way
distinction between singular and plural forms. In Urdu another contrast arises due to case
markers. To illustrate this contrast it has been presented in two separate sections. This
section gives nominative plural affixes while section 5.1.3 discusses plural forms due to

other cases.

5.1.1.1 Masculine Plural

Masculine roots only have two productive plural affix. The first affix usually occurs with

masculine nominal base lexemes that end with either alif (I)or goal hay (»). These affixes

and its allomorphic variations are show below.
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Rule N-1.

Description Affix and its allomorphic Examples
variation
Nominative .
masculine plural = - Catienelés
delete last character and add 5P L), ij
. .
Rule N-2.
Description Affix and its allomorphic Examples
variation
Masculine plural | i Sl
(nominative/ oblique) o ML &
5.1.1.2 Feminine Plural

Feminine roots have more than one productive plural affix. These affixes and their

allomorphic variations are show below.

Rule N-3.

Description Affix and its allomorphic Examples
variation

Nominative feminine s 5 eoks

plural on feminine - TP

roots (default case)
b Les,les
(alif / vao ending words)
ol w3
(goal-hay ending words)
Delete last vowel (.. /u) and 2 K obe
add 5 _or _ 4y depending on
current last letter

Rule N-4.

Description Affix and its allomorphic Examples
variation

Nominative feminine \ |

plural on feminine o & ’d’g‘)

roots ending with

letter ‘s’
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Rule N-5.

Description Affix and its allomorphic Examples
variation

Nominative feminine LL L

Plural on feminine - 5’ s

roots ending with
letters ‘L’ or 3

5.1.1.3 Other Plurals
Some plural affixation rules pertaining to words of mostly Arabic origin are presented
below. These plurals have same form for all cases. These rules illustrate the impact of

language of origin on Urdu plural affixation rules.

Rule N-6.
Description Affix and its allomorphic Examples
variation
Plural -l Jj‘r)\r’"\

(nominative/ oblique)

(US;JG)”)’ with Arabic  pelete last letter (/) and add 4T, =Kz
roots

el

Although the preceding rule applies mostly to words of Arabic origin, there are a few

exception e.g. i¢¥ and (/Sd

Rule N-7.
Description Affix and its allomorphic Examples
variation
Plural -l v ts
(nominative/ oblique) = B JA
Rule N-8.
Description Affix and its allomorphic Examples
variation
Plural . ”\5 . Lo L.~
(nominative/ oblique) <%~ rrer

(with Arabic roots)
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5.1.2 Gender affixes

In Urdu language every noun has a gender (masculine or feminine). In many cases the
assignment of gender is arbitrary. However gender affixes can be followed by number
(both nominative and oblique) and vocative affixes. The following sections include

productive gender affixes that were found during analysis.

5.1.2.1 Masculine Affixes
Masculine roots only have one productive gender affix. Even for this affix it can be
argued in some cases whether the masculine is made from feminine or the feminine from

masculine. The affix is shown below.

Rule N-9.
Description Affix and its allomorphic Examples
_ variation
Masculine | -@A
delete last vowel and add | . &,&Q_}-@;‘

The above rule can be followed by masculine nominative plural affix (rule N-1),
masculine oblique singular / plural affix (rule N-16 and N-17), and masculine vocative

singular / plural affix (rule N-21 and N-22).

5.1.2.2 Feminine Affixes
Feminine roots have more than one productive gender affix. These affixes and their

allomorphic variations are show below.

Rule N-10.
Description Affix and its allomorphic Examples
variation
Feminine < (animate) Ef’éj*ﬁ

delete last character and add K
o 5. sk
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The above rule can be followed by feminine nominative plural affix (rule N-4), oblique

plural affix (rule N-17), and vocative plural affix (rule N-22).

Rule N-11.
Description Affix and its allomorphic Examples
variation
Feminine . -’J\Jv’u‘

Depending probably on the language of origin this rule can be followed by either (1)
plural affix (rule N-6); or (2) feminine nominative plural affix (rule N-3), oblique plural

affix (rule N-17), and vocative plural affix (rule N-22).

Rule N-12,
Description Affix and its allomorphic Examples
variation
Feminine . L N
(Animate) G- o

d'elete last character and add u\j&@\e
G'
The above rule can be followed by feminine nominative plural affix (rule N-4), oblique

plural affix (rule N-17), and vocative plural affix (rule N-22).

Rule N-13.
Description Affix and its allomorphic Examples
variation
Feminine L .
- X
(Animate) - o

delete last character and add L. L}> L*S

The above rule can be followed by feminine nominative plural affix (rule N-5), oblique

plural affix (rule N-17), and vocative plural affix (rule N-22).

Rule N-14.
Description Affix and its allomorphic Examples
variation
ini 7 7
Feminine - efh(w,éb
delete last vowel and add u. LJs S
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The above rule can be followed by feminine nominative plural affix (rule N-3), oblique

plural affix (rule N-17), and vocative plural affix (rule N-22).

Rule N-15.
Description Affix and its allomorphic Examples
variation
Feminine é\- L s

The above rule can be followed by feminine nominative plural affix (rule N-4), oblique

plural affix (rule N-17), and vocative plural affix (rule N-22).

5.1.3 Case and affixation
Case markers encode information about an elements grammatical role e.g. nominative
case represents the grammatical role of subject (Grady et al. 1997). Among others the

following cases are included in Urdu language.

1. Nominative (e.g. £3))

2. Ergative (e.g. &5 3))
3. Accusative (e.g./SLj})
4. Instrumental (e.g. « ijj)

Due to change in cases noun affixation rules also change. The description below

illustrates this change.

The following table shows the variation of lexeme ‘K3)” when it appears in the nominative

case. The affixation rules for this lexeme in the nominative case can be seen in the

preceding sections.

Table 5.1: Nominative number and gender variation of word larka
Singular | Plural

Masculine K3 LN
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Feminine S ) o Egj;

When the lexeme ‘K3)° appears in the other three cases it varies as shown in the table

below.

Table 5.2: Oblique number and gender variation of word larka
Singular | Plural

Masculine | 5 ;] o 5})

Feminine 5 ) . x{ )

Thus in addition to number and gender affixes the change in case introduces the
following new affixation.

Table 5.3: Affixation for Oblique forms

Singular | Plural
Masculine | . -
Feminine | - -
The rules so deduced area given next.
Rule N-16.
Description Affix and its allomorphic Examples
variation
Obliqgue masculine .
singular = - Caiennlis
delete last character and add LK
al 5b 63
Rule N-17.
Description Affix and its allomorphic Examples
variation
li lural “
Oblique plura Us- %Sj »6)K;~é{
uj- }....AT,\)J ,‘:\33
delete last vowel (.. /o/l) and L L K
add us. 5555
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5.14 Evaluative affixes
Two kinds of evaluative affixes can be productively found in Urdu language Diminutive
and Augmentative. Diminutive affixes indicate smallness while augmentative affixes

indicate large size. These affixes and their allomorphic variations are show below.

Rule N-18.

Description Affix and its allomorphic Examples
variation

Diminutive ‘- Jwﬂ%
delete last character and add

<.
The above rule can be followed by feminine nominative plural affix (rule N-4), and

) 070 5>

oblique plural affix (rule N-17).

Rule N-19.
Description Affix and its allomorphic Examples
variation
Diminutive . o

The above rule can be followed by masculine nominative plural affix (rule N-1), and

masculine oblique singular / plural affix (rule N-16 and N-17).

Rule N-20.
Description Affix and its allomorphic Examples
variation
Augmentative delete last character (s g
g elete last character () L%}’»djj

delete last character and add | . dj)jclk:’

The second part of above rule (delete last character and add ! ) can be followed by
masculine nominative plural affix (rule N-1), and masculine oblique singular / plural

affix (rule N-16 and N-17).

5.1.5 Vocative affixes

The following rules shows vocative affixes with their allomorphic variation.

79



Rule N-21.

Description

Masculine singular
vocation

Rule N-22,

Description

Nominative plural
vocation

5.1.6

Affix and its allomorphic
variation

< .

Delete last vowel (o/l) and add
<L

Affix and its allomorphic
variation

}-

b

Delete last vowel (. /o/l) and
add o.

Noun to Adverb affixes

The only productive noun to adverb affix identified is

Rule N-23.

Description

Noun to Adverb

5.1.7

Affix and its allomorphic
variation

Noun to Adjective affixes

Examples

on
b )

Examples

éjl,QL.S\,wK:.e
ESIPRCN

a6

> as shown in the rule below.

Examples

Pt g o

The productive affixes that change a noun to an adjective with their allomorphic

variations are given below. Further affixation from the so formed adjective has not been

observed.

Rule N-24.

Description

Noun to Adjective

Affix and its allomorphic
variation

S-
é-
delete last character and add
S.

Examples

ealubs,ewbia, bas
JURREY
PEINL)
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Rule N-25.

Description

Noun to Adjective

Rule N-26.

Description

Noun to Adjective

Rule N-27.

Description

Noun to Adjective

Rule N-28.

Description

Noun to Adjective

Rule N-29.

Description
Noun to Adjective

(+masculine)

Rule N-30.

Description

Noun to Adjective /
Noun

Rule N-31.

Description

Noun to Adjective /
Noun

Affix and its allomorphic
variation

I

Affix and its allomorphic
variation

Al

Affix and its allomorphic
variation

A-

Affix and its allomorphic
variation

[

Affix and its allomorphic
variation

)\b-

Affix and its allomorphic
variation

Affix and its allomorphic
variation

o

Examples

Examples

e

Examples

Slo,o e

Examples

oS, S

Examples

V2R

Examples

S350 ,C\x's\ (a noun)
|l Lad

Examples

&iﬁs\w\,%g\ (a noun)
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Rule N-32.

Description Affix and its allomorphic
variation
Noun to Adjective é\

Rule N-33.
Description Affix and its allomorphic
variation
Noun to .
Adjective -

Examples

JO

Examples

S5 8l s

There are two productive prefixes that change a noun to an adjective.

Rule N-34.

Description Affix and its allomorphic
variation

Noun to Adjective: o

‘With’ (it is usually T

equivalentto a

prepositional / case

phrase)

Examples

o Ko b

It is difficult to ascertain the change in meaning that this prefix brings. In general an

equivalent phrase can be constituted to give the same meaning. Consider the examples

below:

e

o = Ko

o rb =yl

Also consider the phrases:

sbels = el sk

w3 £ 5lals = glool B ampdy

Rule N-35.
Description Affix and its allomorphic
variation
!\loun tp A,djective: >
Negation :

Examples

H)b‘,o.«\cg
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5.1.8 Noun to Noun affixes

The productive affixes that change semantic meaning of a noun with their allomorphic

are given below.

Rule N-36.
Description Affix and its allomorphic Examples
variation
Noun to Noun s Sk s K
(Name of a place) o 3 A8
Rule N-37.
Description Affix and its allomorphic Examples
variation
Noun to Noun ) Sy S\,
(State, Feminine) =- ij’j ¢

Depending probably on the language of origin this rule can be followed by either (1)
plural affix (rule N-6); or (2) feminine nominative plural affix (rule N-3), and oblique

plural affix (rule N-17).

Rule N-38.
Description Affix and its allomorphic Examples
variation
Noun to Noun . LU asT
(This may be a = UL: 2
compound affix (consonant ending words)

(vowel ending words)
Depending probably on the language of origin this rule can be followed by either (1)

plural affix (rule N-6); or (2) feminine nominative plural affix (rule N-3), and oblique

plural affix (rule N-17).

Rule N-39.
Description Affix and its allomorphic Examples
variation
Noun to Noun Olﬁ- Qu,o)@,o\;a-,[a\)o'\

(Name of field of
study)
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Rule N-40.

Description Affix and its allomorphic Examples
variation
Noun to Noun (4 - T
- X3 8,59
(Manner) ‘g i 3;

The above rule can be followed by feminine nominative plural affix (rule N-4), and

oblique plural affix (rule N-17). A lot of words that take this affix also take affix » _, but

the relation between these two affixes have not been ascertained.

Rule N-41.
Description Affix and its allomorphic Examples
variation
Noun to Noun L Sk
(thing to person) =" “*)jf‘f’j)
Rule N-42,
Description Affix and its allomorphic Examples
variation
Noun to Noun ‘- J\;B,L\Lsﬁ “S” s,vgjs

(person to name of
the act this person
performs)

The above rule can be followed by feminine nominative plural affix (rule N-4), and

oblique plural affix (rule N-17).

5.2 Homographs in Nouns

Presence of homographs can be noticed in the above rules. Thus some affixes have same
orthography but different they represent different semantic functions. The table below

shows homographs and their respective semantic functions.

Table: 5.4 Semantic Functions of Homographs

Serial | Homographs | Rule No. Semantic Functions
No.
1 N-10 Femini
‘- eminine
N-24 Noun to Adjective
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Diminutive

N-42 Noun to Noun (person to name of the act this person
performs)
2 o N-1 Nominative Masculine Plural
3N-16 Obliqgue masculine singular
N-21 Masculine singular vocation
3 N-9 Masculine
N-20 Augmentative
N-25 Noun to Adjective
4 . N-8 Plural
o
N-33 Noun to Adjective
5 : N-12 Feminine
)
N-27 Noun to Adjective
6 : N-15 Feminine
3
N-26 Noun to Adjective
7 5 N-31 Noun to Noun
N-31 Noun to Adjective
8 . N-11 Feminine
N-28 Noun to Adjective
N-19 Diminutive
9 © N-30 Noun to Noun
Noun to Adjective
10 L N-13 Feminine
N-41 Noun to Noun
(thing to person)
1M otg N-7 Plural
N-39 Noun to Noun

(Name of a field of study)
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5.3 Further Observations

Productivity indicates the presence of non-concatenative morphology in Urdu language.
Productive affix patterns (interdigitation) have been identified that changes the semantic
meaning of a noun. Even though these patterns are productive trying to identify the
pattern and then trying to access the semantic change they convey is very difficult. I had
to use a simple book on Arabic grammar (Saqib, 2004) to figure out the semantic
meaning for most of these patterns. Though there are patterns (especially the plural ones
like Jlesl) that are recognizable, but in general these words seem to be lexicalized. That is
to say we probably have taken the vocabulary but not the morphology of these words
from Arabic language. All the productive patterns with the words that take these patterns
are listed in the noun appendix. A further detailed study on these patterns is required to

re-evaluate the claim presented here.
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6 Closed Class Words

The following categories of closed class words were analyzed. The bracketed numbers

show the total number of words analyzed for each category.

- Prepositions (61),
- Auxiliaries (16),

- Conjunctions (44),
- Determiners (67),
- Pronouns (78), and

- Adverbs (64).

Results show that in Urdu language closed class verbs do not show any productive rule

formation except one. The exception is formation of adverbs from nouns by the suffix I

This rule has already been mentioned in section 5.1.6. Complete list of closed class words

analyzed are given in the appendix.
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7

Computational Model

The computational model is an implementation of the linguistic analysis presented above.

The name given to this model is MORPH. Developed in VC++ 6.0 as console application

MORPH ignores all aerabs (optional vowel markers in Urdu text) given in any input file.

It provides the following main functionalities.

1.

Loader: The loader loads both the lexicon and the rules given by the user in a
specified file format. Corresponding to the given information the loader produces
a finite-state transducer having various paths from the start to the final state. As
an output the total number of states and arcs of this transducer is printed on the
screen. In case of error(s) in the input file format, compile time error(s) are

reported in a new file named ‘error.txt’.

Morphological Analyzer: After the loader has executed successfully the user can

provoke the analyzer by giving a set of words (surface strings such as &) in an

input file and specifying an output file. The analyzer parses the surface level of

the finite-state transducer for each given word and outputs the lexical strings (i.e.

S+ Verb+Past+Masc+Sg) against the surface word. In case of unsuccessful

parsing an error is reported.

Generator: Like the analyzer, the generator too requires successful execution of

the loader. The user can provoke the generator by giving a set of (lexical) strings

(e.g. S+ Verb+Past+Masc+Sg) in an input file and specifying an output file. The

generator parses the lexical level of the finite-state transducer for each given

string and outputs the words (surface strings i.e. &) against the given lexical

string. Here again, in case of unsuccessful parsing an error is reported.
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4. Enumerator: After loading the lexicon and the rules the user can provoke this

functionality by giving a set of words (surface strings) in an input file and

specifying an output file. For each word (e.g. \&J) the enumerator first searches

that word in the surface level of the finite-state transducer and find its

corresponding lexical string (i.e. &+ Verb+Past+Masc+Sg). It then extracts the
base lexeme (i.e. () from the lexical string. Further, it parses the transducer and
outputs all surface strings that can be formed from the base lexeme (i.e. L, AQ,

6\@9 and L& etc.). In case of unsuccessful parsing an error is reported.

7.1 High Level Architecture

A high level architectural diagram of the system is shown below.

LEXICON
FILE
[
1
1
1
:
1
\'4
Loader
Finite-State Fvaluator
Transducer
Analyzer
Input File___ .l ___________2 > — peeeea- > Output File
Generator
R Enumerator

Figure 7.1: Main components of Computational Model MORPH
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7.2 Lexicon file and the Loader

The rules and lexicon are implemented as finite-state transducers by the loader using the
lexicon file. The lexicon file is a simple text file which contains list of lexemes and their
corresponding affixes specified in a newly defined language format. This format is
similar to the one used by Xerox’s finite-state lexicon compiler lexc. Some of the
reserved symbols (like semi colon and double forward slash etc.) used in this format have
the same semantic meaning as in C++ language. This format (language) in the lexicon
file has the following main features. The format is also shown in the sample file given
further below. While the context free grammar (CFG) that this file uses is given in
appendix D.

1. Lexicon file consists of a one or more parent continuation classes indicated by the
keyword ConcatClass followed by the name of that class. A continuation class is

the name of a state given by the user.
2. Every lexicon file needs to start with parent continuation class Root represented
by the keywords ConcatClass Root. It marks the start state of the finite-state

transducer to be compiled.

3. Each parent continuation class consists of zero or more statements. These

statements are enclosed with in curly brackets i.e. {}.

4. Each statement ends with a semi colon (3).

5. Each statement consists of two parts, an optional form and name(s) of
continuation class(s). Each statement indicates a path from the state represented
by the parent continuation class (in which this statement is enclosed) to the state

represented by name(s) of the continuation class(s) given in the statement.

6. The form part of the statement tells the lexical and surface forms of an arc.
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7. While the name part of the statement specifies the next state. More than one next
state can be given by writing the names of the continuation classes separated by

commag(s) (,).

8. In a statement hash symbol (#) can be used instead of the continuation class name

to indicate the final state i.e. the end of the path.

9. The form represents the mapping between the lexical and surface strings. It can be

specified in any one the following three formats.

a. A lone word (e.g. 431): Semantically it means that an arc is formed for each

letter of the word. The lexical and the surface symbols are the same for
these arcs and correspond to the letters of the word.

b. One or more tags (lexical form) and their corresponding surface string

(e.g. +Verb+Past+Masc+Sg:l): Each tag starts with a plus sign (+)

followed by a user defined tag name. A colon (:) is used as a marker to
indicate that what follows is the surface string. The surface string can be
any set of characters or it can be zero (0). The zero indicates a null
character which is ignored during parsing. This form represents that an arc
is formed for each tag. The lexical form for each arc corresponds to tags
themselves. While the surface form of the arc corresponding to the last tag
(the tag before the ‘:” symbol) is the surface string specified by the user.
The surface form of the remaining arcs is null (shown by zero).

c. A word (or part of a word) followed by zero or more tags and then

corresponding the surface string (e.g. /f +Verb+Past+Masc+Sg:\.§): This

form represents that an arc is formed for each letter of the word and each
tag. The lexical form for each arc corresponds to the word’s letter and tags
themselves. While the surface form of the arc corresponding to the last

‘.0

lexical form (i.e. the letter or the tag just before the symbol) is the

91



surface string specified by the user. The surface form of the remaining

arcs is null (shown by zero).

10. Statements in which the form is absent (e.g. statements such as vcons;)
semantically corresponds to forming an arc those both surface and lexical forms

are null.

11. All comments (strings after two forward slashes i.e. /’) and aerabs (optional

vowel markers in Urdu text) are ignored.

12. In case of error(s) in the file format compile time error(s) are reported in a new

file named ‘error.txt’.

A sample (incomplete) file is shown below. The bold faced characters and words shown

below mark reserved symbols and strings.

1 ConcatClass Root // feature # 2

2 {

3 V_roots; // feature # 10
4 V_exceptional roots;

5 1

6

7  ConcatClass V_roots // feature # 1

8 {

9 23l Vcons; // feature # 9-a and 5
10 5l Vcons, Vdirect Causative; // feature # 9-a and 7
11}

12

13 ConcatClass V_exceptional roots

14 |

15 //for S

16 S +Verb+Past+Masc+Sg: LS #; // feature # 9-c and 8
17}

Following explanation shows how finite-state transducer is step by step built given the

above lexicon file.

Li Statement Transducer
ne
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ConcatClass Root

Root
3 V _roots;
- Reot V_roots
a A
0
4 V exceptional roots;
- - Root V_roots
A

Or=0

°f
O

"T~V_exceptional

9 23l Vcons; Veons
;

R,eot V_roots
-A ’

10 )|  Vcons
) ¢ +Vcons

V_exceptional

10 Vdirect Causative;

R/eot V_roots
-A /

o X ;
.. ) Vcausative
V_exceptional N
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16 ,S+Verb+Past+Masc+Sg: Reot V roots
, .

LS #; a4 a
R

£ . +Verb +Past —~3Mas
o X 0 0 C % ©

< 0 0

V' exceptiona

It can be noted from the above explanation that the loader creates a non-deterministic
finite state transducer with lambda transitions. This transducer can be minimized to form

a deterministic finite state transducer.

The text file ‘combined.txt’ (given with the executable program MORPH) is the lexicon
file which implements morphological behavior of common nouns and verbs. Since closed
class words do not show productive morphology, they have not been incorporated in this
file. On loading, this file forms finite state transducer (implemented by a transition table)

with 93479 states and 120012 arcs.

7.3 Sample run

This section pictorially shows how to run different modules of this program. At the start

of the program the following screen appears.

Enter one of the following commands:
load fileMame (txt file having lexicon>
analyze fileNamel fileHame2
generate fileMamel fileWame2

enumerate fileNamel fileMame2
exit

Figure 7.2: Start screen of the program

In the next figure the user enters the load command followed by the lexicon file name.

The system responds correspondingly.
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Enter one of the following commands:
load fileMame (txt file having lexicon2>
analyze fileMHamel fileMame2
generate fileMamel fileMame?2
enumerate fileMamel fileMame2
exit

MORPH *>*load combhined.txt
Tranducer loaded
Total states =

Figure 7.3: Screen after execution of the loader

The following screen shot shows the user provoking firstly the morphological analyzer,
then the generator and finally the enumerator modules. The system runs and successfully

returns.

Enter one of the following commands:
load fileMame ¢txt file having lexicon?)
analyze fileMamel fileMameZ2
generate fileNamel fileWame2
enumerate fileMamel fileMame2
exit

MORPH *>*load combined.txt
Tranducer loaded

Total states = 23479

Total arcs = 1280812

MORPH >>analyze al.txt sl.txt
MORPH »>>generate aZ.txt s2._txt
MORPH >*enumerate ad.txt s3.txt
MORFH >>_

Figure 7.4: Screen after execution of the analyzer, generator and enumerator

The files used in the above example are given in the appendix.

7.4 Limitations and Improvements

The following are the major limitations of this program. Improvements needed against

these limitations are also mentioned below.
1. The finite-state transducer is at present a globally defined matrix. Thus the user
can work with only one transducer during execution of the program. This design

can be improved.
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The only operation that is applied to the transducer is concatenation (given in the
lexicon file). This operation too is applied implicitly by the loader (compiler).
Modules can be added so that the user is given the flexibility to apply operations
such as union and concatenation on the transducer.

Even productive interdigitation (affix patterns) as found in verbs (root
strengthening) are treated as exceptions in this implementation. This feature can
be included as an operation on the finite-state transducer rather than an exception.
The program is build as a console application and at present such applications
cannot render or recognize all Unicode characters. For this reason this program
cannot take files whose names are non-ASCII.

The correctness of this program needs to be quantified.
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8 The Final Words

The last chapter summary of major results has been presented to give a broader picture.
This chapter ends by concluding that this dissertation is but one of the first steps and

more work needs to be done in this area.

8.1 Summarizing major findings

The following pages describe the rule, frequency of the rule and the tags used in the rule
in lexicon file. The frequencies given here are the number of time this affix (or rule)
appeared with base lexemes. This count does not take into account the number of times
this affix occurs after another affix. That is frequency of an affix in multiple affixation
has not been noted. Table 8.1 gives major verbal affixes while table 8.2 describes

nominal affixes.

Table: 8.1 Verbal Affixation

No. Description Rule Freq. Tag
V-1 Root - +Verb:0
+Base:0
V-2 Infinitive masculine s 641 +Verb:0
singular - +Infiu
With all verbs +Masc:0
+Sg:l
V-3 Infinitive masculine 3 641 +Verb:0
plural - +Inf:u
With all verbs +Masc:0
+Pl:
V-4 Infinitive feminine . 641 +Verb:0
singular e- +Infiu
With all verbs +Fem: &
+Sg:0
V-5 Past masculine | 501 +Verb:0
singular - +Past:0
Verbs ending with +Masc:0
consonant alphabets +Pl:|
L 131 +Verb:0
- +Past:0
Verbs ending with alif +Masc:0
or vao +Pl: |
V-6 Past masculine - 501 +Verb:0
plural - +Past:0
Verbs ending with +Masc:0
consonant alphabets +Pl:.
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No. Description Rule Freq. Tag
X 131 +Verb:0
- +Past:0
Verbs ending with alif +Masc:0
or vao +Pl:
V-7 Past feminine 501 +Verb:0
singular ¢- +Past:0
Verbs ending with +Fem: s
consonant alphabets +Sg:0
¢ 131 +Verb:0
é- +Past:0
Verbs ending with alif +Fem: (s
or vao +Sg:0
V-8 Past feminine plural 501 +Verb:0
- +Past:0
Verbs ending with +Fem: s
consonant alphabets +Pl: U
s 131 +Verb:0
- +Past:0
Verbs ending with alif +Fem: (s
or vao +Pl: U
V-9 Habitual form s 641 +Verb:0
B +Hab:o
(masculine singular) +Masc:0
With all verbs +Sg:l
3 641 +Hab:w
+Masc:0
(masculine plural) +Pl:_.
With all verbs
3 641 +Hab:w
B +Fem: &
(feminine singular) +Sg:0
With all verbs
“ 641 +Hab:w
- +Fem: s
(feminine plural) +Pl: U
With all verbs
V-10 | Non past third o 501 +NonPast:0
person singular - +3P+Sg:.
Verbs ending with
consonant alphabets
5 131 +NonPast.0
B +3P+Sg:
Verbs ending with alif
or vao
V-11 | Non past third 501 +NonPast:0
person plural - +3P+Pl:
Verbs ending with
consonant alphabets
; 131 +NonPast:0
< +3P+PI:
Verbs ending with alif
or vao
V-12 | Non past second - 501 +NonPast:0
person singular } +2P+Sg: .
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No. Description Rule Freq. Tag
Verbs ending with
consonant alphabets
5 131 +NonPast:0
+2P+Sg:
Verbs ending with alif
or vao
V-13 | Non second person 501 +NonPast:0
past plural honor ’- +2P+PIl+Ho
level 1 Verbs ending with n1:s
consonant alphabets
: 131 +NonPast.0
2" +2P+Pl+Ho
Verbs ending with alif n1:s
or vao
Non past second 501 +NonPast:0
V-14 | person plural honor o +2P+Pl+Ho
level 2 Verbs ending with n2:,
consonant alphabets
, 131 +NonPast:0
- +2P+Pl+Ho
Verbs ending with alif n2: oo
or vao
V-15 | Non past second > 501 +NonPast:0
person plural honor | =~ +2P+Pl+Ho
level 3 Verbs ending with n3:_
consonant alphabets
-~ 131 +NonPast:0
- +2P+Pl+Ho
Verbs ending with alif n3: o
or vao
V-16 | Non past first 501 +NonPast:0
person singular - +1P+Sg:ug
Verbs ending with
consonant alphabets
o 131 +NonPast.0
- +1P+Sg:us
Verbs ending with alif
or vao
V-17 | Non past first 501 +NonPast:0
person plural - +1P+Pl:
Verbs ending with
consonant alphabets
; 131 +NonPast:0
<o +F1P+PI: L
Verbs ending with alif
or vao
V-18 | Command singular | - (no affix) 641 +Comd+Sg:
With all verbs 0
V-19 | Command plural 501 +Comd:0
honor level 1 ’- +Pl+Hon1:g
Verbs ending with
consonant alphabets
; 131 +Comd:0
2" +Pl+Hon1:5

Verbs ending with alif
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No. Description Rule Freq. Tag
or vao
V-20 | Command plural 501 +Comd:0
honor level 2 - +Pl+Hon2:
Verbs ending with o
consonant alphabets
; 131 +Comd:0
e +Pl+Hon2:
Verbs ending with alif o
or vao
V-21 | Command plural > 501 +Comd:0
honor level 3 - +Pl+Hon3:
Verbs ending with —
consonant alphabets
] 131 +Comd:0
== +Pl+Hon3:
Verbs ending with alif —
or vao
V-22 | Transitive (by root e 32 Hard coded
strengthening) Verbs ending with
consonant alphabets
s 10 Hard coded
Verbs ending with
consonant alphabets
G 2 Hard coded
Verbs ending with
consonant alphabets
e 13 Hard coded
Verbs ending with
consonant alphabets
V-23 | Transitive / Direct Adding suffix |_ 147 +DirectCau
causative s |
Deleting long vowel 8 Hard coded
and adding suffix |
Deleting ending vowel 9 _:0
and adding suffix ¥_ +DirectCau
s: Y
Deleting long vowel (if | 4 Hard coded
present) and adding
suffix 5
V-24 | Indirect causative Adding suffix 1s_ 62 +IndirectCa
us:lg
Deleting long vowel | 8 Hard coded
and adding suffix 15
Deleting ending vowel | 6 Hard coded
and adding suffix |5
V-25 | Verb to noun N 47 +Noun+Fe
(feminine) - m: &
V-26 | Verb to noun é\)- 62 +Noun: _sdlg
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Table: 8.2 Nominal Affixation

No. Description Rule Freq. | Tag
Base - +Noun:0
N-1 Nominative o 307 + 1
masculine plural - Noun+Masc+Pl:
delete last character 480 -
and add
< _
N-2 Masculine plural | 38 +Noun+Masc+Pl:
(nominative/ o N
oblique) ©
N-3 Nominative feminine 1583 | +Noun+Fem:0
plural R +Pl:
(default case)
, 69 +Noun+Fem:0
- 0: ¢s
(alif / vao ending +Pl: o
words)
u“’\ 1 +Noun+Fem:0
- (this | O:csl
(goal-hay ending affix +Pl: Ly
words) is
produ
ctive
in
multi
ple
affixa
tion)
Delete last vowel 2 _i¢s
: +Noun+Fem:0
(«-/y)and add _or Pl #
__° depending on O_FO
current last letter +Noun+Fem:0
+Pl: w’
N-4 Nominative feminine \ 1113 | +Noun+Fem:0
plural on feminine o- +Pl:ul
roots ending with
letter ‘s’
N-5 Nominative feminine 61 +Noun+Fem:0
Plural on feminine o- +Pl: U
roots ending with
letters ‘L’ or (sJ
N-6 Plural -l 397 +Noun+Pl: ol
(nominative/ -
oblique) _ Delete last letter (s /¢) | 70
(usually with Arabic
roots) and add _
N-7 Plural =b 90 +_1_Noun+Pl:
(nominative/ =" ol
oblique)
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No. Description Rule Freq. | Tag
N-8 Plural . 167 + 1 Noun+PI: -
(nominative/ - —'-ed e
oblique)
(with Arabic roots)
N-9 Masculine | 408 +_1_Noun+Masc
+Sg:|
delete last vowel and 33 _:0
add | _ + 1 _Noun+Masc
+Sg:l
N-10 Feminine P 2450 | +_1 _Noun+Fem
- +Sg:s
delete last character 94 0
and add . +_1_Noun+Fem:
S
N-11 Feminine . 335 +_1 _Noun+Fem
3 +Sg:o
N-12 Feminine ; 50 + 1 Noun+Fem
(Animate) é- +Sg: v
delete last character 4 _:0
and add 3. +_1 _Noun+Fem
+Sg: v
N-13 Feminine L 69 + 1 Noun+Fem
(Animate) - Sg:L
delete last character 11 _:0
and add L_ +_1 _Noun+Fem
- +Sg:l
N-14 Feminine - 56 +Noun+Fem:,
delete last vowel and 27 0
add . +Noun+Fem:
N-15 Feminine (Human é\ 26 + 1 Noun+Fem
being) . +Sgisl
N-16 Oblique masculine delete last character 480 + 2
singular and add - Noun+Masc+Sg+
- Oblig:~_
N-17 Oblique plural Us- 5326 | +Plu+Oblig:ug
Ub- 173 +Plu+0bliq:us
delete last vowel 75 0
(«/e/l)and add ;.- *Plu+Obliq:us
N-18 Diminutive < 2450 [ +_3_Noun+Dim:
3 s
delete last character 94 0
and add “- +_3_NOUn+Dim:
S
N-19 Diminutive . 335 +_3_Noun+Dim:o
N-20 Augmentative delete last character 25 _0
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No. Description Rule Freq. | Tag
+Noun+Aug:0
delete last character 33 0
and add | _ +_2 Noun+Aug:|
N-21 Nominative o 307 + 3
masculine singular i Noun+Masc+Sg+
vocation Vocative:«_
Delete last vowel (o)) | 480 ::03
and add ~__ Noun+Masc+Sg+
Vocative:«_
N-22 Nominative plural 5172 | +Noun:0
vocation 7 +Pl+Vocative:g
; 8 +Noun+PIl+Vocat
- ive:§
Delete last vowel 161 _:0
(<_ /5 /1) and add e +Pl+Vocative:g
N-23 Noun to i 108 +Adverb:T
Adverb }
N-24 Noun to Adjective P 2450 |+ 2 Adj+Fem:s
(feminine) -
i- 112 +Adj+Fem:és
delete last character 94 _:0
and add “- + 2 AdjtFem:s
N-25 Noun to Adjective | 408 + 3_Adj+Masc:|
N-26 Noun to Adjective é\- 26 +_ 2 Adj:sol
N-27 Noun to Adjective 3- 50 + 2 Adjy
N-28 Noun to Adjective . 335 + 2 Adje
N-29 Noun to Adjective \ 26 +Adj,l>
(+masculine) oR-
N-30 Noun to Adjective / © 103 +_1_Noun:n
Noun " + 2 Adjin
«5_ (probably a 2 0:55
- + 1 _Noun:n
compound affix) and
0:¢s
+ 2 Adjiss
N-31 Noun to Adjective / ol 65 +_1_Noun: il
Noun - + 2 Adj: Al
N-32 Noun to Adjective é\- 42 +Adj: sl
N-33 Noun to . 167 + 2 Adi -
Adjective - A
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No. Description Rule Freq. | Tag

N-34 Noun to Adjective: o 25 0:w
‘With’ (it is usually T
equivalent to a _:_ (base word)
prepositional / case
phrase) +Adjective+With:
0
N-35 Noun to Adjective: > 25 0:o
‘Negation’ T

_:_ (base word)

+Adjective+Neg:

0

N-36 Noun to Noun ol 25 +Noun+Name_of

(Name of a place) o _Place:uliw
N-37 Noun to Noun - 143 +Noun+State+Fe

(State, Feminine) } m: o
N-38 Noun to Noun o 318 +Noun: <.

(This may be a -

compound affix (consonant ending

O+S) words)

ol 33 +Noun: wuw

(vowel ending words)

N-39 Noun to Noun =b 90 + 2 Noun+Nam
(Name of field of - e_of Field_of St
study) udy:ob

N-40 Noun to Noun S 49 +Noun+Manner:
(Manner) } S

N-41 Noun to Noun L 69 + 2 Noun+Pers
(thing to person) - on:L

N-42 Noun to Noun - 2450 | +_4 Noun+Nam
(person to name of e_of Act: ¢

the act this person
performs)

8.2 Conclusion

This dissertation discusses in detail both the linguistic and computational aspect needed
for developing the morphological analyzer for Urdu language. Like all other initial
studies results presented and conclusions drawn in this thesis are prone to errors. The
linguistic analysis given here shows behavior of frequently used verbs and common
nouns of Urdu. However, reasons behind this behavior have largely been left unexplored.
Thus this thesis opens a whole new chapter of unanswered linguistic phenomenon in

Urdu language.
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The computational model successfully simulates two-level morphology by implementing
finite-state machines. The present implementation is however costly both in terms of
memory and time. Improvements (as mentioned in section 7.4) can be made as

advancement to this model.
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Appendix A Frameworks for Finite-State
Morphology

Researchers have been exploring the use of finite-state devices in describing morphology
for last two decades. Although end result of almost all analysis is finite-state transducers,

traditions have varied as how to form and use them.

[Koskenniemi, 1997] describes a formal system called two-level rules (corresponding to
two-level morphology), which encodes finite-state transducers. These declarative rules
provide a two-level model of word structure in which a word is represented as a

correspondence between its lexical level form and its surface level form.

For example, assume that there is an underlying form for the root sky and the plural
ending —es, and that in the combination the ‘y’ is realized as ‘i’. Then the surface form
spies must be related to its lexical form spy+es as follows (where + indicates a morpheme

boundary, and 0 indicates a null element):

Lexical Representation:

Sspy+es
Surface Representation: spi0es
By default, each segment (letter, phoneme) corresponds to itself e.g. correspondence of s
to s, is represented as ‘s:’. Also by default the boundary corresponds to zero which is
represented as ‘+:’. Rules like the one given below (somewhat simplified view) must be

written to account for the special correspondence y:i [Koskenniemi, 1997].

In other words y is changed to i when it is followed by e and s. Notice that the context of
the rule is also specified as a string of two-level correspondences. Because two-level
rules have access to both underlying and surface context, interactions among rules can be

handled without using sequential rule ordering. All of the rules in a two-level description
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are applied simultaneously, thus avoiding the creation of intermediate levels of

derivation. [www.sil.org/pckimmo/about pc-kimmo.html]

Each two level rule can be compiled to finite-state transducers either by hand or by using
a special rule compiler which automates that process [Koskenniemi, 1997]. Brief review

of two language independent frameworks is given below.

A.l Building analyzers using PC-KIMMO

PC-KIMMO is designed to generate and/or recognize words using two level rules.
According to [www.sil.org/pckimmo/about pc-kimmo.html] PC-KIMMO description of

a language consists of two files provided by the user:

1. arules file, which specifies the alphabet and the morphological rules, and
2. alexicon file, which lists lexical items (words and morphemes) and their glosses,

and encodes morphotactic constraints.

The two functional components of PC-KIMMO are the generator and the recognizer.
The generator accepts as input a lexical form, applies the morphological rules, and
returns the corresponding surface form. It does not use the lexicon. The recognizer
accepts as input a surface form, applies the morphological rules, consults the lexicon, and
returns the corresponding lexical form. Figure A.1 shows the main components of the
PC-KIMMO system. (This description and the figure below have been taken from

[www.sil.org/pckimmo/about pc-kimmo.html].)

RULES LEXICON

y y
Surface Form: Lexical Form:

spies > Recognizer > “spy+s
[N (spy) + PLURAL]

A 4

spies « Generator ‘spy+s

Figure A.1: Main components of PC-KIMMO
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The rules and lexicon are implemented computationally using finite state machines.
Details  regarding how to use PC-KIMMO can be seen in

[www.sil.org/pckimmo/about_pc-kimmo.html].

A2 Building analyzers using Xerox tools

Xerox finite-state tools and techniques can also be used to build systems that perform
morphological analysis and generation [Beesley and Karttunen, 2003]. The tools include
lexc, a high-level language for specifying lexicons, and twolc a high-level language for
specifying the alternation (phonological or orthographic) rules. The input format of rules

used in twolc tool is similar to the format of two-level rules discussed above.

These Xerox tools are mathematically equivalent to enhanced two-level morphology, but
much more computationally efficient [Beesley and Karttunen, 2003]. Details of these
tools can be seen in [Beesley and Karttunen, 2003] and

[www.xrce.xerox.com/competencies/content-analysis/fssoft/docs/lexc-93/lexc93.html].

[Beesley and Karttunen, 2003] shows an example from the Xerox Spanish Morphological
Analyzer that includes over 3,000,000 paths, from the start state to a final state, where

each path looks like the one presented in the figure below.

c n t a r +Verb _+Presind +1P +5g :
c n t £ £ £ o £ £

a
a
B -

™ -
S - - L
T R .\ {/
IR H‘-\. "' &
Input: ¢ a n t o
Output: cantar +Varb +Preslind +1F +5g

Figure A.2: Morphological analysis of Spanish word “canto”
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Appendix B Verbs

B.1

Consonant ending Verbs

Root
Verbs

.y

Delete vowel
add |_

Delete vowel
add Y_

Delete | exception
vowel

add |o_

Jul

sl

]

Ll

|9)J|

K=l

Jlg=

Sadd>l

ONOO A WN -~

©

—_
o

Slesl

52251

—_
—_

—_
N

-
w

—
N

-
al

—_
»

—_
~

—_
(o]

—_
©

N
o

N
—_

N
N

N
w

N
N

N
()]

sl

N
»

b
15

N
<

N
[e3]

N
©

w
o

w
EEN

w
N

w
w

w
N

w
()]

(g
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Sr. | Root Delete vowel | Delete vowel Delete
# Verbs - < add |_ add Y_ vowel
add |,_

36 | p >

37 | 5=

38 | uxy

39 | Gy Loy

40 | S,

41 | s L

42| w L

43 | o

44| s,

45 | S,

46 | 5%,

47 | L%

48 | SL KL

49 |

50 | o Ly

51 | daw

52 | ,Ku

54 | Jg, Vg,

55 | &y

56 | ,o%

57 | &% o

58 | g L

59 | Sly, Ko

60 | ulpy

61 | S

62 | zp

63 | Lo g

64 | S

65 | iy

66 | gulpr | Lulp

67 | vp L Ugg

68 | Sopuipy

69 | Sy gy

70 | Sqpu

71 | Jogu Mgy

72 | Sigps Sogpu

73 | e

74 | Sk, oy

75 | 5pu &)

76 | Sips 5o

17 | 2upn lo=xp

78 | aups

79 | Sapy

80 | zuaps

81| [
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Root
Verbs

.y

Delete vowel
add |_

Delete vowel
add Y_

Delete
vowel

add |,_

exception

82

83

84

£r

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

C3Y

102

A

103

104

105

iy

106

107

o35Sy

108

109

110

Ju

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

loa5,

126

127

114




Sr. | Root _ . - - Delete vowel D:I:t(; vowel L" ~ I?;(a)lvevteeI exception
o -/ add - e add |_
128 | Slpy

129 | py

130 | Sepy

131 | Sagy

132 | ,py g povy

133 | Sowpy

134 | Jupy Mgy

135 | Sy |
e ™ ISLPW
137 | Gaipy Loigy e
138 | Sipy

139 | Jggy

140 | Sogpy

141 | &gy

142 | %90,

143 | Loy

144 | ke,

145 | Skp,

146 | J.p Mgy

147 | Sy

148 | toapy

149 | Eopy

150 | Olaw |
151 | o L lgi
152 | auuy Ly

153 | ,u

154 | G

155 | oSy

156 | Ju

157 | om

158 | &y

159 | iy Lo

160 | LU

161 | SU

162 | ol

163 | il

164 | L

165 | S,

166 | zu

167 | au |O%]

168 | Joaxi

169 | Ll

170 | %Y

172 | oy loo
173 | &G
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Delete vowel Delete | exception
Sr. | Root _ N - - Dele‘te vowel a(;d " ‘)- elete
e e add- ) add |,.
174 | & —
175 | Js ol
176 | o L
177 | S o
178 | Jgi . o
180 | L% L
181 | S5
182 | 1Sk
183 | S,pi <
184 | Sy e
185 | o logi | olgs
186 | Lgpi
187 | Sgpi
188 | i _
189 | S> K>
190 | > : |
191 | > Wi 95>
192 | 2> |
193 | J> M> 91>
194 | o> lo> -
195 | > L> 93>
196 | we>
197 | pSo>
198 | 5>
199 | Jp>
200 | Silp>
201 | Syp>
202 | Siup>
203 | Cup> Lap>
204 | S=xp>
205 | ,p>
206 | Sp> Sp>
207 | o>
208 | Lulp>
209 | Slp>
210 | Sopoeip>
211 | Sgp> s
212 | Jgp> o> olp>
213 | pgp>
214 619,3} —
215 | Skp> . I;)Pf.P
216 | 5p> Sle>
217 | O3p> L
218 | Ship>
219 | Cup>
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</

Delete vowel
add |

Delete vowel
add Y_

Delete
vowel

add |y

exception

220

221

£

222

C

223

o

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

2331230

253

olp>

254

b -
“J

255

256

257

258

£F

259

&

b

lo5p=>

260

lgS 50>

261

262

263

264

265
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Root
Verbs

.y

Delete vowel
add |_

Delete vowel
add Y_

Delete
vowel

add |,_

exception

266

267

|9.'x>_,

268

269

270

271

272

273

250>

[pS>

274

275

159>

276

277

5>

278

279

280

281

Kod>

282

283

284

285

286

287

288

>

289

290

291

lss,

292

LS,

logs,

293

294

295

296

M9,

g,

297

298

299

300

301

302

303

304

305

HLBaiw

306

307

308

309

310

311

PEE |

118




Sr. | Root Delete vowel | Delete vowel | Delete | exception
# Verbs - o - -¢- add |_ add Y_ 2~ vowel
-/ add |,
312 | p=oow
313 | tow Eonw
314 | w Low lgiows
315 | Jpuiw Jluw
316 | jgiw Jlgiow
317 | zow
318 | p>guw
319 | zow
320 | pSouw
321 | Eow Low
322 | Shw
323 | bw 50w
324 | SLew
325 | o Lo
326 | pSiw leS_w oS w
327 | auaw
328 | wls
329 | Lils
330 | o5
331 | S N3y lg,5S
332 | al,s
333 | 3,8
334 | LS LS lguS
335 | LIS (WL
336 | >gS
337 | SeS
338 | 1gS
339 | &S oS lgxS
340 | S5S
341 | CpS
342 | 35S lgxpS
343 | 5,38
344 | z,S
345 | LupS LuupS
346 | SwwpS | awxpS
s
347 | EgaupS
348 | JpS JgpS lolpS
49 | zueS aiupS
350 | SgS SipS
351 | JSipS J&ipS
352 | &S
353 | SkpS
354 | S5eS SkeS
355 | LS
356 | J.pS
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.y

Delete vowel
add |_

Delete vowel
add Y_

Delete
vowel

add |,_

exception

357

WS

loLys

358

359

360

361

362

363

364

365

366

@

367

€, o

\| &

368

vsl by

369

370

371

372

373

[

374

\

2

375

\

:

376

£,

377

\

378

379

\

380

s | | [
2341

\

381

(0
\

382

383

384

385

s

386

387

£ £

388

389

Y

390

391

392

393

394

395

396

397

398

399

FEECE ERE

400

401

402

PEEEEREERbELEpFELpLE
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Root
Verbs

.y

Delete vowel
add |_

Delete vowel
add Y_

Delete
vowel

add |,_

exception

403

404

405

406

407

408

Lo

409

410

411

412

413

a3

414

415

416

417

418

419

420

£

421

422

423

U

424

425

426

427

)9

428

J

429

430

431

2

432

433

434

435

436

437

438

%)

439

440

441

442

lgss

443

444

445

446

447

448
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.y

Delete vowel
add |_

Delete vowel
add Y_

Delete
vowel

add |,_

exception

449

450

451

452

453

€ ¢

454

455

456

457

458

459

460

461

462

ehberpeed

463

Ld
5

464

465

466

467

468

469

LEEREE

470

471

472

473

474

475

476

477

478

479

480

481

482

483

Silas

484

Jas

485

486

487

|9.J°LLBS

488

489

490

491

492

493

494
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Root
Verbs

.y

Delete vowel

add |_

Delete vowel
add Y_

Delete
vowel

add |,_

exception

495

496

497

498

499

500

501

B.2

Verbs ending with vowels

Verbs ending with letter alif and vao are given below.

Sr. # Root | Delete ‘} Delete | exception
Verbs | vowel - vowel
add Y_ add
)

1 LSl

2 Lus|

3 S|

4 I

S Ly My

7 ey

8 Lo

9 W loly

10 WL

11 Y

12 |)91.

13 UpSo.

14 &

15 Lo

16 lipigy

17 L

18 L

20 Ly

21 iz

22 Iy

23 ¥

24 9

25 WL

26 Ui
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Sr. # Root | Delete L" Delete | exception
Verbs | vowel - vowel
add Y_ add
I

1 LSl

2 Lus|

3 S|

4 I

27 Loy

28 o

29 TRy

30 P39

31 15,5

32 Lrpirpy

33 lipaipy

34 o

35 o

36 ¥

37 Lo

38 525

39 g

40 g g

41 Mpilps

42 bi>

43 Kol>

44 Lp>,p>

45 Mp>

46 Wolp>

47 Mg >

48 Wep>

49 [PESTE

50 lizea>

51 b lo >

52 > >

53 [,S>

54 >

56 Ldyg>

57 [5>5>

58 [PES

59 Lp>,p>

60 9p>

61 w

62 Ve

63 by

64 (FESES

65 L

66 9>

67 9d> Ua> loJas
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Sr. # Root | Delete L" Delete | exception
Verbs | vowel - vowel
add Y_ add
I
1 LSl
2 Lus|
3 S|
4 I
68 |).;>
69 >,
70 3] \j) |9J)
71 bow
72 lp=w
73 ®w
74 (JOVIW
75 Loww oo
76 Lo
77 ow Ww
78 Llw
79 Lpsw
80 Lo s
81 L&
82 lo,9
83 LuwouwS
84 oS VoS
85 Fatey
86 3555
87 S | s IolS
88 LeS | MongS
89 9pS
90 I5pS5pS
91 [,a8
92 1288
93 LSS
94 o3
95 P31y
96 3558
97 |,upS
98 LSS
99 L /s. S/
100 L3S
101 (EYEY|
102 =l
103 155
104 lps)
105 555)
106 [
107 LdLJ
108 Lo W lolys
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Sr. # Root | Delete L" Delete | exception
Verbs | vowel - vowel
add Y. add
)
1 LS|
2 LS|
3 \IS|
4 I
109 e 9
110 5
111 5,5
112 L5,5
113 1,S5
114 lokod
115 Lkss
116 [,Sps
117 lipkips
118 LS
119 1,$3
120 5033
121 |95
122 b3
123 WodoS
124 P
125 (=S
126 S,
127 Ludy
128 <5
129 155
130 Lo
131 15,5

Verbs ending with letter choti yeh and bari yeh are given below.

Sr. | Root Verbs Delete Delete

# vowel vowel

add Y. add

l)_

1 v W lol,
2 o>
3 LM

4 2 Vs loJ>
S =
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B.3

Irregular verbs

Sr. #

Root
Verbs

by

—_

lg,S

N

e fn
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Appendix C Nouns

Ci1 NOUNS THAT TAKE SUFFIX BARI YEH

(O B B2 7N 23 4 23 S DO
C.1.2 DELETE LAST LETTER AND ADD SUFFIX BARI YEH ....cuvvviiiiiiiiiiiiieeieeeeeeiiieeeeeeeeenns
C.1.3HAMZA BARI YEH.....coiiitiiiiiiee ettt eeeeeee e e e e e et e e e e e s eeaaaaeseeeeseennnaaeseeeeeeens

C.2 NOUNS THAT TAKE SUFFIX VAO NOON GHUNNAH

C.2.1 VAO NOON GHUNNAH ....covvviieiiiiiiirerieeeeeeieiitereeeeeeeeesissrereeeeeeesssreseeeseensisreseeeseennns
C.2.2 DELETE LAST LETTER AND ADD SUFFIX VAO NOON GHUNNAH .......cooovvvvviiierenennn.
C.2.3 HAMZA VAO NOON GHUNNAH ......cuvviiieieeiiiitiieieeeeeeeeiitnreeeeeeeeeennreeeeeeeeesennnereeaeeennns

C3 NOUNS THAT TAKE SUFFIX VAO

[ ORI U V- T RORRPRTRRRRO
C.3.2 DELETE LAST LETTER AND ADD SUFFIX VAO ...cccoiiiiiiuiiiieeeeieeieieeeeeeeeeeenieeeeeeeeeens
(ORI I 5 VN 127-N0 V77X TSROSO

C4 NOUNS THAT TAKE SUFFIX CHOTI YEH

Cid. 1 CHOTIYEH ...cutiiieiiiee ettt e ee e e et e e et e e e etae e e eeateeeeeaaeeseeaseaeeeaveaeens
C.4.2 HAMZA CHOTI YEH.....coiutiii it eettee et etee e et e et e et e e eeateeeeeateeeeeaneaeeeaseaeens
C.4.3 DELETE LAST LETTER AND ADD SUFFIX CHOTI YEH .....cvvviiiiiiiiiireeeeeeeeeeiiieeeeeeeeenns
C.4.4 FURTHER AFFIXATION WITH SUFFIX ALIF NOON GHUNNAH .....ccccevveeeiiiiineeeeeeeenn,
C.4.5 FURTHER AFFIXATION WITH SUFFIX VAO ..uuuvviiiiiieiiiiiieeeeeeeeeeiireeeeeeeeesianereeeeeeens
C.4.6 FURTHER AFFIXATION WITH SUFFIX VAO NOON GHUNNAH........c..cceeeeeeeiiivrreeeeeennn.
C.4.7 FURTHER AFFIXATION WITH SUFFIX ALIF NOON GOAL HAY .....cccvvvvveeeeeeiirnereeeeeenn,

Cs NOUNS THAT TAKE SUFFIX YEH TAY

(ORI U 421 B VN PR RRTN
C.5 2 HAMZA YEH TAY .ooiieiieeeeeeeeeee ettt et e e e e e s et e e e e e ssenaaaeeeeeesesnnaaeseeeesenns
C.5.3 FURTHER AFFIXATION WITH SUFFIX YEH NOON GHUNNAH ......cuvvvviiiiiiinniineeeeeenns

C.6 NOUNS THAT TAKE SUFFIX YEH ALIF TAY

CLO0.1 YEH ALIF TAY tevvveeiieeiieiieeeeeeeeeeeeeteeeeeeeeeeseaaaeeeeeeesesaaasesesesssessssesssessesssssreseeeseennns
C.6.2 DELETE LAST LETTER AND ADD SUFFIX YEH ALIF TAY ..oovviiiiiiiiieeieeeeeeiiieeeeeeeeenns

C.7 NOUNS THAT TAKE SUFFIX YEH HAY

C.8 NOUNS THAT TAKE SUFFIX HAMZA YEH HAY

C9 NOUNS THAT TAKE SUFFIX YEH ALIF

CLO T YEH ALIF ...ttt eeeete e e e e ettt e e e e e e et aaaeaeeeeeeetaaaeeeaeeeeeensaeseeeeeeaas
C.9.2 DELETE LAST LETTER AND ADD SUFFIX YEH ALIF.......cccoovviiiiiiiiiiiiieieieeeeeeeeeeeeeeen

C.10 NOUNS THAT TAKE SUFFIX YEH NOON GHUNNAH

C.10.1 YEH NOON GHUNNAH......ccttiiiiiiiiiiieieeeeeeiiieeeeeeeeesessaeeeeeeeessssssseeseessssssnsseseeessennns
C.10.2 HAMZA YEH NOON GHUNNAH ....ovvviiiiiiiiiiiiiieeeeeeeeeiieeeeeeeeseeinnaeeeeeeesessnnneseeeseesnns
C.10.3 ALIF HAMZA YEH NOON GHUNNAH .....cooitutiriiieiiiiiiiteeeeeeeeeeiiireeeeeeeeesanneseeeeeeens

C.10.4 DELETE LAST VOWEL AND ADD (HAMZA) YEH NOON GHUNNAH
C.11 NOUNS THAT TAKE SUFFIX YEH NOON

(O B B 4 21 & (010 F RO U TR
C.11.2 FURTHER AFFIXATION WITH SUFFIX YEH NOON ......coeoitttiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeen

131

131
131
132

132

132
139
139

140

140
147
147

147

147
150
151
151
152
152
153

153

153
154
154

154

154
155

155
155
156

156
156

156

156
159
159
159

160

160
160

128



C.12 NOUNS THAT TAKE SUFFIX ALIF NOON GHUNNAH 160

C.12.1 ALIF NOON GHUNNAH ....oooiiiiiiiiiiteeieeeeeeeeiieeeeeeeeeeesaaeeeeeeseeesssseeseeseeesistsssteeseeesetrareeeeeeesnsrsreeeeas 160
C.I2.2 INOON GHUNNAH .....cooittttiiieeeeeeiiitieeeeeeeeeeetiaeeeeeeeeeeeasaeeeeeeeesstsraeeeeeeeesttaraeeeeeeesatrssereeeeeansrnrreeeens 162
C.13 NOUNS THAT TAKE SUFFIX ALIF 163
(O I N 55 RS PRRRORRRE 163
C.13.2 DELETE LAST LETTER AND ADD SUFFIX ALIF .....cotiouuiiiiieeeieeiieeeeeeeeeeseeeeeeeeseeessnnseeeeeeessennnnsseeeess 163
C.14 NOUNS THAT TAKE SUFFIX ALIF NOON HAY 164
C.15 NOUNS THAT TAKE SUFFIX ALIF DO ZABAR 164
C.16 NOUNS THAT TAKE SUFFIX ALIF TAY 164
(O T8 AN 51 S - SR RRRRPR 164
C.16.2 DELETE LAST LETTER AND ADD SUFFIX ALIF TAY ..uuvvvviiieeeiieiiieeeeeeeeeeiieeeeeeeeeesnssnnreeeeeessnnnnneeeess 165
C.16.3 FURTHER RULES CHOTI YEH .....uuuvviviiieiiiiiitieeeeeeeeeeeeaeeeeeeeeeeesaaaeeeeeseeessssesseeseeessstssseseeeeesnssnnreeeess 165
C.17 NOUNS THAT TAKE SUFFIX ALIF NOON 166
C.18 NOUNS THAT TAKE SUFFIX ALIF NOON CHOTI YEH 166
C.19 NOUNS THAT TAKE SUFFIX ALIF HAMZA CHOTI YEH 166
C.19.1 ALIF HAMZA CHOTI YEH.......ciittiiitiitieeeeeeeciieeee e e e e eeeaeeeeeeeeeeeaaaeeeeeeeeessasaaeeeeeeeseatsasaeeeeeeensnsreeeens 166
C.19.2 FURTHER RULES VAO NOON GHUNNAH .....uuuviiiiiiiiiiiiiieeeeeieeiieeeeeeeseeesnnseeseessessssnssssesessssnsnnsseeeess 167
C.19.3 FURTHER RULES YEH ALIF NOON GHUNNAH ......ceoittuutiiiiieeiieiiieieeeeeeeeieeeeeeeeeeeesnnaaseeeeesssnsnnneeeeess 167
C.20 NOUNS THAT TAKE SUFFIX TAY 167
O (I 0 VN TR PP PRt 167
C.20.2 DELETE LAST LETTER AND ADD SUFFIX TAY ..eeiiiiititutreeieeeiieiieeeeeeeeeeiinreeeeesseesssssseeseesssnnnnseeeess 168
C.20.3 FURTHER RULES VAO ...uvvveiiiiiiiiiiieeeeeeeeeeestieeeeeeeeeeeiaeeeeeeessesssaaseessesseesssssssseesssessssssseseesssnsnsseeees 168
C.20.4 FURTHER RULES VAO NOON GHUNNAH .....uuvviiiiiiiiiiireeeeeeeieeiiireeeeeeeeeiiaseeeeeeeeesssssseseeeessnssnsneseess 168
C.21 NOUNS THAT TAKE SUFFIX DAAL ALIF RAY 169
C.22 NOUNS THAT TAKE SUFFIX SEEN TAY ALIF NOON 169
C.23 NOUNS THAT TAKE SUFFIX NOON 169
CL23 I NOON ...ttt e et e e et e e e e e eeate e e e e aee e e e aseeeeenaeeeeeaseeeennseeeeeneeeeentreeeannns 169
C.23.2 DELETE LAST LETTER AND ADD SUFFIX NOON .......uuuttiiiieeiiiiitreeeeeeeeeiitreeeeeeeeeeisnnseseeeeesssnsseseess 170
C.24 NOUNS THAT TAKE SUFFIX NOON CHOTI YEH 170
C.24.1 NOON CHOTI YEH ....ouutiieieeeieeeeeeeteeeeeeeeteeeeeeeeeeeesaaeeeeeeessesssaaaeeeeesseesnssaeseessesssnseasseeeesssnrasseeeess 170
C.24.2 DELETE LAST LETTER AND ADD SUFFIX NOON CHOTI YEH ....cuvviiiiiiiiiiieiiieeeeeeeeeeieeeeee e eeenneeeeeas 170
C.25 NOUNS THAT TAKE SUFFIX GAF CHOTI YEH 170
C.25.1 GAF CHOTI YEH ..ciiiiiiiiutiieieeeeeeetee e e e e ettt e e e e e et e e e e e s eeaaaaaeeeesseenaataaeseesseesstaaseeeeeesenraareeeeas 170
C.25.2 DELETE LAST LETTER AND ADD SUFFIX GAF CHOTI YEH......cccuvvviiieiiiiiiieeeeeeeeeeeireeeeeeeeeeeneeeeees 171
C.26 NOUNS THAT TAKE SUFFIX GOAL HAY 171
C.20.1 GOAL HAY ..ottt eeeea et e et et e e e e e et e et e e e eeesaaaaaeeeeeeeesstaeseeeseeeseatrareeeeeeeentrareeeeas 171
C.26.2 DELETE LAST LETTER AND ADD SUFFIX GOAL HAY ...oooviiiiiiiiiiiiieeeeeeeciitieeeeeeeeeeetnnreeeeeeeensnnreeens 172
C.27 DELETE LAST LETTER 172
C.28 NOUNS THAT TAKE PREFIXES 172
CL28.1 PREFIX BAY «eevvetiiiiieieeeeeeeee e e e e ettt e e e e eeeeaaaeeteeeeeseesaaaseeeeessesaaasaeseesseannsaaeseessessnsssseeeeesssnraaseeeeas 173
C.28.2 PREFIX BAY BARI YEH ...vvviiiiiiiiiiiiieieeeeeeeeeieeeeee e e eeeiaeeeeeeeeseemaaaeeeeessessnnssseseessessnnaasseeeesssnnnanseeeeas 173
(O T T 1424 24 21 5 QN 5§ ORI 173
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CL28. A PREFIX TAY euttttiiieeeeeeetteeee e et eeeetaee e e e e eeeetaaeeeeeeeeeetaaaeeeeeeeeesaaaaaeeeeseeasstaeseeeseeeanatrareeeeeeeansaereeeeas 174

C.28.5 PREFIX MEEM ...oiiiiiiiiiiieeieeeeeee e 175
C.29 TEMPLATIC MORPHOLOGY IN NOUNS 175
20 T ) e s e et e e s s s 175
C.20.2038 AND Ut et 176
293U 888 et e e et e et e et s e er e 178
20 A0 et e et eer s 179
29,500 et e et s e er e 180
29,60 5780 e et e e eer s 181
G20, T 08 ettt ettt reen 181
.20 8 rd ettt e e 182
20,90 a0 e e e e et e e s s 184
C.30 WORDS THAT TAKE NO AFFIX 184
C.31  WORDS THOSE AFFIXATION WAS IGNORED 189
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This section shows categorization of nouns with respect to affixes. The data in this
section has not been verified. It has a lot of noise in it, especially due to erroneous
presence of some base verbs (which take same orthographic affixes as nouns do).

C.1 Nouns that take suffix bari yeh

C.1.1 Bari Yeh

Rule: Suffix .

Frequency: 307

Semantic Roles:
- Nominative masculine plural
- Oblique masculine singular
- Masculine singular vocation

ol 2559] ausl Lol 5l Kol fesl sl Jp=l =l Sl gl GBI Jobl 61 LUl SUIJUI Gl
S3pr Sopr Jops auipr auip sl sk By s Gy se3 5L SO ol SOU 15U ST BapS] eI ST JSS
o Uiy 5L 2l Kooy Joy 25y sy 1w JUsy @5 90 vl oale @8l <o S Sl Jwily paiags
BUWIVRCIIV RN PEIVST VVISUV ISVEVRGIC SRV CSTU N W IRE V7L WU VIR VOVIRGWI VIS PVIRg PRI L PRIRV, VSV SRCNVLS
Wi Gop> jomip> SSp Slo> Silp> o= Sox Olei ali IS Spi seps Gled o JSi el Jgainys
g Slpx ,pxp> aex Lolpx Ll Ll Sox SLSix (Wosix Ko go i ol Ll Shp>
Sod Ulewds [V 15,5 S0 oo € L 20,3 23 e pulis Guys Gwed s pwis SLals o)l>
o pxoow 5Sw Ulos 2l s Sibs Silds Si5as SIEds Guigds Guudd Euoyds HKids lgs
Sbabi ool pSuw guew Buow Ulow Jgpow SSw 9w 9w g29w 29w W Hlgiow Jlpaiow
oS Jei o J8lw Hleas Ui o J2eis Guod duai clos Sbebs Soawls gvle Sowls
988 (3lud L8 o318 Jasd VMY 9,8 bec sline Jub bulo i s SIS Sl H9apis s
ouwi9pS (igpS SiopS CowpS EwpS JLpS 55 5156 2ueS 4S8 J=iS auS LIS uls,S 23 S8 g1
Silo 3lo cseidlo wlo e, LS4 L8] Say) &ol LIS OB IS0 S 5 o) SoV cupS EugeS
g 355 3,185 &od sixd S LeSs JIS Giusi 0lin 3 2 U HLko goge Hble Sy a0 i €0
S LS SES SeS gS iwgS 385 58S LswsS S LS LSieS LIS 1985 1,8 BLS GIS LS a5 ulSes
Sor o8 LL 0y S auiapS JupS 1pS 1pS SkpS LigpS S90S SipS ,SupS SupS SigumpS 5pS
goxo x5 Lol Sy gl Sighy

C.1.2 Delete last letter and add suffix bari yeh

Rule: Delete last letter and add suffix . -
Frequency: 480
Semantic Roles:
- Nominative masculine plural
- Oblique masculine singular
- Masculine singular vocation
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o)l LGusdl GBI ool Lol 1551 Lol WSl S,S51 BT mbwdl Lidl Liwl a3l bl 0,1 W
ol il Uapy Boups Leaps lospr Loy gy Lgipy 13S5ps USpy MS WSy Ao Loy gz miwl Alol
Moy 0355 YUy VS50 0500 nx5 i loilp=n il Lopae Blopze e (sdaiy Boso Wiy Ly U L
buw 050 Dw Bl Dpangs Loy Uoipy Voupy 155 By 1oy Doy I3ies 150500 neiy bxis bl My B3y oy iy
Mogs Wpiopi nilps lgi 0595 Wigs loli 1555 1S5 MS5 Maats 0,05 nS5G VB 0, Loy milowy mity sty noleny
o> Borp> Upp> Luslp> lig> [z Ugiox Ao LM nis> Sy mogir> mby> mi> 13> ol
LigS> US> lex Sowx Lloy> 5> ~os > bx s i L Yl Bisp> use> lsSsp> use>
Do lip= Vo= adlp> Llpx i Uox Koo Mo Ko o 050> wox Lo lix oaix o0l loS>
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C.1.3 Hamza bari yeh

Rule: Suffix .

Frequency: 18

Semantic Roles:

Orthographically this affix looks like an allomorphic form of suffix bari yeh (). For this
reason this affix has been placed here. However on observing the words given below this
affix seems to form genitive form of plural words (rather than being an allomorphic form
of bari yeh). Since this is not productive it has neither been discussed in the main text nor
has it been implemented.
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C.2 Nouns that take suffix vao noon ghunnah

C.2.1 Vao noon ghunnah
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Rule: Suffix ug.
Frequency: 5326
Semantic Roles:

- Plural Oblique
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C.2.2 Delete last letter and add suffix vao noon ghunnah

Rule: Delete last letter and add suffix ug.
Frequency: 75
Semantic Roles:
- Plural Oblique
Further Notes:
The words in this list either end with goal hay or alif. There is however one word ending
with bari yeh (—ax(S). There is no word that ends with vao.
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C.2.3 Hamza vao noon ghunnah
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Rule: Suffix ug.
Frequency: 173
Semantic Roles:
- Plural Oblique
Further Notes:
There is one word in this list (ulg:S) which is formed by deleting last letter and adding
suffix us.
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C.3 Nouns that take suffix vao

C.3.1 Vao

Rule: Suffix o.
Frequency: 5172
Semantic Roles:
- Nominative plural vocation
Further Notes:
Words in this list usually do not end with alif or vao
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C.3.2 Delete last letter and add suffix vao

Rule: Delete last letter and add suffix o.
Frequency: 8
Semantic Roles:
- Nominative plural vocation
Further Notes:
The words in this list either end with goal hay or alif.

SIS s (oot Liw [50pS ninyd (spusps boisg |

C.3.3 Hamza vao

Rule: Suffix §.
Frequency: 161
Semantic Roles:
- Nominative plural vocation
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C.4 Nouns that take suffix choti yeh

C.4.1 Choti yeh

Rule: Suffix .
Frequency: 2450
Semantic Roles:
- Feminine
- Noun to Adjective
- Diminutive
- Noun to Noun (person to name of the act this person performs)
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C.4.2 Hamza choti yeh

Rule: Suffix _sJ.
Frequency: 112
Semantic Roles:
- Noun to Adjective
Further Notes:
There are few words in this list like (la>) that do not form adjective after taking this
suffix. Also there is a word (5\) in which this affix is added after deleting the last letter.

150




Wl Lol Tgdl el 31 18] Liel Lool Gl Ll 1] Giasl =l Gl Gl Lol Mool Tocol BT ool Uyl gl U
U 500 lo5ps Mps Mpy S5 Ly VU Lol Loyl Myl Layl LasST Ll b3 agelSslusl Luisl Ll Lisol Ligol Mol 1ol
li> L sMa g3l Lot Linkos Givlos Igainny iy ks Ly oot Uil istianl Lastianl Lol il
e 1aé Uae Wb Lo Isgw Low Uy by Loy Iy B, lgs Uys Legys Uls Lls lads s guis 145 s oS>
Is] Loy gy LowS LS I3 Lptilh Ug [ipun 10 Moo Lo Ug) g 105 Liad Lt Lege Lie liales

Uac apw Waw ) Uas o> W W

C.4.3 Delete last letter and add suffix choti yeh

Rule: Delete last letter and add suffix s.
Frequency: 94
Semantic Roles:

- Feminine

- Noun to Adjective

- Diminutive
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C.4.4 Further affixation with suffix alif noon ghunnah

Rule: Suffix ul.
Frequency: 218
Semantic Roles:
Multiple affixations: plural suffix (U') after suffix <s.
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C.4.5 Further affixation with suffix vao

Rule: Suffix gu.

Frequency: 423

Semantic Roles:

Multiple affixations: Vocation after suffix <s.
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C.4.6 Further affixation with suffix vao noon ghunnah

Rule: Suffix ug.

Frequency: 419

Semantic Roles:

Multiple affixations: Plural Oblique after suffix <s.

Jool Mol Judaol Blol 2leol swl S iciniw! sivintwl @yl skl a3yl gwll vl wSowl psl
lacl shel sleel Blsacl stizel Whiel Lobiel el el lobl Sl Jlabl lbl celbl Ulhaol
adl oLidl IS8 SUsI Jsdl sl JUdl gresd] idl301 00 sl sl sbisl ,Lel biel Jlel Jlocl

el hlol Gl oLl glss)l 3938l Gl (xoml Ol el plall 1,31 Il slasdl wlis] cuoldl
815U 51l Jlad plaisl uS] Hleasol 01 Uil Ll Gl bl S6l 261 ol ©lsol svol ¢ ol
O iy W9 Sopy B Oy Buigy S i el b s 53l 9 U s SO el 0l
by Gad i Ggdn w8l Iy Solx s v S b SipSh Gl Al @il 5Sw Hls slaw OLL
Sl )82 (sinpy oy (0 rp0 Vopaps puwilps XipSy 5pSH Ol Hloky ks Jo Livgs pSy il vl

152




w5 935 Wl i ol ipSy Sk @ sSiiwsw s Sha ol e uwle Ll Olsley
owel> slwads al> M M pi= wlbids> wgpna wld S i 5L Jlps guilod oli i Gl kel
o e Sk Sl pushls SUls S)lors pin> o> sxe> Sle> 9> o> So> Sex Ulg> Jli> oo
o> Hga> Gl S)> Lo,> Whiols sz lidse> j9S> Six HlaSe> Lus> (o ,Six o>

5ol Olols Lwls &s)ls o8sls Hals wes Liugs wds blas ogb s> Ss,5 b Gugols Ul wls la)lg>
sLwles 555 0 GwVs Lueilds ouid Gouid (sSiws dlws EpS)s (S0, 155 5l sohs S >
by o=Us Sias Ssas uwdd udd ads cadd JlpSs S35 595 JgSoy 5iigs E595 495 Livg,dles
2l OB o5 cowssny WIS, 59, Olog, 5398, L) 55 sy Sb sloss s wus Shbs

Vugiiw Jinlew Oylew ozurw )88, w puditrw (v rw Sobow s slw Vlolw siiogidlu
Lu)l.p..uu i il Jlses ol el Sewlbin sbusbo Guow ogSow UgSiw 59w )§|>_9_w Jlgow
Uweel,9 Vb Lole 9,¢ oo ywere pore Lleb sLb i b oSob USaw LSl Sl wSw L,
HLadS 09, (53,5 48 Jlgd s)lald (sald (sald 4o)8 IS Lugad ywad s\l 299 SUyd Llosd s 319
Olo Jlo pile 380 S05) Sye) Ul & ez 23V 5,0V LAS S5ipS GlpS 5055 &sS (S )65 wraaS &S
UuS>9 Dg>9 JJJ_)LOJ)iJ wlin g% U qu.u.o WMo plio puawn o glixo Lo Jwgzo woilo
Syliwd oamiwd s’ HISIS SIS JIS 5S0,615 55 S HlaSaps J5 pu9 cus uwlows Giusg €l
008 59205 ,18LeS UleS oS @MS PUS @MS 8S LLS LS LS 3 uSS S,isS 598
Oy J2iS Ll LS cupS 5pS uipS 5pS glipS 3SS weSS ol3S 23S JlgigS 5198 JIS gkiS S LS

044 b JU3 Cany

C.4.7 Further affixation with suffix alif noon goal hay

Rule: Delete last letter and add suffix ~ib.
Frequency: 1

Semantic Roles:

Multiple affixations: Suffix ~l_ after suffix <s.

C.5 Nouns that take suffix yeh tay

C.5.1 Yeh tay

Rule: Suffix <.
Frequency: 318
Semantic Roles:
- Noun to Noun
- Compound affix (S +w )
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C.5.2 Hamza yeh tay

Rule: Suffix <.
Frequency: 33
Semantic Roles:
- Noun to Noun
- Compound affix (S_+w )
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C.5.3 Further affixation with suffix yeh noon ghunnah

Rule: Suffix .-

Frequency: 25

Semantic Roles:

Multiple affixations: Feminine plural suffix (_u_) after suffix <u.

399,89 5,8 VB ,bL sl Si5e LYHE Hlgis ol Yoz €55, BS) Llw) > osas /°5L> )—**U
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C.6 Nouns that take suffix yeh alif tay

C.6.1 Yeh alif tay

Rule: Suffix wb.
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Frequency: 90

Semantic Roles:
- Plural (nominative/ oblique)
- Noun to Noun (Name of field of study)
- Compound affix (. +w!)
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C.6.2 Delete last letter and add suffix yeh alif tay

Rule: Delete last letter and add suffix <U.
Frequency: 9
Semantic Roles:
- Plural (nominative/ oblique)
- Noun to Noun (Name of field of study)
- Compound affix (. +o!)

C.7 Nouns that take suffix yeh hay

Rule: Suffix .
Frequency: 103
Semantic Roles:
- Noun to Noun
- Noun to Adjective
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C.8 Nouns that take suffix hamza yeh hay

Rule: Suffix ~u.
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Frequency: 2
Semantic Roles:
- Noun to Noun
- Noun to Adjective

Il ,Las |

C.9 Nouns that take suffix yeh alif

C.9.1 Yeh alif

Rule: Suffix L.
Frequency: 69
Semantic Roles:
- Feminine
- Noun to Noun (thing to person)
Further Description:
This affix acts as vocative affix for few words (like las).
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C.9.2 Delete last letter and add suffix yeh alif

Rule: Delete last letter and add suffix L.
Frequency: 11
Semantic Roles:

- Feminine

- Noun to Noun (thing to person)

S (558 (5S,Lw npls joxpS US L Ul Loz 0y Ips |

C.10 Nouns that take suffix yeh noon ghunnah

C.10.1 Yeh noon ghunnah
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Rule: Suffix _u-
Frequency: 1583
Semantic Roles:
- Nominative feminine plural
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oS oS JXiaS 1ieS 508 UlaS waondS LIS (IS (sziglS JolS SUS 0MS zuMS LS HIMS
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SipS ,ipS SutpS SoanpS 29,05 LolxpS sopS VlipS 5405 2leS upS JlpS S)LpS slpS eSS pSS
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5> wlohlw
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C.10.2 Hamza yeh noon ghunnah

Rule: Suffix (.
Frequency: 69
Semantic Roles:
- Nominative feminine plural

Sy Loy Ugsw Ulosy Doy Gy Uy U L Wiy loiy Lol S5 Lo My Gl 1] Ll sl 951 90
@, Ly 15, add985 9 L Loy guiiigs Uas Li> Syip> 959> o> gxiwx > W & lod (sigy g
Lo Yo Ug) pS Uy JS LS Lind L5 05,16 Lad L 132 1aé e Lac Lie byws 1ao i 5L [y Lo
lg) LS MS g Lg lgs

C.10.3 Alif hamza yeh noon ghunnah

Rule: Suffix il
Frequency: 1
Semantic Roles:

- Nominative feminine plural
Further Notes:
Feminine base lexemes that end with letter goal hay can either take suffix (- (for words
such as 8>, o,3, and ~>9) or Lwl.. However feminine lexemes that end with letter goal
hay but its second last letter is a vowel always take the former affix. Thus words like
oL, 08,5 and ol take affix .. Though the frequency of this affix (i.e. _wl.) is only
one, [ have included it in analysis and implementation since I am able to recognize and
generate this very affix easily.

From ~> to plural Loli>1d

C.10.4 Delete last vowel and add (Hamza) yeh noon ghunnah

Rule: Delete last vowel («_ /) and add suffix . or suffix - depending on the current

last letter
Frequency: 2
Semantic Roles:
- Nominative feminine plural
Further Notes:
This rule seems to work for feminine bases that end with nasals. However there is an
exceptional masculine base word ulg:S who’s plural is (ugiS.

| From 2 8 to plural .8
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| From ulo to plural sl

C.11Nouns that take suffix yeh noon

C.11.1 Yeh noon

Rule: Suffix ¢p-

Frequency: 167

Semantic Roles:
- Plural (usually with Arabic roots)
- Noun to Adjective

35 bl LBl gapso @i b ool e ST oMl csol LUl ISl B yiodl Jlniel g Ml il sl ool
Hlw golw Clw pilw Jilw €5 55 55l oy ueds a3 pava> py> rol> Gexile> Sigi glus

oclb pclb Byl Hilb 1o olo o wyls (grao Blxs gilo Wylo sl pils e 2L wilS puw
Al pMe sue Uolic wgye Jole plle M8le suile pile B)le Usle yle cole CMb B,k glb gilb
wgaxo Lo Silo ($>1o) 28Y 1055 Lwed Liad S 118 Elund (81,9 oud b 18,16 €)1 2uls
>>liuie A0 B9C50 P> Nixo Wire Ludo pgie allie bl (§8x0 By=o Gaxo Lgaxo
puaiso Jyieo Bjuno (oo dSgaee ueo gdles iao Wao grean S i Zuawo daticwo Olsiiuo
o5Mo b0 bo oo Jgiso wu,léo S0 juubso ggits Jguo wyko pleo (oo Wgheo Siso Asiso
2o LIS owiSe JSgo re90 Moo Eige S0 axg0 JSie Jbiio i Hblio Sglow z9rew piile
sox0 p) 09,S e glow Sbw b w3y JW OliS S Wl Soi 38U ,0b guol wuol , il

C.11.2 Further affixation with suffix yeh noon

Rule: Suffix _su.

Frequency: 1

Semantic Roles:

Multiple affixations: Suffix (<S_) after suffix (-

| o

C.12Nouns that take suffix alif noon ghunnah
C.12.1 Alif noon ghunnah

Rule: Suffix ul.
Frequency: 1113
Semantic Roles:
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- Nominative feminine plural (usually with feminine bases that end with choti
yeh)

53390l (BT 5, 80,81 (sSiail (gl (sS5gwl Csiliwl wSlwl Cswolawl (535,51 byl (sSslsl s,
wsoilgil el csdyl Sl ozl Csilal csawbl S3S6T Sawl (sSail sd il (sSUsgel S, 890!
5Ssxe] Csdansl Symal S kil (ol Saxosl (solids] csalsl bl csilpml (sSl Llei>
5Sobol sl csilal cilil Sylal cand] csolsell Ul csiloST MET (s31 (58 3,adl 39,81 LSl
S S (il gl siligl Sykw il (optaSl (oSl S ol Sl (silptaol (sdol (ool
Sl ozl o iST (slseST (ilwS! ST (ilwST CswosST silbwl Csilsl el csipsl CsdupSS
81391l Sruil (il b AL SV ulsl 5L Sl SHL el b il Sl el
Syl by s e Sl e Sle e Mz il il N s e
wolal bl (Ll VS g So 550 Lo csioan 0S50 Sun Lo SaseSiln )l
Sher ole=>er (WbSh (slein (s Saw (ledai (il sSau S oy Sl il
w9 S09ips Somips Mps (s (oS ilwSs S0 il il ol Wl e S auwsy
Subtwl Spuliwl (doawl Syiwl iliowl ilivwl swolwl ugsl Hbu SHsle (kg Sinps Sojpy
Saiwl il il SHlail S Siu s Sow il B SR S)bw il il SIS
b b eSS S0 ewdb SHL eudl b 5L bl bl syl sl
Sllpz )8z (lSz (il odain iy Srpiy oy Loy LSy oy L S L Sl
RN SVVECIVET\ STV ' PLSVIR VI JVRTI SV N ¥/ SVIE V VIVIRE N | RV WVRRE VENVIVIRE VTS VI XSSV

SxpSiy sSSiy diy SSi SIS Sy Sy Shin iy b sl Pl e ol lxl
IRV HRT VRTCIPLI YRGS VIR W YRR N L VIRV PESTYIRECSTVINE WWIN YR\ S VN VNG VI VIR VU Y P9
WIS iledsy (wildk sy SHSI it i el Sospl ileky Sk il sk el LK
SNgpaps ISaps Sapr vingy ibipr Sioley sailpyr S5l Sy S3eSy (ilopSy I3y S5y
ENWITSIEN| [ VWITTRY N SWITIIE V SWITS I C STIRE CSTIRE VI FEIPRRTH N PYRE PIRES N PYRES [N PSRES VP
So3pr Spy S,Skpy sty lipy (o IVops (puspr Nopr SiSips (ileSipy Sy (lSipy
NV VWIPNVWRR /S IR V VIR SWIVIE N IWIWRT L SWIRE \{ SWIRP X COW FWIRE N FWIRPX S VESIRPN W
sl Sz ol Shxi SHex sl Siz il il 3L S5 U S50 Shianl sl
Selpzli (Wil (SO (oW 55,5 5085 S8 (st (g0 (sIlodnyd (S i S3SLy (sl
wIlps S3ST ST SelS35 Sel835 Sgi S igi Selogi Syg5 (ipigi i S SIS (i Sl (slgls
S5 S 75 Sygap lag SIS piings Ssliogs Sslogd SslS i Sxpingd svisgd Sslolps silgs
oS> BB ew,> Wl slgis il S s W (Sl WS s Selie s il
Syle> ilgh> ug> ileSe> ilp=>e> (il (s> silig> slig> SHuix S ila> ual>
Syox> e sz Syl $Sise> Sise> (ep> Skipx e le> WS> Sxe> Sipoe>
S Gl Sl sals il SIBLE SV Sl el sl SHL Siloge> Silea>
S Sy iz Shox oz i SHles Sws how i £ e il SS
i k> il (s> (sSe> S5Sex Shex (Sl s> s> (o> (e (silwye> (silgix
M Srpx ISupx Shpx e Supx suilex Bl il ilex (uslex sS> SeS
Vs (sig> Sagiig> (sue> iliss> (Sules s ($Ses il (siloas (SSauSiis ol Sl
S, K, Sy il (ours cinhs culys (sl edsls els sl Csawls (sSa5,ls sl
595 Jwis (silis S50 SE)s S390s Loy (6885 (sSiwd S5 (85,5 (g S)d sS L Lsuioyd S uilo,s
2> S5 (uslds (5S> SHliSs S5 e (siles SHed (9> (589> (xS aing> SH95 Lsilyes
wulous Csunans 5L by (b S5Las SHSas SEDS (uSigDd (89D Sgidd (8> (sihd>
Syl Sy (ias) Sw el il S5 il oy Silus SyeSus Seus Sigs (sdjers
o ey baigy csdigy ol Siley ey wad) waid) lic, ulss, ewy SHBiw; Hlalw,
05 (gl (il (98355 (58835 vy Sl 3 Siow L il i by lseS,
wiilw Guwilw ezl il sl SV (s$Saislw (Sslw sSisbw Slw S50 SX;
wsipiow swbihiw (uw Spmw ($Vpw S)lw sSaw wbw (@Sl siSbw siglw (siSilw
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SSopwlrw (b (hdaw ldaw liw $Sisw Srzxw izw $Sslw (iow piw
RCITUWRENITUWRTN [ SPWIT\ CIUWRE TS TUWET VIUWIE VA SUWRCAR JUWRT NS UWIG VESUWIY ¥ FUWRL. ¢ | JO
5eSew ilwgw (i Syziw sSumiow slodw dw (Mw Bw Slaw Syw
Ciplaw Sy S)liw 6S)low e Show S3Sew (ot ulpiw S)eiw Suliw (ew
d&m s)w ._s&w gs,_a; M ._sxls'Lx;J s>L;u yLuJ )LN>L.:J @»Lw d@j*_w d\i_,__w
Sole e swlxe ($Si>le (bbb (538,b @-JUo sbo ileo soho 8l (rildids (sSibass
oS80 (SS9 (5590,8 (SSii)d (SS9wyd (S50 (5Siid Ls\S-»LS oSl Sjg,e sulle dle
i (5Sacl 510 5B el (NEISLE (U0 SSagd S,X089 SHILS (lud (585 ud

B 56,8 3B =28 sxind woyld sJlgd Sacled 5508 (sxod (suBlodd (5S,h8 souBlowwd
SLS SIS (@S 5S51S xS (e =S (=S =S ixS S S Sl S8 WS WS
LS S 518 88 s,LuS SwliS ibusS bsS S (S xS (lssS (s=S (sl,S

SIS SIS IS spiS (SIS 5,88 55305 (oS (5vpsS (S (5598 SIS (sl BiS (5SS
S,V WY oV Y SHLS S5pS SSepS (skipS S5p56pS S50pS (55,85 leS @S S305S
oS5 i sSo) S5Se) SKig) Sheg) (is) (S I Lo Shgd sz @ e sl 9
S0 csulo Sylo sisSlo STilo (sSaiile Lswolo Lsidlo 393l (silo (sS2ilo sawdlo sz S5l
Mo Sikuo swoauo $3Sran (o o0 ildde (g dezo (oo (dlxe Sgiie (snelio
iSo npo (8Sko (silko (sdawgo S)90 Sigio Slio suSio Silio (oo (silow (gl (s=xSlo

S b U bl (ol 565U (5S,U STige (iSiao S0 ileo Saie (3So (pSo S5S
w9l b M_s S29 S iloly o\i'ié)'s Sl ~5>|9 Sianly S aislos sSb 53,5 Sy
ol (vgd S SES b5 S8 SEzyd oy L9y GMLS)» IS 8y bs sty LU
Mw@dwwﬁwwhﬁaﬁﬁw&@& 2 ol Syl S,Se8 (e Lsigs
SL3 w0l (S 5)9)8 (SS5S5 5,88 seunoslyS SIS LS -_s\-mSy S5 SHk Sad e i
S SSWIS (SIS exilS sugllS (585,558 (ilgylS sulS slS sdfisnS (MdS SudS sblaS (o3
S IS S5S SpaS (WheaS Sye3S xS )8 SHLisS WS uSuS SHS SLS Sawls
SOUS S50 (M (sigonisS (iiiS SlganS SHLS (bsS sawii)S (535S uSHS (idyS S
oS (0SS iaSlioS (oS (szxdS IS SHLS SHISUS (siglS (sugadS (sSuelS (selS
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C.12.2 Noon ghunnah

Rule: Suffix u -
Frequency: 61
Semantic Roles:
- Nominative feminine plural (usually with feminine bases that end with L)

Sorups 9igr oSy (ssiy (slsdan (slaly (ol LST (slwlST g il (ilpST (silgs=> (silgil 950l
ooty oty Ugr sl LSy by Loy Bl 580 (silopSsn Llp= loilp=sn sl LS Lsloy
U5S 95009 §lorw Loy coped Wils Sy Lyp> Lygs (lsinyi 9,05 (ilzs il (olpty (sl

lps 9ixs Uyd 930pS 9,S5pS
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C.13Nouns that take suffix alif

C.13.1 Alif

Rule: Suffix I
Frequency: 408
Semantic Roles:
- Masculine
- Augmentative
- Noun to Adjective

ol 5550l sl ISl Ll LUl ol 331 5l ool Jprd Jlpml Sl Jobl 61,61 ,lpdl Sl SU Ul gul
S Eday ruwn S S 9pz sez0 5L 5L OL SOL Eob ol pdb ool JuST 5upST 5pST1 58T (531 S5
e powl Gty s Sipr Sepr Jlisps Guiser Jopr wsp aipr o auipr Jlp SSU b o0 gy
el i 2y sy Joy 50 Sl 350 &S50 050 JUs 9550 sim ol Soe o g s Jb Gl Jwib olo
B> Sle> Silp> Lle> So> So= L8> Sl (ils Sopi sop5 WeSH Bl 505 (ki bogi S)y9i0 i S
S)laSex EupSox Sox SlpSix Syix L0 ol Llx Lolx g s> Shp> Wip> Gop> Jop> Soxip>
o= wlsys Eauys ol 5L Hhs Jabs Hlass S 0y SOy apd 90> Sgbs wuwils wls gls kbl
B> 5585 0> (JBs Jlows powd GiuSiowd Lwriowd Sbwd 855 (id 05,5 9,5 KU)d A)d udnyd
DS oatdd (i, 2 LSEd> Ladd S35 S395 1595 s Sos U505 S5 WVs GwVs Vs Jués
220w Oy Erw gow cwew Sl il oy s o= b Jeus us Sos SSxas Slias puisds
B Do Ubow SSew Siw u0ugaw 19w (SEIgaw T9w 229w T g lgiw Jlpiw Euonw
s9-ile Houb o Jaio [0 Sl Hlans Blas v (el (sl sLusla jolo pSiow plw
555 LS VIS 253 38 (aS S LS 5B o5 o5 J1ai8 030 5led GMS akd 588 wyd ul sic
S upS LigpS (spS LiopS CowpS EwpS JLpS 255 235 D13sS @usS JoS S auS SlS LpxlS
o S)lo wlo o IS ) 1uSU 380 ST Sad o) Sol Shig) wgl LU L) S oz SW Eoyd Sa
OlSps Sipy D5lpr sSF 9F Jui LeST JISG S s b WU sl (sdo (igo J2o (e 5550 uore Sibo
ol3S SoS 239 1isS 2usS 565 (w0eS 39S SGS JaS JoS S 4, DLS SIS 195 U3 B3 (suS 35 ALS
JoS 1pS 5pS S2pS SLipS LigpS auopS SipS ,3ipS 5SS ipS SewpS GgunpS 1S upS LS SIS
Sios 8L ol Oy S S auiagS

S, 835,28 JbS ouiS Jad ple Joc b b cow obew Low dew guw 2o Wy o

C.13.2 Delete last letter and add suffix alif

Rule: Delete last letter and add suffix |.
Frequency: 33
Semantic Roles:
- Masculine
- Augmentative
Further Notes:
Further affixes can be added to make plural (nominative and oblique) and vocative forms.

ide Sypx iilez 1uSiz Ay it ry Sy (S D9gs npasps Shar 03, (sduiy sl osbiwl |
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D515 S (i So3S S8 ShxpS (39S Wed nind saw nlw 050y (l9pS) aed s audas
Si> SX

C.14 Nouns that take suffix alif noon hay

Rule: Suffix ~l.
Frequency: 65
Semantic Roles:
- Noun to Adjective
- Noun to Noun

pea> palls p3ls puS> > oS> ol ougi CU diowy 53y & 3h el coiiSil suol sl gl ol
U29E rac o e Buile V)l b (990 i ol Jlw ,olw U5 15, cas, owgd Giwg)d s>
Siw cowd (3> 50 S36S 0058 98,1 Ey90 (sninio Solo ,Se0 Jguiueo

C.15 Nouns that take suffix alif do zabar

Rule: Suffix T.
Frequency: 108
Semantic Roles:

- Noun to adverb

lsl B gl blisl zlisl Jloisl oMl pliis] olaisl phisl gl Jlol gloxl J=1 bl
plagal Izl 51l plasl olSol zlsol culdl slgdl £ Wbl Gblensl Jgol 2Masl st 55,1 ¢l €L, wsl
B> Sy> B> Olg> Ui ux el @995 Jued i sl 28T s Sy gliwl Gl bl gl
sles WHgo ;Soh Jouib ghow Jiow wile; oow, pls wls ogas Lalls bl wulSs wls> wabls>

028 38 L e Sk slic pgoc seoc Joc doc pose Ulgac wy)le wilb Jgb 5ib oo wiles
8 Joa s (suime Shao Blie e Jio Jro) oud Guld 148 Jgd 1ad UsilB 599 599 J=d wkd
£ by 35S <89 99

C.16 Nouns that take suffix alif tay

C.16.1 Alif tay

Rule: Suffix wl.
Frequency: 397
Semantic Roles:
- Plural (usually with Arabic bases)
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BVl 2\l g Lasl Ll Jlgsl o851 ulus| puwbas] gl lais lais] julas! gwlsl il €\
Pl plesiwl losiwl Llsiw! plSmiwl stoyl sLil 55,1 il csaol,l Shsl silsl zls! Las]

e Wbl caclbl Mol Mol Blaal sbsoil Bladl weluwl bliw! Hludwl Olywl IMaiwl Judiwl
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S0 Ul Ol g LB eb LT sl 2,Ul plowl plail 21l plesl Jlanl plas] L] ol ol
SSCSRVICHRFWIRT SRRV SR WL SEPWOWE SIVIC S N ) WL RUSW IR- W IV Iy V1| ERUNVIVRV WISV VigICiy O
NSV LIV Iy WSV IRVESC I T3V I WV SV EPWESE VI S TR VIS E VIRY FE S RUETI-C S RWIN SN E S It
NWWIR TV RUTWY I VRV JEW- ) NV VP W ANV RE TNV  SPSVVINS UL JUT. SV JVE WY
WSS s 8 @885 85 Guuass a8 bl el Jaeadi i 55ed Guuidd plei s us e
&lod rwlod guali usli beli pansli JooSs JuodSS IS5 3wSs 00,85 @udSH 1S5 5SS IS5 S35
Qg a9 (985 i gudid pandid o3 Eowls cowls 3lS pusd yZwed (81300 guaed Sed Juied
Vlo> S o> Srae> 100 Sl 2935 Jowi 5945 wudud BS wigi g3 ugi JSoi 8995 (81995 auogs
s> Olbs pgas pas v x> Olgs> Wals> yoges> é> (o> dguu> Ol Olx> gl ule>
&S ) )y €97 U, (el &SL SL 3L, el S5 2w Ubs wsges juglows zos Jbs Syres
&lo B lo jslo wolo pilo §ab gorb S yelsy 3w Jlgw S, b ilw LJlw els

Joc i wilxe e a8le Jsle wsle ple ol poudb b (g oelb pclb Bl Lilb (gno (sulxo
b (a8 U9 JB jasld slud Elwd £9)9 pud Jold 1wld b8, €, il LA sJle Ulgic
&lo pslo) 28Y 03V (S H3ipS GiiyeS JleS JloS S LIS cuS (8IS 3elS ilS oud pwlid Jod
o0 Sho pgidzo Jxo woao Lo Juolxo wwlxo Slxo Ao a0 (syuo wlo Silo A3l
€530 blio ySow Z9dow beslo Lugdo L9iSk LS Auso ghso saso suubo slao Jsozo ploo (3l2o
sbad Jobd wld uine Hlaudl 09> oles Ulass Wli oo ouo 090 E9090 3990 I>90 Hguinio Jéiio
eMe swolo cdio oo Mo Sazxo o3V (O wld o)8

C.16.2 Delete last letter and add suffix alif tay

Rule: Delete last letter (6 / w) and add suffix wl.
Frequency: 70
Semantic Roles:

- Plural

ey 89) e, cule, cugh) amiy cly /283 ads oghs ols cuols S839> 030> mis sz Al
Le wile b polb Aglo Axbo Cibo CugRo 1o Gyt CulSod A 0)lew Aw 032w ~ollw
rolS 0,laS A,S reld A=l 0,08 Anad >Ud 0,88 Alad ALold Ade wjge O)loc CoMe adnc Alac
wsS) Gl wdolgo edSo AmilSe Algéo Alolee Aellae Sgluwe wdwlye 6,S130 0)9lx0 wuyle WUS
Colol Wy 0956 ol o)lsl cuclw

C.16.3 Further rules choti yeh

Rule: Suffix _sil.

Frequency: 50

Semantic Roles:
- Multiple affixations: suffix () after suffix wl..
- Noun to Adjective
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Further Notes:
This affix has not been added in analysis since the words (except for a few cases) in this
list seem to be erroneous.

i S LU eSS pSiwl €L sl LMl VSl gl pugasdl Juazsdl ¢ Wbl 2 Mool Gwlws]
MY ETSVIWETRVETIRNET WS WE TR WY RN W-TF SV TRV RC JW-T Y VAWV JUN. SV VE SRR SIS TS
wls umo J=o (380 Ulgic puudb (gub (300 (scl) Sros (aws S)> pugi Ruwgi b 8]

C.17 Nouns that take suffix alif noon

Rule: Suffix vl.
Frequency: 38
Semantic Roles:
- Masculine plural (nominative/ oblique)
Further Notes:
Some words (e.g. o>, ua9, and ,asi) with Arabic origin given in this list show different
semantic behavior. Such words are probably lexicalized by native speakers. For the word
~o>yi this affix can be added after deleting its last letter.

25,9 259 G 1) Ty P2 )9 o> JiZD 50> puas > p3l> Ly i BRYYREEY @9' 94_i
el S ,0¢ Y, e (kb ) 89> o5 Lol> So= SxgS yasi JSU Juo puow Mo uaw )5S (aud

C.18 Nouns that take suffix alif noon choti yeh

Rule: Suffix sul.
Frequency: 26
Semantic Roles:
- Feminine
- Noun to Adjective
Further Notes:
For the word ~ S this affix can be added after deleting its last letter.

J2o JgS (399 e Jgb Jaio guh mb phaw duw U 29) o> VJ)SPJS-’)J.-’/%Q?W WIVRC3V
530S a9y o H9i s

C.19 Nouns that take suffix alif hamza choti yeh

C.19.1 Alif hamza choti yeh
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Rule: Suffix _sJl.
Frequency: 42
Semantic Roles:

- Noun to Adjective

g ap> 9 Cuipx Slpx Ol ol Wlpx Sopiuses Sips Ll uez ok SpS| JSH qusl 3
S 355 258 wd o oSl Jlpiow pxow guw )y Sod Sos Ul 253 b 5 S Siup>

C.19.2 Further rules vao noon ghunnah

Rule: Suffix ug.l.

Frequency: 31

Semantic Roles:

Multiple affixations: plural oblique suffix (u.) after suffix (sJl.

B> e S0p Siup S Mg U9 Suipx Wl ol Wlp> Sopi opi Sips 9 il SpS| JSSl
auapS S2pS apS L8 S IS wyd Jpiw pxoow aow Sud Sos Ul

C.19.3 Further rules yeh alif noon ghunnah

Rule: Suffix ulJl.

Frequency: 31

Semantic Roles:

Multiple affixations: feminine plural suffix (ul) after suffix _sJl.

B> e Sep Siup S Mg D9 Suipx Wl ol Wip> Sopi ops Sips 93 ol SeS| JSSl
M&m;@@)m@dﬁwﬁJWMﬁb&bulb

C.20 Nouns that take suffix tay

C.20.1 Tay

Rule: Suffix w.
Frequency: 143
Semantic Roles:
- Noun to Noun (State, Feminine)

Ol plaiwl bluy g3y B LS| (81 slyol Gl il LUl (sisol plol ol (slall solacl LLal ol |
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Sy> o> Ol Jb> SHdsex (awbyx ol M> S> 2ha awswls (S 1895 50800 i D394
ey wle, p>) 898, Ly Sres Lbs olbs pas piax plas Jls lails joge> Ula> (suw>
Bub elb glb (sl Wb Syuso (§8b Sy b b e 2lew gloaw pMow (ool (s>los
owiS)lo i3V pld sacled L9 )88 LS99 2,9 €LY siwld Lgut puic Sreiac sbBle pic plb
l2o 39l 2clio £l30 2o JSlao o wblio polis oo bdlxo golxo pullxo (sawgilo
JS 2luS 0)S OlS (wog Jog gawg Uin>g Sls plas s (swezi s>l Solgo Jzie Mo p5Me
wwole glb gio b pSw Brw S > 00 Jer S ol sl luy SW s oS GSeS S)luleS
85 oLl Lswolo (3o 2w csuubl S5108 lgwsS owic e ouse

C.20.2 Delete last letter and add suffix tay

Rule: Delete last letter and add suffix .
Frequency: 17
Semantic Roles:

- Noun to Noun (State, Feminine)
Further Notes:
This rule has not been included in result.

Aloleo 0y, iileo Airo Az MLS 0)laS AilSo Se8 (lxo mlew s Al 0gl> A0y (sdliol Abl>]
oS

C.20.3 Further rules vao

Rule: Suffix gi.

Frequency: 42

Semantic Roles:

Multiple affixations: plural vocative suffix () after suffix w.

E_Lo_w @QDLMJ E_|))'p.>) ._5\95) Cad pA> py> J oL> x§_> ._5\_.u_9_wl.>pLa.Hu| .]ol_u.u M| L;\.aja.d
w9 Mo Lo (sawsile (Y oS L8 2,9 ELS wsue culie sSle pllb wSen wsbow glew
SW wpS WSS SHluleS 2luwuS )S (w09 8wy yiu>g pla

C.20.4 Further rules vao noon ghunnah

Rule: Suffix ugi.

Frequency: 39

Semantic Roles:

Multiple affixations: plural oblique suffix (u.) after suffix w.

&owg Ju>9 plai (sosei piMo o (swoile (i plS )8 2,9 ELY wsse culre (le plb cslon
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SW pS iSoS zluS ©)S (swo9

C.21 Nouns that take suffix daal alif ray

Rule: Suffix ,l>.
Frequency: 26
Semantic Roles:
- Noun to Adjective (masculine)

58 028 wubd Jlie oape SMe phc wie oy mso o Sl (SS9 S Ll Sa0l g 05¢l
—SU U 590 9uiS ningS 2365 2,5 (sald

C.22 Nouns that take suffix seen tay alif noon

Rule: Suffix uliw.
Frequency: 25
Semantic Roles:
- Noun to noun (name of a place)
Further Notes:
For the word s, this affix can be added after deleting its last letter.

28 5> 5 S x> 095 Sa6S ,lelS jesS o Jiliwe JS 5u8 o Jiow )LAH/\-Q)J 26551 Gl
S 05 S pld Oyb i

C.23 Nouns that take suffix noon

C.23.1 Noon

Rule: Suffix .
Frequency: 56
Semantic Roles:

- Feminine

205 53> lasSex Bl Ugis i pwaly D39k pasd s Lol Sep3 s i il LlL 50300 el
Cabl3S )88 Gl cuae BMb sudlb Ot blow sow Slhow Hlow ol il Sj95 voj 35 025
3,83 ks> @3> ol wdly LS HlelS SikolS wowliSly 35ls SU Lldo Hbs) W) JlgpdV 50,5V plipS JIsS
wh=S ObS 48 sbwd
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C.23.2 Delete last letter and add suffix noon

Rule: Delete last letter and add suffix .
Frequency: 27
Semantic Roles:

- Feminine

wddoi 38l ~xb 92U (usds Sas Ly (lsl> ewliez LM cowsls (vl L gy You
b (U (Sl sawlio (p=ilo (Jlo (suwspS L)3S VIgS (od5oS I5=iS S,

C.24 Nouns that take suffix noon choti yeh

C.24.1 Noon choti yeh

Rule: Suffix _si.
Frequency: 50
Semantic Roles:

- Feminine

- Noun to adjective

5 Gl Hlllss Jllis 1l Guls Ugis epi 1555 gy s Canild azy 5930 i s Eugl 50,501
S8 wsS cninS wuwdS cowliS a88 g, Giulyd Ollaad S dwiod (o) ) ke, W, Lladlw, Sl
\JyMULuJSgiuuu;uLuJ.uuSlJu.As)blSpgS)fS'Sgqu)g.o&d.o

C.24.2 Delete last letter and add suffix noon choti yeh

Rule: Delete last letter and add suffix _sJ.
Frequency: 4
Semantic Roles:

- Feminine

- Noun to adjective

o ULS o 0l |

C.25 Nouns that take suffix gaf choti yeh

C.25.1 Gaf choti yeh
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Rule: Suffix _sS.
Frequency: 49
Semantic Roles:
- Noun to noun (manner)

S G Syw D) )l)'}_.g) ey ) duow) al).-M"_s UI_9).__J_ BVJY) .LJLJ sbicwl @z aJU sLsl 2l )_9ﬂ
2aiaS SLiS wdgwly 39>90 Uls,o 2lizo 1ile S CediS wWg,9 155,9 deice sle bulo i cowsSiw
&lo 5128 S waalS sqie e Vlard Jow caw Hloz Gy U Giuaoy

C.25.2 Delete last letter and add suffix gaf choti yeh

Rule: Delete last letter and add suffix _sS-
Frequency: 78
Semantic Roles:
- Adjective to noun
Further Notes:
Since most of these words form noun from adjectives, this rule has not been included in
result.

05,0 0S|y nizey 5.5k Al il 0,lgl nizeaol 05lol Aisiol 059wl 03,51 05biwul 05,8l 05Lwl

0lgx> Axlgx o5los e Al Alog> Alls> 0,00 i Ae=s 030 05U 03wl 00l Awsw Aiwlay 03uigy
03w 0155w oslw Ailw 035 03455 Ailg, 03459, 0350, 03> Alos 05uiigs 015lo,> o> oxslgs
A9 059,89 03,9 fuid 03l Azi€ 0doc daxde A3, At Aol A Ll 0ussow ~owwlow
il micanly 0356les 58)o 0,30 03ioS AilsS 039S 03wlS 05,515 0,108 0acld 05,60 Aisy,9
/\JKJ o_\JLo|9 ,\29)|9

C.26 Nouns that take suffix goal hay

C.26.1 Goal hay

Rule: Suffix o.
Frequency: 335
Semantic Roles:
- Feminine
- Diminutive
- Noun to adjective
Further Notes:
Words of Arabic origin that take this affix to make feminine can usually also take suffix
wl. to form feminine plurals. This is probably a modified version of Arabic morphology

in which suffix 5. is used to form singular feminine and the suffix wl. is used to form

plural feminine.
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il ol soy0l SL8l plel inmeol Jsicisl Sl wusl x5! bl &bl 5lol 3ol SUjgol sl sell Lbsl ol
s @ Al Ol Sl Ml (Jbssiwl coilsy Sz b adb bl Gl bawl 5l
&> B> 1 2> LS9 e puiix Ll 4> H0d Ll 2o R wl oW s S Sy sl
ol Ohes cowles s e Sres WS L Juas S b Jhis (o9 o> Sgau> S,>

) uin) ey wly &1 S L8l ol ol 2l awd s wds Olgs JVs 255 culys &3ls sl
»Lw CULW &DLW bJLW WLW PLW PJLW JJLW WJ )*-2’-1) ULO) &)) 3) il >|) V&U w1, Lo,
L.»a—cub)-c ise Jole 28le )s-wlc uosle ).JLC Jb b d?)bd».‘-bd—!bt.rcwﬁ-cw uqu J)UO il
ELud U358 5,8 puxd ,bl huld)ld ¢, uld Laild bye seic Jue Jlwe dlze ole Joc sle asc
S8 S S oud o8 ghd jLad Llad 10,8 (lud Lad 1ol s, S B jals BB Jawd
cobio csaidlo Csowilo pils) (5l8) ) (sSY 28Y Y GMS iS55 oS LIS wdyS wawlis

WY9c,0 Ul 0 po>50 o gute (sCao yuyio Ulalxo pgizoe 5o Waxo Lgaxo owlxo Wlxo )l

Sre0 puaize Jjize glles 900 biae Brao S e Slaiwe Cuiaue (A0 U0 S0 (N0

S Sglow 9100 o3lo 03Mo duso Mbs abo Saibo ;Seo ,uubo Fgiao Sg2o pleo (sleo Pgiiueo
8990 w090 )liwgo Ei90 39>90 J>90 =90 Lgaie Lgio Ujio g0 Jbiie g g9lo sblo
€989 W8y (o9 B9 My wowliSly gy s Olis ol S5 el H>Uo 9SS JSoo oge

AL Guwos 51U iSeS i8S 595 JauS HUS 3uisS SLisS oS lAS wuiS LS ,uS 318 LIS Ll o

2l oSiw Olalaw dubw Erw s 05 s Olgas M baa> (uass (g Sy b sl ploy ol
S JIaS S B Sho ylo SUlo o) Hhd i e S,Same b Blo 4z

C.26.2 Delete last letter and add suffix goal hay

Rule: Delete last letter and add suffix o.

Frequency: 9

Further Notes:

This rule has not been included in result since the words (except for _sul=o) in this list
seem to be erroneous.

Wb Wasd Loyd (sulseo Luwds 5, Koz Lgigy 158ugy Lol |

C.27 Delete last letter

Rule: Delete last letter

Frequency: 25

Further Notes:

This rule has not been included in result since the words (except for a few cases) in this
list seem to be erroneous.

ales b o Lke 1l sveh rex Wiy S50 ax50 oS ilpy gl ol Lpwiz] AU
35 sowgzo AlsS AolS wiie e (8Olo 03w Axilw

C.28 Nouns that take prefixes
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C.28.1 Prefix bay

Rule: Prefix .w
Frequency: 25
Semantic Roles:
- Noun to Adjective: ‘With’ (it is usually equivalent to a prepositional / case
phrase)
Further Notes:
It is difficult to ascertain the change in meaning that this prefix brings. In general an
equivalent phrase can be constituted to give the same meaning. Consider the examples
below:

A T sy

a E & = E & .

el = ol

Also consider the phrases:

osbels = ol b
a3 & glasls = g3l 3wl

=hoso Alose A8 9e (o,€ e Ulgic b job 9, A)d WIS s Hgiws s Cui> I, >

porisy) =9 8590 pléo (simo JSoiwe JS o

C.28.2 Prefix bay bari yeh

Rule: Prefix .
Frequency: 25
Semantic Roles:
- Noun to Adjective (Negation)

59>9 ,95 lgs UKo 51,8 oacld (s\Sacld o0& Lo,e Ulgic Jic i o>, Js Lhas Cuin> jund 03,0 wal el
Lado (suzo JoS S 59

C.28.3 Prefix alif

Rule: Prefix .|
Frequency: 27
Semantic Roles:
- Noun to Noun with Hindi roots means ‘negation’ and with Arabic roots means

‘more’ (Juagi ouwl)
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Further Notes:
This affix has not been included in analysis since it is difficult to recognize the change in
meaning this affix trigger.

sl L8, =) 08> W o Wy ok A g el pMe plb o> s> (ils> olpi LA ain
pleb Ulo; oz 3,0 SLud plc Mo

Variations:
Variations for the above rule can be seen in the following data:

Base Variations

gS\-!LZ-D L_)Lz.a|

Base Variations
(backtracking?)

lo=l ol

~lwsl ~lud

C.28.4 Prefix tay

Rule: Prefix .o or J;m.;
Frequency: 26
Semantic Roles:
- Noun to Noun (formal) with words of Arabic origin
Further Notes:
This affix has not been included in analysis since it is difficult to recognize the change in
meaning this affix trigger.

»S S g 89,99 £95 U0 Ul 38 uxo 83) 11> wu> sud> 85 U il g sac b g b
Iy € ,59 59

Variation:
Variation for the above rule can be seen in the following data where for two letter word,
the last letter duplicated.

Base | After application of
rule

> 33,i

o >0

J> J=
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C.28.5 Prefix meem

Rule: Prefix _o
Frequency: 66
Semantic Roles:

- Noun to Noun (actor / patient / place etc.) with words of Arabic origin

- Noun to adjective with words of Arabic origin
Further Notes:
This affix has not been included in results since it is difficult to recognize the change in
meaning this affix often trigger. Many times the words beginning with .o/ -l can be
swapped / added with prefix _o to form similar meaning words. For example from the
word wluwi>| t0 wwsi=o; and from usi to Gusio. However such affixations were not
considered during analysis. The words that take prefix _o are given below.

Ay Uoguas Jo> Ui 1S5 JSei Jsod Lo Ul s Bl i Sl i Joxi SHx paiu
£ Sl edi ol Wb pgy) wlaeid j9,¢ wye Llb b gib Sxb By ,00 B)lo jeis G wSw
Jos suei Mg gog L weas Uy p IS LS

C.29 Templatic morphology in Nouns

This section gives details of nine productive affix patterns. None of these patterns have
been included in main text due to reasons given in section 5.3.

C.29.1 Jdl

Wazan: Jl=d|
Pattern (vowel/consonant): a C; C; a Cs
Pattern (orthographic): (fromRtoL) _ | _ _!
Frequency: 161
Semantic Roles:
- Plural
- Makes Transitive form
Further Notes:
This pattern occurs with words of Arabic origin. The plural form formed by this pattern is
easily recognizable.

o> i Jo o> pad> o> > 50 o3 Wi i Sy &b s Jy e O Ju edl ool
&> (15 Y995 )S5 (d 195 S, > w3 e3> Bl s bls pl> 68> s> U 0> B> > LA 2>
WSow pdow s w Gy i Gew &ew w295 29, 0S) R, R, Lo, i) Jows By o)
280 B0 Bl uo JSob Baw Jouib yeui S i B Oy ol paded ,3d Mow Jow Caoow
pac sac j=e Jb cub j9b ib awb b Jab )b sub glo weo )0 pgo Lo o ado wlo
J=9 5bd Jad b)9 5,9 5ue pance jac ble 9)¢ o, e Jue Joc (oc rac ple rac cuac yo,e yu)e
Jy 290 Slo o0 >0 Jio 28] pod ) ) A L3S 108 ol Lhad dad 038 538 Laud o SIS S8
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| o8y S ou9 Mg 889 w8y oy Juog aog bawg U9 559 059 9r9 359 M 9 49T Lra) Lt

Variation A: For two letter base lexeme
Pattern (vowel/consonant): a C, C; a C;
Pattern (orthographic): (fromRtoL) _ | _ _!
Frequency: 7

Root Variation

NECY
owlws|
blas|
oLl
) Sl wl
Ao slaol
PL plocl

<%

Other Variation

Root Variation Template (Right to Left)

Sl | Delete last letter + | |
Lisl | Delete last letter +1 |

9>
> VLol | Delete last letter + ||
o oSl [ 1__|
3>
o>
>

b=l [T |

bl [ 1__1
PN |

C.29.2 J=é gand Jlad

Wazan: Jlsd and Jled (gemination)
Pattern (vowel/consonant): C; C; a Csand C; C, C, a G5
Pattern (orthographic): (fromRtoL) _ | _ _
Frequency: 74
Semantic Roles:
- Plural
- With the added meaning of excess (w,sS) (~lo oowl)
- With the added meaning of contribution («sS,lLiw)
Further Notes:
This pattern occurs with words of Arabic origin. The plural form formed by this pattern
seems to be recognizable.
[ 8o e B> 0p> Bl i i i Ro> 25> Joz Jux 500 Ji5 85wl @l gl ol 03l s> |
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2D D B0 5yl Tl 2 i S 295 B 0 83y o> 0> 80 o> Bl bl pis S g
@uﬁw&bswmwwwwwdpwmu&@&b&b@bup
apeid (99 S0 s phs Jowo Jio ) s el WA a8

Variation A: For four or more letters words
Pattern (vowel/consonant): C; C; a C; C4(Cs.)
Pattern (orthographic): (fromRtoL) _ _ |
Frequency: 50

29> Jiod BulS5 5085 o8 Jaadi s (80585 5190 vt 05 oy il Sr0l Jawl sl Gyl
Piro SSy0 Juwye e Joxo pudzxo WS9S Jiaid S0 saic wsbe ayio Lw oazw 519> 5

S|
Variation B: Delete last letter and apply templates given above
Pattern (vowel/consonant): C; C; a C; (C4Cs._)
Pattern (orthographic): (fromR to L) _ |
Frequency: 12
00> AawG w9 LS50 Aliwuo A0 Ao ~2ld 0. ,\l_u.\.l_w,J)J),\w_,J,\wy|

Variation C: For more than three letter words with yeh as second last letter the following
orthographic rule has been observed.

Orthographic (dictation) rule: When alif is followed by yeh in middle of word (i.e. alif is
not the first letter of the word and yeh is not the final letter of the word) yeh changes to
hamza.

S—ocef # L [1S].. #

Frequency: 8

Root | Variation
VR, Nloow
)y &l
S »LS
S il,S
50 JHAY

Variation C.1: For words ending with goal hay, the last letter is deleted and the above
given orthographic rule is applied.
Frequency: 11

Root Variation

03y> 2>

0> Sl
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dlube ylsc
rind> SN
819> i d>
b | gLb
JNVAV ol
g9 b9
e Jlws
réab>g ailbg
Other Variation
Root Variation | Template (Right to Left)
LD ULD)) _ | _
pLlo pledo | I
C.29.3 Js=é
Wazan: Jg=9

Pattern (vowel/consonant): C; C, u C;
Pattern (orthographic): (fromRtoL) o _ _
Frequency: 69
Semantic Roles:
- Plural
- With the added meaning of excess (w,sS) (~lo oowl)
Further Notes:
This pattern occurs with words of Arabic origin. The plural form formed by this pattern is
can be probably termed as recognizable.

Mow adow xew ) pow SSS s jes Wb pad pass dos> o> s wys> WA Sz el
€ e e ple Jic Bye pose wse Bib b sib glb wyo ud oS bbb 2o daw biw
S 2SS @S S 18 B 508 U8 18 5 Jad Jad (Saud B9 €59 U9 20 J=O aid L e

W9 o9 Yy Ui pi Slho wyine B3) pxd 56

Variation A: For two letter base lexeme
Pattern (vowel/consonant): C; C; u C,
Pattern (orthographic): (fromRtoL) _g _ _
Frequency: 5

Root | Variation
> 391>

s bgla>

1> 591>

PEvy 29U

o9 Lgid
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Variation B: Four letters words (all words had alif as second letter): delete middle alif
then apply the template.

Pattern (vowel/consonant): C; C, u C;

Pattern (orthographic): (fromRtoL) _g _ _

Frequency: 9

Root | Variation
Sewl, o)
<Sh wsS)
»b sonb
£V £35)
Lol> Jo.o>
w=>lg w9>9
>lg 599
g 2999
&5ls €999

Variation C: For vowel ending words: Delete last letter and apply the template.
Frequency: 3

Root | Variation

rod> osl>

Ol W S9xaw

0J=8 >g9=8

Other Variation
Three letters words (the words had alif as second letter): delete middle alif then apply the
template.

Root | Variation

B 99

Js Jgbd
C.29.4 Jwé
Wazan: J.=9

Pattern (vowel/consonant): C; C, i C;
Pattern (orthographic): (fromRtoL) _ s _ _
Frequency: 25
Semantic Roles:
- Plural
- Noun to Noun (person)
- With the added meaning of excess (w,iS) (r2llwo oowl)
Further Notes:
This pattern occurs with words of Arabic origin.
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£S 1S 38,89 pac e Bao pui by gb b yew p>) 2ud 33> L pud> s Ll =l Ll

&g Jp yoy0 20

Variation A: For words with vocalic character before the last alphabet: Replace the

second last character with yeh.
Frequency: 4

Root Variation
plos oy
ol s
g0 o
Exception
Root | Variation
wly | wldy

Other Variation

Root Variation | Template (Right to Left)
. o | s
rad | S
C.29.5 Jeld
Wazan: Jcld

Pattern (vowel/consonant): C; a C, C;

Pattern (orthographic): (fromRtoL) _ _ | _

Frequency: 48

Semantic Roles:
Noun to noun / adjective (actor)
Further Notes:

This pattern occurs with words of Arabic origin. It is usually recognizable.

v2se Jie Jac e aue cuc usb pod ro S bhis gio Sl 2l sew Bow val> 0> Jiy
) i Fuad Uso 58S euinS (suad ooud 038 w08 8 LS pud Joc ase jhe (guuc pjc B,c

Iy clw Job (gaud j=xc b Jbi 285 b ) a0

Variation A: For words ending with goal hay: delete last letter and apply the above

template.
Frequency: 2

Root Variation
9 )l
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Further Affixation

Root Variation Affixation rules
Jac eudsle | suffix cu-
Jio w_ju suffix «u-
Coaud ciwld | SUffiX oo
s oMo | SUffix oy
b oyl / oulb suffix o- and then plural rule of suffix wl-
Jees oli=le / o5=le suffix o- and then plural rule of suffix wl-
od | Olawld [ awld suffix o- and then plural rule of suffix wl-
U= o\Mels / Alels | Suffix o- and then plural rule of suffix wl-
C.29.6 Jsia
Wazan: Jgeoo

Pattern (vowel/consonant): m C; C; u C;
Pattern (orthographic): (fromRtoL) _o9_ _ »
Frequency: 32
Semantic Roles:
- Noun to noun / adjective (patient)
Further Notes:
This pattern occurs with words of Arabic origin. It is usually recognizable.

g Qo9 i wud) it o o Sho zaw hal el blx)

Variation A: For words ending with goal hay: delete last letter and apply the above
template.
Frequency: 3

Root Variation
O S99 a0
pe1ey Wgalo
9 L9 90
C.29.7 Junis
Wazan: J.eo

Pattern (vowel/consonant): t C; C, i C;

Pattern (orthographic): (fromRtol)_ s _ _ o
Frequency: 57

Semantic Roles:
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- Transitive form (<Sassio) + gradualism (gu,5) + formality (elewyl) + feminine
Further Notes:
This pattern occurs with words of Arabic origin. The words formed through this template

are all feminine in Urdu (Khan 1988 p.197).

P> .JJ)__;.*-(:') eh S5 o> k-"99?u-'-m-'>\v1|)> g &-‘>)5>/°5->u4->u5)->)-\>wu>ub
poygbsﬁwmmmdpﬂwdm Glo wo Vw1 o8, Jw) wow,
Jy (899 w09 n>9 £9) o) S Ab5 ol i 585 pdb Euus JoSe g Jie p)S IS

Variation A: For two letters

Pattern (vowel/consonant): t C; C, i C;

Pattern (orthographic): (fromRtol)_ s _ _o
Frequency: 4

Root Variation
J> Jul=

S BVRSY)
C.29.8 cullad

Wazan: <Jled

Pattern (vowel/consonant): C; C; a Cst
Pattern (orthographic): (fromRtoL) w _ |
Frequency: 31
Semantic Roles:

- Noun to noun state (wua.S)
Further Notes:
This pattern occurs with words of Arabic origin (from Arabic template AJ|=9). It can be
termed as recognizable.

e Bk b Jsb pas J10 510 G A Jaw 15 s> Sz o> 95> Ji> o iy
2w Syl Mg guog s g w8 2ud 99 9ac Jac e

Variation A: For three letters words

Pattern (vowel/consonant): C; C; u Cs t

Pattern (orthographic): (fromRtoL) & _ g _ _
Frequency: 5

Root | Variation
2o g0
e Cydguc
).\S U)s.\s
U Cawg)
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Variation B: For four letters words
Pattern (vowel/consonant): C; C,i Cst

Pattern (orthographic): (fromRtoL) o _ s _ _

Frequency: 3

Root | Variation

Variation C: For four letters words with at least one vowel

Pattern (vowel/consonant): C; C; a C5t/C; C,iCst

Pattern (orthographic): (ftomRtol) o _|__ /o _ s
Frequency: 20
Root Variation | Rule vowel deletion + template (from Rto L)
oo wblg) | delete last letter + o _ | _
usadow owMow | delete middle vowel + o |
| geow [ gL wclew | delete middle vowel + o _ | _
das [ Ml sl | delete middle vowel + o _ | _ _
8 <l | delete middle vowel + o _ |
P ol | delete middle vowel + o _ | _
P cwolxo | delete middle vowel + o _ |
cwad c>lad | delete middle vowel + o _ | _ _
uad s | delete middle vowel + o _ |
ols culseS | delete middle vowel + o _ | _
A 8lS | delete middle vowel + o _ |
JusS JleS | delete middle vowel + & _ | _
i) cdla) | delete middle vowel + o |
S50 .Sl | delete middle vowel + & _ | _
Y culx | delete middle vowel + & _ | _
Y wdlx; | delete middle vowel + o |
59 w,l9 | delete middle vowel + o _ | _
JSo «JSg | delete middle vowel + & _ | _
oduao wJlao | delete middle vowel + o |
uvleo Gduso | delete middle vowel + o s

Variation D: For five letters words (all words ended with goal hay and have a vowel in

between). Rule: delete last letter and middle vowel and apply template.

Pattern (vowel/consonant): C; C; a Cst

Pattern (orthographic): (fromRtoL) o _ |

Frequency: 3

Root | Variation
Abwly wblwg
rr>9 cyl>g
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C.29.9 Jldl

Wazan: Jl:dl
Pattern (vowel/consonant): i C; t Cya C;
Pattern (orthographic): (fromRtoL) _ | _ o _
Frequency: 34
Semantic Roles:
- Formality (olowl)
Further Notes:
This pattern occurs with words of Arabic origin.

2 Gkl il Mty (38D S5 S 89, Ry ooy s S pi> sus> > o> 5> o> B> pue> ge>
o LS oS dad %9 pud wSe dse B, o, )ie Jac uc

Other Variation

Root Variation
olx> ol

Uol> UoLa.bl
oo | Sl

i S5acl

C.30 Words that take no affix

Following is the list of common nouns that took neither root nor affix in the spell-checker
database.
Frequency: 3,403

corp] @l ol Ll ALl iSOl el « il cugisT sl 0339351 (T 33l c0T T cpuas]

olel el wolewl «Slewl cuilosl «d)g,kwl dwl colowl Gl o)l (s>dUS,T ow=ed ST 3T (oSl
LT el ] e slSUT c0T epmol kol enbol el 2T e porgdl gy gl oh Lol (ST cdl o3l
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C.31 Words those affixation was ignored

Following are the words that had roots given in the data base but their transformation rule
from root to present form was either not productive (23 or less) or was too complex.
Frequency: 702
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Appendix D Context Free Grammar of
Lexicon File

The following is the CFG for the lexicon file. The terminals (which are the tokens
generated by lexical analyzer) are given in bold, while the non-terminals are surrounded

by angle brackets.

<s> — <rootClass> <cClasses>
<rootClass> — ContClass Root {<statements>}

<cClasses> — <cClass><cClasses>
<cClasses> — €

<cClass> — ContClass identifier {<statements>}

<statements> — <statement><statements>
<statements> — €

<statement> — identifier <pro> ;

<statement> — <tag> <mapper> <ending>;
<pro> — &

<pro> — <opMapper> <ending>
<opMapper> — <mapper>

<opMapper> — €

<mapper> — <moreTags>:<surfForm>

<moreTags> — <tag> <moreTags>
<moreTags> — &

<tag> — + identifier

<surfForm> — identifier

<surfForm> — 0

<ending> — identifier <moreNames>
<ending> — #
<moreNames> —, identifier <moreNames>

<moreNames> — €
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Appendix E Sample Input and Output Files

E.1 Input and Output File for morphological

analyzer

The input file is given as follows:

File al.txt

il
=l
]
Sl
5
J

5151
svbh

The output file is given as follows:

File s1.txt

il

analyzer>> ,il+Verb+Base

analyzer>> ,il+Verb+Comd+Sg

=l

analyzer>> ,il+Verb+Hab+Masc+PI

[l

analyzer>> ,il+Verb+Past+Masc+Sg
analyzer>> ,il+Verb+DirectCaus+Base
analyzer>> ,il+Verb+DirectCaus+Comd+Sg
S=|

analyzer>> S>I+Verb+Base

analyzer>> Sx+Verb+Comd+Sg

51
analyzer>> il+Verb+Base
analyzer>> 5+Verb+Comd+Sg
ol

analyzer>> sl+Verb+DirectCaus+Hab+Fem+Sg
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E.2 Input and Output Files for generator

The input file is given as follows:

File a2.txt

sil+Verb+Base

»H+Verb+Comd+Sg

sil+Verb+Hab+Masc+P1

»H+Verb+Past+Masc+Sg

S>+Verb+Base

S>I+Verb+Comd+Sg

s+Verb+Base

s+Verb+Comd+Sg

513
(S 45]

sl+Verb+DirectCaus+Hab+Fem+Sg
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The output file is given as follows:

File s2.txt

Lil+Verb+Base
generator>> il
»l+Verb+Comd+Sg

generator>> sl

sil+Verb+Hab+Masc+P1

generator>> _ il

»lH+Verb+Past+Masc+Sg

generator>> |l

S=>I+Verb+Base

generator>> S|

S>I+Verb+Comd+Sg

generator>> S|

s+Verb+Base

generator>> jl

sHVerb+Comd+Sg

generator>>

il

generator>> string not found
sHVerb+DirectCaus+Hab+Fem+Sg

generator>> (siljl
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E.3 Input and Output Files for enumerator

The input file is given as follows:

File a3.txt

il

The output file is given as follows:

File s3.txt

il

enumerator>> U3l
enumerator>> il
enumerator>> il
enumerator>> U sl
enumerator>> _ sl
enumerator>> sl
enumerator=>> .l
enumerator>> sl
enumerator>> |,
enumerator>> _. l
enumerator>> il
enumerator>> _ yil
enumerator>> _. il
enumerator>> il
enumerator>> _. ,l
enumerator>> gl
enumerator>> ug,sl
enumerator>> il
enumerator>> gl
enumerator>> _ yil
enumerator>> _ sl
enumerator>> Ul,sl

enumerator>> _l,l
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enumerator>> |,
enumerator>> Ul sl
enumerator>> _ll
enumerator>> _sil il
enumerator>> il il
enumerator>> |,
enumerator>> Ll
enumerator>> _l,l
enumerator>> sl il
enumerator>> sl il
enumerator>> _l,l
enumerator>> .l
enumerator>> _l,il
enumerator>> §l il
enumerator>> usl,sl
enumerator>> il
enumerator>> |l
enumerator>> sl il
enumerator>> __jl sl
enumerator>> Ulg il
enumerator>> _lg il
enumerator>> lg il
enumerator>> Ulg il
enumerator>> _lg il
enumerator>> _silg,,il
enumerator>> ,lg,il
enumerator>> lg il
enumerator>> Llg il
enumerator>> _ilg il
enumerator>> _sJlg il

enumerator>> gl
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enumerator>> _lg,il
enumerator>> gl
enumerator>> _lg il
enumerator>> glg il
enumerator>> uslg il
enumerator>> _ulg il
enumerator>> glg il
enumerator>> ,.lg il
enumerator>> __slg il
enumerator>> ¢slg il
enumerator>> U, Ul
enumerator>> _, Ul
enumerator>> ,l
enumerator>> U, Ul
enumerator>> _, Ul
enumerator>> _sj, Ul
enumerator>> _.j,Ul
enumerator>> ,l
enumerator>> |,l
enumerator>> _. Ul
enumerator>> s, Ul
enumerator>> ., Ul
enumerator>> _. ,l
enumerator>> ,,,Ul
enumerator>> _. Ul
enumerator>> o,ll
enumerator>> ug,l
enumerator>> ,,,Ul
enumerator>> o, Ul
enumerator>> ., Ul

enumerator>> _,,l
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