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Abstract

Natural language processing applications have an important role in our daily life, by enabling
computers to understand human languages. NLP applications such as machine translation,
question answering, knowledge extraction and information retrieval are among the most common
applications which we need to accomplish different tasks. For better development of the above
mentioned applications the assigning of part of speech of words, the extraction of phrases and
sub-phrases, and the extraction of syntactic structure of sentences from natural language texts are
important. Amharic is one of the under resourced languages whose natural language tools and
applications are not yet built successfully. Therefore, parsing Amharic sentences is a necessary
mechanism for many applications. Sentence parsing is one of the tasks of NLP tools which
identify the syntactic structure of a specific sentence according to the grammar of a language.
For this reason, many natural language applications underlie on sentence parser for better

performance.

For foreign languages like English and Arabic, many sentences parsers are developed in different
approaches. However in the case of Ambharic, there are few works done which still require
improvements and additional features. In addition, they are conducted in small dataset on

specific types of sentences.

In our study, we have designed a similar system to parse all types of Amharic sentences using a
top-down chart parsing algorithm using Context Free Grammar to represent the Amharic
grammars. We have developed a lexicon generator to automatically generate the lexicon which is
separated from the CFG. In addition, we have integrated a morphological analyzer in the
construction of the lexicon. The main purpose of the morphological analyzer is to reduce the
number of words required to be stored in the lexicon. The morphological analyzer results the
morpheme of the given words so that words which have common root are represented by their
morpheme in the lexicon. The parser is tested on test sentences which are extracted from

different sources. Experimental results showed the effectiveness of the proposed parser.

Keywords: NLP, Parser, context free grammar, top-down chart parser, lexicon generator,

lexicon, morphological analyzer.
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Chapter One-Introduction

1.1 Introduction

Ambharic language that is mainly spoken in Ethiopia is the second widely spoken Semitic
language in the world (after Arabic) [1]. It differs from Arabic and Hebrew languages in terms of
syntax, semantics, and morphology. Currently, the number of speakers is estimated to be more
than 30 million [2]. The number of speakers of the language is now increasing because of two
reasons. The first one is, it is the official language of the federal democratic republic of Ethiopia,
a country of more than 85 million people [1]. Second Amharic is a written language with its own
alphabet and written materials actively being used every day in newspapers and other media

outlets [1].

However, Amharic has been one of the under resourced languages [1, 5] both in terms of
electronic resources and processing tools. In recent times, there are attempts to develop
processing tools. Two of the outcomes of these attempts are the medium sized-part of speech
tagged news corpus [3] which is publicly available and a morphological analyzer [4]. The
availability of these resources encourages researchers to involve in Amharic language processing

by applying different NLP models.

One basic task in natural language processing is sentence parsing [6, 7, 8, 9]. It is the process of
identifying the structure of a specific sentence namely noun phrase (NP), verb phrases (VP),
noun (N), verb (V) etc. according to a given grammar [10]. The term parser is used in cases
where the sentences are made up of information units of any kind and therefore it also deals with
a number of sub problems such as identifying constituents that can fit together, testing the
compatibility of number and tense. Even if much works have been done in different languages on
different aspects of parsing, it is not possible to apply these parsers to Amharic language context
directly. The main reason is Amharic language is highly inflectional, morphologically rich and

has its own alphabets and grammatical rules.

The aim of this thesis is to develop a top-down chart parser. Chart parsing is an important
method for natural language parsing. It consists of a tabular based, top-down chart parsing
algorithm [11]. The basic idea is to obtain a table that contains all substructures generated during

the parsing process through different iterations until all possible structures for the sentence are
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obtained. The chart parser takes a sentence as an input and grammar rules that are referred to as
production rules. Therefore, the proposed system will use Context Free Grammar (CFG) to
represent the Amharic grammar rule. CFG grammars consist entirely of rules with a single

symbol on the left-hand side. CFGs are very important classes of grammars for two reasons [11].

* The formalism is powerful enough to describe most of the structure in natural languages.

= Jtis restricted enough so that efficient parsers can be built to analyze sentences.
1.2 Statement of the Problem

Sentence parser is one of important tools in Natural language Processing. It serves as
intermediate component for different higher level NLP applications like machine translation.
Currently, Internet is one of the main sources of information. These enormous amounts of
information could be used to enhance the development of a country by making it accessible to
the public. To fully localize and utilize these resources, the translation of documents from one
language to another may be necessary. For example the translation of English documents to
Amharic may be required. Therefore, the machine translation, which uses Amharic language as
an input and sentence parser as a component, plays a great role in solving the translation

problem.

In addition to this, since Ambharic is the official working language of Ethiopia, more and more
materials are being published in Amharic nowadays and this creates a high interest of NLP
researches in the language. For instance spell checker [49], grammar checker [27], question
answering [17] and word sense disambiguation [48] are among the applications that require
sentence parser for successful and full-fledged implementation. Besides to this, it is also helpful
for language experts in language teaching for phrase identification and to see what relations
words have in a sentence. However, even if there are few works done so far, there is no Amharic
sentence parser designed to parse all Amharic sentences. Hence, the development of the parser
for all types of Amharic sentences will have a vital role in the implementation of higher level

NLP applications with high performance.
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1.3 Objectives

General Objective

The general objective of this research work is to design and implement a top-down chart parser for

Ambharic sentences.
Specific Objectives

The specific objectives of this research are

v To study the basic word categories, morphological property, phrase structure, and
sentences of Amharic Language

v" To collect sample sentences from Amharic documents, for the preparation of the
experiment

v To extract grammar rules using context free grammar formalism to represent the structure

of Ambharic sentences

To prepare lexicon

To design a general architecture of the system

To develop a prototype for the parser

D N N NN

To test the developed prototype

1.4 Methods

To design and develop the parser we will pass through the following activities.
Literature review

Literature review will be done on different areas that are considered to be relevant to our work.
Since this research work is on a design and development of Amharic parser, it touches different
approaches which can be used to develop a parser. The Amharic language properties will also be

studied.

A Top-down Chart Parser for Amharic Sentences 3|Page



Data collection and Analysis

Data, Amharic Sentences of varies types, will be collected from real world Amharic text sources
like Amharic grammar books and newspapers. In addition to this, detail analysis and
preprocessing techniques will be made on the corpus or sentences for the experiment to improve

the performance of the parser.
Design and development approach

Python programming language will be used to develop the prototype of this work. The
implementation of the algorithm and the development of the user interface will be done in

Python.
Evaluation

Finally, the evaluation of the developed system will be conducted by comparing the system
results with manually parsed sentences (by the help of linguistic expert) and checking how much

they are similar.
1.5 Scope

The main focus of this work is the design and prototype development for a top down chart parser
for Amharic sentences. The prototype will be designed by studying the word classes of Ambharic
language, the types of sentences and their construction. However, it is not the scope of this work
to incorporate the parser to higher level NLP applications like grammar checker, question

answering, etc., as a component.
1.6 Application of Results

The result of this research work can be one of the core components of higher level NLP
applications. A system has decisive roles in many areas of NLP for Amharic language.
Therefore, researchers who are involved in increasing the capability of computers in processing
Ambharic language may benefit from the result of this study. Specially, researchers in the area of
phrase recognition, conceptual parsing, machine translation, question answering, spell checker,

text summarization, etc. are among the main beneficiaries. In addition to this, linguistic students
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in the field of Amharic language can also apply the output of this study to parse sentences in the
language automatically. It can also be used in language teaching for recognition of phrasal

categories and to see the relationship between words in a sentence.

1.7 Organization of the Thesis

The remaining part of the thesis is organized as follows. Chapter 2 covers literature review in
which different concepts and approaches related to our thesis are presented. Moreover, the
Amharic language, its word classes, phrases structures, and different types of sentences with
their respective examples are presented. Chapter 3 is about works related to our study which are
done by other researchers in Amharic and other languages. Chapter 4 deals with the design of
our system. It presents the general architecture of the system with its basic components and the
discussion of the components and their interaction in the system. Chapter 5 focuses on the detail
implementation of the system. It discusses the algorithms we used for achieving the goal of every
component in the system supported with examples. Chapter 6 is about experiments done in every
component and the results obtained together with their explanations. Chapter 7 presents

conclusion and future work recommendations for the improvement of the system.
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Chapter Two - Literature Review

In this Chapter, we provide a brief overview of grammar formalism and parser strategies. In
order to examine how the syntactic structure of a sentence can be computed, we must consider
two things: the grammar, which is a formal specification of structures allowable in the language,
and the parsing technique, which is the method of analyzing a sentence to determine its structure
according to the grammar. There are several types of grammatical formalism and parsing

approaches and those that are important for our work are explained in this Chapter.
2.1 Grammar

Grammar can be defined as a formal specification for describing the rules and syntax allowable
in the language according to which the parser attempts to analyze and determine the structure of
a sentence [18]. In other words, the parser takes a sentence as an input and an abstract
description of possible structural relations that may hold between the words as grammar rules to
find a combination that generates a tree that could be the structure of the input sentence. The
following is an example of the grammar rule for the sentence “ANN @ L +F°VC+ (LT L7 or
“Abebe went to school”.

1. S>NPVP 6. NAME = Ann

2. VP= PPVP

3. NP = NAME

4. PP PREPN

5. VP2V

7. PREP = @£
8. N= t7°vCt+, 0+
9. V= %L

Note: S is Sentnece; NP is noun phrase; VP is Verb phrase; PP is prepositional phrase; N is

noune; V is verb; PREP is preposition.

Grammar spesifies two things: the set of grammatically correct sentenceses that are contained
within the language and the structure to be assigned to each grammartical sentence in the
language. There are different types of grammatical formalisms proposed by scholars so far.
Among them Context Free Grammar [19], Transformational Grammar [19,20], Transition
Network Grammar [21], Unification Based Grammar [22] and Probabilistic Grammar [23] are

the most common and most widely used formalisms.
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2.1.1 Context Free Grammar

A context free grammar (CFG) can be defined as a finite set of grammar rules which consist of
exactly one non terminal on the left hand side but anything on the right hand side. In order to
define the grammar rule, there are two kinds of symbols: the terminals, which are the symbols of
the alphabet underlying the language under consideration, and the nonterminal, which behave
like variables ranging over strings of terminals [24]. A CFG describes a language by specifing
how any legal text can be derived from a set of production rules, each of which states that a
given symbol can be replaced by a give n sequence of symbols.

A CFG is a four-tuple grammar G=(N, X, R, S) [24] where:

= N is a finite set of non-terminal symbols,

= X is a finite set of terminal symbols,

= R is a finite set of rules of the form X=YY,.....Y,,, where X € N, n>0, and Y;e N U
Y) from i=1....n,

= S € N is a distinguished start symbol.

For example, consider the following context-free grammar

S = NP VP

NP = AdjN

VP = V NP
In the above simple context-free grammar, the set of non-terminals N specifies some basic
syntactic categories S, NP, VP, Adj, N, and V. The set ¥ contains the set of words in the
vocabulary. The start symbol in this grammar is S: this specifies that every parse tree has S as its

root. Finally, we have a context free rule

S => NP VP

or
NAME = AN
The first rule specifies that S (sentence) can be composed of an NP followed by a VP. The

second rule specifies that NAME can be composed of the word ‘A0,
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Note that the set of allowable rules, as defined above, is quite broad, we can have any rule
X=>Y,...Yas long as X is a member of N, and each Y for i=1....n is a member of either N or X.
We can also have rules that have a mixture of terminal and non-terminal symbols on the right

hand side of the rule , for example

VP> 0L +9vC-t .+ VP
PP @& N

We even have rules where n=0, so that there are no symbols on the right hand side of the rule.
Example VP=>e¢
NP => e
€ refers to the empty string, which means a particular non-terminal (e.g., VP), is allowed to have
no words below it in a parse tree.
CFGs are a very important class of grammars for two reasons [6]:
= The formalism is powerful enough to describe most of the structure in a natural lanugage

= Jtis also restricted enough so that efficient parsers can be built to analyze sentences

2.1.2 Context Sensitive Grammar

These rules are used in a natural langauge to describe subject-verb agrement with respect to
number, i.e., singular or plural as refelected in sentences: the student come and the sudent comes.
A Context-Sesitive Grammar is a four-tuple, like that of context free grammar, G=(N, X, P, S)
where N is a set of non-terminal symbols, X is a set of terminal symbols, S is the start symbol of
the production and P is a finite set of production rules of the form a; Ao, a;fa, (where a single
non -terminal A € Nand a; S, 0o € (N U X)") [25].
The production rules of the context sensitive grammar satisfy the following constriants: for the
production rule of the form
= A =>» B where A and B are strings of the aplhabet symbol, the length of (A) should be
less than or equal to the length of (B).
* A =>»y/x zwhere A is a non-terminal symbol, y is a sequence of one or more terminal
and non-terminal symbols, and x and y are sequence of zero or more terminal and non-

terminal symbols.

A Top-down chart parser for Amharic Sentences 8|Page



The meaning of the second production rule is that A can be rewritten as y if it appears in the
context ‘x_z’, i.e., immediately preceded by the symbols x and immediately followed by the

symbols z [25].

2.1.3 Transition Network Grammar

Transitional Network Grammar (TNG) formalism describes the rules by using nodes and
labeled-arcs in a transition network. One of the nodes is specified as initial state, or start state.
Starting at the initial state, an arc can be traversed if the current word in the sentence is in the
category on the arc. If the arc is followed, the current word is updated to the next word. Simple
transiton networks are often called Finite State Machines (FSMs) and have equal expressive
power to regular grammars. However, they are not powerful enough to describe all languages
that can be described by CFGs [18]. In order for the transition network grammr to get the
descriptive power of CFGs, it should allow arc labels to refer to other networks as well as word
categories. Thus the grammatical formalism based on such notion is called Recursive transition

network [26].

The other commonly used type of TNG fromalism for writing natural language grammars is
Augmented Transition Netwrok (ATN), introduced by Woods [21]. This type of formalism
represents the grammar in the assumption that if there is a path from the start state to some final
state such that the labels on the arcs of the path match the words of the sentence, a sentence is in

the language defined by the network.

2.1.4 Unification Based Grammr

Unification-based grammar is the other type of grammar fromalism that makes use of feature
structures, like case, gender and tense including their values, represented in the lexical enrtries of
words. In order to manipulate these feature structures, unification opertation is required. That is,
the entire grammar can be specified as a set of constraints between feature structures. CFGs or

any other type of grammar can be the backbone of a unification based grammar [22].
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2.1.5 Probalisitic Context Free Grammar

A Probabilistic Context Free Grammar (PCFG) is a simple extension of a context free grammar
in which every production rule is associated with a probability [30]. The probability is calculated
by counting the number of times each rule is used in a corpus of parsed sentenses [18]. A PCFG
is a quintuple G = (N, X, R, S, Q) where N is a finite set of non-terminal symbols, X is a finite set
of terminal symblos, R is a finite set of production rules of the form A—a (where A is an
element of N and a is an element of (X U N)*), S € N is the start symbol, and Q : R — [0,1] is a

function that assigns a probability to each member of R [15,16].

Therefore, the probalility P(y) of a parse tree y is defined as the product of probabilities of all

rule applications in the derivation of y.

IR|

P(y) = 1_[ qi count(i,y)
i=1

where:
= yis aparse tree gennerated using PCFG.
= count(i,y) is the number of times that the i" production rule i € R is used in the
derivation of y.

= gi is the probability of rule i.
2.2 Lexicon

Lexicon, which is a linguistic term for dictionary, is a structure that stores lexical rules separately
from grammar rules by specifying the possible categories of each word to improve the efficiency
of the parsing algorithm [28]. It contains information about all words that can be used in the
grammar, including all the relevant value restrictions. When a word is ambiguous, it may be

described by multiple entries in the lexicon, one for each different use [18].

A simple context free grammar lexicon indicated by Atelach Alemu and Daniel Gochel [15, 16]

is shown below as an example,

N> ao-
VD ava
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AdjD>TaP
Adv=>fi

PREP> @£

Symbols on the left hand side are used to specify the part of speech (POS) categories of words on
the right hand side. Therefore, a grammar rule need not contain any lexical rules of the above

form; instead it should be specified in a separate lexicon.

2.3 Approaches of Sentence Parsing

Parsing natural language text is challenging because of the problems like ambiguity. It is
considered to be an important intermediate stage for semantic analysis in natural language
processing applications such as information retrieval (IR) [10], information extraction (IE) [50],
and question answering (QA) [17]. It is the process of automatically building syntactic analysis
of a sentence in terms of a given grammar. The output of parsing is something like a tree which
displays the dominance and precedence relation between constituents of a sentence [18]. This
process is accompanied by the algorithm that searches through different ways of combining
grammatical rules to find a combination that generates a tree that could be the structure of the

input sentences.

By considering the reasoning mechanism of the algorithms, scholars classify the methods of

sentence parsing into two types: rule based and stochastic approaches [29].

2.3.1 Stochastic Approaches

This approach, also called corpus-based approach, is based on the use of text corpora. The
approach uses the idea of Bayes (Network) theorem, i.e., independent event and the Markov
assumption are used to determine the most likely lexical sequence of each word in a given
sentence [29]. Based on the type of text corpora used, the corpus based approach can be further

categorized into supervised and unsupervised approaches.
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Supervised Approach

Supervised approaches use annotated text corpora and systems which are developed using this
approach are called supervised parsers. They use probability or statistics in analyzing the
syntactic structure. The main source of information for a supervised parser is the lexicon (which
lists each word with the entire possible lexical category for each word) and the list of contextual
probabilities for each lexical category. The lists of contextual probabilities indicate the particular
lexical category that is appropriate for a particular context. However, this approach has two main
drawbacks: lack of manually or automatically parsed text (corpora) and the manual parsing is

required each time whenever the parser is needed to be applied on a new text.

Unsupervised Approach

Unlike supervised approach, unsupervised approach uses natural corpus as those found in
newspapers and books. For this reason, they do not require any pre-tagged text in the training
process. Some probabilistic information generated from the corpus is used to develop the
syntactic analysis system. These parsers also work based on the assumption of Markov model in
that a set (lexical categories in this case) with directed edges labeled with transition probabilities

that indicate the probability of moving to the state at the end of the directed edge is utilized.
2.3.2 Rule-based Approaches

The rule-based approach attempts to parse a sentence based on the information from the
knowledge base, i.e., grammar rules. Systems which are based on such rules learn a set of rules
automatically based on a given list of strings and then parse sentences following these rules.
There are three ways in which this approach can be applied: top-down, bottom up, and chart

based approach (which integrates the advantages of the two).

Top-down Parsing

Top down parsing is one strategy that builds parse tree from the start symbol (S). Top down
parsing is goal oriented. The goal is towards parsing the sentence according to the grammar
production. To build a parse, it repeats the following steps until the parse tree matches the input

string [18].
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1. At the start node S, select a production with S on its left hand side and for each symbol
on its right hand side, construct the appropriate child.
2. When a terminal is added to the tree being constructed that doesn’t match the input string,
then backtrack.

3. Find the next node to be expanded.
If the parse tree does not match the input string then it means that input string is wrong [7]. Top
down methods have the advantage of being highly predictive. A word might be ambiguous (i.e.,
a word may have multiple word categories) in isolation. But if some of those possible categories
cannot be used in a legal sentence, then these categories may never even be considered [18].
However, this method has a problem of reduplication effort as large constituents may be rebuilt
again and again as they are used in different rules. In addition to this, since the top-down parser
predicts the end string from the given grammar, it has to backtrack to where it made the wrong
decision at each time when it chooses the wrong path. For example, if the grammar rule contains
different alternative production rules to which NP can be extended (like NP =» NN P, NP = N
P N, and NP = N V N) the parser select one alternative and workout its consequences. If the
choice turned out to be wrong, it backtracked. Moreover since there is no recording of each
substitution, there will be unnecessary reduplication for the same non-terminal at each time it
encountered. The other serious problem is that it sometimes get stuck in a loop, if one or more of
the grammar rules are left recursive, i.e., if there is a non-terminal symbol both on the right and
left side of the grammar rule. For example a grammar rule NP=» Adj NP has the same NP in

both sides of the rewrite arrow.
Bottom up parsing

Bottom up parsing starts with words in a sentence and uses production rules backward to reduce
the sequence of symbols until it consists solely of S [28]. This operation is repeated, at each
state, using the sequence of highest level labels as the new string to operate on. The task of the
parser is that of attempting to group words into their respective categories together (e.g., a
sequence of ART ADJ N can be identified as NP) in a manner permitted by the grammar [18].
Unlike top down parsing, the bottom up parser only checks the input sentence once, and only
builds each constituent exactly once. This is because a bottom up parser works from left to right,

i.e., it does everything it can with the first item before exploring what it can do with the next
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items. But bottom up parser can also get stuck in a loop if the grammar has empty productions.
Even if both bottom up and top down parsers have advantages, they are inefficient and have a
worst case exponential run-time as the parser would tend to try the same matches again and
again, thus duplicating much of its work unnecessarily. To avoid this problem, a data structure
called a chart is introduced that allows the parser to store the partial results of the matching it has

done so far so that the works need not to be reduplicated [18].
Chart Parser

Chart parser combines some of the advantages of top-down and bottom-up approaches. The
combination of the selective behavior of the top-down algorithm in building partial parser based
on left context with the bottom-up algorithm behavior building each partial parse only once,
form a chart parser [18]. The main objective of chart parsing is to improve parsing efficiency.
Therefore, it considers three points for the improvement of the parsing efficiency: it doesn’t do
twice what can be done once; it doesn’t do once what can be avoided altogether and it doesn’t

represent distinctions if that is not the concern of the study.

In general, a chart parser has three main constituents: a key list, a chart and a set of edges. A
chart is a set of chart entries each of which consists of the name of terminal or non-terminal
symbols, the starting point of an entry and the entry length. The key list is push down stack of
chart entries that are waiting to be added into the chart. The edges are rules that can be applied to
chart entries to build them up into large entries [10]. The chart maintains the record of all the
constituents derived from the sentence so far in the parse. It also maintains the record of rules
that have matched partially but are not complete. Recording of intermediate results is a form of

dynamic programming that avoids duplicate work [12].

The basic operation of a chart based parser involves combining an active arc (also called edge)
with a completed constituent. The result is either a new completed constituent or a new arc that is
an extension of the original active arc. New completed constituents are maintained on a list
called the agenda until they themselves are added to the chart. For example [0, 5, S= NP VP ¢]
means that an NP followed by a VP are combined to make an S that spans the string from 0 to 5.
The number here indicates the indexing of the grammar rules. The symbol ¢ in an edge separates

what has been found so far from what remains to be found. The number before the symbol S
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indicates the indexing of the grammatical categories. Edges with ¢ at the end are called complete
edges. The edge [0, 2, S =»NP ¢ VP] says that an NP spans from 0 to 2, and if the parser could
find a VP to follow it, then the parser would have an S. Edges like this with the dot before the

end are called active arcs [18].

As it is described earlier, chart parser is driven by an agenda of completed constituents and the
arc extension, which combines active arcs with constituents when they are added to the chart.
The technique of extending arcs with constituents can be applied by using both bottom-up and
top-down approach. But the difference is in how new arcs are generated from the grammar. In
bottom-up approach, new active arcs are generated whenever a completed constituent is added
that could be the first constituent of the right hand side of the rule. In the top-down approach,
new active arcs are generated whenever a new active arc is added to the chart [10]. For this
reason the number of constituents generated using a top-down chart parser is less than the
number of constituents which are generated using bottom-up chart parser. Therefore, the top-

down chart parser is considerably more efficient for any reasonable grammar.

2.4 The Amharic Grammar

Parsing is all about discovering a structure in an input based on external information known
about the elements of the input and their order. The external information consists of a lexicon,
which is a list of input words, and a grammar which describes which structure may be built from
sequence of words. In this Chapter, we will discuss the Amharic language in terms of word
classes, phrase types and sentence types and their formation due to their importance in the study.
The discussion of this chapter is based on the Amharic grammar book “PA?1CTF aPa@-” [42] and

previous works [15, 16, 34].
2.4.1 Word Classes

According to Baye Yimam [42] word classes are classified into five categories which are noun,
verb, adverb, adjective and prepositions. Baye Yimam reduces the number of word classes from
eight, according to previous grammar book [43] to five. Pronouns, which have been one of the
eight categories, are considered as nouns in [42] because of the fact that pronouns can replace

nouns. Conjunctions on the hand have the same property and function as preposition so that they
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are included in preposition word class. Interjection word classes, in the previous grammar books,
are not considered as grammatical categories in [42] because they are words without syntactic

function.

Noun

Noun is a word that is used to identify any of a class of people, place or things. The plural form
of nouns in Ambharic language take the suffix /-~F¥/, /-aF/, and for the accusative case marker it
takes /-7/. For example, the word “a@-” (man) in the sentence ‘““F¢7t fapM@- A®-”’. Amharic
nouns can exist either in their original form or as originated from a different word category.
Nouns that appear in their original form are said to be primitive whereas when they are created
from other categories they are referred to as derived. Nouns can be used as a subject or an object

1n a sentence.
Verb

Any kind of word that usually comes at the end of the sentence and takes suftixes like/-v+/, /-v/, /-
0/ to mark subjects I, You, and She respectively is said to be a verb. For example, the word “0A-
U~” in the sentence “A% 9°911 NA-U~". Similar to nouns, verbs can also be derived from other word

categories by affixing different morphemes and form compound words of stems with verbs.
Adjective

These are words used to name the attribute of a noun or pronoun. They usually precede the noun
or pronoun that they describe or modify. But all words that come before a noun or a pronoun
may not be adjectives. For example, the word “20H” in the sentence “AN0 M +1¢ 1@, Like

nouns and verbs, adjectives can be derived from other word categories.
Adverb

Adverb is a word or phrase that modifies the meaning of an adjective, verb, or other adverb of a
sentence. It also gives additional information about the action referred by the verb. Adverbs refer
to places, time, cause, degree or circumstances, etc., of the action mentioned by the verb
However, most of the time, the place, time, cause, degree or circumstance of an action is referred

by noun phrases or prepositional phrases which contain an adverb. Therefore, adverbs can be
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found either in their primitive form or as their derivative form. The primitive adverbs are very

few in number that are: “19” (yet), “h¢5” (severely), “tae” (quickly), “Za%” (foolish), etc.

Preposition

A type of word that usually precedes a noun or pronoun and expressing a relation to another
word or element is said to be preposition. However, sometimes they may come after words. For
example “Am?0” in “Dt996 Am10” and “99&” in “h@7H “9&”. In general, words which satisfy
the following conditions can be said preposition: they come before a noun and refer time, place,
purpose etc.; they do not add any type of affixes and they cannot be a base for the formation of
other words. Therefore, words like “A78”, “0A”, “@L”, “h”, “A”, etc., are some examples of
prepositions. Prepositions have no meaning by themselves. But when they are attached with
nouns they can form prepositional phrases that are used to refer various adverbial actions. For

example “0A FIPUCT IH QD+ &HLPE0 and “007T A% T LaPMH”.

Conjunction

A word that is used to connect words, phrases, clauses or sentences is said to be conjunction.
“@g9°” (or) and “A%” (and) are examples of Amharic conjunctions. For example in the sentence
“A0N A4S hNL DL AL0 ANA Aaom- 1@ “Abebe and Kebede are going to come to addis Abeba”
the conjunction “AS” connects the two nouns Abebe and Kebede. There are two types of
conjunctions: coordinating conjunction and subordinating conjunction. Coordinating
conjunctions are used to connect two words, phrases, clauses or sentence which are equal,
whereas subordinating conjunctions connect two parts of words that are not equal (i.e.,
dependent and independent clauses). Subordinating conjunctions introduce dependent clause(s)
and indicate the nature of the relationship among the independent clause(s) and the dependent

clause(s).
Numeral

Numeral is a figure, word or group of figures which denote a number. Both cardinal and ordinal
number types are represented by numerals. Cardinal numbers are used to denote quantity (one,

two, three, etc.,) whereas ordinal numbers define a thing’s position in a series, such as first,
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second, or third. In Amharic, ordinal numbers are formed from their equivalent cardinal numbers

and the suffix /-5°.
2.4.2 Phrase Categories

Phrase is a small group of words standing together. It is a syntactic structure that is wider than a
word and smaller than a sentence. Phrase can be constructed only from a head word or a head
word combined with other words or phrases. When a phrase is constructed from a head word and
other words or phrases, the other words or phrases can be specifiers, modifiers or complements.
Specifiers are words used to specify the identity, location, number, possession, etc. of the head
word. Specifiers can be either primitive or derived. For example, in the phrase “?ha ogu&”

(Kassa’s book) the specifier is “?ha” (Kassa’s) that shows the owner of the book.

Modifiers on the other hand are used to indicate the amount, time, place, type, etc. of the head
word or phrase. Adjectival phrase, noun phrase, prepositional phrase or sentences can be
considered as modifiers. For example in the phrase “i19p» a°n.§” (white car), the word “i5p”
(white) indicates what type of color the car has. Unlike specifiers and modifiers complements are
words or phrases that are used to make the ideas complete. For example in the sentences “40
NAv- (I ate bread) and “?07% 40 NAv-” (I ate wheat bread), the first sentence does not give
complete information about the bread but in the second sentence “?07%” (wheat) is a

complement that indicates from what the bread is made.

The types of the phrases for a language are determined by the categories of words in a language.
Therefore, since there are five word categories in Amharic language, there are five phrase classes
which are noun phrase (NP), verb phrase (VP), adjectival phrase (AdjP), adverbial phrase
(AdvP), and prepositional phrase (PP) [42].

Noun phrase

A noun phrase (NP) is composed of a noun or pronoun as its head and other constituents. NP can
be simple (when the head is a single noun or pronoun) or it can be complex (when it is formed by
the combination of a noun with other word classes, including noun word category, or phrases).

For example “A%”, “A4.”, “A10", “AMNA@-”, “app §@” are simple noun phrases and “?AC (17,
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“aqt A~ “ewCP PANT’ are complex noun phrases. Noun phrases are used to refer objects,

places, concepts, events or qualities.
Verb phrase

A verb phrase (VP) is made up of a verb, which is the head of the phrase, and other constituents
like complements, modifiers or specifiers. Verbs of the verb phrase can be classified as transitive
and intransitive based on the word category of the complement they take. Transitive verbs take
noun phrases as their complement whereas intransitive verbs do not; instead they take
prepositional phrase. For example in the VPs “A0tC ArANT ANLT@ (aster broke the egg) and
“A00 AB7 1440 (Abebe hit the boy), the complements of the head verb are transitive NPs.
Therefore, the verbs “anZt®- (broke) and “144.@- (hit) are transitive verbs. The verbs in the
VPs “@f avchrt 3L (he went to merkato) and “@L (£ 10” (he entered to his home) on the other
hand are examples of intransitive verbs because of the prepositional phrase complement they

have.

Like noun phrases, verb phrase can also be simple or complex. Simple VPs have single head
verb. But when the VP contains more than one verb or embedded sentence, it is said to be
complex VP. For example “QH 1H AGTEP Q0D “LOTC 91230 (he told the leady a secret by

telephone a lot of time).
Adverbial phrase

Adverbial phrases (AdvP) are constructed from one or more adverbs, as modifier, and other word
categories. However, unlike other phrases AdvPs do not take complements as their constituents.
Most of the time, the modifiers of adverbial phrases are PPs. For example in “A0EC A7L @77,
foe +1aF (aster stands fast like her brother), the adverbial phrase is “A78 ©7£91, -#4=” which has
the comparative PP modifier “A%2”. Concerning about the number of adverbs in the adverb
phrase, it can be single or it can be more than one. For example in the adverb phrase “hé¢&
+26m” (they crashed severely) the head adverb is “h$5™ (severely). In this example the AdvP is
composed of a single adverb while in the example “fd° Fh° +é.0v8” (he walked briskly) the
phrased is made up of two adverbs “Fae” “fie”.
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Adjectival phrases

Adjectival phrases (AdjP), like noun phrases and verb phrases, are composed of an adjective
head and other constituents such as complements, modifiers and specifiers. For example, in the
sentence “AN0 A7 Avk (MI° aPANT 1@< (abebe is very handsome like his sister) the adjectival
phrase is “A78 Avt (0M9° avan%”. In this phrase the modifier is “4A78 Av+” (like his sister) and
the specifier is “0Mg*” (very). AdjP can be simple or complex like that of VPs and NPs.
Examples like the above are said to be simple AdjPs whereas AdjPs which contain embedded

sentences are complex AdjPs.
Prepositional Phrase

Prepositional phrases (PPs) are made up of a preposition head and other constituents like nouns,
noun phrases, verbs and verb phrases. Unlike other types of phrases, preposition cannot be a
phrase by itself unless it is combined with other constituents. Noun or noun phrase constituents
come after the head preposition whereas when the complement is prepositional phrase the head

preposition appears on the right hand side of the phrase.
Example. “@2 -+ +I°uCt O (to the large school) ......
“@704 ml&HD Am10” (the chair near to the table).

2.4.3 Amharic Sentences

A sentence is a group of words or phrases that is complete in itself, conveying a statement,
question, exclamation, or command and typically containing a subject and predicate. For
example when we see the following phrases: “A7& TA% A% (One big child) - Noun phrase,
“Ou-at N¢” (by two birr) - Prepositional phrase and “Aé-F h7eAA MM~ (he bought four eggs) -
Verb phrase, they do not covey full meaning when they are spoken in separate, instead they raise
questions like what did?, who did?, and what has done?. However, when these phrases are
combined together they form a sentence “A%7& FAP AL Ov-AF NC AT A7RAA 1 (One big child
bought four eggs by two birr) and answers all the above questions. From the structural point of
view, sentences are basically constructed from noun phrase and verb phrase. Regarding the

remaining phrases, they may be included within one of the above main components of a
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sentence. Therefore in the above sentence, we have the noun phrase “A7€ TA® AP (one big
child) and the verb phrase “0u-At IC Ad-t A7eAA 1H” (bought four eggs by two birr) which in
turn contains the prepositional phrase “0u-A-t NC” (by two birr). The structure of a sentence can

be either simple or complex based on the number of verbs it contains.
2.4.3.1 Simple Sentences

In Ambharic language, simple sentences are formed from a noun phrase, which may contain other
phrases except verb phrase, and a verb phrase that contains a single verb and a predicate.

Consider the following sentences.

i “A0rbC aPY§ T (Aster bought a book)
il. “ha @f 128C 8L (Kassa went to Gondar)
1il. “A0N AAS- 0 AarMA T’ (Abebe brought a ball for his son)

There is a single verb in each sentence, “1HT” (bought), “4£” (went) and “AgpMA+> (brought)
respectively. In the first sentence, the verb “1H¥F” is transitive which takes the object “apy&”.
The verb in the second sentence on the other hand does not take any object so that it is
intransitive verb. In the third sentence the transitive verb has two objects “AA%.” (son) and “‘a0”
(ball). Therefore, simple sentences may contain intransitive verbs or transitive verbs with one or

two objects.

According to Baye Yimam [42] simple sentences are classified into four based on the purpose
for which they are spoken. These are declarative, interrogative, negative, and imperative

sentences. The structure of a sentence is also determined by its type.
Declarative sentences

Declarative sentences have the nature of making a declaration or they are just simple statements.
Declaration sentences are used to convey ideas and feelings of the speaker about things, and
happenings. In Amharic, declarative sentences always end with the Amharic punctuation mark
At 10 (<) which is equivalent to full-stop (.) in the English language. For example,
sentences like “0,00+ ¢%97 1@ (the meat is fatty), “A05C A0T994 PIT (Aster became a teacher)

are some types of declarative sentences.
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Negative sentences

These are sentences that make declarative sentences negative in meaning. They simply negate a
declarative sentence. For example the sentence “hd @£ +9°uCt O A0BLI°” (Kassa didn’t go to
school) is negative because the prefix “AQ” in the verb “Ad-%£9°” makes the sentence negative

declarative sentence.
Interrogative Sentences

A sentence that asks about the subject, complement, or the action specified by the verb is said to
be an interrogative sentence. The question can be the one that asks about known things to be sure
or the one that asks the unknown thing. In order to ask the unknown thing, the enquirer can use
interrogative pronouns whereas in order to make sure the known thing the enquirer can use
assurance words or he can change the way of his speech. An interrogative sentence always ends
with a question mark (?). For example, in the sentence “Lor@nh? @ALh?” (did you take your
salary?), the inquirer knows that the person will take his salary but he doesn’t know whether he
took or not. However, if the inquirer asks questions like “?977 aoh.g §-F?” (who is the owner of
the car?), he is asking for unknown thing (i.e., the owner) so that he uses the pronoun ““77%”
(who). Therefore, in order to construct such interrogative sentences, the inquirer usually uses
interrogative pronouns like “?77’ (who), “9°7” (what), “¢+” (where), “07+” (how many), and
“ao’F” (when).

Imperative sentences

Imperative sentences are used to convey commands or instructions. Most of the time, the subject
(that is second person pronoun) of the sentence is omitted but since Amharic words are highly
inflected, subject marker prefixes indicate the specific subject. However, sometimes when the
command is passed for a third person, the subject of the sentence can be third person pronoun or
noun. For example, in the sentence “a-l0 Am(L!” (wash clothes!), the subject is “A7E” (you)
which is second person feminine singular). Whereas in the sentence “A0EC °101 FNAA” (let
Aster cook food), the command is for the third person that doesn’t exist at the time of speech so

that the subject is “Aq.” (she) which is the third person feminine singular.
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2.4.3.2 Complex Sentences

Complex sentences are formed from either complex noun phrase or complex verb phrase or both.
In other words, a complex sentence can have a complex NP and a simple VP, a simple NP and a
complex VP or both complex NP and complex VP. Complex NPs contain at least one embedded
sentence which can be complement or other type phrase. On the other hand, complex VPs
contain at least one sentence or more than one verb. Look at the following examples which are

taken from [34] to see the formation of complex sentences from noun phrases and verb phrases.

Example 1: - “ha e100F e4C (LT 0N9° FAP 10 (the thatched house that Kassa has entered is so

big). In this sentences the head of the noun phrase is “ha 2100+ 24C (L1 (the thatched house that
Kassa has entered). The head with the complement “?ac” (thatched) forms simple noun phrase
“Pac (L1 (thatched house) and this noun phrase are combined with the embedded sentence or
clause “ha ¢100+” (that Kassa has entered) to form complex noun phrase. But the clause that

makes the complex phrase is dependent which is identified by the morpheme “¢” (that).

Example 2: - “ha @ avg0e He M4 (the book that Kassa has bought is lost today)

Here the NP is “ha ¢m@- avZu&” (the book that Kassa has bought) and the head “arZve” (the
book) is combined with the dependent clause “ha ¢mH®-’ (that Kassa has bought) to form
complex NP. The relativizer “¢” (that) in the dependent clause indicates that the clause is a
subordinate clause and it cannot stand alone. Similarly VPs can be complex if they contain at
least one sentence or more than one verb. Moreover, complex VPs also contain dependent

clauses or sentences like complex NPs. These clauses can be complement or modifier.

Example 3: - “A0-kC ha eoh.§ A28 a7 (Aster heard that Kassa has bought a car)

In this sentence, the verb phrase is “a97F” (heard) and the embedded sentence or dependent
clause is “hda e 17214 (that Kassa has bought a car). In this example the dependent clause is
used as a complement in the VP construction. The prefix 478- in the clause indicates that the
clause is dependent.

Example 4: - AlvEC [[ha @8 789 AA%L] AaPa-T] “Aster wept for the reason that Kassa went to
Gojam”. In this sentence the word “0A%L” is dependent clause which is identified by the prefix
“aA-". This clause is a modifier of the phrase “ha @£ 789° AA%L”. The above examples show that
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embedded sentences or dependent clauses in the VPs can be modifiers or complements. More

than one embedded sentences or dependent clauses can also be found in a complex VP.

Example 5: - “ha [n789° A78aeM)] [AlvEC ®L GH&t WL 2LF] A1 (when Kassa came from
Gojam he heard that Aster went to Nazret). In this example the VP is “h789° ~A78a0M AQ-EC L.
TH&T WL BT (191 (When came from Gojam he heard that Aster went to Nazret) and there are
two dependent sentences in it: “h?789° A7LapM” (came from Gojam) and “A0EC @L THET WL
%81 (that Aster went to Nazret). These sentences are used in this phrase construction as a
modifier and complement respectively. Unlike the above examples, complex sentences also may

contain both complex NP and complex VP.

Example 6: - “n759° eavF@- AB: ha h1L0LS4T Ao+t (The girl who came from Gojam knew
that Kassa is in love with her). In this sentence both the NP and VP are complex which are
“n7gge eaefF@- (A8 (The girl who came from Gojam) and “ha A78@L4T AO+T (knew well

that Kassa is in love with her), respectively.

2.5 Summary

In developing a sentence parser, grammar formalism and parsing methods are needed. There are
several formalisms and parsing algorithms that have been proposed and used in various
researches. We have discussed about some of the grammar formalisms and parsing approaches
with their characteristics. Context Free Grammar, Transition Network Grammar, Probabilistic
Context Free Grammar, Context Sensitive Grammar, and Unification Based Grammar are
discussed. Among the strategies, Stochastic Approaches (which in turn include supervised and
unsupervised methods) and Rule-based (that can be applied in either of top-down, bottom-up or

chart parsing ways) are presented.

In our research, we propose to use Context Free Grammar for the grammar rules and top-down
chart for the parsing. We choose CFG because it is easier to maintain, can add new language
features and automatically build efficient parser. The top-down chart parsing, on the other hand
is chosen because it does well if there is useful grammar-driven control. It has the advantage of
both the traditional top-down and bottom-up parsing. It also avoids problems of left recursive

and empty productions by storing partial results of the matching it has already done.
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In addition to the grammar formalisms and parsing methods, we discussed the Amharic grammar
in detail in this Chapter. We discussed the categories of word classes based on what the language
scholars classified. There are noun, verb, adjective, adverb, preposition, conjunction, and
numeral word categories. In this study, pronouns are taken as noun as suggested by Baye Yimam
[42]. Five types of phrases that are formed from two or more word classes have also been
discussed. Such phrases are noun phrases, verb phrases, adjectival phrases, prepositional phrases,
and adverbial phrases. Furthermore, sentence types were also the concern of the Chapter. There
are simple and complex types of sentences in Amharic language. Simple sentences can be further
classified as declarative, negative, interrogative and imperative sentences. Complex sentences,
on the other hand, can be formed in different ways. A complex sentence can be constructed from
simple noun phrase and complex verb phrase or from complex noun phrase and simple verb

phrase or it can be from both complex noun phrase and complex verb phrase.
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Chapter Three - Related Works

In recent years, there have been much works done in Natural Language Processing (NLP).
Sentence parser is one of the most important NLP tools. Even though there are less works for
Ambharic language regarding to parsing, much works have been done in different languages on

different aspects of parsing based on various approaches.

In this Chapter, we will review previous Amharic and other language works that are more related

to our study. We will also identify the gaps between our work and those related works.
3.1 Parsers for Amharic Language

The Ambharic sentence parser, Automatic Sentence parsing for Amharic text [15], is an effort
towards syntactic analysis of Amharic texts. The study attempted to develop a simple automatic
parser for Amharic sentences to address the problem of developing systems that can
automatically process Amharic text. The research has been developed using the Inside Outside
algorithm with bottom up chart parsing strategy. The Probabilistic Context Free Grammar
(PCFQG) has been used as a grammatical formalism to represent the phrase structural rules of the
Amharic language. The study, in general, tried to combine probabilistic formalism and rule based

reasoning for the purpose of developing automatic sentence parser.

In this research, a small sample corpus (i.e., 100 sentences) was selected for the experiment from
an Amharic grammar book titled “PA1C5 APA®@-” [31]. The sentences were only from similar
type of sentences, i.e., simple declarative type of sentences which are composed of four words.
The selections of the sentences were carried out randomly; however, they were composed of two
or more of the phrase classes of the language. The sample corpus then needs to pass through
sentence pre-processing phase to make them have a suitable format. As a result, the sentences
were automatically tagged using the Part of Speech (POS) tagger developed by Mesfin Getachew
[32] to assign a part-of-speech tag like noun, verb, pronoun, preposition, adverb, adjective or
other lexical class marker to each word in the sentence. Manual hand parsing was also the other
pre-processing phase done by the researcher after the corpus has passed through the POS tagger.
The researcher picked 80 sentences randomly from the sample to conduct the probability

calculations for the words in the sentences, grammar rule inductions and the assignment of the
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probability to the grammar rules. The remaining 20 sentences were used as a test set. However,
the number of sample sentences was small and only from one type of sentences which is

declarative sentences and limited only to four words length.

The pre-processed texts were then used for extracting the probabilistic context free grammar.
After this, the number of times each rule was used in the corpus which contains parsed sentences
was used to estimate the probability of each rule being used. Finally, the probability values were
assigned to each rule extracted from the parsed sample that divides the number of rules used by

the total word category occurrences on the left hand side of rules used (i.e., in the PCFQ).

The second important work in Amharic sentence parser is done by Daniel Gochel [16] which has
integrated ideas and outputs of previously attempted Amharic NLP prototypes [15] to develop
automatic sentence parser particularly for complex Amharic sentences. The study is just an
extension of Atelache Alemu’s [15] work specifically focused on complex Amharic sentences.
The parsing algorithm and the grammar formalism adopted in this research is similar with the
Automatic sentence parser for Amharic sentences [15] which are Input Output Algorithm with

bottom-up strategy and PCFG rules respectively.

The researcher has collected 350 Amharic complex sentences from two commonly known
grammar books in the language, named as “CA7ICET APA@” [31] and “Amharic for beginners”
[33]. The sentences were selected in a way that each sentence contains two or more phrase
classes and one of the clause types (i.e., relative clause, reason clause, and time clause) in the
language. Then after, sentences were passed through morphological analyzer and POS tagger for
the purpose of pre-processing. Morphological analyzer is one of the most important NLP systems
in the development of sentence parser. In representing the lexicon for sentence parser, it would
only need to store one entry for a word that can have a number of derivations and inflectional

words.

However, if we do not have one morpheme in the lexicon for those related words, there would be
a large number of words collected in the lexicon which is a serious problem to manipulate and
access a huge dictionary. The POS tagger takes a string of stems (which is a sentence containing

only stems of words it was built from) that the morphological analyzer outputs. Inputting of a
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string of stems into the POS tagger has a potential advantage in making a considerable reduction

on the occurrence of getting words whose category is not known by the POS tagger [1].

Among the sample corpus, 280 sentences were selected as training set to calculate the probability
of words in the sentences, grammar rule formation and probability assignment to the grammar
rules. The remaining 70 sentences were taken as a test set. The extraction of the probabilistic
context free grammar from POS tagged and hand parsed sentences was performed in similar way
to what Atelach Alemu [15] did. The PCFG is then converted to Chomsky Normal Form (CNF)
for the simplicity and its easiness to manipulate because of the binary structure it has. However,
the conversion is done manually by replacing rules of the form A=»BCDE (p), where p is the
probability, by a set of rules [16]: A=»BC’ (p), C’=»CD’ (1) and D’=» DE (1).

Since both Atelach Alemu [15] and Daneil Alemu [16] have done the implementation in the
same way, they have used Input Output algorithm with the bottom-up chart strategy. As a result,
when the parser is given a sentence which is already pre-processed, the parser gives the
probability of the selected parse structure, the parse result, and the grammar rules used in the

parsing.

Abeba Ibrahim [34] developed a phrase chunker that divides a text in syntactically correlated
words from a stream of text for Amharic language. Text chunking is an intermediate step for full
parsing. The main objective of the research was to extract different types of Amharic phrases by
grouping words which are found at different level of the parser and transform the chunker to full
parser. The researcher used Hidden Markov Model (HMM) to develop the chunker and bottom-
up approach with transformation algorithm to transform the chunker to the parser. For the
identification of the boundary of the phrases, the author used Inside Outside Beginning (IOB)

chunk specification method.

In this research, 320 different types of sample sentences were collected from Amharic grammar
books and news of Walta Information Center (WIC) for the training and testing dataset. Among
320 sentences, 288 sentences were used to train the system while 32 sentences were used to test
the system. Since the sentences collected from Amharic grammar books are not tagged, they
were analyzed and tagged manually. The entire data set were also chunk tagged manually for the

training set. However, all kinds of Amharic sentences were not included in the study.
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Interrogative and imperative were not part of the study. In addition to this, the size of the corpus

is small.
3.2 Parser for Oromo Language

The automatic Oromo sentence parser which has been developed by Diriba Megersa [35] was
aimed to parse simple sentences for Oromo language. The study has been conducted using the
chart algorithm with the grammar formalism Head-driven Phrase Structure Grammar (HPSG)
compiled into left to right table. It is a representation that allows to minimize the number of
syntactic rules and to provide rich and well structured lexical representation. The grammar table
contains the LHS (left hand side) rules that represent the non-terminal nodes in tree construction
and RHS (right hand side) rules that contain constituents of the phrase rule on the LHS. In
addition to grammar rules, the system also contained mapped rules that would be created
automatically while the parser reads the grammar rules. The main purpose of the mapped rule
was to control the problem of recursive rules in the main grammar rule (i.e., it protects the parser
from entering into an infinite loop as a result of recursive rules). Along with the chart algorithm,
the system has also used the supervised learning algorithm to enable the parser predict unknown
and ambiguous words and a morphological analyzer to split words into root form and their

corresponding morpheme.

For the purpose of the experiment, the researcher collected a sample text which consists of 352
sentences from the handout “Seerluga Afaan Oromoo” that was used as a reference for the
course Oromo syntax in the department of language and literature, Oromo unit at the time. The
sample data was divided into two sets: the training set which contains 300 sentences and the
testing set with the remaining 52 sentences. However, in addition to the small number and
similar sentence type of the text, the part of speech tagger that preprocesses the text to improve

the performance of the parser was not used.

3.3 Parsers for Arabic Language

The top-down chart parser for Arabic sentences [10] is designed for parsing simple Arabic
sentences, which includes nominal and verbal sentences within specific domain Arabic grammar.

The grammar formalism CFG was used to represent the Arabic grammar. The researchers
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developed the grammar rules which give the precise description of grammatical sentences first.
Then, they implemented the parser which assigns grammatical structure of the input sentences.
The system was tested on 70 sentences collected from Arabic documents with different sizes

ranging from 2 to 6 words.

The Arabic chart parser was designed to follow three main steps to parse the Arabic sentences
which are: word classification, grammar identification and finally parsing the sentences. In
Arabic language, words are classified in to three: nouns, verbs, and particles. The particles are
again classified as prepositions, adverbs, conjunctions, interrogative particles, exceptions and
interjections. Therefore, the system enables the user to categorize words of the sentence
automatically or manually based on the extent to which the automatic categorization succeeds.
That is, the user might initially use the automatic categorization to break the sentence into its
main components. However, if the automatic categorization failed to find the correct word
categorization, then the user can perform the manual classification by inserting the component
type (i.e. PRO, N, ART, etc.). After that the system identifies those grammars which are used to
analyze and determine the structure of the given grammar. In order to parse the sentence, since
the system used the top-down chart approach, matches will be made by taking a sequence of
symbols and match it to the right hand side of the rules. The state would simply consist of a
symbol list, starting with the words in the sentence. Successor states could be generated by
rewriting a word by its possible lexical categories and by replacing a sequence of symbols that
matches the right hand side of the grammar rule by its left-hand side symbol. Besides to this the
system stores the partial results of the matching that have been done so far as a result works need

not to be reduplicated [18].

The parser in [36] has been developed with the aim of analyzing and extracting the attributes of
Arabic words. In the implementation of the parser, top-down parsing technique with recursive
transition network grammar has been used. As it is stated in Chapter two transition network
grammars represent grammars based on the notion of transition network consisting of nodes and
labeled arcs. When the arcs of the grammar call other levels of the network to recognize
subordinate constituents that can in turn call other levels, it is said to be Recursive Transition
Network (RTN). Morphological analyzer is also used to consider words that are not found in

lexicon directly.
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The researchers collected a sample of 90 sentences that are 6 words length from grade 6 Arabic
text book. The sentences are made to have gender and number agreement to ensure the correction
of syntax structure of the Arabic sentences. After the evaluation of the parser, it is found that
some sentences are unparsed totally and some other sentences are parsed incorrectly. Sentences
are not parsed because of the following reasons; first when the parse does not found the word in
the lexicon, second because of the incorrect input sentence and third when the parser is unable to
produce a rule for the input sentences because the syntactic form of the sentences is not included

in the grammar.

The ARSYPAR (ARabic SYntacic PARser) [37] has been developed as a tool for parsing the
Arabic language based on the supervised machine learning. The system used the Support Vector
Machine (SVM) algorithm for the learning phase and the Penn Arabic Tree Bank (ATB), which
was developed in the laboratory of Linguistic Data Consortium (LDC) at the University of

Pennsylvania, as a learning corpus.

The system works in two phases: the learning phase and the analysis phase. The learning phase
involves the use of a training corpus in order to extract a set of features and rules which are used
to train the SVM. The extracted features are used to specify the morphological category (POS) of
the word being processed and the POS of the words in the left vicinity of the word being
analyzed with a maximum depth equal to four. On the other hand, extracted rules are used to
train the system in grouping of the sequence of labels that may belong to the same syntactic
grouping and thus define their border. Therefore, the system will be trained to be able to allocate
each word in the sentence to its most probable syntactic group and classify them automatically.
In the analysis phase, the results of the learning phase are used to parse a sentence. But the user
must provide segmented and morphologically annotated text as input to the system. The
evaluation of the system was made by the cross validation method using the Weka tool by
dividing the corpus into two parts, one which contains 80% of ATB for learning and the other
which contains 20% for testing. When the system is evaluated on 100 sentences, the result had

89.01 precision, 80.24 recall and 84.37 F-score.

Generally, unlike the previous Arabic parsers [10, 36], ARSYPAR used Part-of-speech features,
which is important to improve the efficiency of the parser. However, ARSYPAR didn’t

incorporate lexical data (external dictionary) to identify multi-word expressions.
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3.4 Parsers for English Language

The researchers in [38] developed a new grammar formalism called a link grammar that has
equivalent expressive power to that of CFG to parse English sentences. A link grammar consists
of a set of words (the terminal symbol of the grammar), each of which has a liking requirement
that is contained in the dictionary. A sentence of a language is defined by the link grammar if
there exist a sequence of words and there exist a way to draw arcs among the words so as to
satisfy the following conditions. Planarity: the links do not cross when drawn above words;
connectivity: the link suffices to connect all words of the sequence together; and satisfaction: the

linking requirement of each word in the sequence.

The researchers have written a link grammar of seven hundred definitions that capture many
phenomena of English grammar. The grammar handles noun-verb agreement, questions,
imperatives, complex and irregular verbs, different types of nouns, past or present participles in
noun-phrases, commas adjective types, prepositions, adverbs, relative clauses, possessives and
other parts of the language. Moreover, the researchers developed an algorithm based on dynamic

programming which tries to build a linkage in a top down fashion.

The system was tasted by applying it to articles taken from newspapers and the result indicated
that the performance of the system is good. However, there are a number of English phenomena
that are not handled by the system. For example, the system accepts sentences and clauses that
end with preposition. There are also problems on the placement of the adverbs and prepositional

phrases modifying verbs.

Charniak developed statistical based parser for English language [39]. The statistical parser
produces its grammar and probabilities from a hand-parsed corpus (i.e., a tree bank). This
parsing system is based on a language model which in turn is based upon assigning probabilities
to possible parses of a sentence. The model is used in the parsing system by finding the parse for
the sentence with the highest probability. Therefore, the parser operates by assigning
probabilities to the sentence under all its possible parses and then choosing the parse for which
the probability is highest. In line with this, rules of the context free grammar specifies how each

phrase constituent will be expanded.
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The researcher evaluated the performance of the system by training the parser on about one
million words of the Peen Wall Street Journal Tree bank and testing on 50,000 words and
claimed that its performance is superior to previous parsers in the area. However, creating the

corpus or tree-bank is a difficult task that requires great strength or effort.
3.5 Parser for Indian Language

The Hindi parser [40] was developed to parse sentences of Hindi language, which is one of the
official languages of India and the fourth most widely spoken language in the world. The parser
was developed using the Cocke Kasami Younger (CKY) algorithm which can recognize
languages defined by context free grammar in Chomsky normal form. In this study, the
researchers developed a set of grammars that has 14 non-terminals and 13 terminals to represent

sentences of the language.

The parser is developed to have three components: interface, database for Hindi words and the
parse. The interface allows the user to enter sentences and tokenize the input sentence and assign
tag to each token. The database on the other hand stores the tag of Hindi language words. The
parser will then take string of tag as input and states whether or not input string is correct.
Concerning about the performance of the parser, unlike other researches the paper didn’t mention
anything. Moreover, the number of sentences used, the types of sentences, and the amount of
words the database contains for evaluation is not indicated. Hence it is difficult to say anything

about how the parser performs compared with other parsers.
3.6 Parser for Myanmar Language

Context Free Grammar Based Top-down Parsing of Myanmar sentences [7] has been developed
to parse simple and complex Myanmar sentences of 5 to 50 words length. The simple sentences
were declarative, negative and interrogative types. Three types of complex sentences which
joined particles, adjectives and adverbs respectively were also contained in the training and test
sets. The study used CFG formalism to represent production rules whereas top-down parsing is
used to build the parse tree. The researchers collected nearly 3000 training sentences and 530
testing sentences from Myanmar religious books, short stories and newspapers. The corpus was

pre-processed before it is passed to the actual parsing process. In the sentence level, the
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researchers annotated the corpus for part of speech, chunk, and function tags relationship
between the words in the sentences. The function tags are combined to get the phrases. However,

top-down is not efficient compared to top-down chart parser.
3.7 Parser for Chinese Language

In the research in [41] the Maximum-Entropy-Inspired parser was applied on the peen Chinese
Tree Bank (CTB). The major idea in the Maximum-Entropy is the generative model P(m,s),
where 7 is the parse tree for a sentence s. The model assigns a probability to a parse by a top-
down process. A parse tree will be generated by starting from the tree root S (sentence), and use
the context-free grammar for branching. Each expansion is assigned a probability, and the
probability of a tree would be the product of the probabilities of all expansions that generate the
given sentence. Then the parse that has maximum probability P(m, s) for a given sentence s will

be selected.

The evaluation of the system was conducted by first transforming the tree bank. Since words in
Chinese are not delimited by white-spaces, the original tree bank was converted into a tree in
which the terminal consists of a single character instead of words. Moreover, a MaxEnt reranker
which assigns a new probability to each one of the parse of a sentence was used to improve the
performance of the parser. The system was tested on the two versions of the Chinese tree bank
CTB1.0 and CTB4.0 with 3485 and 12334 sentences respectively. The paper concluded that the

performance of the parser is better than previously obtained results.

3.8 Summary

Sentence parsing is important in linguistic and natural language processing to understand the
syntax and semantics of natural language grammar. Sentence parsers are developed in different
approaches for a number of languages around the world. In this chapter, we have tried to present
some of the works which are related to our work. In the first section, we have seen parsers
developed for Amharic language. The parsers were designed by employing rule based and hybrid
approaches. Atelach Alemu [15] and Daneil Gochel [16] developed bottom-up based parsers for
simple and complex sentences respectively. However, the parsers are limited in terms of the

sentences types, word length of the sentences and the size of the corpus used for evaluation.
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Atelach’s parser accepts only 4 word length simple declarative sentences and it was tested on a
corpus that contains 100 sentences. The same is true for [35] which were designed to parse only
simple Oromo sentences. In addition, the number of sentences is small and they are not
annotated or POS tagged. Daneil’s [16] parser parses only sentences that have simple noun
phrase and complex verb phrase. The other parser was developed by Abeba Ibrahim [34] based
on a hybrid approach. Abeba Ibrahim developed a text chunker (shallow or partial parser) and
then transforms this chunker to a parser. The study considered simple declarative sentences and
all types of complex sentences. However, still all types of sentences are not included in the
study. Therefore, in our research, we are aiming to use more sample corpus from different types
of sentences and various sources like newspapers, grammar books, and others. Moreover, the

parser will be used to parse all types of sentences.

The researches [37, 39, 41] used tree-banks to develop a parser for Arabic, English, and Chinese
texts respectively. The tree bank allows the parser to produce its grammar and probabilities to
possible parses of a sentence. In this approach the machine learning algorithm like SVM will
learn from the training corpus and enable the parser to choose the parse that has maximum
probability. Parsers made from tree bank are often the best parsers because of the reason that
they can simply exercise in machine learning and best parse of a sentence can be obtained.
However, creating the requisite training corpus, or tree bank, is a difficult task. Hence, it is

difficult to apply this approach for Amharic texts because of the absence of such tree bank.

The authors of [7, 10, 36] used a rule based approach (i.e., CFG with top-down chart parsing,
transition network with top-down and CFG based top-down technique respectively). However,
top-down parsing has problems of reduplicating; backtracking to where it made the wrong
decision at each time it chooses the wrong path, and getting stuck when there are grammar rules
which are left recursive. Chart paring on the other hand avoids problems of top-down and

bottom-up approaches. So that top-down charting will be used in our research.
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Chapter Four — Design of the Parser

In this Chapter we will discuss the architectural design of the parser, the main components and
the interaction between them. The design of the proposed architecture has six major components;
sentence tokenizer, morphological analyzer, pre-processor, lexicon generator, Context Free
Grammar rules and the parsing algorithm. We begin by discussing the main components of the
parser along with the resources needed for each module and in what way they will interact with

each other. Finally the architectural design of the parser will be shown.
4.1 Components of the Parser

Every sentence parser which is implemented using rule-based approach will have the basic
components: grammar rule, lexicon and the parsing algorithm. The grammar component will be
responsible for storing grammar rules written in one of the grammatical formalisms. Grammar
rules are used to enable the parser to learn a set of rules automatically based on a given list of
strings and then parse sentences following those rules. The lexicon component will be used as a
dictionary for the parser by storing lexical rules which are separated from grammar rules. Lexical
rules specify the possible categories of each word so that the efficiency of the parser will be

improved.

Even though these are the basic components that the rule based parser comprises of, the structure
of the grammar rules, the lexicon and the parsing algorithm differs from system to system and
from one language to the other. Besides the basic components, our system has components that
are used to pre-process the corpus, tokenize the input sentence and prepare the lexicon
automatically. The pre-processor component is responsible to remove unwanted and unnecessary
texts from the corpus and give only POS tagged sentences. The tokenizer component is used to
break the input sentence into individual words so that the morphological analyzer can get words
of the given sentences one-by-one. The lexicon generator is developed to avoid the manual
preparation of the lexicon. As a result, the lexicon can be generated automatically from the
tagged sentences. In addition to this, one can add other components like part-of-speech tagger
and morphological analyzer to improve the performance of the parser. Morphological analysis is
important for morphologically complex languages like Amharic because it is difficult to store all

possible words in lexicon and many words have close to zero probability of occurrence in any
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given corpus [44]. Since we will use the corpus which is manually annotated or POS tagged
whose names of POS tag are shown in Appendix B, the POS tagger is not required for our
system. However, the morphological analyzer developed by Gasser [44] is integrated with our

system to develop a parser with a better performance.

Therefore, in this study we have six components: the parsing algorithm, the grammar rules,
lexicon generator, morphological analyzer, corpus pre-processor and sentence toknizer. Figure
4.1 shows the general architecture of the parser. The architecture has two parts that contain
components from which the parser learns grammar and lexical rules to parse a given sentence in
one section and components which perform the actual parsing in the other section. Corpus pre-
processor, lexicon generator, morphological analyzer, the lexicon and the Context Free Grammar
are grouped in one part. The other section contains sentence tokenizer, morphological analyzer
and the parser which will be invoked whenever there is parsing. The Amharic grammar rule
component is required to store Amharic Context Free Grammar rules. The grammar rules are
identified in a way that they can represent the structure of all types of Amharic sentences in
terms of what phrases and word categories are subparts of others. Unlike the grammar rule
component, the lexicon module stores a list of lexical rules, which specify the possible categories
of each word. The morphological analyzer component analyzes words, which are not directly
found in the lexicon, into their constituent morphemes (meaningful parts) and generates words,
given a root or stem. The parser component will accept input sentence, consider the grammar
rules, retrieves the POS tag of each word in the sentence from the lexicon or send words for the
morphological analyzer (when the word is not found directly in the lexicon) and finally returns
parsed sentences as an output. The details of each component will be presented in the following

sections.
4.2 Corpus pre-processor

Sentences for this research are collected from the Walta Information Center (WIC) corpus,
previous research works and Amharic grammar books. Sentences in the WIC corpus are tagged
and presented using the Extensible Markup Language (XML format) as shown in Appendix C.
However, we cannot use it directly due to the existence of unnecessary texts and part of speech

tags. POS tags like punctuation marks and texts that are not either POS of the word or normal
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Figure 4.1: The Architecture of the Parser
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text like <title>, <body>, <document>, etc. needs to be removed. In addition to this, the POS tag
names are enclosed in “<” and ‘“>” which is also unnecessary. Therefore, removing all these
things is the first task. However, doing this task manually is a tedious and time consuming. For
this reason, we have developed a simple pre-processer that removes all unnecessary words and
characters from the text. The pre-processor scans the text and whenever it encounters the above
mentioned texts it jumps and output the text that is appropriate for use and free from any
unwanted things. Finally, the processed text and sentences which are collected from other
sources are stored in a storage named as POS tagged sentences. These sentences are then used

for preparing the lexicon and to extract Context Free grammar rules.

4.3 Lexicon Generator

Again once we have the corpus that is pre-processed, the next task will be preparing the lexicon.
As we know the lexicon is a list of words with their POS tag name. Preparing the lexicon
manually by typing the word and its word category, especially when there is a large size corpus,
is error prone and time taking. Therefore, it is better to develop an automatic lexicon generator
that outputs the result correctly and within a short time. As a result we have developed a lexicon
generator that output lexical rules from POS tagged sentences automatically. The lexicon
generator reads the POS tagged sentence, on which the POS tag name is written immediately
after the word, line by line and presents the result as POS tag name followed by an arrow, “ =7,
and then the root words, which are returned from the morphological analyzer, enclosed in double
quotation. The result is produced in this format because this is the proper format of the lexical

rules in the lexicon.
4.4 The Morphological Analyzer

In our system, the morphological analyzer is used in two places; in the construction of the
lexicon when the lexicon generator produces lexical rules it is used to find the root words that
will appear after an arrow in the rules and in the parsing process, before the input sentence is
given to the parser. At the time of parsing, the parser requires the POS tag of the input sentence
words from the lexicon. For this reason, the lexicon must have lexical rules within which words
of the input sentence are hold. However, the lexicon doesn’t need to contain all words of the

language; instead it stores only the root (the minimal unit of the morphology) of words. Hence,
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the morphological analyzer is required during the preparation of the lexicon to find out the root
of the words. As a result a number of words can be represented by a single root word. At the
same time we need the morphological analyzer before the input sentence is given to the parser.
This is because of the fact that words of the input sentence should be in their root forms. As a
result, the sentence has to pass through the morphological analyzer. In our study we integrated

the morphological analyzer known as HornMorpho 2.5 developed by Gasser [44].

The Lexicon

This component is a repository that is used to store a collection of information about the words
of a language and the word categories to which they belong. Lexicon is required to contain
lexical rules that have the part of speech category, on the left hand side, and the word, on the

right hand side. Therefore, the grammar rules need not contain any lexical rules of such form.

Figure 4.2: An Example of Lexical Rules in the Lexicon

The syntactic properties specify what role the word plays, such as feature information (whether
the word is transitive, intransitive or bi-transitive), what form the verb takes such as present
participle, past participle or the gender of the noun. However, these features are not included in

our study. Figure 4.2 shows an example of the lexicon for different word classes
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Ambharic Context Free Grammars

A grammar in human language represents understandable specification of language syntax. It is
not concerned with semantics. In other words, the grammar is a collection of words that
describes well-informed sentences in a language. Furthermore, Context Free Grammar in natural
languages represents a formal system which describes a language by specifying how any legal
text can be derived from a distinguished symbol called the syntactic symbol [45]. CFG rules for
this thesis work are extracted from sentences collected from Amharic grammar books, previous
research papers and the Amharic news of WIC which are already tagged manually by researchers
and linguistic experts [3]. However, since sentences collected from grammar books and previous
research works are manually tagged with slightly different POS tag name, they will be made
consistent to each other. Context Free Grammar rules are extracted to represent the grammatical
structure of many valid sentences as much as possible. As we have discussed in Chapter two,
there are four types of simple sentences and complex sentences. Hence, the grammar rule should
represent all of these sentences. But the structure of negative sentences can be represented by the
grammar rule of declarative sentences. Figure 4.3 shows what types of sentences the grammar

rules represent.

Figure 4.3: Types of Sentences Represented by the Grammar Rules

Table 4.1 shows some of the grammar rules contained in the Amharic CFG component for each

sentence type.
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E.g. Table 4.1: An Example of Grammar Rules in the Amharic CFG

Context Free Grammar rules in the Grammar rules

Declarative Sentences

Negative Sentences

Interrogative Sentences

S=>NP VP S=>NP VP S=> NP VP
NP=>N P NP=>NPN NP=>ADV N

NP = ADJN NP=> N ADJ N NP=2>N VN

NP> NNP NP = ADV N VP=> ADV ADJ V
VP=> ADVV VP>V VP=2>V
VP=2>VV VP 2NV VP=2>PV

Imperative Sentences

Complex Sentences

S=>NP VP S=>NP VP

NP=>N NP=>»s N np

NP=> NP s=>PP VREL

VP=2>V np 2PPN

VP=2NV PP=>PREP N
VP 2V

4.5 Sentence Tokenizer

Since the morphological analyzer analyzes one word at a time, words of the input sentence
should be separated and given to the morphological analyzer one by one. For this reason, we
need to have a tokenizer that is responsible to detach words of the sentence. The tokenizer spans
through the sentence from the beginning to the end and whenever it gets a space gap it considers
the text before the space as one word. Each word will be identified in this way and given to the
morphological analyzer whenever it is obtained. However, compound words are not treated as
one word because of the white space and this is the limitation of the work. When the morphemes
of the words are returned from the analyzer they will be rejoined to form a sentence that has root

words of the input sentence.
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4.6 The Parser

This module is used to apply the charting algorithm in combination with other components. Let
us see how it works. Unlike the traditional parsing, chart parsing is based on the basic idea
“don’t throw away information. Keep a record (a chart) of all the structure you have found so
far”. Chart parsing have two forms: passive chart parsing and active chart parsing. In case of
passive chart parsing, the chart is simply a record of all constituents that have been recognized.
However, in case of active chart parsing, in addition to keeping track of a record of complete
constituents that we have found, we record hypothesis (i.e., we record what we are actually
looking for and how much of it we have found so far). Such information is recorded in active

edges or active arcs. An example is shown in Figure 4.4.

S = NP. VP

0 1 2

Figure 4.4: An Example of Active Arc

The active arc is between the nodes 0 and 2. This arc, S =» NP.VP, is interpreted as S is going to
be built from an NP followed by a VP. So far an arc NP is found and we are still looking for the
VP. Here, we have a dot ‘.’ between NP and VP to mark the boundary between what we have
found so far and what we are still looking for. Therefore, since constituents before the dot are
passive edges, active edges can be combined with these passive edges to create new edges. The
new edges created may be either passive (that is already recorded) or active. The combination of
the passive edges and an active edge can be performed as follows: suppose the active edge goes
from node nl to node n2 and has category ‘c’ immediately to the right of the dot as shown in

Figure 4.5.

S 2> X.cY

[ \

nl n2

Figure 4.5: An Example of an Active Arc between two Nodes
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Suppose that there is the passive edge going from node n2 to node n3 (it starts from where the

active edge ends) and has category c on the left side as shown in Figure 4.6.

c>Z

n2 n3

Figure 4.6: An Example of Passive Edge that Starts from the End of Active Edge

Therefore, these two edges can be combined to build a new edge that starts in node nl and ends
in n3. The dot in the active edge is now moved one category forward (i.e., S=Xc.Y). For
example as shown in Figure 4.7, while we are working with active chart parser we make use of
an agenda. An agenda is a data structure that keeps track of the things that we still have to do.
When new edges are created, we have to remember that we have to look at them to see whether
they can be combined with other edges in any way. To not forget this, we store them in the
agenda. We will then take one edge at a time from the agenda, add it to the chart and use it to

build new edges.

S=>NP VP.
/S-)NP.VP VP=>V. \
r N/ \
0 4 5

Figure 4.7: An Example of a New Edge Combined from Two Edges

Top-down searching will be used to use rules to make active edges. In addition to this, the
agenda will have at least one active edge to start the parsing process. The active edge starts at the
position zero from the sentence S. Hence, the active edge will be taken from the input sentence.

The chart will remain empty until an active edge is added to it.
4.7 Summary

In this Chapter the architecture of the parser and its main components are discussed. The
architecture of the system contains six main components. We have the pre-processor to remove
unwanted texts from the WIC corpus and produce POS tagged sentences. The lexicon generator

used sentences processed by the pre-processor and sentences gathered from Ambharic grammar
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books and previous research works to produce the lexicon that is passed through the
morphological analyzer to store only root words in the lexicon. The parser begins by accepting
the input sentence from the user, which is tokenized, morphologically analyzed and again
rejoined sentence, and identifies each word and look at the lexicon to determine the word
category. The morphological analyzer module in the lexicon side will find the morpheme of the
words so that inflected and derived words of the root word will not be found in the lexicon and it
also prevents the storage of possibly large number of words. Hence, the lexicon is not required to
contain all words of the language. The grammar rule module allows the parser to determine the
structure of the parsed sentence by considering all possible grammar rules to create the output.

Finally the result, which is the parsed sentence, will be presented to the user.
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Chapter Five — Implementation of the Parser

In this Chapter we will present the detail implementation of the parser. First, we discuss the used
development environment. Second, the corpus collection, the techniques used and the
modifications made to make it appropriate for use will be explained. Third we will explain the
detail of the algorithm implemented for pre-processing sentences particularly collected from
WIC. The fourth section explains the integration of the HornMorpho with our system. The last
sections, which are the main parts of this work, focus on the extraction of the context free
grammar and the preparation of the lexicon. Finally the main components in the implemented

Top-down Chart parser will be discussed.
5.1 Development Environment

We have prepared a prototype which takes an input sentence from the user, parses the sentence
according to the CFG and lexicon based on the above mentioned parsing method and finally
delivers a parsed sentence for the user. The prototype also includes the pre-processor and the
automatic lexicon generator as its components. The pre-processor takes the WIC corpus and
makes it appropriate to be used by the lexicon generator. The lexicon generator, on the other
hand, takes POS tagged sentences and produces lexical rules automatically. The prototype is
developed and tested on a system with Intel Core I3 CPU of 2.4 GHZ speed, a 2 GB RAM, and
Windows 7 Operating system. The system is developed using Python 3.2 programming
language. The language is chosen because of two reasons: first the language is easy to use and
understand with its capability to enable to use Unicode representations easily and it takes much
less time to develop a program in Python than other programming languages [46], second since
we used a morphological analyzer which is developed in Python, we need to use the language for

ease of integration of the analyzer with our system.
5.2 Collecting the Corpus

In this study, we have collected the sample sentences from three main sources. Some of the
sentences are taken from previous research works [15, 16, 34] in the area, some others are taken
from the Amharic grammar book [42] and most of the sentences, more than half of the total

sentences, are taken from the Walta Information Center corpus. The total size of the corpus is
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480 sentences. Sentences taken from the WIC and research works are already tagged. But
sentences of the grammar book are tagged manually by the researcher based on tagged sentences.
Moreover, sentences collected other than WIC and the research work in [34, 47] are not written
in Ambharic alphabet ‘4.£4\" so that we transcribed these sentences according to the Ambharic
alphabet Unicode standard. Some of the sentences collected from sources other than WIC are
attached in Appendix F. The Unicode representation of Ethiopic characters is shown in Appendix
A. The selections of the sentences were done in random fashion with proportion number from

each type.

The name of the POS tag in the collected corpus is different from one source to the other. For
example, Atelach and Daniel used the same tag name which is different from WIC’s corpus. In
[34] the researcher tried to use an own tag name by converting the previous by a new one. In our
study, we have POS tag name that is omitted, replaced by a new and newly added. Part of speech
tag names NUMPREP (Numeric Preposition), NPREP (Noun Preposition), VPREP (Verb
Preposition), ADVPREP (adverb Preposition), and ADJPREP (Adjective Preposition), which
have been used in [34], are omitted becaus we used morphological analyzer, such types of words
will not have place in the lexicon. The tag names PRON (pronoun) and AUX (auxiliary) are
replaced by N (noun) and V (verb), respectively. In addition to this, the tag names of the
Amharic phrases are specified. In Amharic language, the number of phrases is equal to the
number of word classes in the language [42]. Therefore, we have five phrases as it was discussed

in Chapter two. The tag name of each phrase type in this work is shown in Table 5.1.

Table 5.1: The Tag Name of Amharic Phrases

Name of the Phrase Tag Name
Noun Phrase NP

Verb Phrase VP
Adjectival Phrase ADJP
Adverb Phrase ADVP
Prepositional Phrase PP
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5.3 Text pre-processing

Sentences which are not pre-processed before they are being used by the system components
need efforts for the removal of unnecessary texts. The main reason we need to process the text is
that it contains some texts which are not known and needed by the morphological analyzer and
the lexicon. Furthermore, the performance and the effectiveness of the system can be improved

because of the reduced size corpus. Hence, we added the corpus pre-processor component in our

system. The algorithm that we developed to pre-process the text is shown in Algorithm 5.1.

Input: Corpus

Else

End If
End For

Read the text from the local disc

For each word in the text
Check whether the word is <title>, <body>, <PUNC>, or <dateline place>
If the word is one of the above

Leave or omit the word

For each character in the word

Check the presence of ‘<’, >’ ‘&, =, &
If one of the above is detected
Leave or omit the character

Write the characters of the word in the file(write the word)

End For

Output: pre-processed text

Algorithm 5.1: WIC Text Pre-processor Algorithm

5.4 Integration of the Morphological Analyzer

As we have discussed in Chapter four, we need the morphological analyzer for lexicon

generation and before the sentence go to the parsing process. The main purpose of the analyzer is
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to find the root of a given word (if it has). During the preparation of the lexicon, we have to
consider that it is practically difficult to store all words of a language especially for
morphologically rich languages like Amharic, where a single Amharic word can have a number
of inflections and derivations. Therefore, the analyzer has a crucial role in reducing the number
of words in the lexicon significantly. At the time of parsing, the analyzer will be needed before
the input sentence is given to the parser because of the lexicon we have. The prepared lexicon
consists of words that are morphologically analyzed. For this reason, we must give a sentence for
the parser whose words are morphologically analyzed unless it is impossible to get the word
classes of the input sentence words in the lexicon. Some of the lexical rules used in the study are
shown in Appendix E. Algorithm 5.2 shows an algorithm on how the morphological analyzer

was integrated in our system.

Input : word
Take a word from the user input sentence or from the corpus sentences
Call HornMorpho
Find out the root word
Check whether the given word has root or not
If the input word has root
Select the root word from the output of the morphological analyzer
Return the root word
Else
Return the original word
End If

Output: either root word or the original input word

Algorithm 5.2: An Algorithm for the Integration of the Morphological Analyzer

The above algorithm is used for both cases; during the lexicon generation and at the time of
parsing. However, the analyzer may result in wrong output like words that are the name of a
person or place may be analyzed even if this is not correct. Therefore, such errors, especially

encountered when the lexicon is prepared, are fixed manually.
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5.5 Context Free Grammar Extraction

Lexicon and Context Free Grammar rules are important and necessary components in our
system. CFG rules are used to train the parser with a set of grammar rules and enable it to parse
sentences based on those rules. In our study, CFGs are extracted manually from the collected
corpus with the help of linguistic expert. Sample CFG rules are attached in Appendix D. The
corpus contains POS tagged sentences in which the word category of each word in the sentence
is identified. We have used the Amharic grammar we discussed in Chapter two in the preparation
of the CFG. The Amharic grammar enabled us to know how any legal text can be formed from
different types of words with their correct order. It also describes which structure of a sentence
can be built from which sequence of words. In other words the grammar specifies how we are
able to determine whether a given sentence is valid or not according to the rule. Therefore, we
identified five types of phrases, which are noun phrase, verb phrase, prepositional phrase,
adjectival phrase, and adverbial phrase and the possible combination of words from which the
above mentioned phrases can be formed. When we construct the CFG, we looked at the
sentences and we identified which one is the noun phrase and which one is the verb phrase. A
number of sentences have similar phrase structure and some others share common sub-phrases so
that a single CFG rule can represent many sentences. For this reason we prepared around 175

rules from more than 480 sentences.

Once we have the structure (phrases, sub-phrases and words in the phrases) of the sentence we
transformed it into the proper format of the CFG, which is a non terminal followed by an arrow
and then terminal or other non terminals which can replace the non terminal before the arrow.
The CFG begins from the non-terminal S, which represents sentences, and then phrases which
can replace S (most of the time noun phrase and verb phrase). Each phrase which is on the right
side of S will be expanded or expressed by other non-terminals in next rules. We constructed a
separate CFG for each sentence type for the purpose of simplicity. Meaning we have a CFG for
complex sentences and we have another CFG for each types of simple sentences. Hence, the
parser can be easily trained. Extracting the grammar rules is a onetime process that will be done
after the text pre-processing. However, the system will use these rules every time the parser is

initiated. Moreover, the correctness of the rules with respect to the grammar rules of the
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language should be maintained unless the parser may result in a parse structure which is not

supported in the language.

5.6 Lexicon Generation

The main objective of this module is to produce lexical rules, which are separated from the CFG
rules, automatically. We used the same corpus that is used in CFG extraction for the generation
of the lexical rules. The construction of the lexicon is a one-time process that is done at the very
beginning of the parser implementation. However, the result will be needed whenever there is
parsing. During the lexicon construction, the lexicon generator reads the corpus from local disk
and goes through each sentence. While scanning each sentence, the generator identifies the POS
tag name and the word which will be associated with it in lexical rules. Then after, the identified
words have been given to the morphological analyzer. The result of the analyzer will be checked.
Because of that all words which are given to the analyzer may not have root word or the analyzer
may not support them at all, i.e., the analyzer is not 100 percent perfect. If the analyzer returns a
non empty result, the generator selects the root word and connects it with the POS tag name
identified earlier. The output of the lexicon generator is expected to be formal lexical rules that
will be stored in the lexicon. For this reason, the output is displayed in the following format; in
the left hand side the POS tag name followed by an arrow and the root word, which is enclosed

in double quotations in the right hand side.

Moreover, we have made numeric values to have one common word representation, i.e., “&1PC”.
The common representation is required because of the fact that numeric values are infinite in
number and it is impossible to store all numbers that the user input sentences might contain. As a
result, we put one lexical rule Num=>“&7C” to denote the POS tag of any given numeric values
in the user input. However, whenever there is numeric value in the input sentence, the number
should be replaced by the word “€1C” before it is given to the parser. But after parsing, the
actual number will appear within the parsed sentence. The algorithm on how the numeric value
in the input sentence can be replaced by the word “#1C” will be discussed in the parser section.

The algorithm on how the lexical rules can be generated is shown in Algorithm 5.3.

In the preparation of the lexicon, the corpus contains more than 2,400 words. But after it is

passed through the lexicon generator, we removed replicated words (or similar lexical rules are
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made to be represented only by one of them). This reduces the number of lexical rules
significantly. Moreover, the representation of numeric values by a common word prevents the
existence of exhaustive numbers in the lexicon. Therefore, using the morphological analyzer in
the preparation of the lexicon enabled us to have a lexicon with few words, which can represent a
large number of words. At the same time, the denotation of all numeric values by one single
lexical rule has an important role in the reduction of the lexicon size. As a result the performance

of the parser has been improved.

Input: corpus
Read the corpus from local disk
Scan each sentence of the corpus
Identify the POS tag name and the word that will be associated with it
Give the words to the morphological analyzer
For each word in each sentence
Call the Morphological Analyzer (HornMorpho)
Check the result of the analyzer
If the result is non empty
Select the root word from the result
Return the result
Else
Return the actual word
Write the results with their proper format in the file
End For

Output: lexical rules

Algorithm 5.3: Lexicon Generator Algorithm

5.7 Sentence Tokenizing

Breaking the input sentence into individual words is required during the parsing process. The
main importance of the breaking is to allow the morphological analyzer to get individual words

of the sentence one by one, since the analyzer takes one word at a time. Therefore, the tokenizer
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identifies a separated word whenever it encountered a white space while it scans the sentence
from the beginning to end. The algorithm of the tokenizer that we have used is shown in

Algorithm 5.4.

Input: the user sentence
Scan the sentence and check the presence of a whitespace
For each character in the sentence
Check whether the character is white space or not
If the character is white space
Print the characters that are before the white space (the word)
Else
Append the character to a string variable (the variable that will be printed when
the if condition is satisfied)
End If
End For

Output: separated words of the sentence

Algorithm 5.4: Sentence Tokenizer Algorithm

5.8 Sentence Parsing

Parsing the user sentence is the main objective of this study. For the success of this task, the
parser interacts with other components which are discussed in the above sections. The parser
uses two basic references at the time of parsing; Context Free Grammar rules and lexical rules.
Initially, the parser accepts the input sentence resulted from the tokenizer and the morphological
analyzer. Before the sentence undergoes through the parsing process, the parser checks the
existence of numeric values in the sentence. Each character of the sentence will be checked
whether it is a digit or not. If a digit character is encountered, the word within which the digit
character is obtained will be replaced by the word “€C” (number). For example if the input
sentence is “APA.@-L &AT® (& 255 AFCXPRET +P1P7 OL GIULE AAH 10 (255 Ethiopian
actors will go to Namibia for playing movie), the parser will start the parsing process after it

changes the sentence to “APA.TL LA (& RPC ACEPCR +P2E7 @L TTLNE AAH 10, This is
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needed due to the lexical rule, Num =» “@7(C”, in the lexicon. Unless the replacement takes
place, the part of speech tag name of the number will not be returned from the lexicon. In other
words, the parsing process will not succeed if the POS tag name of the word in the sentence is
not in the lexical rules. However, the replacement will be done internally, the user does not know
anything about this, and in the final output “7C” will be replaced back by the actual number, in

the above case 255.

Now the input sentence is ready for parsing. The parser scans through the sentence and asks for
the POS tag of each word from the lexicon. Then after, the chart will be initialized by an active
edge, which is a grammar rule that has S symbol at the left hand side. The agenda will also be
initialized by a grammar rule that has a non-terminal at its left hand side. The left hand side
terminal is similar with that of the non-terminal which is immediately after the arrow in a
grammar rule in the chart. The grammar rule in the agenda will move to the chart to replace the
first non-terminal, in the right hand side of S, if it can replace unless another grammar rule will
be added to the agenda till the grammar rule that can replace the non-terminal is found. If there is
a terminal that can replace the non-terminal, the parser will replace it and continues to the next
non-terminal. However, if the non-terminal in the chart can’t be replaced by the terminal, it looks
for other non-terminals which can replace it and which can be replaced by terminals later on.
This process will continue until all non-terminals in S are replaced by the terminals and the
structure of the sentence S is recognized. This means when new edges are created, the parser has
to look at them to see whether they can be combined with other edges to create another new
edges in any way. To not forget this, it stores them in the agenda. The agenda contains edges
(grammar rules that can replace non-terminals in the chart and creates new active edge or new
grammar rule). The parser will then take one edge at a time from the agenda, add it to the chart
and then use it to build new edges. Finally the parser results in which word has what POS tag and
which phrases have what sub-phrases and words. The algorithm shown in Algorithm 5.5 is taken

from [ 18] with some modification shown in bold face.
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Input: User Sentence
Scan the input sentence
Check the existence of number in the sentence
If there is numeric value
Replace it by “&vC”
Take the rearranged sentence
Make initial the chart and the agenda
Repeat the following until agenda becomes empty:
a. Take the first arc (grammar rule ) from the agenda
b. Add the arc to chart (if the edge is not already on the chart)
c. Combine this arc with arcs from the chart and add the obtained edges to the
agenda
d. Make hypothesis about new constituents based on the arc and the rule of the
grammar. Add these new arcs to the agenda.
End repeat
See if the chart contains passive edges from the first node to the last node that has label S.
if the chart contains the passive edges that represent all nodes of the sentence then the
parsing process succeeds, if not the input sentence has a syntax error with respect to the
grammatical production rules in the CFG.
Return the parsed sentence; if the parsing process succeeded.

Output: parsed sentence

Algorithm 5.5: Top-down Chart Parsing Algorithm

5.9 Summary

The implementation of the parser used six components. The pre-processor component is used to
remove unwanted text from the corpus and makes it ready for the next components. In the pre-
processing, texts (like <PUNC>, <title>), characters (like < and >), and Ambharic punctuation

marks (like 7, =, and ?) are removed. The processed text and text which is already processed are
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stored in one repository named as tagged sentences. The repository stores POS tagged sentences

from which the lexicon is constructed and the CFQG is extracted.

The lexicon generator component is used to produce lexical rules, which will be stored in the
lexicon, automatically. The grammar works in collaboration with the morphological analyzer.
The morphological analyzer is responsible to find the root word in the preparation of lexical
rules. The root words are needed because of the difficulty to store all words of the language in
the lexicon. At the same time, using the analyzer will improve the performance of the entire

system. Finally, the lexicon generator produces lexical rules and stores them in the lexicon.

The sentence tokenizer component is responsible to break the user input sentence into words that
will be given to the morphological analyzer one by one. The analyzer will also be used during

parsing. Then after, the input sentences will be rejoined and given to the parser.

The parser component is responsible to parse the user sentence and give the final output.
Initially, the parser makes replacements to numeric values in the sentence. After that, the parsing
will be carried out by using the algorithm and the parsed sentence will be displayed to the user at

the end.
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Chapter Six — Experiment

In this Chapter we focus on the evaluation of the system. The evaluation is conducted towards
the performance, effectiveness and correctness of the system. In the first section we focus on the
evaluation of each modules of the system. Most of the evaluations are performed manually. One
hundred sentences that are selected randomly from all types of sentences have been used for
testing the parser. Then, comparison has been made between the output of the system and the
result of manual parsing. The lexicon generator and the pre-processor are evaluated by checking
whether they output correct and expected result or not. In the final section we present discussion

that compares and contrasts our result with results of previous works.
6.1 Pre-processing Evaluation

We have written a Python code for removing unwanted texts and characters in the corpus before
the corpus is provided for lexicon generation and context free grammar extraction. We evaluated
the effectiveness of the module by checking whether all unwanted texts are eliminated or not. So
that, we have seen that all texts and characters that were supposed to be removed, doesn’t exist in
the corpus. In addition to this, the performance of the pre-processer is excellent. It takes about
half of a minute to process one hundred sentences, which contains five up to nine words in a

sentence.
6.2 Lexicon Generating Evaluation

We have developed lexicon generator that constructs lexical rules automatically, which is later
used by the parser. The generator used morphological analyzer in the construction of lexical
rules. For this reason when we see the performance of the lexicon generator, it is somehow
delayed due to the time that the morphological analyzer takes in loading morphological data for
the analyzing process. The morphological analyzer takes one and half up to two minutes to load
the data. The morphological analyzer and the lexicon generator were running in an ordinary

laptop with 2.4 GHz speed and 2 GB RAM.

The correctness of the lexical rules was inspected manually by checking whether words are
categorized in their proper word class and whether the morphemes of the analyzed words are

correct. We have encountered some errors in the lexical rules. However, the errors come from
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the incorrect part of speech tag in the input sentences and incorrect morpheme output from the
analyzer. For example, some adverbs are classified as verbs, prepositions as conjunctions, and
some verbs as nouns. Moreover, a word like “+0&” (insect) has indicated that its morpheme is
“Nd\” (b'l), which is not correct. As a result, we tried to fix those errors manually. Therefore, we

have lexical rules which are free from errors.

N -> " pfgq "
N -> " s2bl ™

PEEF -> " h "

N ->"Db'L "

o - " g "

N -> " bex ta "
PEEF —-> "™ A "

N -> " kKlkl1 ™

N -> " TCEQRT "

vV -» " ndf "

PEEF -> " ¢ "

N -> " kasa "

N -> " gWad eMN a "
EREP -> " nde "

M -> " kasa "

ADJ —-»> " gobez "

N -> " m'r "

PEEF -> " A "

Vo -> " hwn "

V-> " mWk r "
BPEEF —-> " ¢ "

N -> " A&fAOO ™

N -> " hclkt+ "
PEEF —-> " ¢ "

M -> " 'agm "

" gnbata "

" 51Te ™

"o osT* "
" Jm r

”n

Figure 6.1: Screenshot of Lexical Rules Produced by the Lexicon Generator

Figure 6.1 shows the result of the lexicon generator for three randomly selected sentences from
the corpus. The sentences are “h9%4 A-NA7 ht+0eq O AeehAhd TEZht 124”7 (COMESA
proposed a project to protect crops from disease and insects), “?ha 285 A7L ha 20H +14 ATPP?
he” (Kassa’s friend tried to be as clever as Kassa) and “PA<%.0 AN 9°hC (LT PAPI° 1703 AAMS
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aqm-t gavl” (The administration of Addis Ababa has started giving capacity building training).
Here in the lexical rules, the morpheme words are displayed in an English font since the
morphological analyzer gives output in such a way. However, they will replaced by the words of

the sentence entered by the user when the final result is displayed.

6.3 Parsing Evaluation

The parser uses the extracted grammar rules and the lexicon that is produced by the lexicon
generator to parse the input sentences. The input sentence will undergo to the parsing process
after it is tokenized word by word and morphologically analyzed. For this reason, the sentence
tokenizer has an impact on the output of the parser. Meaning if words are not tokenized
perfectly, the result of the parser will not be correct as expected. Therefore, we can evaluate the
effectiveness of the sentence tokenizer by looking the output of the parser. In our study, we
didn’t encounter sentences which are tokenized wrongly. Hence, we can say that the sentence
tokenizer is hundred percent perfect. However, some errors like miss categorization of words in
the parser output are not caused by the tokenizer. On the other hand, the morphological analyzer
affects the performance of the parser quietly in terms of speed. As a result, the output of the

parser can’t be displayed before two minutes.

In order to test the effectiveness of the parser, we used one hundred sentences as shown in
Appendix G that are selected randomly from all types of sentences, on average 20 sentences
ranging from four to nine word length from each sentence types. The correctness of the parser is
evaluated or examined by inspecting its result manually. The output can be checked with respect
to the right categorization of words in their proper word class, the right identification of sub
phrases and main phrases, the right order of sub phrases in building main phrases, and whether
all words and phrases are involved in the construction of the sentence S. Therefore, before we
come to testing, we parse the above sentences manually on paper and then we compare the
results of the parser for the same sentences with what we have on the paper. Any one of the
result which doesn’t satisfy one of the above criteria is considered as wrong output or if the
result doesn’t display at all. Hence, we have the following result (shown in Figures 6.2 - 6.8 and

Tables 6.1 — 6.5) from each sentence type with their respective number of correctly parsed and
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wrongly parsed sentences. In Figure 6.2 the noun phrase and verb phrase are “hhF” and “0%0%+

Mg LNei” respectively.

Figure 6.2: Screenshot of Parsed Declarative Sentence

The noun phrase is constructed from the noun “hhF “(i.e. NP=» N) and the verb phrase from
prepositional phrase, adverb, and verb(i.e. VP=» PP ADV V). The prepositional phrase is made
up of preposition and noun (i.e. PP=» PREP N). However, the sentence “AUA ¥é-@ @O AN” is
parsed wrongly with the noun phrase “AUA ?t¢-@+ @01 and verb phrase “AA”. But the correct
noun phrase is “AUA” and the verb phrase is “?t&@ @O AA".

Table 6.1: Number of Correctly and Incorrectly Parsed Declarative Sentences

No of Declarative Sentences | Correctly Parsed | Incorrectly Parsed | Percentage

20 17 3 85%
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For the negative sentence “ha hag++ 2C 9°4 AANAI®” we have the following result after parsing.

Figure 6.3: Screenshot of Parsed Negative Sentence

In figure 6.3 the noun phrase is “ha” and the verb phrase is “haG+ 2C %4 AANAY®”. The verb
phrase is constructed from “PP”, “N”, and “V” where “PP” is extended to PP =»PREP N PREP.

Table 6.2: Number of Correctly and Incorrectly Parsed Negative Sentences

No of Negative Sentences Correctly Parsed | Incorrectly Parsed | Percentage

20 18 2 90 %
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For the question type sentence “ANN ¢ A A9°7 +MA”, the noun phrase and the verb phrase are
“A0N § 1A and “Ag°7 -+ respectively as shown in figure 6.4.

Figure 6.4: Screenshot of Parsed Interrogative Sentence

The noun phrase is constructed from N, C, and N (i.e. NP =» N C N) where the verb phrase is
from ADV and V (i.e. VP = ADV V).

Table 6.3: Number of Correctly and Incorrectly Parsed Interrogative Sentences

No of Interrogative Sentences | Correctly Parsed | Incorrectly Parsed | Percentage

20 17 3 85 %
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For the imperative sentence “d-Ga@.7 (FFAHH ao(l-t (F (147, the noun phrase is empty which is

Figure 6.5: Screenshot of Parsed Imperative Sentence

NP=>»e. This is because the noun phrase is “A57F” (you). However, it does not appear in the

sentence. As a result the noun phrase is represented as empty. Therefore, the entire sentence will

be considered as verb phrase (which is “d-Ga@7 (taHE ao(lt F (157).

Table 6.4: Number of Correctly and Incorrectly Parsed Imperative Sentences

No of Imperative Sentences | Correctly Parsed Incorrectly Parsed | Percentage
20 16 4 80%
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In figure 6.6, the complex sentence “HNT @ AASD- (A &PLAT £913 FI°UCT +aPHIN” is parsed as

Figure 6.6: Screenshot of Parsed Complex Sentence

the noun phrase is “H05®@-” which is noun and the remaining part of the sentence (i.e. AGs@
aAéPLAT P13 +PUCT tevHiN ) is the verb phrase. The verb phrase is constructed from
embedded clause “AN6@- NALPLAT” represented as ‘s’, noun phrase “?997 +9°UCT” as denoted as

‘np’ and verb “torH10 “ as V.

Table 6.5: Number of Correctly and Incorrectly Parsed Complex Sentences

No of Complex Sentences Correctly Parsed Incorrectly Parsed | Percentage
20 15 5 75%
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Figure 6.7 shows the parse structure of the complex sentences “AJCh P7LUPr NFPF (NLG HY

+haa”. However, the parsing stops after it parsed up to the main noun phrase. The verb phrase is

Figure 6.7: Screenshot of Wrongly Parsed Complex Sentence

not indicated in the output. For this reason the output is not treated as correctly parsed. The noun
phrase and the verb phrase of the sentences are “A7°Ch 7L 0FPT (04T HY and “+hAd”. The
noun phrase on the other hand contains embedded clause ‘s’, noun ‘N’ and another noun phrase
‘np’. The embedded clause (‘s’) and the noun phrase (‘np’) are further extended to “s=»PP
VREL” and “np=®» PP N” respectively, where PP=» PREP N. This is correctly obtained from the
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output. But the verb phrase “VP=»V” is not shown in the output even if the morpheme of the

verb “ThAh” is in the lexicon.

In figure 6.8, the imperative sentence “C0t O&@<7 AT ACHTuv- A2&tH9°m is shown with

incorrect parse structure. The main noun phrase (i.e. “A971t”) of the sentence is empty (NP=> ¢)

Figure 6.8: Screenshot of Wrongly Parsed Imperative Sentence

because it does not appear in the sentence and the rest of the whole sentence is the verb phrase
which is ““P0t @7 AT ACHTU- A2 with a representation of “VP =» s V”” where “s=
np PP” . However, the output indicates the noun phrase is “?(Lt+ (14-@7” (NP=>» N N) and the verb
phrase is “A11 ACHTu- A1&F°m” (VP = PP V V) which is wrong.
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To sum up, the above results show that the parser was able to correctly parse 83 (which is 83% in

average) sentences out of the given hundred testing sentences which is a promising result.

6.4 Discussion

Evaluation of the system was somehow challenging because of the absence of a standard criteria
which says if such and such conditions are satisfied, the parsing is correct and if not the parsing
is wrong. However, we have formulated our own criteria depending on the expected output of
the system, to determine the effectiveness of the system. In addition to this, it was difficult to get
Amharic experts who can evaluate the correctness of manually parsed sentences which we
prepare for testing and in the extraction of the Context Free Grammar from the corpus. But, after

repeated trials we can able to get an expert.

Performance evaluation of the proposed approach, which is the top-down chart parser, compared
with the traditional methods (top-down and bottom-up approaches) is not shown due to time
constraint. Meaning we were not able to evaluate parsing methods other than top-down chart
parsing with the same testing sentences. However, by investigating their respective algorithms
(how they are carry-out sentence parsing) we can conclude that the proposed approach

outperformed traditional methods.

The other problem that we face during the evaluation is the efficiency of the morphological
analyzer. Even though the morphological analyzer plays an important role in reducing the
number of lexical rules in the lexicon, it has some problems in terms of producing morphemes
for words which really do not have and producing morphemes in Amharic fonts in one time and
in English fonts in another time. For example, names of persons, places and organizations are
analyzed in wrong way by the morphological analyzer. This causes reduction in the accuracy of
the result. Moreover, it takes long time to analyze each word of sentences. For this reason it
requires high patience to test the whole sentence especially when slight errors are encountered.
However, the presence of the morphological analyzer gives a great contribution in the
construction of the lexicon. As a result, we did not store all words of the language, which is
required in the absence of the morphological analyzer, in the lexicon. Moreover, it minimizes the
time which is required to search the part of speech tag of words on a given sentence from the

lexical rules.
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In general, our proposed approach has shown promising results, in terms of handling
prepositional phrase (which was treated as one word category in previous works), covering all
Ambharic sentences, integrating morphological analyzer for preventing the storage words which
have common morpheme and reducing the number of words in the lexicon significantly and the
automatic construction of the lexical rules compared to previous approaches which do not have
morphological analyzer and use only traditional parsing methods like top-down and bottom-up

approaches.
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Chapter Seven — Conclusion and Future Work

Nowadays natural language processing is an active area of research. However, for under
resourced languages like Ambharic, there are limitations in electronic resources and processing
tools. Sentence parser is one of natural language processing tools which is used for identifying
the structure of a sentence in terms of noun phrase, verb phrase, noun, verb, adjective, etc.
according to the grammar of the language. The results of sentence parser as a component plays a
great role in solving machine translation, spelling checking, grammar checking, question
answering and word sense disambiguation problems. Therefore, with the help of sentence parser

the efficiency of the above mentioned applications can be improved.
7.1 Conclusion

The top-down chart parser has two major parts. The first part enables the system to learn rules
and parse a given sentence according to them, and the second part accepts a sentence from the
user, parse the sentence based on top-down chart algorithm and finally display the output for the

user.

As the proposed approach is rule-based, the parser needs to have components which are used to
enable the system learn how to parse from grammar rules. This part is composed of pre-
processor, lexicon generator, morphological analyzer, context free grammar rules and lexicon.
The corpus (collected mostly from the Walta Information Center corpus, Amharic grammar
books and previous research works) required in the construction of grammar rules and lexicon
would have to be free from unwanted texts and characters. For this reason, we have used a pre-
processor to remove those texts before the corpus is used by other components. Lexicon
generator is the other component used for the automatic construction of the lexical rules. It uses
the same POS tagged corpus which is used for the extraction of context free grammar rules. In
collaboration with the lexicon generator, a morphological analyzer has been used in the
production of the lexicon. The main purpose of the morphological analyzer is to enable words
which have common root word be represented by their morpheme in the lexicon, so that the
number of words in the lexicon is reduced and the time required for searching word class of

words for the given sentence is minimized.
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In the testing part we have sentence tokenizer, morphological analyzer and chart parser. Sentence
tokenizer is responsible for breaking the input sentence into words so that individual words can
be given to the morphological analyzer. Morphological analyzer is used again in the testing part.
This is because of the fact that words in the lexicon are morphologically analyzed. In other
words, words of the input sentence may not be found directly in the lexicon as most of the words
in the lexicon are root words. For this reason, words of the input sentence have to be
morphologically analyzed before they are processed by the parser. Therefore, once the input
sentence is passed through the tokenizer and the morphological analyzer, words will be rejoined
to construct the sentence again with their respective morpheme. Then, the chart parser parses the
sentence according to the algorithm and output the result for the user. The basic concept of chart
parser is to obtain a table that contains all substructures generated during the parsing process in
different iterations until all possible structures for the sentence are obtained. The parser learns
how the parse structures of the given sentence can be constructed from the grammar rules and the
lexicon. With this regard the parser tested on 100 sentences collected from all types of sentence

(20 sentences from each type) and able to parser 92 sentences correctly.
7.2 Contributions of the work
The main contributions of the work are listed below.

e The general architecture of top-down chart parser for analyzing Ambharic sentences is
proposed

e The study has implemented chart parser algorithm used in other languages.

e The system has integrated morphological analyzer which was not used in previous works
to prevent the storage of all language words in the lexicon and avoid word classes like
noun preposition, verb preposition, numeric preposition and other such word classes in
the lexicon. For example words like PAVAL, AaPhAhd and (125@+ have word classes’
noun preposition, verb preposition and numeric preposition respectively.

e The study is designed to be a desktop application which gives end users with a user
interface for interaction with the system.

e The system has implemented a rule-based approach which does not require a tree bank

from which the parser learns how to parse through iterative trainings.
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e The system has shown how to construct lexical rules automatically from tagged corpus.

7.3 Recommendations

The study has shown that sentence parsing can be done automatically using top-down chart
parsing algorithm for Amharic sentences. However, sentence parsing is not an easy task, which
requires more time and needs more features to make it full-fledged. Hence, further improvements
and modifications are required. Below, additional features that can be added to increase the

performance of the system and future research directions are listed.

e Integrating the parser with higher natural language processing applications like machine
translation, information retrieval and see how their performance is improved.

e Improving the performance of the parser by adding automatic part of speech tagger. POS
tagger has an important role in increasing the effectiveness of the parser and other
applications.

e Improving the performance of the morphological analyzer. The performance of the
morphological analyzer has an impact on the effectiveness of the sentence parser.
Therefore, having a morphological analyzer with high efficiency plays an important role
in the increase of the performance of the parser.

e Improving the performance of the system by using large dataset. The corpus that we used
in the research is not quite enough to judge the effectiveness of the parser. Therefore,
experimenting the system with large size corpus with various approaches is
recommended.

e Experimenting how the sentence parser could perform using stochastic approaches other
than rule-based approaches. Stochastic approaches use the idea of Bayer (Network
theorem) and the Markov assumption to determine the most likely lexical sequence of
each word in a given sentence. Though we didn’t make experiments, better results might
be obtained.

e Replicating the work in other local languages. In our country, there are a number of
languages which are under resourced than Amharic language. Hence, implementing the

sentence parser for those languages is important.
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Appendices

Appendix A: Ethiopic Unicode representations (1200-137F)
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Appendix B: POS tag by WIC (whose corpus is used in this study)

No. | Name of POS tag | Description

1 ADJ Adjective

2 N Noun

3 VREL Relative Verb

4 NUMCR Cardinal Number

5 A" Verb

6 ENDPUNC Sentence end punctuation

7 NPrep Noun with Preposition

8 VPrep Verb with Preposition

9 NUMPrep Number with preposition

10 | PREP Preposition

11 | VN Verbal Noun

12 | ADJPrep Adjective with Preposition

13 | NC Noun with conjunction

14 | ADV Adverb

15 | PUNC Punctuation

16 | NPC Noun with Preposition and Conjunction
17 | AUX Auxiliary verbs

18 | PRONP Pronoun with Preposition

19 | CONJ Conjunction

20 | NUMOR Ordinal Number

21 | VPC Verb with Preposition and conjunction
22 | PRON Pronoun

23 | PRONPC Pronoun with Preposition and conjunction
24 | ADJC Adjective with Conjunction

25 | VC Verb with Conjunction

26 | PRONC Pronoun with Conjunction

27 | UNC Unclear
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28 | ADJPC Adjective with Preposition and Conjunction
29 | INT Interjection

30 | NUMC Number with Conjunction

31 | NUMPC Number with Preposition and Conjunction
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Appendix C: Sample tagged WIC text

<title><dateline place=AgAaA.F> <body>Nha4C <NP> hdd <N> (AC <ADJP> 1.0 <N> hageq
<NP> (i <N> ALod <VP> 279.0aFA <VN> " <PUNC> &+0 <N> " <PUNC> ¢+0A <VP>
HaoG R <ADJ> euh9°q <NP> ANt <V> avfavq.7 <VN> ehik <NP> m.5 <N> (L€ <N> aAnJod
<V> = <PUNC> (L@ <NP> ¢+444 <ADJP> N3P+ <N> avhAhfG <NPC> avdMms P <NPC>
PP <N> YAg <N> AP <ADJ> hvar87 <N> 7EPO <N> Hé <N> A7840J30#t <VP> henio-
<VP> @oC <N> 42970 <ADJ> B¢ <V> ¢-+8avsm- <VP> &Tim- <PRON> vhg°s <N> $LI° (LA
<VP> Ah7& <NUMP> N0i+s <N> hl <NUMP> heet+ <NUMCR> aah <PREP> 1 <NUMCR>
Ahaot <N> b <ADJ> 201 <V> 2iL@0<7 <VP> vh9°s <N> @£ <PREP> 6 <NUMCR> @¢ <N>
HP <N> CLCIPA <V> = <PUNC> TEsa> <N> ALHL@®- <NP> (H? <NP> | <NUMCR> AS
<CONIJ> 17 <N> 3 <NUMCR> 2411 <NP> hG <CONJ> ¢60GA <NP> PPOTF 017 <N> en9°C
<V> (1ALAAF <NP> @ <PUNC> 193 <N> : <PUNC> apQAM@lCGF <N> AP0 <N> 7 <NUMCR>
e <N> MG <N> FLEPT <N> avfarg.y <VN> 1A&@- <V> i <PUNC> vhG@-7 <N> 2990
<VP> AG¢ <CONJ> Qeean- <NP> ?aAm*+ <ADJP> h100 <NUMP> nag <PREP> ¢m.5 <NP>
NAT-2PT <N> AT F 07 <VN> ANLL+PA <V> = <PUNC> (¢Me <ADJP> (¢ <ADJ>
AP T <ADJ> 01710AM7 <V> hG <CONJ> 614 <V> ooyt <N> (1970apA T+ <VP> (u-t-g°
<PRONP> HFF <N> TE&I° <N> h7890.044 <NP> AdF3@pPA <V> == <PUNC> T(E914-a07 <N>
Ohax <NP> A910aoc <NP> F¢& <V> 21140 <VREL> 0440« <ADJ> havt <N> (LIP79° <VP>
(@t <NP> av@¥yt <N> 0A0vP¢ <VN> ALorC <VP> PAFAT <VN> AQJ@-O(@ <V> i
<PUNC> Qu- <NP> 11, <N> hn§ <N> PP <N> 91205C <N> TCU007 <N> A9708arC <VN>
PoLLATA <VN> ap@¥y4 <N> apAh7 <VN> +G9PA <V> = <PUNC> hAx <NP> fa-+7 <ADJ>
PAgPN <NP> 19Ca <N> (A+5T <N> &1C <N> A910P <VP> ¢99,00FA <VN> 75+ <N> 0eh%e9°
<V> i@ <N> (hdd <NP> hoq <NP> ¢7re <ADJ> 11521 <VN> 125 <NUMP> £28 <N>
Af, <PREP> A7L717% <VP> 108@- <V> i <PUNC> £% <PRON> vh9°¢ <N> P(it0-7 <NP>
AC T <N> (&5 <ADIP> 28 <N> A7871+ 700 <VN> AavAhtPA <V> =
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Appendix D: Sample Context Free Grammar Rules Extracted from the Corpus

A S T A e

NS \S I \S B (O S N2 "I \S T \S R S N e o e e e e e e e ey
O 0 3 N N bk~ W N = O OV X 9 O N B~ L N = O

S > NP VP
NP> N

NP 2e¢
NP>sV

s>PP N

NP > ADJN
NP> N N PREP
NP->N PREP N
NP> N ADJ N

. NP & N N PREP
.NP 2 ADV N
.NP>N VN
.NP2>NCC

.NP 2 N N V PREP
. NP &Num PREP ADJ N
.VP 2sV

. S9>NP PP

.S9NP PPV

. VP> ADV ADJ V
. VP 2 PREP V
.NP2N VN

. NP2N NP

.NP NP N

.NP >

. VP2ADV V

. VP > N PP
.VP2>sNPV

.s2 PREP V

.s2 NP VREL
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30. s VREL

31. NP 2Num N

32. VP 2> ADV VP

33. PP & N PREP

34. PP 2 PREP N

35. PP & PREP N PREP
36. ADJP & ADV ADJ
37. ADJP & ADJ

38. ADVP > ADV
39.VP> PPV

40. VP &> N VP

41. VP> NV

42. VP> NPV

43. VP 2ADV V

44. VP & ADJP V

45. VP & ADV VP

46. VP> VYV

47.NP 2> NN

48. NP & N NP

49.NP > NP N

50. NP > ADJ NP
51.NP>NCN

52. NP = N PREP

53. PP & N PREP

54. PP & PREP N

55. VP> ADJV

56. VP> ADVNYV
57.VP2PPNV

58. VP> NP PP ADV YV
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Appendix E: Sample Lexical rules Generated by the Lexicon Generator

—

A e A o

NS S N N  \° I S N S R N S o e e e e e e
O 00 3 O U K LD = O VO O 9 N N B~ W NN = O

PREP ->"¢"

N ->" Af0a00"
N ->"ewncact "
PREP ->"A"
ADJ ->" dokter "
N-=>"Qc71"

N ->" TC&OCTHT "
N ->"ma'reg"

V>" ST* "

N>y I
.ADJ->"tn x"
.N->""njera "
.V->"pl'"
.ADV ->"'"mn"

. N -> " ministr "
.N->"wetad er"
. N > " hager "
.PREP ->"nA"
.ADJ ->" Tam"
.V ->"msgn"

.N ->""amErika "
.N->"dWlarr "
.PREP->"Q"
V>"xyT"

. ADV -> " hulgiz "
N>
.ADJ->"1'q"
.N->"wendm_"
V>"Tn""

30.

C -> “0gg

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
38.
59.
60.

N->"kfl"
PREP -> " wsT "
V->"ngr"

N ->"'astEr "
ADV ->"zarE"
V->""mm"
PREP ->" @£ "
N->"sra"
V->"hyd"

N ->"mEtr"

N ->" gemed "
PREP ->"h"

N ->" gebeya "
V->"gz"
c>"q"

N -> " 'abatye "
V->"wT"

N ->"werq"

N ->"gse'at "
V>"xl m"
C->"wey"

N ->""'awrop a"
N -=>"vNet"
ADV ->" tnant "
N ->""Ertra"

N ->"'ambasader "
N > "halafin_et "
V->"lqq"
V->"ne"

N ->"borsa"
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61
62

63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
3.
84.
85.
86.
87.
88.
89.
90.

.ADJ ->"bzu"
. N _> n lqa "

V->"yz"
ADJ -> " gobez "
N->"mr"
ADV -> " tlant "
N->"bEt"
vV->"mT"

N -> " denqoro "
N->"den "
ADJ >"qey "
N -> " gebero "
N->"quTr"
V>"Cmr"
C->"hG"
N->"qWnjt"
N ->"serg"
V->"drs"
N->"gWad eN a"
N->"n0cre"
V->"bl"

N> " huLL "
N->"+7en"
N->"wyy t"
V>"mr"
ADV ->" aoif "
V->"dngT"

N ->"xfan"
Num ->" ¢pC"
V->"'dg"
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Appendix F: Sample Sentences collected from sources other than WIC

hhOF A2 M9 L0
TeHATE ACENE (LA 210007 1AV TH AL1E
N80 Ak (bt &CH A8 TN
LCO- 0718 4,98 PHALHAFOT 10&PTF HCHC ADM
ONELPT (o &FLET PTI0TT TRI° NPPI° Do hQLT
Hé DL (6 AANELIP
740 HATT AP AL 2057 (LT 6nCh Adl
AlvEC AU NP AADLLT havm? NAL +GR.LT
TIUCT W&t SHYA

. LCD- &P PHALHVFDY 198PTF HCHC AOM

. AL+ (1MG° LP9° 1D,

. AUA PHe-@ O AA

 ACATP HEN LLmN@<7 AN (LT @0 AONT

. h0L haFavae FYCE (Lt hAdarmg©

. HOF @+ Aas@- AALPLAT 0913 TIPUCT -FaPHIN

. APk RCT AGET FarhAnT

. @ h8.NANN avF aoay

. PFPPUCT TLLAEC AbTALOLALLN aPhANS 10.871.A.27 1C aPL0

. haPMAY- NAY AI°T PLY

. SHHNUT? NF ACHY MNP

. U (A Favav Joo() hi\tap7(19°

. ANN § A AgPY M

.0 00T AT ACHTU- W& Far

. &Gy (VRRHIE ao st F (4

. 04 285 7L A 0H 4994 ATPrT Phd

. OE (P LLANDT (78 NFhA APar:

. ACLE AT A9PS 01RATT RS ABTFOT AdF @0

. ToI6®- LT D AAHI? ®L hGA NFD<7 10

. KRG AOFT8@- 0AMT? 0F (G- NEA OO (&7

. WO AT VICT OC TPATAT

A S B O e

W NN N NN N N N N N o e e e e e e e e
S O 0 9 N L B W= O O NN R WD —= O

A Top-down chart parser for Amharic Sentences 84 |Page



Appendix G: Sentences used for testing the parser

A e B T e

NN N N NN N N N N o e e e ek e e e
O 00 I O L A W N =~ O OV 0 N N L B~ WD~ O

128@ MN&M CAMATT AVA OFL a7 hara)

T 10vte OFLEE V16-FO7 D66 AAF LT ANI° AP
ANg- @71Lav< CONHD~T 70H PAS: 914 +POP

To&rt ACTOE 0LAI° L1007 AU THO ALTE

Ak g ALerM O7.89% TT0(L8 hed 10

PATELEL avllt (ATL6N RRLODT ALD ADTH

ANk Paget @0l LIPheLfP INC

NA%97 06.8 “1A.97 NC TEEhPTF +ad

0942 NAA 2047 +912PF 0125 hed apdAPEe -1G DAS

. PAFERP PFPUCT T4 16.4 oot @987 1A

. OFIPUCT A0S Rkl 1A

1199427 0C 0AL ATGT A&PAT +hdd.a

. Uheo AR AOTEIS QP17 (b NPLTLE ANVTHGTL.
. A NA LHOY 158 09 FATE AU~

. 0CAD- i+ AP (@M AALH NNI° NNLT

. N6, PTG AFORORLT 2600, £AC A0

. QAL Fen 16 Ne e AANMNNGTFT h(d

. PRCOE NNALT +RI° OC Nav+NC PAPI® 170 F AAMS AHDIE
. WPIH OG- 271480707 hGt +FPmavt
.AZ°Ch 7L 0 FPF (NS BT Fhadke

. HOF @+ A0S D+ AALPLAT 2712 TI°UCT -HarHIN

. PACAT AVA +hée.a

700 bk 7T o4 WA

. &CEE AOAT N0 +LAE

. PAboLol P05 AOAT (havt 20P

. PAFERL APCaP I ML AN ATPNLC T PLAT
. PNCOE U APEFT avlave,

. hA\71 PUNIPG aPAL PP TT A6,

. PAAY® PP 7 11 2NN

30.

MSTNP 200 NGF7 AavhAhd ATPOP0, Bavl,
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31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

Fav4 9.891A.87 OC L ALLT

PAACXE 0T AP 1899 v 0L
AR G Bk 07918 ATPIOrT 4.l
G OATERS AP

PENTACE, A9C (AFCLEL APTmshs o
AAN9T UNICG aPALePTT A6

AIOOE W28 AG LPGF

PAERE UHAN arHav<C HHav,

AO-P@- (MYP° LB9° .

A%, 0L Lk Cm

hhOF 070 Mg L0t

@@ 1MG° LB9° 1.

PA749. 45 &CEFR Tk TIPADT +hét
PGP0 TLL0EC TLLOEC 977 20AK
PavBavs Pm- PAAN AT (AAEKP a0 -+ av,,
AhALe 097 oo TONS

A8 PN ArE AHC 10+

A0 AN D97 a7 o H LT 815
Pm.a AL &4t CHavk 9°7 PUA 10
P& PG HD 97 £0AA

PhAYe L0t N0 AVTC £15A

PAAPXE 7L O7h oo tav( /et

PIPL:C ANC LCRF avF +hkav

vLC PravaltTo- 0977 10

PavBavs P+ TNNFGP PTLA TOATYL, 977 £0AA

07r0e re AL SHNEL@- MCYE 019775 0977 aohd 10C

PANI® Pyom), aVIE HP v,

ALE P04 AANAT® A28,

hAZA P70k VLA TICLI° avF hAN
PAAELL PG rtaT 917 £0AA

NAEKP eavEav 0@+ FgoUCH (L T 110
NAAG® AL 7 RTEPT 011t
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63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
&4.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.

lF NIPLC (™7 SUN CPT AL HITNT
0 ATY ténd CHIPE 9O PV 10+

ANN G A AT D

ACATP HGN LLMNDT ANO (LT @A AADT
hng hagava +9oYCt (L Abarage
®F32E N 0 N +nCto- V hdhaemg® V
hAa h AGE OC 9P AANAGP

NAGE IC 924 PNAD- ha hL.LAJP

N1 VGt PALET 2L

A AP LOTRC LT

RIHE AST TIPVCTOT ANLS9°

ha PATA 80 ALNAGP

TYI° ATTII° III° ALATIP

KNG TTTYI° QD+ A PIOTIP

ALE KILOM- Ad\TaPAI°

ha L+ ot eAg°

1980 6RLLI AT AAT14.I°

T A0« DL A A.0PM ALTAT°

4 ANGA (191 ANTHIP

TP T O TOCF DT ARNG aPM

POt A@T AT ACHTU~ W& TaPm-
EAG@Ty (FFRHI: aP(lF F (4
PHHNUT? OF ACTY MmN

AOTS IR ARG TN PP Ago)

TP AZLF AhemCh AO T
NGV WLl ORe §

APATA APD<7 39PN

ANEC @L TIPUCT O HLe:

11 FPUCT K2LAA ATIIPT TIF D
N GP7 (Rt D68 DALY

JALD7 AO4.CAPT AIOTBATY

Pr1@- ANAN A7 TALH PTLIAR TN DL ATE
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95. A0G>7 AANVTFL (14~ AILIPUAID- 11D
96. hALaPrEY 10%E AN

97. AN AAaP-P@.7 ANVFRL TLAT

98. LaPN14 00 T14.C AT ATPT WILPL MO
99. £omaey7 FC ALALD- N7 ANLS

100. haé- A28tavanh htaoeo- 03 mOd7
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