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Abstract

The purpose of this study is to develop morphological analyzer for Amharic compound words. A
number of researchers attempted to develop morphological analyzer for Amharic since 2000
(Abiyot, 2000; Tesfaye, 2002; Saba and Gibbon, 2005; Gasser, 201 1) and their analyzers provide
a very good performance. However, as far as the researcher has noted, nothing is reported on
their findings and results about analysis of compound words. For this reason, the researcher
decided to develop morphological analyzer for Amharic compound words using rule-based

approach on the basis of two-level morphology.

A morphological analyzer is a computer program that takes a word or string of charcters as input
and delivers an analysis as output. Amharic, in addition to simple words, uses compound words
such as hPC oo 18T ayyidr-mingiddodé ‘airlines’, @oah epAhg® milk-d-milkam ‘beautiful’, %748
loj-a-gérdd ‘virgin’, etc. The developed anlyzer can recognize and deliver the given compound
word with its word class, each constituents of the compound word with their POS and

grammatical functions of the attached suffixes.

The study covers all compound categories in Amharic (i.e. compound nouns, adjectives, verbs,
and adverbs) with their grammatical and syntactical information. The grammatical features

included in this work are number, gender, person, case, and definiteness.

In identifying and analyzing compound nouns, adjectives, and adverbs, the system performs well
and the sample used to the development and test set can be considered as representative of
Amharic compounds. However regarding compound verbs, it covered only the main verbs, verb

to ‘say’ and to ‘do’, and some of their variations, not all.

In this study, algorithms that can identify and analyze Amharic compound words are developed
from scratch. The performance of the system is evaluated using the training and test sets. The

system accuracy on the test set is 98.67% and its precision and recall are 100% and 98.5%,

respectively.
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CHAPTER ONE

Introduction

1.1. Background

Linguistics is the scientific study of human language. It has an important impact on different
fields such as mathematics, computer science, sociology, language teaching, cognitive
psychology, and others. One of the most fundamental units of linguistic structure is a word. A
word is associated with different kinds of information: phonetic/phonological, lexical structure,
syntactic, semantic, and pragmatic information (Akmajian et al, 2001). Phonetic/Phonological
information is related with the pronunciation and pattern of sounds of the word. For example,

knowing the word (@ siw ‘human being’ is knowing the sounds: ‘s’, ‘4, ‘w’ and ...

In addition, the word n@* sdw ‘human being’ cannot be broken down into any meaningful parts
unlike the word AP+ siiw-0&¢ ‘human beings’, which can be broken into two: the word (@ siw
and an additional element, AT o&¢, and this information is lexical structure information.
Understanding how the word fits into the overall structure of sentences in which it can be used is
Syntactic information. The meaning of the word gives semantic information (knowing the
word implies that understand that it has a certain meaning). Pragmatic information is related

with knowing how to use the word in the context of discourse or conversation.

The subfield of linguistics that studies the internal structure of words and relationships between
words is Morphology. Words have internal structure, which is rule-governed (Fromkin et al,
2009). One of the rules of Amharic, for instance, is to be categorized as nouns; words have to

accept the suffix »F o&& (Baye, 1987 E.C).

There are two categories of words, simple and complex. Simple words such as A@ sdw ‘human
being’ cannot be decomposed into other smaller meaningful units whereas complex words such

as (P T siw-o6¢ ‘human beings’ can be decomposed into smaller meaningful units, A@ séw and
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~T o¢¢. Complex words contain several distinct units of meaning. The smallest meaningful unit
in the grammar of a language is called Morpheme. The Amharic word (L.#F beto¢¢ ‘houses’, for

instance, has two morphemes, (L1 bet ‘house’ and AT o¢¢.

There are three major types of morphological processes: inflection, derivation, and
compounding. Inflection deals with the inflected forms of words. It is a change in the form of a
word, usually by adding a suffix, in order to indicate a change in its grammatical function.
Derivation, on the other hand, is the process that new words are formed from existing words by
affixation. In Amharic, for example, from the word @ sdw ‘human being’, the word a@-+
sdwannit ‘body or being a human’ is formed. Compounding is also the process of making new
words from two or more words. +9°UC+H (7F tamhart-bet ‘school’ is an Amharic word that is

formed by combining the two words, T9°UCt tamhart ‘education’ and (Lt bet ‘house’.

1.1.1. Computational Morphology

Computational linguistics (CL), which is a subfield of linguistics and computer science, is
concerned with the interactions of human language and computers. It includes speech and text
analysis, automatic translation of text and speech from one language into another, the use of
human languages for communication between computers and people, and the modeling and
testing of linguistic theories (Fromkin et al, 2009). One of the major concerns in the field of CL

is computational morphology.

Computational morphology is the processing of word and word forms using computers in both
their written and spoken form (Trost, 2003). Here in this study, it is focused on processing of
words in written forms. Computational morphology has a wide range of practical applications. It
contributes not only for low-level applications but also for many speech and language processing
systems. Some applications of computational morphology are hyphenation, grapheme-to-

phoneme conversion, spelling correction, and stemmer.

The most basic task in computational morphology is morphological analysis, which is the
process of taking a string of characters as input and delivers an analysis as output. Morphological

analysis is the segmentation of words into their component morphemes. For example, if the input
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is the Amharic word (L beto¢éu ‘the houses’, the output could be (Lt+hT+h. bet+oéé+u or

bet+NounPIDEF.

Morphological analysis can be performed using automatic morphological analyzer.
Morphological analyzer is a system that is used to produce all possible analyses for a given
word — what lexeme, prefix, and suffix the word includes and for each of these, provide its part

of speech and the list of its inflections (Gasser, 2011).

A number of researchers attempted to develop morphological analyzer for Amharic since 2000
(Abiyot, 2000; Tesfaye, 2002; Saba and Gibbon, 2005; Gasser, 2011). However, as far as the
researcher has noted, nothing is reported on their findings and results about analysis of
compound words. Thus, in this study, it has developed morphological analyzer for Ambharic

compound words using rule-based approach on the basis of two-level morphology.

1.2. Statement of the Problem

Ambharic is the official language of Ethiopia, with about 30 million speakers (Gamback and
Asker, 2010). It is the second most widely spoken Semitic language in the world. Amharic is one
of the “under-resourced” languages that have very few computational linguistic tools (Gamback

and Asker, 2010).

One of the basic computational linguistic resources for Ambharic is morphological analyzer
(Gamback and Asker, 2010). As mentioned above, several researchers have attempted to develop
the morphological analyzer for Amharic. The most recent and complete analyzer is called
HornMorpho, which was developed by Gasser' (2011). HornMorpho is a Python program that

analyzes Amharic, Oromo, and Tigrinya words. The analyzer is freely available.

HornMorpho has limitations that are indicated by Gasser in HornMorpho user’s guide®. The
limitations are related with the general usability, morphological, and lexical issues. In addition to
these limitations, HornMorpho lacks efficient handling of compounding morphology. It has been

tested in this study by the researcher on 100 compound words (written as conjunct words) and it

! http://www.cs.indiana.edu/~gasser/Research/software.htm|
% http://www .cs.indiana.edu/~gasser/Research/projects.html
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couldn’t analyze any of the words (the analyzer failed 73% to analyze, 2% (e°pN@C#® and
PAONNLN) analyzed the part of speech and the stem but not as compounding stem, and 25% used its

guesser analyzer and gave the wrong analysis).

Regarding to the other mentioned analyzers, as far as the researcher has noted, nothing is
reported on their findings and results about the morphological analysis of Amharic compound
words, although it is mentioned in Saba and Gibbon are reported that some of the analyzer is
complete Amharic morphological analyzer (Saba and Gibbon, 2005; Gasser, 2011). Due to this,
it was important doing a research on the development of morphological analyzer for Amharic
compound words. Hence, this research focuses on the development of morphological analyzer

for Amharic compound words.

1.3. Objectives

The main objective of this study is to develop a morphological analyzer for Amharic compound
words. To perform this general objective, the study has attempted addressing the following

specific objectives:

e Study the morphological property of compound words in Amharic and to identify
properties useful for the development of a morphological analyzer;

e Assessing the various techniques (or approaches) suggested for the development of
morphological analyzer;

* Develop and test a prototype of morphological analyzer for Amharic compound words;

e Evaluate the performance of the developed system;

e Set future work and recommendation.
Finally, the research answers the following questions:

e How to identify compound words automatically in Amharic text and use them for the
analysis? (Automatic identification and extraction of compound words in Amharic text).
e How to analyze Amharic compounds?

e How to handle orthographic variations of compounds in Amharic text?
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1.4. Methodology
This thesis followed the rule based approach on the basis of two-level morphology to design and
develop the system and it uses the following methods to achieve the above mentioned objectives

of the study.
1.4.1. Literature Review

Journal articles, research reports, books, manuals and other documents, which were necessary for

this thesis, have been reviewed to investigate:

* What morphological analysis is especially compound word analysis;
e Different methods of developing morphological analyzer;
e Features of Amharic morphology particularly compounding;

e Features of the programming language used in this work, Python3.2;
1.4.2. Lexicon Preparation

The data sources, for this work, were wordlists that are derived from dictionaries, which are
available digitally’. The dictionaries are A% PATICE avH10 PAT Addis Yamarinya Mezgebe
Kalat of Desta Tekle Wold, hat QcY? +a7 ¢heiCT ovHiN PA+ Kasatie Birhan Tessema
Yamarinya Mezgebe Kalat of Tessema Habte Mikael, and A77CF X701 aoHIN At Amharic

English Dictionary of Amsalu Aklilu.

Lexicons are collected mainly from Amsalu’s dictionary and built in the system as a knowledge
base. This dictionary is chosen because it is available in an advanced stage of development. First,
preprocessing tasks were performed using Python programming language and then lexicons are
extracted automatically and stored in three text files independently, i.e. nouns, adjectives, and
verbal nouns. In addition, list of prefixes and suffixes are prepared manually and saved in two

separate files. Finally, the collected lexicons and affixes are transliterated based on SERA*

system.

*available digitally at http://nlp.amharic.org/resources/lexical/word-lists/
4 System for Ethiopic Representation in ASCII
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(68,

1.4.3. Algorithms Development and Implementation

Algorithms are designed from scratch for identification and extraction of compound words from
Ambharic texts and doing the morphological analysis of compounds. Developments of the

algorithms are based on:

e Criteria of compound words (which will be discussed in chapter 3);
e The rules of Amharic compounds identified by Baye (2000 E.C);

e The computational perspective of the researcher that is noticed on this thesis.

The system is implemented using Python 3.2 programming language on Linux environment.

Python is chosen because Python (Bird et al, 2009):

e isa simple but powerful programming language;
» has excellent functionality for processing linguistic data;
e s portable, it runs everywhere;

e is open source with unrestrictive license.
1.4.4. Testing Techniques

Based on the criteria of compounds (which will be discussed in chapter 3) and discussions with
the language experts, sample compound words are collected. This sample corpus is collected
from Baye (1987 E.C; 2000 E.C) and Getahun (1990 E.C), from Ambharic dictionary of Desta
(1970 E.C) and Tessema (1959 E.C) and from wordlist of Amharic single names. It is prepared
based on Judgmental Sampling technique, which is a non-statistical sampling method. On this
sampling method samples are selected on the basis of the researcher’s knowledge about the

language, and the nature of the research aims (Atelach, 2002).

The sample corpus is partitioned based on percentage, 70% for development set and 30% for test
set. During the development time, the system is tested many times using development set until
the performance of the analyzer was acceptable. Then, the developed system is tested using the

test set and the performance of the analyzer is evaluated by the language expert. Accuracy of the
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system is presented using statistical techniques after summarizing the test result and reported

with discussions.

| E. 8

Contributions

The f‘o]loWing are some of the contributions of the developed system:

1.6.

Complements the existing systems and helps the development of full-fledged
morphological analyzer for Amharic. As discussed previously (in section 1.2), most
systems developed for morphology analysis of Amharic are focused on inflectional and
derivational morphology and they lack efficient handling of compounding. However, a
system to be a full-fledged morphological analyzer beside inflectional and derivational
has to consider compounding.

Other local languages can easily adapt to develop their own morphological analyzer since
the system is developed on the basis of two-level morphology.

It is significant for applications such as decomposition of non-lexicalized compounds for
spelling correction, information extraction/retrieval and word-level text alignment
between languages. Thus, researchers/developers who are working in such applications
are benefited.

This system helps the teaching-learning process in computational linguistics field (and

other related fields) and used as a tool.

Scope and Limitation

There are two ways of pluralizing adjectives in Amharic — suffixing the plural marker AT o&¢ and

by reduplicating the penult consonant and adding the vowel ‘a’ as a connector. The scope of the

thesis is limited to the first one, suffixing the plural marker AT o&¢.

Regarding to compound verbs, though Amharic has compound verbs to a limited extent, the

thesis covers the most common one.
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1.7. Organization of the Thesis

The thesis is organized in six chapters. In chapter one, the thesis introduced what linguistics,
computational linguistics and computational morphology are about. Statement of the problem,
the objective, the methodology and significance of the research are also presented. Chapter two
discusses morphological analysis and approaches to morphological analysis. Compounding in
Amharic is discussed in chapter 3. The next two chapters discuss the design of lexicon,
algorithm, and experiment and implementation, results, and evaluation, respectively. Finally, the

conclusions and recommendations are presented in the last chapter.
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CHAPTER TWO

Morphological Analysis

2.1. Introduction

This chapter addresses morphological analysis. It includes morphology, approaches to

morphological analysis and morphological analysis for Amharic. Most of the examples are

drawn from Ambharic.

Morphological analysis is about the internal structure of word forms and relations (Roark and
Sproat, 2007). It is the process of taking a string of characters as input and delivers an analysis as

output.

2.2. Morphology

The term morphology is originated from aged Greek — morphe, which means the study of shape
or form. Morphology is generally defined as the study of form or pattern, i.e. the shape and
arrangement of parts of an object and how these conform to create a whole (Bajaj, 2008). The
object in question can be physical objects (such as an organism, geography or ecology), social
objects (such as an organization) or mental objects (such as linguistic forms, concepts or system

of ideas). This study focuses on one of mental objects, i.e. linguistic forms.

Morphology, from a linguistics perspective, is the study of words and how they are put together
(Lieber, 2010). Some words are composed by putting together smaller elements to form larger
words with more complex meanings (Akmajian et al, 2001). These types of words can be
decomposed into smaller meaningful units. In contrast, there are words that cannot be

decomposed, called free morphemes.

Knowledge of morphology includes knowledge of individual morphemes, i.e. their

pronunciation, meaning, and knowledge of the rules that combine morphemes to form complex
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words (Fromkin et al, 2009). Knowledge of morphological rules helps to understand words that

have never been encountered before and to create new words.
2.2.1. Words and Morphemes

As mentioned in chapter one, a morpheme is a minimal meaningful unit in a word. Types of
words formed by composing smaller elements are complex words. Words that can’t be
decomposed into smaller meaningful units, on the other hand, are simple words. For example,
the Amharic word A9° lam *cow’ is a simple word whereas AT lamo¢¢ ‘cows’ is a complex one
since it is composed of two meaningful minimal units: A9° lam, which is a noun, and the plural

marker AT o&¢.

A word may be a result of one or more morphemes (Fromkin et al, 2009). The above Ambharic
word A9° lam consists of only one morpheme whereas the other word A9°F lam + o¢¢ contains
two morphemes. Likewise, A9>F lam + o¢¢ + u ‘his/the cows’ has three and A9°E7 lam + o¢é + u
+ n’ *his/the cows’ has four morphemes. Morphemes like A9® lam, A®- sdiw ‘human being’, and
o4 wif ‘bird” are free. A free morpheme can stand alone as a word in a phrase, such as the word
(. bet ‘house’ in &V £2h%0 (Lt 1@ “This is Yohannes’s house’. Conversely, morphemes like A
o¢¢ and & u give meaning and can occur only if attached to some other morphemes like A9® lam
and 0@ séw. Such morphemes are bound because they can’t stand by themselves (Akmajian et

al, 2001).

Bound morphemes can be affixes, such as prefixes and suffixes. A prefix is attached to a base
initially. ? yd in ?A9” yédlam ‘cow’s’, ld in AAZ® ldlam ‘to cow’, and k& in hA¢® kdlam ‘from cow’
are some of the prefixes of Amharic. On the other hand, a suffix is attached to a base. The
Amharic bound morphemes AT o&¢ and h u can be examples of suffixes. Some Ambharic

suffixes, like "+ nnét as @7k sdw + nnit ‘body or being a human’, are used to derive a noun

from another noun (Baye, 1987 E.C).

A morpheme that indicates grammatical features is called inflectional morphemes whereas a

morpheme that is used to derive a new word when it is added to a word or word stem is

*“u’ refers definiteness and ‘n’ is the accusative case marker
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derivational morpheme. The above mentioned morphemes, AT 0&¢ and A u, are examples of

inflectional morphemes of Ambharic and ¥ nnit, on the other hand, is a derivational morpheme.

2.2.2. Roots and Stems

The ideas of roots and stems are very important for morphological analysis. In English, for
instance, the root of a word is the stem minus its word formation morphemes such as “work™ in
worker and “manage” in manager are roots (Booij, 2009). A stem is formed when a root
morpheme is combined with an affix and by adding other affixes to the stem; a more complex
stem can be formed (Fromkin et al, 2009). For instance, adding a suffix atic to the root system
will form the stem systematic and also the stem unsystematic is formed by adding the prefix un

to the stem systematic.

In Semitic languages such as Ambharic the roots of verbs and most nouns are consonants,
particularly three consonants. Related words can be derived by varying the pattern of vowels and
syllables (Fromkin et al, 2009). For example, the root & s 'hf ‘write’ is used to form words like
Achd. s’dhafi “writer’and ev&hd mds’shaf ‘book’ by infixing vowels through the process of

derivational morphology.

Ambharic nouns are either “primitive”, i.e. they have no connection with verbal roots or nominal
bases such as (1@ siw ‘human being’, or they are derived from verbal roots as Al labs ‘cloth’ is
derived from the root A—{10 |_bs and nominal bases as N7°£45 zamdanna ‘relationship’ is derived
from the noun Hevg: zimédd ‘relative’ (Leslau, 1969). Table 2.1 and 2.2 present nouns derived

from verbal root and stem, respectively (Baye, 2000 E.C; Getahun, 1990 E.C).

fic Root (17° noun

A—10n I-bs Al Iabs &Na “cloth’

P°—Ct m—rt PhCt mart 9°Ct “product’
09L& l-md AATPL lomd A9PL “experience’

Table 2.1 Derived nouns from verbal roots
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h9°g Stem (17° noun

PO galm— PA-AT galm-08 PATPT ‘paint’

ace gord— CL—h1 gord-08 “IC&N ‘darkness/ shadow’

“HI1C gabr— INC—AS gabr-anna “1CS ‘farming’

(1% Tabg— TP-hG Tabg-anna TNPG ‘to stand as an attorney’

Table 2.2 Derived nouns from stem
2.2.3. Inflectional Morphology

Words can also be classified as content words and function words. Content words express
concepts while function words show functions or grammatical roles. Content words, also called
open-class words, belong to major parts-of-speech or classes: Nouns, Verbs, Adjectives, and

Adverbs. Some examples of content words in Amharic are shown below:

Content word POS

He: zaf “tree’ Noun
4.0 fards “horse’ Noun
hdé. allifd ‘pass’ Verb

T4 t’aru ‘good’ Adjective
19 géna ‘yet’ Adverb

Table 2.3 Examples of content words in Amharic

On the other hand, function words, also called closed-class words, indicate grammatical relations
and have little or no semantic content. h ki ‘from’ and @£ widid ‘on the way to’ are some of the

function words in Ambharic.

Ambharic content words have inflection whereas function words except few pronouns do not have
inflection (Baye, 2000 E.C). H&FT7 zafoétalen (zaf-o&-afén) ‘our trees’, for example, is
inflected with two inflectional morphemes: A o&¢, plural marker and A+ aén, person marker

(IPI). Adding inflectional morphemes to a word or word stem do not change the POS of the
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word or the stem. As an example, when the plural marker T o&¢ is suffixed to the noun &ovt

domiit ‘cat’, the plural noun &ao+F domitoc¢ ‘cats’ is formed without any change in the POS.

2.2.4. Derivational Morphology

Derivational morphology is about word formation. It involves attaching derivational affixes to
roots or stems. The result is a new word belonging to a different part of speech. Some of the

rules that are used for deriving Amharic nouns, according to Baye (1987 E.C), are the following

Noun root + the derivational morpheme ¥+ nniit - derived nouns

0g° “Noun’ ' @2 (9" ‘derived nouns’

12 nds’a ‘free’ Y%+ nds’a + nniit ‘freedom’

av-t- mulu ‘full® avfy+ mulu + nnédt ‘fullness’

A@ sow ‘human’ (@ + ¥+ saw + nnit ‘body or being a human’

Adjective + the derivational morpheme ¥t nnit — derived nouns

P& ‘Adjective’ @)L (9° ‘derived nouns’
0& bido ‘empty’ 027t bido + nniit ‘meaninglessness’
Ta® talloq ‘big’ ToPrt tallag + nnit ‘bigness’

Figure 2.1 Examples of derivatives in Amharic

One of the properties of derivational morphemes is that it leads semantic change. The meaning of
the derived word is to some extent opaque (Plag, 2002). For instance, the Amharic derivational
morpheme At it changes the meaning of A@-¢ owaq ‘famous’ to A@1 awaq + it ‘knowledge’.

Both A@® awaq and h@$+ awaqit are nouns however they differ in meaning.

2.2.5. Compounding

Compounding is a morphological process of forming compound words. A word that is formed

from two or more lexemes, include roots, stems, and free words that can make up compounds, is
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a compound word (Lieber & Stekauer, 2010). In Amharic by combining two words or word
stems as the word F#°UCTt tomhart ‘education’ and the word (L bet ‘house’, a new word -

+9oUCT (LT tamhart bet ‘school” is formed (see details in chapter 3).

There are three types of compound words written as closed, hyphenated, and open. Closed, or
solid, compounds are written as single words with no separation. Compounds with hyphen are
also possible. Open compounds, on the other hand, are written as sequences of words separated
by spaces (Akmajian et al, 2001). For example, (.-F(11 bet-d-sab “family” is a closed compound,

#”1-0A7 sin-a-lasan ““linguistics™ is hyphenated, and 40 (L. dabo bet “bakery” is open compound.

2.3. Approaches to Morphological Analysis

There are several language dependent and independent approaches, which can be classified
generally into machine learning (corpus-based), rule-based and algorithmic-based, used for
developing morphological analyzer (Antony et al, 2012). The most commonly used approaches

are the following:
2.3.1. Machine Learning Approach

Machine learning (or corpus-based) is programming computers to optimize a performance
criterion using example data or past experience (Alpaydin, 2010). It is concerned with the design
of algorithms that learn from examples given (Kumar M et al, 2010). A model is defined up to
some parameters, and learning is the execution of a computer program to optimize the
parameters of the model using the training data or past experience. The model may be predictive

to make predictions in the future or descriptive to gain knowledge from data, or both (Alpaydin,

2010).

In machine learning, model construction and usage are the two-step process. In this approach, a
large sized well generated corpus is required for training and test dataset. Machine learning
algorithm is used to train the corpus and collects the statistical information and other necessary
features from the corpus. From the collected information, the model will be created. The model

is represented as classification rules, decision trees, or mathematical formulae. The test dataset is
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used to evaluate the model. It gives good results when the training set and testing data are similar

(Shaalan, 2010).

There are mainly two types of machine learning. These are supervised and unsupervised machine
learning algorithms. In supervised machine learning, examples of the available inputs with the
required output are given to the machine. The task in supervised learning is to learn the mapping
from the input to the output whose correct values are provided by a supervisor (Alpaydin, 2010).

The algorithm is expected to produce generalized and classified rules from the given input.

Compare to the supervised learning, there is no supervisor in unsupervised learning, there is only
input data. The aim is to find the regularities in the input. There is a structure to the input space
such that certain patterns occur more often than others, and we want to see what generally

happens and what does not (Alpaydin, 2010).

Machine learning approaches do not require hand coded morphological rules; rather they need
corpora with linguistic information (Kumar M et al, 2010). The corpora can be used for training
the machine and testing purposes. The necessary knowledge or morphological rules are
automatically extracted from the corpora, i.e. training the machine and testing data. The
performance of the system will depends on the feature and size of the corpus. The disadvantage
is that corpus creation is a time consuming process. This approach is suitable for languages

having well organized corpus (Antony et al, 2012).
2.3.2. Rule-Based Approach

Rule-based, also called knowledge-based, approach is based on a theory laid down by language
experts (Kazakov and Manandhar, 2001). This approach is based on linguistic knowledge and it
has been used in developing many NLP systems successfully (Shaalan, 2010). Experts of a
specific language produce the rules of the language. The approach is more applicable to

languages that have well defined sets of rules (Selvam and Natarajan, 2009).

Many scholars are motivated following the rule-based approach due to lack of available
resources (Shaalan, 2010). According to Shaalan (2010), a rule-based approach has the following

characteristics.
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It has a strict sense of well-formedness in mind,
It imposes linguistic constraints to satisfy well-formedness,

It allows the use of heuristics, and

YV V V V¥

It relies on hand-constructed rules that are to be acquired from language specialists rather

than automatically trained from data.

Rule-based approach has advantages in that it is easy to incorporate domain knowledge into the
linguistic knowledge which provides highly accurate results. Furthermore, the linguistic
knowledge acquired for one natural language processing system may be reused to build
knowledge required for a similar task in another system (Shaalan, 2010). This approach is
advantageous in that even though there may not be enough resource in the language, the

approach can be used (Selvam and Natarajan, 2009).
2.3.3. Two-Level Morphology

This approach is developed by Kimmo Koskenniemi, a Finnish computer scientist, in 1983 and
the approach is a general computational model for word-form recognition and generation
(Antony et al, 2012). The development of two-level morphology was one of the major
breakthroughs in the field of morphological parsing. Its advantage is that the model does not
depend on a rule compiler, composition or any other finite-state algorithm. The "two-level"
morphological approach consists of two levels called lexical and surface form and a word is
represented as a direct, letter-for-letter correspondence between these forms (Antony et al, 2012).

The Two-level morphology approach is based on the following three ideas:

- Rules are symbol-to-symbol constraints that are applied in parallel, not sequentially like
rewrite rules;

- The constraints can refer to the lexical context, to the surface context, or to both contexts
at the same time;

- Lexical lookup and morphological analysis are performed in tandem.
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2.3.4. Finite State Approach

Finite state machine or automation FSA (or finite automation) uses regular expressions and is
used to accept or reject a string in a given language (Antony et al, 2012). In general, an FSA is
used to study the behavior of a system composing of state, transitions and actions. When FSA
start working, it will be in the initial stage and if the automation is in any one of final state it

accept its input and stops working.

Finite State Transducers (FST) is a modified version of FSA by accepting the principles of a two
level morphology (Antony et al, 2012). A finite state transducer essentially is a finite state
automaton that works on two (or more) tapes. The most common way to think about transducers
is as a kind of “translating machine” which works by reading from one tape and writing onto the
other. FST’s can be used for both analysis and generation and it act as two level morphology. By
combining the lexicon, orthographic rules and spelling variations in the FST, it can be built a

morphological analyzer and generator at once.
2.3.5. Hybrid Approach

A hybrid approach, as the name indicates, is a combination of different approaches. The two
machine learning approaches: a combination of supervised and unsupervised or the rule-based

and the machine learning approaches can be used.

From the above mentioned approaches, this thesis followed the rule based approach on the basis
of two-level morphology. The reason why this thesis selects rule based approach is besides its
mentioned advantages, it is assumed that the criteria and rules of compounding in Ambharic that
are presented explicitly by experts of the language are good enough and can be used to design

and develop a system.

2.4. Morphological Analysis in Amharic

Several researchers have been attempted to design and develop Amharic morphological analyzer,

since Abiyot (2000) who is the pioneer for the development of Amharic morphological system.
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Abiyot (2000) tried to develop a morphological analysis system for Amharic verbs and their
derivations. The paper describes the morphology of Amharic verbs and attempts to extract
features that enable to implement automatic Amharic word parser. The morphological data
described and analyzed in this study is taken from study outputs in the area of Amharic word
morphology. The prototype system, developed by Abiyot, uses different dictionaries (for suffix,
prefix, and stem) and hand encoded rules (represented as algorithms) to provide that information.
The experimental result of the system based on 200 verbs and 200 nouns shows a 94% accuracy

level in morphological parsing for both parts of speech.

Unsupervised morphology learning was the other attempts by Tesfaye (2002). He uses a 5,236
words corpus to learn the morphology of Ambharic using Linguistica. Linguistica is a freely
available morphology learning program and requires a large corpus ranging from 5,000 to
1,000,000 words (Goldsmith, 2000). Tesfaye developed a stem internal morphological parser
(called ASMA — Amharic Stems Morphological Analyzer) to handle the root-pattern Non-
concatinative morphology of Ambharic that Linguistica couldn’t. To test the performance, the
output of the systems (500 words and 255 stems from the output of Linguistica and ASMA,
respectively) has been examined by two linguists and 94% of the stems and 87% of the words

have been parsed successfully by ASMA and Linguistica, respectively.

Using the well-known finite state toolset, i.e. Xerox Finite State Tools, Saba and Gibbon (2005)
developed a finite state based computational morphology system for Amharic. Their system was
developed to be a complete analyzer of Amharic words of all categories. The analyzer display
the root, pattern and feature tags indicating part of speech, person, number, gender, mood, tense,
etc. The system achieved 88-94% recall and 54-94% precision when tested on biblical text
(1620 words). Saba (2007) indicated that “the transducer for verbs was so complex to develop,
particularly a deeper analysis of the constraints was lacking, which then resulted in over
generation. The incomplete lexicon of nouns and adjectives has also resulted in not recognizing

certain words”.

Using a finite state approach, a tool called HornMorpho is developed by Gasser (2011).
HornMorpho, which is a set of Python programs, is a freely available system for morphological

processing of Amharic, Oromo, and Tigrinya. The analyzer was evaluated using 200 Amharic
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words that are selected randomly from the Amharic wordlist®. According to the evaluation result,
the analyzer made 2 errors on the Amharic verbs (99% accuracy) and 9 errors on the Amharic

nouns and adjectives (95.5% accuracy). HornMorpho is a work in progress.

Wondwossen and Gasser (2012) have used a supervised machine learning approach to
morphological analysis of Amharic verbs. In their report, they show the use of Inductive Logic
Programming (ILP) to fast-track the process of learning morphological rules of complex
languages like Amharic with a relatively small number of examples. They prepared the training
data used to learn the morphological rules manually. The training resulted in 108 stem extraction
and 19 root template extraction rules from the examples provided. After combining the various
rules generated, the program has been tested using a test set containing 1,784 Amharic verbs.

They achieved an accuracy of 86.99%.

Concluding the chapter, first it is discussed what morphology is and its major divisions:
inflectional, derivational and compounding. Approaches to morphological analysis were
discussed in second. The approach of this thesis was also mentioned in this section. Finally, the
development of morphological analyzer for Amharic was discussed. The next chapter deals with

compounding in Amharic.

® http://www.cs.ru.nl/~biniam/geez/crawl.php
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3.1. Introduction

Compounding is one of the word formation processes in Amharic (Baye, 2000 E.C; Getahun,
1990 E.C). In the previous chapter, it has already been mentioned that compounding is a process

of forming a new word by combining existing words. These words may belong to different

CHAPTER THREE

Compounding in Amharic

lexical categories, i.e. nouns, adjectives, and verbs.

This chapter focuses on issues related to Amharic compounding. These include headedness,

meaning and category.

3.2. Compound Basics

Most Amharic compounds are combination of two words. The following table presents examples

of two word compounds.

1* Constituent

2" Constituent

Compound

U1C hagir ‘country’

WL widir ‘e

w452 widdad ‘lover’

U1C &L hagidr widdad ‘lover of its own

country’

eAT yallas

@LCPAT waddryallas “incredible’

he\o alga ‘bed’

@47 wirad ¢

A2 0¢1 alga wiras “Prince ’

A labb ‘heart’

oAfL wildd ‘birth’

AaN-0AL labb wildd “fiction’

2o qal ‘word’

hPNe aqibbay ‘giver’

PO h$0g qal agidbbay ‘spokesperson’

As it is observed from the above examples, orthographic form of Amharic compound can be in
one of the three mentioned (Chapter 2, Sub section 2.2.5) forms: the closed form with no space

in between, the open form with space between, or the hyphenated form with a hyphen in
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between. There are also some compounds that combine more than two words. These include the

following:
P1-P°Cot hh0é san-d-soraat akbari ‘obedient’
A1 PPN hCPE hagg-d-mangast arqqaqi ‘constitution’s architect’
118 26 TUCTE b nagd sara tomhart bet ‘commercial college/school’

A1-C%F hh0é son-d-soroat akbari and 1 PO ACPE hogg-d-maongast arqqaqi are
compounds whose 1% member is a compound: #71-#C%t son-i-saraat ‘discipline’ and 7 o0
hagg-d-moangast ‘constitution” respectively. In contrast, ¥1& /¢ +9°UCt (L nagd sora tomhart
bet is a compound of two compounds: 7€ #¢- nagd sara ‘commercial’ and +7°UCTH (LT tamhart

bet ‘school’.

Suppose X, Y and Z are variables that each represents a word or word stem. A compound can be

expressed schematically as follows:

Compound

/N

Compound 7

N

21-C% hhne

/N

A1-PCo%t Ahne

P PO

Figure 3.1 Example of Amharic compound scheme
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3.2.1. Compounding Criteria in Amharic

How can compounds be lexical words and not phrases? In other words, it needs justification for a
compound to be a lexical word. According to Baye (1987 E.C; 2000 E.C) and Getahun (1990
E.C), Amharic compound words, like compounds in other languages, should satisfy the

following criteria fully or partially to be compound. A compound:
» has its own meaning that differs from its constituent words;
» can be a base for the derivation of other words;
» can take inflections;
» belongs to one of the major word classes or parts of speech;

» does not allow any morpheme between its constituents

There are compounds such as: A% @C lig-4-ménbér ‘Chair-person’, AfC ®AL ayyir willdd
‘Airborne’, and 4.5 @7, fana wigi ‘vanguard (or the first in doing something)’ that can fulfill the

above criteria. Let’s take 49 @1. fana wigi and demonstrate the above criteria:

The first criterion says that a compound has its own meaning that differs from its constituent
words as the meaning of the compound 45 @17 fana wigi ‘vanguard’ is different from the

meaning of its constituents: 5 fana ‘light’ and @1, wigi ‘piercer’.

The second criterion is about derivation of other words based on the compound. The compound
4.5 o1, fana wiigi is a base in forming the new word 45 @17+ fana wéginnit ‘to be vanguard’ by

adding " nnit to the end of the compound.

The compound word 45 @7 fana wigi also fulfills the third criterion in that it allows the plural
marker T 0&¢ as 4§ @197 fana wigiod¢ and the definite marker @ w for masculine as 4.5 @@

fana wiigiw and ¥ wa for feminine as 45 @19 fana wigiwa.

45 w7, fana wiigi belongs to noun word class, which is the fourth criterion, and it doesn’t accept
any word or morpheme within it and by this it fulfills the fifth criterion. It is not acceptable or

meaningless if the above derivational morpheme ' nnit or the definite marker @ w and ¢ wa,
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inserted between the two constituents of the compound i.e. ¥4 @7, fananit wigi, or *45@- @1,

fanaw wiigi or *4.99 @1, fanawa wiigi, respectively.
3.2.2. Amharic System of Compounding

The other point in Amharic compounding is that the language uses its system or Ge'ez’
compounding system. When the Ge’ez system of compounding is used, the vowel A & appears on
the first constituent as (L h-A-hCALE? bet-d-karastiyan (N-Ahcarke7?) ‘Church’. In contrast, in the
Amharic system of compounding, a compound can exist with or without a connector. With a
connector such as A% 742 loj-a-gérid ‘virgin’ (feminine) is a combination of A% laj ‘boy/girl’
and 74£ gdrdd ‘maid’ with a connector A a or without a connector such as 40 .-+ dabo-bet
‘bakery’, which is a combination of 40 dabo ‘bread’ and (.1 bet ‘house’. The following

compounds demonstrate this phenomenon.

AF-A-T0h (hé-T0h) af-d-gubas  ‘spokes person’
081-A-0@-C (024-0@-C) ayn-d-sawar  ‘blind’

h-R-a PN (ch1-a270t)  hag-d-méngast ‘constitution’
i AB-h-148 (OB1LL) laj-a-gdrdd  ‘virgin’

ng-0k buna-bet ‘bar’

Figure 3.2 Example of Amharic compounds with and without connector

Adding inflectional and derivational morphemes in a compound follows the same method as

simple word, i.e. morphemes are attached to the right-end of a word.

(W)

" Ge’ez is an ancient language of Ethiopia (Semitic classical). It is mainly used now in the
Ethiopian Orthodox Tewahdo Church (EOTC) and there are lots of books written in it. Source
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Examples of adding the plural marker AT o&¢ to compounds:

Singular Plural

+9°UCt (L tamhart bet *School’ +oUCTt (AT tamhart betoc¢ ‘Schools’

MAhCA-:e? bet-d-karastiyan ‘Church’ | (b hCA-EEST bet-d-karastiyanoéé ‘Churches’

APooI0C lig-A-minbiér *Chairman’ AP0 lig-d-manbirode ‘Chairmen’

Table 3.2 Examples of adding plural marker to compounds

Examples of adding the derivational morpheme ' nnit to compounds:

AParINC lig-d-ménbér ‘Chairman’ AParICrt lig-d-ménbérnit ‘being a chairman’

3

PO hPNL qal-agidbay ‘spokes person’ | £ hPOLrt gal-agibay ‘being a spokes person

Table 3.3 Examples of adding derivational morpheme to compounds

Though this is the process of adding plural marker to a compound in Amharic compounding
system, it is also common to use the Ge’ez compounding system for Amharic. As shown in the

table below, the system of Ge’ez makes the first constituent of the compound plural.

Plural in Amharic system Plural in Ge’ez system

AP a@NET lig-d-minbiroé¢ ‘Chairmen’ A.#1 a0 ligan-d-ménbir ‘Chairmen’

-+ hCrkeSF bet-d-karastiyano¢é ‘Churches’ | AN+ hCi-k7 abiyati-karstiyan ‘Churches’

Table 3.4 Examples of plurals in Amharic and Ge’ez system of compounding

3.2.3. Connectors in Compounding

A connector in compounding is used to connect constituents of the compound. Compounds in
Amharic may have a connector (or linker), particularly compounds formed by following Ge’ez
system of compounding, as mentioned in the above sub section, have a connector A 4. The
connector of a compound in Amharic may exist either attached to the first constituent (left-hand
member of the compound) such as A & in .FhCAEE? bet-d-karastiyan ‘Church’ or independently
in the middle of the two constituents such as 1 bd in ¢0-N-#0 qids-bd-qds ‘gradually’. The

following table shows connectors of Amharic compounds:
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Connector | Compound I* constituent | 2" constituent
Ri aophaephg® milk-d-milkam ‘beautiful® | evah ‘face’ aof\hg® ‘nice’
(b Ah9ICN°IC agar-bd-agar “in short distance’ | A9IC ‘leg’ hC ‘leg’

Ald A@-AN@- siw-ld-sdw ‘human for human’ | A®@- *human’ (@ *human’
ha 0E14L loj-a-girdd ‘virgin’ AZ ‘child’ 248 ‘maid’

Table 3.5 Connectors of Amharic compounds
3.2.4. Compounding Levels

There are three levels of compounding in Ambharic: fused, tight, and loose (Baye, 2000 E.C).
Compounds such as 5712 ($5H7TT géiifiazmac ‘a general officer of the right front’) and <1772
(1Mo T gra-azmad ‘a general officer of the left front’) are fused, i.e. they are transformed to
single word instead of being compound. According to Baye (2000 E.C), in the case of fused
compound, it is not asked which the head® of a compound is. Most compounds that has a
connector A d or -A o such as (Lt-A-a0t (L @@390T) bet-d-mingast ‘Palace’ and @-\-h-11
(@-¢° 70) wal-0-gib ‘one day trip’ are tight compounds (Baye, 2000 E.C). Compounds that have

no connector such as 40 (.-+ dabo bet ‘bakery’ are loose.

3.3. Headedness and Meaning

The broad meaning of most Amharic compounds can be determined by seeing one of its
constituents, which is the head. However, there are compounds where meaning cannot be

determined from the head word.

3.3.1. Headedness

In compounding of two words, one of the constituents is a head, which is mostly the rightmost
element of the compound, and the other is its modifier or non-head. The modifier of a compound
modifies the head. A head is the one that can replace the whole compound without losing the

general meaning and that has the same part of speech with the compound (Baye, 2000 E.C).

8 Headedness is discussed in section 3.3
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For example, the noun phrase 7 @270t N hogg-d-mingast Tas ‘constitution breaker” contains
the compound h7-a°% 10t hogg-i-miéngast ‘constitution’, which is a kind of % hagg ‘law.
Because the compound hi1-e0%90 hagg-d-méngast ‘constitution’ is a kind of ¢ hagg ‘law, it
can be replaced by 1 hagg without losing the general meaning of the phrase, it is acceptable to
say e M hogg Tas ‘law breaker’. When the compound is replaced by o2%- midngast in the
phrase as @®70t @1 méngast Tas, though it is correct, the general meaning is not the same as

the phrase. The general meaning of the phrase is about breaking the law.

Although, in this specific example, both of the constituents have the same part of speech with the
compound, i.e. noun, the compound belongs to the same class as the head. Because, the word %
hogg can replace the compound and it has the same class as the compound, it is the head of the

compound h1-a°%0vt hogg-d-miéngast, not @790+ médngast.

The position of the head, in Amharic compounds, is not always to the right of its modifier. Some
Amharic compounds that follow the Ge’ez compounding system are left-headed. Ge’ez
compounding system, as mentioned above, uses the sound A & as a connector of the two words.
The compound 0k @30t bet-d-mingast ‘Palace’, for instance, is a left-headed compound
where (L bet ‘house’ is the head and the word @90+ mingast ‘government’ is the modifier.

The meaning of the compound M-+ @0t bet-d-midngast is ‘house for the government or

palace’.

In Amharic, even though it is said that compounds that follow the Ge’ez system are left-headed,
there are compounds that follow the same system but they are right-headed (Baye, 2000 E.C).
For example, A & connects the word &l labb ‘heart’, which is a noun and 70 tonas§
‘small/narrow’, which is an adjective and produce the compound AN-A-+7 (AN ) lobb-i-
tonass ‘narrow-minded’. The head is not & labb, it is 70 tonass since the meaning of the
compound is about narrowness as 7 tanass and the compound is an adjective so as 71 tanass.

However, the connector A & is attached to the modifier (or non-head) AN labbé, not to the head.

Other compounds that follow the Amharic system of compounding are right-headed as L.+ bet
‘house’ in hh.9® (L hakim bet ‘hospital’ (hh.9° hakim ‘physician’; (F bet ‘house”) and &¢ doro
‘chicken’ in h@+¢- &€ awara doro ‘Cock’ (h@¢- awara ‘head/chief’; & doro ‘chicken’). h@¢ &¢

awara doro ‘Cock’ is kind of & doro ‘chicken’ and it can be replaced by &€ doro ‘chicken’. For
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instance, A®+¢. &€ ¢*Ti awara dorow Cohi ‘the cock is blared’ can be replaced by &c®- (T
dorow Cohd ‘the chicken is blared’ without losing the general meaning of the sentence.
However, if it is h@<¢ T awara Cohi ‘chief blared’, it will have different meaning from the

sentence. Therefore, the head is &¢ doro ‘chicken’, not A@+¢- awara.

The other thing about Amharic compound head is, whether the head is to the right or not,
inflectional affixes are attached to the right of the compound. The plural marker AT o&¢ is
attached to the compound Ah#® (Lt hakim bet ‘hospital’, which is head final, as hhg® QfF
hakim beto¢¢ ‘hospitals’ and to the compound (L't @i bet-d-méngast ‘Palace/house of

government’, which is head initial, as (L1 @70+ bet-d-méngoastoé ‘Palaces’.
3.3.2. Meaning

There is a semantic relation between (L bet ‘house’ and the compound +9°UC+ (L tamhart bet
‘education house or School’, 40 N+ dabo bet ‘bakery’, and (4 (L buna bet ‘Bar’, i.e. (T bet is
the head of each of the specified compounds. In other words, these specified compound words
are hyponym of the word 0+ bet. They have the IS-A’ relation, i.e. the compound words:
TUCT (T tamhart bet, 40 07+ dabo bet, and (5 (T buna bet is a special type of (1 bet. Most
compounds of Ambharic have this kind of semantic relation, i.e. the meaning of a compound word
is a special type of the meaning of the head and these kinds of compounds are called

endocentric compounds (Plag, 2002).
Example:

40 (L dabo bet ‘bakery’ is kind of (L bet ‘house’
(NAE a1 sdbawi-mébt ‘human-right’ is kind of @1+ mébt ‘right’

av (], a2 718 migabi-méngid ‘detour’ is kind of @018 méngid ‘road’

®IS-A is kind of relation that shows a class X is a subclass of a class Y or class Y is a generalization of X.
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3.4. Compound Categories

Compound words in Amharic can be produced from combinations of major word classes. The
lexical category is determined by the head constituents, for example, if the head is noun, the

compound is a noun.
3.4.1. Compound Nouns

Ambharic compound nouns can be produced by combining nouns and other major lexical

categories. Baye (2000 E.C) differentiates the rules of compound nouns into five. These rules

are:
Rule 1: ag° ‘Noun’ + AM714 ‘connector’ + A7° ‘Noun’ - Compound noun:
-AR-hCOEeT bet-d-karastiyan ‘church’
t-A-0N bet-d-sdb ‘family’
he-A-T0h af-é-gubae ‘spokesperson’
Rule 2: (g° ‘Noun’ + A¢® ‘Noun’ - Co'mpound noun:
hPC o7& ayyédr-mingid ‘airline’
g bunna-bet ‘bar’
oo '+ magab-bat ‘restaurant’
Rule 3: 0g® ‘Noun’ + - ‘Verb’ - Compound noun:
DAL W& willdd-aggid ‘trust/trustee’
@ A0 sdw-séras ‘man-made’
OH ALC wiz-addir ‘laborer’
Rule 4: - ‘Verb’ + 9- ‘Verb’ - Compound noun:
OCE NA (@A) wiiro-bila ‘gangster’
0L M- (O&) wido-gib ‘volunteer’
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Rule 5: - ‘Verb’ + A o + (19" ‘Noun’ - Compound noun:
P70 it (7T BdT) faTn-o-dédras ‘fast arrival’

OG-k hRd (ACT A84) sirt-o-addari ‘hard worker’

The hyphen shows that the derived form is a compound. Though there is inconsistency of use,
any of the three possibilities can be used. Single word as (+G(l-+ bunabet, two separate words as

(+§ 0+ buna bet, or hyphenated as #71-#"C%t.

As it is observed from the above examples, some compounds show the morpheme & &, which is a

linker. This is common in Noun-Noun or Noun-Adjective compounds.
3.4.2. Compound Adjectives

Compound adjectives are formed from the combination of a noun and an adjective with the

linker vowel A 4. Examples are the following:
ag® ‘Noun’ + &4 ‘Adjective’:
A%C agar ‘leg’ + Pad qélal ‘easy’ = A914-PAd agar-d-qilal “fast’
oopah milk ‘face’ + oeahg® milkam ‘fine’ = e@vAh-evahy® milk-d-milkam

‘beautiful/handsome’

Some compound adjectives are formed from the combination of 49> ‘Noun’ and negative

particles such as:
A lab ‘heart” + (LA bis ‘not have’ = AN-(LA lab-4-bis ‘forgetful’
APg® agam ‘capacity’ + (LQ bis ‘not have’ = A®ev-(Lh aqom-4-bis ‘weak’
The head of these kinds of compounds cannot be identified using the criterion; a head is the one

that can replace the whole compound without losing the general meaning, because both of the
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constituents cannot replace the whole compound without losing the general meaning'’. Instead,
the head can be identified by comparing the meaning of the compound with its constituents. For
example, the meaning of the compound AN-(La lob-4-bis ‘forgetful® is related to the meaning of

one of its constituent, (.0 bis ‘not have’, and thus the head of the compound is (L0 bis.

3.4.3. Compound Verbs

Amharic has compound verbs to a limited extent. According to Baye (2000 E.C), the limitation is

due to the following:

e The first constituents is always an ideophone such as ‘H9® zam and

o The second constituent is the verb to ‘say’ and to ‘do’.
Some of compound verbs are the following:

‘H9® zam ‘silence’ + A ald ‘he said’ = U™ hA zom ald ‘he kept quiet’
{1£:97 badoag ‘stand-up’ + An ald ‘he said’ = 1.2 ha badog alid ‘he stood up’

at s’d1 ‘quiet’ + AL adédrdgé “he did’” = &1 AL 8’4 adérdgd “he did silent’

Words like H9° zom and 1.2 badag cannot inflect. However, the compound as a whole shows

inflection. The inflection is attached to the head hA ald and h247 addriigi:

HY® hA zomm ali ‘he kept quiet’

NI® h€L1zamm adirdigd ‘he did silent’
HI° hAT zomm alig ‘she kept quiet’

Ng® heLF zomm adirigid ‘she did silent’
NI Afv zamm alu ‘they kept quiet’

HI® h&4T zomm adérdgu ‘they did silent’

' See Baye (2000 E.C, p. 223 and 224) for details.
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3.4.4. Compound Adverbs

Adverbs in Amharic can be formed by reduplication and compounding. Compound adverbs
formed by combining words or word stems, which have no explicit class, with a connector. A
compound adverb, like other compounds mentioned before, does not allow inserting any
morpheme kind between its constituents (Baye, 2000 E.C). These compounds have the following

pattern:

C =cl+con+c2; whereC isacompound, con is one
of the connector, either 1 bé or A |4,

and ¢/ is the same word as c¢2.

According to Baye (1987 E.C; 2000 E.C), identifying the head of compound adverbs is very
hard, however following the patterns of other compounds, it can be concluding that compound

adverbs are right-headed.
3.5. Inflectional Affixes of Amharic Compound

Ambharic nouns and adjectives are inflected by adding suffixes to indicate gender, number,
definiteness, and case (Baye, 1987 E.C; Getahun, 1990 E.C; Baye, 2000 E.C). There are also

prepositions that are attached to compounds.
3.5.1. Compound Suftixes

Semantic and syntactic information of compounds are inherited from their head (Plag, 2002). For
instance, if the head is feminine, the compound will be feminine. Head in Amharic occurs on the
right-hand side of the compound though there are compounds formed by following the Ge’ez
system of compounding in which head appears to the left (see Section 3.3). Examples of

inflectional suffixes of Amharic are:
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1)

2)

3)

s KU
moagab-bet-o¢¢
food-house-Pl
‘restaurants’

a0

bet-d-séb-§
house-connector-human-2FS
‘your family’

AN PF

lab-d-gan-o¢¢
heart-connector-kind-Pl

‘kind-hearted’

4)

3)

6)

A Pav T
lig-d-ménbir-accaw
genius-connector-seat-3Pl
‘their chairman’

190 MeP7
néfs-d-giday-wa-n
soul-connector-murderer-3FS-ACC
‘murderer’

9 A

zam-al-d

silent-stem for ‘say’-3MS

‘he keeps quiet’

Figure 3.3 Examples of suffixes showing grammatical features of compounds

The plural marker &F 0&¢ is suffixed to compound nouns such as in (1) and adjectives such as in
(3). Adjectives also have another way to indicate their plural number, by reduplicating the penult
consonant and adding the vowel ‘a” as a connector. Take the compound AN AP lab-i-talaq

‘broad-minded’ as an example:

Plural

Singular

Method 1 Method 2

AN TFAST lob-4-tolog-ode

AN TAGP lob-d-talalaq

AN Fad lab-d-talag

Table 3.6 Examples of methods of pluralizing adjectives
3.5.2. Compound Prepositions

Ambharic preposition that indicate, for instance, place and time may attach to the beginning of a
compound. Prepositions may not have meaning by themselves but they may show functions

when they are attached to nouns (Baye, 2000 E.C). Prepositions of Amharic are the following:
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Preposition Example

?yd ‘of P04 hentP7 ya-betdkorastiyan

h ki ‘“from’ hg®91 L+ kid-magab bet

N bé *by’ NNét 9°Me: bi-bardt maTad

A 14 “to/for’ AN (LA ld-labbibis

1A sld ‘instead of” NAKPC oo 18 salid-ayydr médngid
< of widi ‘toward’ DLAPC a0 718 widd-ayydr midngéd

ht kénd ‘together with® | hi+a0F7 kiinnd-betisdb-aééon

hth aské “until® AONAPC 284 askd-ayyir hayl

AL andd ‘as/like’ h1RAPC @AL ondd-ayyédr wilad

Table 3.7 Prepositions of Amharic

Attaching preposition to a compound forms a prepositional phrase such as hifltaf kidni-

betisidb-u ‘together with his/the family’ as shown in the figure below.

PP
“ /\
p N
N D

ht kina (L-FON bet-a-sab fu

Figure 3.4 Examples of prepositional phrase

In this example, the preposition is ht kidnd ‘together with’, (-Fal bet-d-sib ‘family’ is the
compound and -A -u is a suffix which indicates the 3" person masculine singular definite

(3MSDEF).
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CHAPTER FOUR

Design and Experiment

4.1. Introduction

This chapter describes the design of lexicon of Amharic, algorithms used in the development of
Amharic compound analyzer and the rules of the analyzer. The first section describes the design
of the lexicon required by the analyzer. The next section discusses the design of algorithms that
are necessary for the identification and analysis of Amharic compounds. Finally, rules that are

used in this work are discussed.

In chapter 2 of this thesis, different approaches to morphology analysis are discussed. In this
research, the system for the analysis of Amharic compounds uses the rule based approach with

lexicon of simple words and word stems maintained in the system.

4.2, Lexicon

Lexicon is a mental dictionary that lists the words of the language (Fromkin et al, 2009). It is one
of the components of morphological analyzer. Enhancement level of the lexicon is directly
related with the quality of the analyzer. There are two aspects that contribute to this enhancement
level, the number of lexical entries contained in the lexicon and the richness in linguistic

information contained by the lexical entries (K&oprii and Miller, 2009).

In this research, simple words and word stems”, which cover the major lexical categories of the
language, with their linguistic features are maintained (saved) in the system. Major lexical
categories include nouns, adjectives, verbs and their derivatives. These categories are selected
because Amharic compounds are formed from combinations of items from these lexical

categories. With this the required quality is reassured.

! simple word is free morpheme (see section 2.2.1) where as word stem is a form that bound morpheme is
attached to it (see Baye’s (1987 E.C, p. 327) book).
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Lexicon of the language can be maintained either manually or automatically using corpuses. This
research used both methods. Most of the lexicons of the language are acquired automatically
from Amharic dictionary of Amsalu (1979 E.C). This dictionary is available'® digitally by Daniel

Yaqob under the Creative Commons Attribution-Noncommercial 3.0 United States License.
4.2.1. Preprocessing

Source of the lexicon, a dictionary, contains all the lexical categories of the language besides the
major ones: nouns, adjectives, verbs, adverbs. It contains simple words, word stems, and

compound words. The format of the dictionary looks like the following.

ot + n.

£ o0k 00 adj.
4 v a7 adj.
+ oMz~ n.

+ UNF9° adj.

+ U9 n.
UL U8 hh + Vit

AR+ n.

+ AFP29" adj./n.
G + n.

+ -(Lh adj.

ik & (L0 adj.

Figure 4.1 Format of the dictionary

In the dictionary, the word appears in the first order such as U1t hibt ‘resource’ and & fore
“fruit’ is the base whereas words that appear in the second order are relatives of the bases. The
other point is, when hyphen appears before and after the word, it shows that the word attaches
the base word before and after it. As shown in Figure 4.1, for instance, in the second order there

is a word 9°Mj-, the hyphen, appears after it, shows the base word, U\, can be attached after it

2 at <http://nlp.amharic.org/resources/lexical/word-lists/dictionaries/
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The analyzer requires only simple words and word stems because they are constituents of
compound words and the system searches for constituents of a given word not the compound
itself. Therefore, compound nouns such as “1é-FAM habrit-d-sidb and adjectives such as &4 (La
fare bis and phrasal nouns such as @°fi$<s, 7711 midsiqdCa ginzdb are not taken in the lookup

files. Results of the algorithm after preprocessing of the text in Figure 4.1 are shown below.

Uk
oG
g
Ut
aavN+
A
AFPRI°
LN

LKy

Figure 4.8 Results of the algorithm after preprocessing of the text in Figure 4.1

Each constituent word of a compound and phrase independently exists in the dictionary. So,
constituent words of the stripped compound and phrase are included in the lexicon. For instance,
the source dictionary contains both the compound &¢ (LA fare-bis and its constituents’ ¢ fare

and MO bis, however the algorithm ignores the compound && (LG fare-bis and includes the

constituents, ¢4 fare and (LA bis, in the list.

There are compounds such as a0+ set-a-set ‘effeminate’ that are not separated by space.
Because they are not separated by space, the algorithm takes such compounds as simple words
and includes in the list. These compounds are removed manually, because, as it is mentioned

above, the analyzer requires only simple words and word stems.
4.2.3. Transliteration

Transliteration is writing or describing words or letters using letters of a different alphabet or
language (Wehmeier et al, 2005). The Amharic character (graphic representation) cannot display

the consonant and the vowel separately. For instance, the letter A ld consists of the consonant &
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(I) and the vowel A (&). In the case of compounds such as (L+01 bet-d-séb, it is not possible to
extract the two words ('t bet and Al séb using the Ambharic orthography. Extracting the
connector A d is a must to identify constituents of the compound and it is possible when the

compound is transliterated.

In this study, the transliteration is based on the conventions of the SERA system, which is used
for Ethiopic representation in ASCII" (Yitna and Yacob, 1996). The SERA system is selected
because it is easily available and it is also commonly used in linguistic research for local
languages of Ethiopia (Gasser, 2011; Gambick and Asker, 2010). However, some modifications

are made by the researcher.

There are letters that have the same pronunciation, such as U, s, and -1, and the SERA system
represents each independently. Representing these letters independently is important for
meanings of words. However, in this study, meanings of the words are not important. Moreover,
representing these characters with one letter decreases number of characters in the lookup table
(or memory space) and increases searching speed in the time of transliteration. Thus, letters,
which have the same pronunciation, are represented by one letter. For example, U, s, and -1 are
represented by letter (fidel) hd. Besides, when the analyzer generates the output (the analysis),
the input word appears as it is, in Ge’ez script. Only the analysis part is presented in the

transliterated form.

Some of the letters the SERA system uses for representation are replaced by IPA equivalents,
which have Unicode representation, to make the letters more readable when the system produces
the output to the users. For instance, the vowel e that is used for the first order of Amharic
alphabet (fidel) in SERA is replaced by #. Because of such modifications, the transliterated data
is represented in Unicode. The following example demonstrates the modification, the

transliteration and the final output.

13 ASCII stands for American Standard Code for Information Interchange.
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Input word: LERCHERT
Transliteration with SERA: bEtekrstiyan
Transliteration with the modified: betikrstiyan

The final output: betikarsatiyan

Figure 4.3 Transliteration example
4.2.3.1. Transliteration Algorithm for Input Text

In this research, an algorithm is designed for the purpose of transliteration. In the compound
identifier and analyzer, the input text may be from file or keyboard and it is in Ge’ez script. Then
the algorithm reads an Ambharic letter from the input text and searches for a match in the list of
character table. When the algorithm finds a match, it will replace the letter by the representing

character. This process continues until the last letter is replaced. The following is the algorithm:

Input: fext

Output: transliterated list of words

Accept text

1 char_dic < empty dictionary

2 chs < list of characters in character table
3 fori « 0tolength(chs)-1 do

4 char_dic[chs[i]] « chs[i+1]

5 for ch in text do

6 if char_dic. _contains _(ch)

7 text « text.replace(ch, char_dic[ch])
8 words < tokenized text

9 return words

Figure 4.4 Algorithm for transliteration

The above algorithm firs it put each character from character table to empty dictionary' as a key
and value mode, then it reads the first character of the input text and when it finds a match in the

dictionary (by comparing the character with the keys of the dictionary), the algorithm replaces

" Since the system is developed using Python programming, it uses dictionary, one of the Python’s data type.
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the character with the value of the dictionary. Some of the characters in the character table list

look like the following:

Key Value
U hé
QA la
v hu
I lu
4 hi
A, li

Figure 4.5 Sample characters in character table

Let’s take AAN @@~ as the input text and show the processes of the algorithm. First, the
algorithm takes the letter A and searches for a match in the list of character table. It will get a
match for A and replaces it by the representing character, 14. It will continue searching and
replacing all until it reaches the end of the text. The result of the algorithm for the given input

text is shown below:

A a noa fp oo

14 la bd mu lu w

Figure 4.6 Sample transliteration

After the lexicon is extracted and manually checked, each item of lexicon is transliterated using
SERA system with some modifications (Section 4.3) and saved separately as text files. The
source dictionary contains 16,231 words and word stems. Out of these words, a total of 6, 219
words and word stems have been extracted and maintained in the lexicon. The composition of

the words in the source dictionary and in the lexicon is presented in the following table.
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Total number of nouns in the source dictionary 6,888
Extracted number of nouns after the first preprocessing 6,298
Number of nouns after transliteration and last preprocessing 4,991
Total number of adjectives in the source dictionary 1,832
Extracted number of adjectives after the first preprocessing 1,705
Number of adjectives after transliteration and last preprocessing | 1,228

Table 4.1 Statistics of lexical items included in the research

Moreover, verbal nouns such as h&C adér and verbs such as AC+ sérto are collected manually and

saved as a text file in a separate file.

4.3. Affixes

In addition to words and word stems, affixes particularly prefixes and suffixes of Amharic that
are attached to compound nouns and adjectives are maintained in the system. This section

describes the design of affixes. The following prepositional phrases may show some examples of

prefixes and suffixes that might be found in a word:

1) hoteer=nt:
ké-bet-d-méngost-u
from-house-connetor-gevernment-DEF/3MS
‘from the/his palace’

2) ateuct Ok
ld-tomhart-bet-e

for-education-house-1Sg

‘for my school’

Figure 4.9 Examples of affixes of Amharic
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In the above example, (Lta»% 0t bet-d-mingast ‘palace’ and +9°UC+ (L tamhart-bet ‘school’
are compound nouns, h kil ‘“from’ and A 14 ‘for” are prefixes (prepositions) and A u, marker for
definiteness and 3™ person masculine singular, and 4 e (possessive suffix pronoun), marker for
1" person singular, are suffixes, in (1) and (2) respectively. As discussed in chapter 3, some
compounds of Amharic uses a connecter such as -i in (1) to combine the two constituents in the

process of forming compounds.

4.3.1. Prefixes

As discussed in chapter 3, when a preposition is prefixed in compound nouns or adjectives,
prepositional phrases will be formed. To identify and extract compounds from prepositional
phrases, recognizing and separating prepositions is the first. For this purpose, Amharic
prepositions (see chapter 3) are collected manually and maintained in the system as text lookup

file in concatenated and non-concatenated form.
4.3.2. Suffixes

Ambharic nouns and adjectives, as discussed in chapter 3, are inflected by adding suffixes to
indicate gender, number, definiteness, and case. In this research, suffixes that indicate gender,
number, definiteness, and case are collected in two forms, concatenated and non-concatenated,

and saved in text files independently.
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In concluding to this section, there are eight text files used as knowledge base to the analyzer.

These files are:

Type of files Number of files | Remark
Lexicon of Nouns 1
Lexicon of Adjectives 1

Lexicon of Verbal nouns and verbs | 1

Prefix list 1

Suffix list 2 one for holding type of suffix with
their grammatical meaning and the
other for holding suffixes list

Character list 1 for transliteration

Punctuations list 1 for preprocessing

Table 4.2 Summary of files used

4.4. Algorithms Development for the Analyzer

Recognizing compounds is the first thing to do in the analysis of compounds. In recognizing
Ambharic compound, knowing the input word has at least two constituents and satisfies the
criteria of compounding is a must. The system has to be capable of recognizing affixes,

prepositions and suffixes, of a compound.

The next thing after recognizing the compound and its affixes (if any) is determining the
morphosyntactic properties of a compound. It involves presenting the stem, the compound and
each of the constituents with their POS and interpreting affixes. To do these, recognizing and
analyzing of Amharic compounds, the following algorithms are developed from scratch. Each of

the algorithms developed is implemented as functions of the system.
4.4.1. Tokenizer

Tokenization is the process of breaking up the string into words. It is applied, in this research, if

the input is a raw text. In the case of wordlist, after preprocessing, the wordlist is tokenized and

43 |Page



Cl

each line of words is taken for the next process. On the other hand, when the input is a raw text,
because compounds can exist in open form, the tokenization must include not only tokens that
exist freely but also compounds that exist in open forms (see Chapter 3, Section 3.2). Take the

following raw text as input:

‘A9 A ARE (14 F AN am - ARE ARG ASFA" i 9T sk P POLPTPRET
FAE? aq@ "Adae 0" d.d@ " AN 0"

agrd qdCCn andd sdsa labd mulu andd anbsa ayald Tawat mata
rasun ydamiyamokas anen sisaw agmd bis sisaw qdilbd bis

Figure 4.10 Examples of raw text

The raw text contains the following five compounds and all of them are in open form (i.e.

separated by space):

hl Py agrd gdCn ‘the one who has thin legs’
AN aofx labd mulu ‘unafraid’
O st o9 Towat mata  ‘daily’
hPav (10 aqmad bis ‘weak’
PAN (LN qélbé bis ‘unmindful’

Figure 4.11 Examples of compounds in open form extracted from raw text in Figure 4.10

So, by following the word level tokenization, these kinds of open form compounds will be
missed. This is because, word level tokenization takes each freely existing word, not two words
that are separated by space though they are constituents of a compound word. To include these
kinds of compound words to the wordlist, which are given to compound identifier, the following

algorithm is designed:
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Input: the preprocessed raw text
QOutput: wordlist
Accept: preprocessed raw text
words < list of words in raw text
¢ « list of possible second constituents of Amharic compounds
[ «empty list
for i « 0 to length[words] do
add words[i] to |
bigram < words[i] + words[i+1]
if words[i] ends with ‘a’
add bigram to |
else if words[i+1] in ¢ and words[i] has no suffix
add bigram to |

O G O R W~

—~
S

Figure 4.12 Algorithm to tokenize a raw text

Suppose the input is the raw text in Figure 4.10, the algorithm takes the transliterated text and

does the following:

Process #1:

Process #2:

Process #3:

Process #5:

Process #7:

Process #9:

tokenize the raw text in word level, 20 words;

It has been prepared the list of possible second constituents of Amharic
compounds and the list is assigned to ¢,

prepare an empty list, I;

add each word to |

if word W ends with d, take W and the word next to W in concatenation and add
to I, process #8;

if word W is one of the possible second constituents of Amharic compound (first,
suffixes, if any, are removed from the word W because the list, ¢, contains simple
words and word stems) and the word, previous to W, has no sujﬁx”, then take W

and the word previous to W in concatenation and add to I, process #10;

Finally, the wordlist will have 27 words, the five compounds in Figure 4.11 and the 20 tokens,

process #1, and the two words , A28 A4 andéd séisa and 78 A7N4 andd anbsa, because the word

A28 ondd ends with A &. If only the wordlist that are identified by following the word level

5 See compounding criteria in Chapter 3, Sub section 3.2.1

45| Page



Q

o

tokenization (unigram) is supplied to the system, the system identifies nothing as a compound
because the raw text contains no compound in closed form. However, the wordlist prepared by
this algorithm contains not only simple words but also bigrams, which are nominated to be
compounds. This wordlist is supplied to the system for further processes and the system

identifies compounds in Figure 4.11.
4.4.2. Prefix Extractor

The system uses the following algorithm to extract prefixes (prepositions) from a given input

word by searching for the equivalent prefix in the concatenated prefixes list.

Input: the transliterated input word
Output: prefix
Accept word
prefixes <« list of concatenated prefixes
pr<"
Jor i « 0 to length{word] do

pr < word — i number of character from the last

If pr in prefixes

- return pr
break

return pr

Co NN W by~

Figure 4.13 Algorithm to extract prefixes from a compound word

To demonstrate how the algorithm works, take the word Afhi-+00. askind-bet-d-séb-e ‘along
with my family” is a given input; then the prefix extractor starts search in the concatenated
prefixes list to get an equivalent prefix by taking the input word as a whole (since i starts from 0,
there is no character to be sliced at the start). If an equivalent prefix is not found, then it will take
the rest of the word as input after removing the left most character and continue searching until it
finds one or no character is leftover. If there is no equivalent prefix found, the algorithm will
return an empty string. Otherwise, it will return the extracted prefix and stop searching. In this
specific example, the prefix AOh? askédnd ‘along with’ is found at the eighth iteration. The

iteration looks like the following:
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Iteration Py ts p.r 'a Remove Left s
preposition?
Start askiindbetdsidbe | No e askinidbetisidb | Continue
I askéindbetdsdb | No be askdndbetdsd | Continue
Z askéndbetdsd No dbe askéndbetids Continue
3 askédnébetis No siibe askdndbetd Continue
O 4 askinébeti No isiibe askiinibet Continue
5 askédnébet No tdsébe askénébe Continue
6 askéndbe No etidsibe | askédndb Continue
7 askénéb No betdsibe | askini Continue
8 askénd Yes - 2 Break

Table 4.3 Prefixes extractor algorithm demo
4.4.3. Suffix Extractor

The process starts by taking the stem, which is bare after extraction of the prefix (if any) and the
O first constituent from the input word and then continues searching for equivalent suffixes in the
concatenated suffixes list by taking the whole stem as a suffix. If equivalent suffix is not found,
then the algorithm takes the rest of the stem after striping the first letter that is the initial one of
the stem since it needs to find the suffix and continues searching until it finds one or no letter is

leftover. If there is no equivalent suffix found, the algorithm will produce an empty string.

Otherwise, it will return the extracted suffix and stop searching.
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Input: stem

Output: suffix

Accept stem

s suffixes < list of concatenated suffixes

2 sfx « '

3 Jor i « 0 to length[stem] do

4 s « stem minus i number of characters from the start
& o] if s in suffixes

6 sfx « s

7 break

8 return sfx

Figure 4.14 Algorithm to identify suffixes

Suppose the input word is the previous one, AOhi+AN, askind-bet-d-sib-e ‘along with my
family’. The stem that is accepted by the suffix extractor will be AaN, 4-séb-e since the prefix,

hhht sskind and the first constituent, (L bet is extacted. Then, the process looks like the

following.
O Issin Ifno, | Ifyes, Status
Iteration | sfx s | concatenated | remove | assign | [eft
suffixes list? | initial 516 sfx
Start & dsibe No a - sibe | Continue
1 sibe No s - abe Continue
2 dbe No a - be Continue
3 be No b - g Continue
4 e Yes e Break and
return sfx, e

Table 4.4 Suffixes extractor algorithm demo

© At the 4" iteration (cycle), the algorithm finds a suffix match, -4 -¢ in the concatenated suffixes
list, assigns it to sfx and it stops after returning the extracted suffix. However, if there is no
match to s in the concatenated suffixes list, there is no assignment of s to sfx. Thus, sfx remains

empty string and the algorithm returns this empty string.
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4.4.4. Extractor of the First Constituent of the Compound

As it is observed in Baye’s (1987 E.C; 2000 E.C) and Getahun’s (1990 E.C) books, the first
constituent of the compound in Amharic is noun, verbal noun or verb. Thus, this algorithm takes
the first character of the word from the left and searches the list of nouns or verbal nouns from
the lexicon. If it finds one, it will return the constituent and its POS or else it will continue
searching by adding a character from the left until no character is left. If there is no match found
as a first constituent, and then the algorithm assumes a prefix to be there. Thus, the algorithm
will check for a prefix and if there is one, it will continue searching for the first constituent after
stripping the prefix. If no prefix is found or no first constituent is found though the prefix is
found and stripped, the algorithm will decide that the first constituent is not included in the

lexicon and it will return an empty string.

The POS of the first constituent is determined by the lexicon file for which the match for a
constituent is found. For instance, if a match for the first constituent is found in the noun lexicon

file, then the POS of the constituent will be noun,

Input: the transliterated input word

Output: the first constituent and its POS

Accept word

1 nouns <— list of noun lexicons

2 verbs « list of verbal noun and verb lexicons

3 cl, pos <"

4 Jor i « 0 to length[word] do

5 x « word minus i number of characters from final
6 if x in nouns or verbs list

7 cl «x

8 pos « list name

9 break

10 ifcl is null

11 call prefix extractor to check if there is prefix
12 if any prefix

13 word < word — prefix and go to 5

14 return cl, pos

Figure 4.15 Algorithm to extract the first constituent
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Suppose the input word is 40 (L dabo-bet-u ‘the/his bakery’. The algorithm takes the input word
as it is as input, and searches in the lexicon of nouns and verbal nouns. If there is a match, it will
return the match as the first constituent and its POS, otherwise it removes the final character,
which will be - u, and continues searching for a match. This will continue until the extractor
finds a match from the lexicon. In this case, the extractor gets a match, 40 dabo ‘bread’, in the

fourth iteration as shown below.

Iteration X % n noEms Remove Left Status
or verbs list?
Start dabobetu | No u dabobet | Continue
] dabobet | No t dabobe | Continue
2 dabobe No e dabob Continue
3 dabob No b dabo Continue
4 dabo Yes dabo Break and
return x

Table 4.5 First constituent extractor algorithm demo

At this time, the algorithm stops searching after reporting the match, dabo, and its POS, noun.
However, what if there is a prefix attached to the input word such as h&n (- kd-dabo-bet-u
‘from the/his bakery’? Well, the algorithm removes the prefix and continues searching again,
process number 11. When the preposition, t kéd ‘from’, is removed, the compound, 40 (.- dabo-

bet-u, is left and then the above process (Table 4.5) continues and the match, dabo, is returned.
4.4.5. Extractor of the Second Constituent of the Compound

This algorithm accepts stem which are left after stripping the prefix (if any) and the first
constituent from the given word. It will take the stem as it is and searches for a match, which will
be taken as second constituent of the compound, in the list of nouns, adjectives, verbal nouns. If
the algorithm finds a match, it will return the match and its POS. Otherwise, it will search again
after stripping the last letter from the right assuming that the last letter may be a suffix since

Ambharic compounds add their suffixes at the right-hand side. The process will continue until a
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match is found or no character is left. Finally, if there is no match found in the lexicon, the

algorithm returns an empty string,.

Input: stem

Output: the second constituent and its POS

Accept stem _

1 nouns <« list of maintained nouns

2 adjs < list of maintained adjectives

3 verbs « list of maintained verbal nouns and verbs
A c2 "

5 pos « "'

6 y « stem

7 for i « 0 to length[y]

8 if y in nouns or adjs or verbs list

9 c2 «y

10 pos « list name

11 break

12 else

13 vy « stem - i number of characters of the stem from final
14 return c2, pos

Figure 4.16 Algorithm to extract the second constituent

Let’s take again the input word 40 (L= dabo-bet-u ‘the/his bakery’. The algorithm starts by taking
the stem, (-t bet-u, because 4N dabo ‘bread’ was extracted as a first constituent. Then it takes the
stem as it is and starts searching to get a match for the stem in the lexicon. However, it cannot
find any match since a suffix is attached to the stem. Then the process continues searching for a

match after removing the last letter, u, and gets a match, (L' bet ‘house’ as shown below.
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Iteration | x | Is x in nouns or adjectives | Remove | Left Status
or verbs list?
Start betu | No u bet | Continue
1 bet | No - - Break and return x

Table 4.6 Second constituent extractor algorithm demo

Then the algorithm stops processing after returning the match and the POS.

4.4.6. Extractor of Derivational Morphemes

There are derived nouns such as (L-FAN01F bet-d-séb-nniit ‘be a family” and adjectives such as -
aAh ¢ son-d-mildkot-awi ‘theological® that are derived from compound nouns (LA bet-d-sdb
‘family’ and #7-e°Ab+ san-d-mildkot ‘theology’, respectively. Derivational morphemes of

Amharic (see chapter 2) such as -7t nniit and -h® -awi are suffixed to the compound as shown

below.
Compound derivational Result
morpheme
(01 bet-d-sdb -1+ -nnit ANt bet-d-sdb-nnét
A1-aophep san-d- | -A€ -awi #1-aoAh P son-d-milikot-awi
mélikot
40N bet-d-sédb -hPrt -awi-nnit | (LHANLrT bet-d-sdb-awi-nniit
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To extract such morphemes, the following algorithm is designed:

Input: stem

Output: derivational morpheme

Accept stem

1 dms <« list of concatenated derivational morphemes
2 dm «

3 Sor i <0 to length/dm]

B X «stem - i number of characters from final
5 if x in dms

6 dm < x

7 break

8 return dm

Figure 4.17 Algorithm to extract derivational morphemes

Let us take the compound (.+010L¥t bet-d-séib-awi-nniit and demonstrate how the system works.
The first constituent, 7+ bet ‘house’, the connector, A i, and the second constituent, AN sib
‘human being’, are identified and extracted by the system and the stem A% awinniit is left. The
algorithm in Figure 4.14 accepts the stem A®rt awinndt and searches for a match in a
concatenated derivational morphemes list by taking the stem as it is. If the algorithm finds a
match, it will return the match and stops; otherwise it will strip the final letter and continue

searching. In this specific example, it finds a match, A€ awinniit.

4.4.7. Inflectional Suffixes

For words that have suffix, this algorithm can interpret the suffix type and its grammatical
meaning. The algorithm accepts the suffix that is identified and extracted by the suffix extractor
and it checks in the non-concatenated suffixes list. Based on the suffix type, the algorithm prints

the suffix type and its grammatical meaning. The following is the algorithm:
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10
11
12
I3
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Input: suffix
Output: print suffix type and grammatical feature
Accept concatenated suffix returned from suffix extractor

sfxs «— non-concatenated suffixes list
z "
if suffix in sfxs
indx <« suffix index
z « sfxsfindx + 1]
print suffix type and grammatical features of z
break
else
Jor i «— 0 to length[suffix] do
last « the i number of letters of the suffix from final
[frst «— the first two letter of the suffix
[frst] <« the first three letter of the suffix
if frst = 'oc¢' or frst] = 'woc' or frst = 'at’ or frst ="it’
11 « suffix minus frst
if length(suffix) = 2 or frst] = 'woc’
print suffix type and grammatical features of frst
break
else if 11 in sfxs
indx « index of 11
z « sfxsfindx + 1]
print suffix type and grammatical features of z
break
else if last = 'n’
mid « suffix - the first two and the final letter
if mid in sfxs
indx <« index of mid
z «sfxsfindx + 1]
print suffix type and grammatical features of z
break
else
print('Grammar: accusative')
break
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To demonstrate this algorithm, let us take the following words:

Compounds Gloss fux;f;i::d
heMN%PFT17 af-d-gubae-wod-aén-n | mouth-connector-meeting-Pl-1PI-ACC | wo¢aénn
AFFhGSPTE lifto-adari-woc-u hardly-spend the night-P1-3MS/DEF wocu

N rhehtfut: bet-d-karstiyan-it-wa house-connector-christian-3FS-DEF itwa

(L +av 30T bet-d-médngast-n house-connector-government-ACC n

Table 4.8 Examples of grammatical features'

From the first word, the suffix wocaénn is extracted by suffix extractor and the above algorithm,
first takes the suffix as it is and searches for a match in the non-concatenated suffixes list,
process number 3. However, since the input suffix is not a single suffix, the algorithm cannot
find a match. Then it continues searching for a match by taking the first two and three and the

last letters from the concatenated suffixes, process number 9 to 12. At this point, the algorithm

6

gets a match for wo€, the first three letters, and continues searching using the rest of the

characters, aénn. Since a¢nn is also in concatenated form, the algorithm will not find a match in
the non-concatenated suffixes list. Then process number 23 is used and the algorithm finds a

match for the last letter, n. Finally, using processes number 24 to 29, it finishes searching and

prints the result.

For the rest of the suffixes in the table, the algorithm uses the following processes:

For the suffixes — wocu:

In process number 3, no match for woéu;

In process number 13, it finds a match for woc;

In process number 18, it finds a match for u;

In process number 21 and 22, it prints the result and stops

For the suffixes — itwa:

In process number 3, no match for itwa;

'*Note: about the connector, 4, see chapter 3
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In process number 13, it finds a match for it;
In process number 18, it finds a match for wa;

In process number 21 and 22, it prints the result and stops;

For the suffixes — n:
In process number 3, it finds a match and stops;

In process number 4-7, it prints the result;

Rules of the System

Human language at all levels is rule-governed. Every known language has systematic rules

governing pronunciation, word formation, and grammatical construction (Akmajian et al, 2001).

Rules of compounding in Amharic are discussed in the previous chapter (Section 3.5).

The analysis of Amharic compound involves presenting the stem, the compound and each of the

constituents with their POS and interpreting affixes. The system, Amharic compound identifier

and analyzer, uses the following rules, designed in this work, to produce the analysis.

Suppose:

I is the preprocessed input word

clen is the sum of the length of identified parts of a compound;
wlen is the length of the input word;

cl is the first constituent;

c is a connector,

¢2 is the second constituent;

.1. Rules for Identifying Prefix

The initial letter of some compounds in Amharic is the same as some of the prepositions such as

h ki ‘“from” in hfl'+ AC(. kébt arbi ‘farmer (livestock)’, A 1d ‘to/for’ in AH (L ldza bis ‘unlovely’

and 01 bd ‘by’ in OFé @@¥~t bitr-d-méngast ‘head of the government’. When the system

analyzes a compound of these kinds, it extracts the initial of the compound as a prefix though it
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is not the real prefix. To handle this and other issues related with prefix, the following rules are

formulated:

Rule 1: [f'the prefix is the same as the initial of ¢l and the second letter of I,
Accept the extracted prefix;
Rule 2: [fthe prefix is the same as the initial of ¢l but not the same as the second letter of I,

Reject the extracted prefix;

Example 1: Suppose the input word is hhCwg®e:C kd-kérs-d-madr ‘from bottom of earth’ and it
has the prefix h ki ‘from” which is the same as the initial letter of ¢/ and the second character of

I. Thus, the system uses rule 1 and takes the prefix as the real prefix.

Example 2: Suppose the input word is hCw 7°2C kérs-d-madr ‘bottom of earth’ and the h ki
‘from’ taken as a prefix, but it is not. The second letter of /, C = r, is not the same as the prefix
and also if the system searches for the first constituent by taking the stem that is found by
removing the extracted prefix from the input word, it finds nothing since there is no word or
word stem that begins with Cw = rs that is included in the lexicon. Even if it finds one, it is not
the correct ¢/ and it may lead to the wrong analysis or the input word will not recognize as a
compound. As far as the researcher knows, there is no valid word that starts with Cw rs in

Ambharic. So, the system uses rule 2 and rejects the extracted prefix.
4.5.2. Rules for Checking Connector

A compound in Amharic may use a connector or linker to connect its constituents (see Chapter 3,
Sub section 3.2.3) and it is extracted by the system after the extraction c¢/. However, in some
compounds, because the initial of ¢2 is the same as one of the connectors, it is taken wrongly as
c. To protect this and other problems that are related with the connector, the following rules are

formulated.

Rule 3: Ifc is the same as the initial of c2 and wlen is not equal to clen,

Reject the connector;

Rule 4: [fc is bd or li and c2 is empty,

Add 2" to the stem minus ¢ and search for c2
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If ¢2 is there and same as cl,
Accept the extracted c
Else
Reject the extracted c;
Rule 5: [fc is bd or ld and the first constituent is not the same as the second constituent,

Reject the connector,

Example 3: Suppose the input word is #7AH“T+ qdN-azmac ‘a general officer of the right wing’.
The system uses the same stem in extracting the connector and in searching ¢2, i.e. AN“T+ azmac,

and it extracts:

¢l =% qiN ‘right side’
c —_ ﬁaﬁ

¢2 = kN7 azmac ‘the one who commands the army’

Because the initial ¢2 is the same as one of the connector in Amharic, A a, the system extracts h a
as a connector. When the system uses rule 3, it finds the initial of ¢2 is wrongly taken as a

connector.
[wlen =8] = [clen = 9]

The length of the input word, which is equal to 8 characters, is not equal to the length of the sum
of extracted parts of the compound (i.e. the first constituent, 3 characters, the connector, |

character, and the second constituent, 5 characters, which is equal to 9).

Even if the system uses the stem after extracting the connector, i.e. H¥1T zmac, and search for ¢2,
it finds nothing or it finds other word or word stem because the initial is taken. Thus, the system

uses rule 3 and rejects the extracted connector.

Rule 4 and 5 uses to control compound adverbs (see Chapter 3, Sub section 3.5.4) because these

compounds have the following pattern:

¢l + ¢ + ¢2; where c is either bd or lid and ¢l is the same as ¢2
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So, when the system identifies a connector bd or Id, it will check whether ¢2 is the same as ¢/, if

not it rejects c.

Example 4: Suppose the input word is ABA® 3j-ld-j ‘hand to hand’ and the system identifies ¢/,
A% 9j ‘hand’, and ¢, A 14 “to/for’, but not ¢2, since there is no word or word stem of A% 4] in the
lexicon of the system. So, the system using rule 4, it will add 2’ to the stem minus ¢, & j, and

searches for ¢2 and then it finds A% aj, which is the same as ¢/. Thus, the connector A 14 is

accepted.

Example 5: Suppose the input word is (+5-A%7% buna-liqami ‘coffee collector’ and the stem
AL ligami ‘collector’ is left when cl, (9 buna ‘coffee’, is extracted. This stem is used when
the system searches for c¢2; simultaneously the connector is extracted from this stem. The
extracted connector, A 14, is not the real connector because if two words or word stems are
connected by bd or ld to form a compound, then they have to be the same. Thus, the connector

will be rejected.

Because the system uses the same stem, for extracting both the connector and the second

constituent, and uses rule 5, it minimizes producing of wrong analysis as (+9-A-%7% buna-la-

qami:

¢l = (+9 buna ‘coffee’
c=nld

¢2 = $71 qami ‘addicted’

The system uses the same stem in extracting the connector and in searching ¢2 but it will check
whether the initial of ¢2 is taken wrongly as a connector or wrong word is extracted by not
removing the connector from the stem. In both ways, extracting ¢2 with the stem that includes
the connector or excludes it, the system may extract wrong word. However, it rechecks to avoid

wrong extraction.
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4.5.3. Rules for Checking Suffix

In relation to extracting the second constituent of the compound, the difficulty may be with
wrongly taken connector, as discussed above, and with wrongly extracted suffixes. The

following rules are formulated, to solve the latter:

Rule 6: [f the extracted suffix is the same as c2 final and the letter second to final of I,
Accept the extracted suffix
Else
Reject the extracted suffix
Rule 7: [f'the initial of extracted suffix and final of c2 have a match,
If the unmatched letter(s) is a valid suffix,
Accept the unmatched suffix
Else
Accept the extracted suffix

Example 6: In the input word is @7.2Am. wind-d-laTe ‘bachelor’, the system takes the final letter,
& e, wrongly as suffix. In Ambharic, there is a suffix & e that indicates first person singular (1Sg).
Using rule 6, the extracted suffix, h e, is the same as the final letter of second constituent but not

the same as the letter second to final of the input word, T T. Therefore, the system rejects the

extracted suffix.

Example 7: Suppose the input word is #7TAH“1%E qdN-azmac-u and it has a suffix A u, which
represents third person masculine singular (3MS) or the definite article ‘the’. Extracting suffixes
start by taking the stem and it searches for the longest suffix. In this example, the stem is AH"IE
azmacu and when the system searches for suffixes in the concatenated suffixes list, it will find
acu, which represents second person plural (2P1). Then the system compares the final letters of

the second constituent with the initial letters of the extracted concatenated suffix as shown

below.
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azmag acu
azmac acu

Figure 5.6 Compare second constituent and suffixes

The system finds a match in the second attempt, ac with ac, and takes the rest of the suffix, u,
and searches for a match in the concatenated suffixes list. The system finds a match and accepts

- u as correct suffix.
4.5.4. Rules for Checking the Second Constituent

In Amharic compounds, if the first constituent ends with the same letter as that of the initial letter
of the second constituent, it is possible to use only one of the two letters. In this case, since the
system uses letters for searching constituents, it could not find the second constituent. For
example, the compound “1¢N“TF grazmat (gra-azmac) ‘a general officer of the left front’ is used
‘a’ for both constituents: “I¢- gra ‘left’ and AH?7T azma¢ ‘the commander of the left front’. The

following rule is designed to solve this problem:

Rule 8: [fcl ends with ‘a’ and c2 is not found,
Add 'a " at the initial of c2 and search for c2

The first constituent is already identified as ending in -a, the system will search using this rule by

inserting ‘a’ at the initial position of the second constituent, i.e. atzma¢. Then it finds the

second constituent, azmac.
4.5.5. Rules for Checking before Display the Analysis

The system, when it finishes the process, display the input word with the analysis, if the input
word identified as a compound, or the input word with a statement declaring that the input word
either it is simple word or it cannot be analyzed. To produce the analysis as a compound, the

system uses the following rules:
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Rule 9: If cI and c2 identified with their POS and clen is equal to wlen, then produce the
analysis;

Rule 10: If ¢l ends with ‘a’ and c2 starts with ‘a’, then wlen = clen — I,

The system can wrongly identify two constituents from the input word with their POS; however
before displaying the result as a compound, it will check each letters of the input word is
included in the analysis. To do the checking, the system uses the equality of the length of the
input word and the sum of the length of all identified parts of the input word. If they are equal, it
assumes the input word is a compound; otherwise it will go to rule 10, which is designed

following rule 8.

Suppose the input word is “¢H7TT grazma¢ (see Rule 8) and to display the final result, it uses
rule 10, the length of a given compound is one less than its constituents as grazma¢ (= 7) is less

than the sum of its parts: length of ¢/ + length of ¢2 =8

Concluding the chapter, first it is discussed the maintained lexicon, which is stored in different
text files that are used to show the POS of the lexicon. Prepositions and suffixes are also
collected and stored. Different algorithms and rules designed for this research were presented
and discussed with examples and demonstrations. The next chapter presents the implementation,

the results and evaluation of the experiment and the test.
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CHAPTER FIVE

Implementation, Experimental Results and Evaluation

5.1. Introduction

This chapter describes the implementation of Amharic compound analyzer. The implementation
is based on the Amharic compound rules and computational rules, which are identified by the
researcher. The algorithms developed for this thesis are implemented using Python. The system
accepts a word, a raw text or list of words as input using the Amharic orthography and produces
analyzed output, in the transliterated form, if the word is a compound. Otherwise, the system
returns the word as it is with a statement declaring that the input word either it is simple word or

it cannot be analyzed.

Next to discussion of implementation, experimental results are described with examples of the

results. Finally, evaluation of the system is discussed.
5.2. Implementation

The system is implemented by building a Python module. To analyze compound words,
checking whether the input word consists of more than one word or not, is the beginning. In
other words, first it will check whether the input word contains more than one word (constituent)
or not. If the input word does not contain more than one constituent, the system treats the input
word as single word. If the input word has more than one word (constituent), the next step is
checking the word, whether it is a compound or not, because there are words that have two

components that are not compounds such as haha kas-kas ‘related with brake’. These and other

forms were considered in the implementation process.

The module implements the rules and algorithms discussed in the preceding chapters. There are

seven functions or methods in the module, each handles a specific problem.
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5.2.1. How the System Works

The following diagram shows the process flow of the system

Character table

e
C Preprocessor + Tokenizer

Transliterated

ward

Y

Maintained Processar

Lexicon

Y

Output
o utpu

Figure 5.1 the process flow of the system

The system accepts inputs from the keyboard or file in the Ge'ez script. The input can be a word,
list of words, or raw texts (i.e. text written in Amharic letters and can contain punctuations,
English letters, numbers, etc). The system identifies raw texts based on the number of words in a
line, if the input has more than two words in a line, then the system accepts as raw text.
Otherwise, the system takes the input as a word though it contains words separated by space

because it assumes the two words are constituents of a compound in open form, and then it starts

the process.
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Step 1: Preprocess

The same preprocess is applied for the input as it is applied in maintaining the lexicon of the
system. The input may contain inappropriate features such as punctuations, numbers and English
letters. The preprocessor removes these features and also performs the transliteration. The
following text is prepared as an example of raw text input and includes numbers, 1 and 2,
punctuations, "('?!)", and English letters, words, to show the capability of the preprocessor. The

preprocessor removes these characters and transliterate the Amharic letters as shown below:

- ‘I represents the input text and ‘R’ represents the results of the preprocessing

I: 1) 'A% ¢ W18 04 F 2) "N @ A7 1A' are proverbs; "APa? (LA!" and "PAN ALA!" are compounds

\ 4
R: aerd giCn andé sdsa  labd mulu andé anbsa agmé bis gélbé bis

Step 2: Tokenize

When the input is a raw text or wordlist (as mentioned above the system accepts the input as raw
text when the number of words in a line is more than two), tokenization is applied (see Chapter
4, Sub section 4.4.1). In the case of raw text, the tokenization uses the tokenizer algorithm
otherwise it tokenizes based on line, each line of the wordlist accepts as an input word whether it
has words separated by space or not. Suppose the input text is the above raw text, step 1, the
tokenizer takes the transliterated text and tokenizes, first in word level and then based on the
rules set in the tokenizer algorithm. So the wordlist, prepared by the tokenizer, includes not only

simple words but also words such as agri qiCn.

Step 3: Analyze

In this step, the system takes a word or each word from the wordlist, which is the output of step
2, and recognizes each part of a word and decides whether the word is a compound or not based
on the recognition result. If the input word contains two words or word stems and fulfills the
criteria to be a compound (discussed in chapter 3; section 3.2), then it will be accepted as a

compound and analyzed; otherwise it will not be accepted.
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Step 4: Display the analysis

The system will display the analysis if the input word is a compound, it will check whether the

input word has constituent words with their POS, and if there is no character left.
5.2.2. Examples of the System OQutput

As discussed in chapter 3 (Section 3.5), Amharic has compound nouns, adjectives, verbs, and
adverbs. Each of them can be formed by combining different lexical categories. In this sub

section, compounds of each type are presented as an example and show the results of the system.

Example 1: suppose the system accepts (thCikfS bet-d-karstiyan-wa ‘The Church’, a

compound noun that has a connector, compound nouns rule 1 "7 and the system produces:

Word: NAhChrkes,

Compound: bet-d-karstiyan POS: noun
First element. bet POS: noun
Connector: 4

Second element: karstivan ~ POS: noun
Possessor: 3, Sing, Fem

Function: definite

Example 2: suppose the system accepts T9°UCH (FF#T7 tomhart-bet-o¢-aén, a compound noun

without a connector, compound nouns rule 2, and the system produces:

Word: +9°UCT \AFT7

Compound. tomhart-bet POS: noun
First element: tamhart POS: noun
Second element: bet POS: noun

Possessor: 1, Pl

Function: definite

7 5ee compounding rules in Chapter 3, Section 3.5
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Example 3: suppose the system accepts @H AL47 wiz-addir-u-n, a compound noun without a

connector, compound nouns rule 3, and the system produces:

Word: @H h847

Compound.: wiz-addér POS: noun
First element: wiz POS: noun
Second element: addér POS: verb

Possessor: 3, Sing, Masc

Function: definite, accusative

Example 4: suppose the system accepts @&10F wiido-giib-0&¢, a compound noun without a

connector, compound nouns rule 4, and the system produces:

Word: ogavt

Compound: wido-gib POS: noun

First element: wido POS: verb
Second element: gib POS: verbal noun

Function: plural

Example 5: suppose the system accepts aAgF AS41t7 ldfto-adari-nndt-u-n, a compound noun

without a connector, compound nouns rule 5, and the system produces:

Word: 0t K841

Stem: lifto-adari-nnét POS: noun
Compound. lifto-adari POS: noun
First element. lifto POS: verd
Second element. adari POS: noun

Possessor: 3, Sing, Masc

Function: definite, accusative

Example 6: suppose the system accepts @?ah @®Ah9™E milk-d-mélkam-o¢¢-u, a compound

adjective with a connector and the system produces:
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Word: aon aep\h P

Compound: milk-d-médlkam POS: adjective
First element: milk POS: noun
Connector. i

Second element: milkam POS: adjective
Possessor: 3, Sing, Masc

Function: plural, definite
5.3. Results and Evaluation

The effectiveness of the developed system is measured by testing it using test set. The system is

effective when it:

e Recognizes compound words in Amharic text;

e Separates constituents of a given Amharic compound and assign the correct POS to each
of the constituents;

e Interpret inflectional morphemes, which show grammatical features of a given

compound, correctly;

A corpus that contains 500 words is prepared based on the criteria of compounding in Amharic
discussed in chapter 3. Of these words, 100 compounds are collected manually from books of
Baye (2000 E.C) and Getahun (1990 E.C) and the rest of the corpus, the 400 words, is selected
automatically from the Ambharic dictionaries of Desta (1970 E.C) and Tessema (1959 E.C) and

from wordlists'® of Amharic single names.

The corpus includes compounds of nouns, adjectives, verbs and adverbs with all inflectional
affixes of number, gender, case, and definiteness. It also includes simple words that are selected
randomly from the wordlist and the two dictionaries. The selection of words, though it is

automatic, uses judgmental sampling method to assure the representativeness of compound word

types.

8 These dictionaries and wordlists are available at http://nlp.amharic.org/resources/lexical/word-lists/.
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The corpus is partitioned into the development set and test set on the basis of percentage of 70%

and 30%, respectively.
5.3.1. The Development Test

A development test set is a test set that is being used during the cycle of system development and
improvement (Resnik and Lin, 2010). Using the development set, the system is tested several
times until the performance of the system was acceptable. Some of the corrections made when

the development set is carried out are presented as follows.

e The system was not differentiating simple words and compounds. Though the system
produces analysis for compounds correctly, it also displays analysis for simple words.

This was corrected by developing a rule, which says
Unless getting two constituents of the given word, don’t produce analysis;

e When the second constituent of the compound is a derived noun (derived from other
nouns by suffixing a derivational morpheme such as -7t -nnit (chapter 2) or a derived
adjectives like those derived from nouns by adding -A%® -awi, the system only identifies
the word or stem before its derivation. Because there is no derivational morpheme list in
the maintained lexicon. To solve this problem, an algorithm is developed (Chapter 4, Sub
section 4.4.6).

e Over generation is another problem identified during the development of the system. The
following words, for instance, are accepted in the language as simple words but the

system has identified them as compounds.
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aop\hd milkasa “geographic name’

milk ‘face’ + asa ‘fish’

(10(L sdbsabe ‘name of a person’

sdb ‘human being’ + sab ‘fat’

hemil ayaTdgib ‘lovely’

ayaT ‘rat’ + & + giib ‘related to entry’

ATANT®- aTlabacdw “name of a
person’

aT ‘related to loss’ + lab *facial’ + 3PIDEF

w3297 windomamaé ‘brothers’

windam ‘brother’ + amaé ‘son-in-law’

L5994 didnagal “virgins’

ddn *forest’ + a + gal ‘personal’

4.cha farkasa “breakable’

fir “in order/line’ + kasa ‘claim/name of a
person’

Table 5.1 Some of Amharic simple words identified as compounds

The over generation was solved by adding these simple words to the built-in lexicon. Thus, the

system identify each of them as a simple word not as a compound.

These and other errors that were identified during the development are corrected by designing

rules (see Chapter, Section 4.5) and the final result is the following:

Unanalyzed Analyzed
Simple words 37 7
Compound words 8 298

Table 5.2 Results of the analyzer on the development

The accuracy of the analyzer is measured on the basis of correct predictions. Simple words are

supposed to be unanalyzed and compound words are supposed to be analyzed.

Unanalyzed simple words + Correctly analyzed compound words

Accuracy =

Total number of words
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The true positive rate (or recall) of the analyzer is the proportion of compound words that are

correctly analyzed.

Analyzed compound words
Recall =

Unanalyzed compound words + Analyzed compound words

298

Recall = - 0
§Eigg  rosk

Precision of the analyzer is the proportion of analyzed compound words over the total analyzed

words.

L Analyzed compound words
Precision =

Analyzed simple words + Analyzed compound words

S 298
recision = = 0
7 +298 e

annes-Satellite-A100:~/Morp is_development$ python3

1. for keyboard input
2. for file input

1. wordlist

2. raw-text

1
Please type your source and destination file names separated by comma:
dev_test.txt,rdev.txt

Total number of words: 350

Successfully analyzed number of words: 305

Unanalyzed number of word(s): 45

Figure 5.2 Screen shot of the analyzer on the development
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5.3.2. Error Analysis

Two kinds of errors are found, simple words analyzed as compound words (false positive) and
unanalyzed compound words (false negative). False positive errors are occurred because of
overganeration and it can be solved, as discussed in the above sub section (sub section 5.3.1), by
adding the analyzed simple words to the maintainied lexicon. Thus, the system identify each of

them as a constituent not as a compound.

In the case of false negative errors, some of the compound words are unanalyzed because of
missing entries and lack of rules. It can be solved in the same way as done for false positive and
by adding and modifying rules. For instance, one of the unanalyzed compound words is
hUP7 agor-d-qiCCaCCn ‘those who have thin legs’. The system can identify the first
constituent A°IC agar and the connector A 4, but not the second constituent, because the rest of the
word P qACCaCCn ‘thins’ is in the plural form. The word $5»7 qdCCn ‘thin’ is stored in

the maintained lexicon of adjectives.

As discussed in chapter 3, adjectives in Ambharic follow two ways to show them plural number:
one is like nouns, adding the morpheme AT o&¢ and the other is reduplicating the penult
consonant and adding the vowel ‘a’ as a connector. However, the sytem has no knowledge about
the other way (the latter one) of pluralizing adjectives. As mentioned above, adding the word
with the plural marker in the maintained lexicon of the system can help the system to analyze the

compound AP+ agar-d-qaCCaCCn.
5.3.3. The Test Set

The test set, as described in the previous section, contains 150 words selected randomly from the
designed corpus. Of these, 137 words are compounds and the remaining 13 words are simple

words. The following table summarizes the result of the test.
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Unanalyzed Analyzed
Simple words 13 0
Compound words 2 135

Table 5.3 Results of the analyzer on the test set

The accuracy of the analyzer is measured on the basis of correct predictions. Simple words are

supposed to be unanalyzed and compound words are supposed to be analyzed.

Unanalyzed simple words + Analyzed compound words
Accuracy =

Total number of words

X 13+135
ccuracy = - 0
150 98.67%
The true positive rate (or recall) of the analyzer is the proportion of compound words that are

correctly analyzed.

Analyzed compound words
Recall =

Unanalyzed compound words + Analyzed compound words

Recall =
ecall = - 0
31135 98.5%

Precision of the analyzer is the proportion of analyzed compound words over the total analyzed

words.

. Analyzed compound words
Precision =

Analyzed simple words + Analyzed compound words

— 135
recision = - 1000
04135 it
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1. for keyboard input
2. for file input

1. wordlist
2. raw-text
1
Please type your source and destination file names separated by comma:
test_set.txt,rtest.txt
Total number of words: 150
Successfully analyzed number of words: 135
Unanalyzed number of word(s): 15

Figure 5.3 Screen shot of the analyzer on the test set

As shown from the table, the accuracy of the system for the test set is 100%. To achieve such
accuracy, as indicated above, the system was tested repeatedly and corrected whenever errors

occurred.
5.3.4. Raw Text Test

As discussed in this chapter (Section 5.2.1), the system can accept a raw text as input. In this test,
it is expected to test the performance of the system in relation to recognizing and analyzing
compounds. The following raw text, which is prepared as an exercise to identify compound

nouns, adjectives, and verbs, is taken from Baye’s (2002 E.C) book for testing the system.

"Povm AL T ATET P00 $TE LAPA | LmOFA WTE T Wi (PR A7 Ravad HIC Al
a8 AL PAPAAT" (LA EMEEFA: hAF® T "AME PTIAPAD- HI® NP ALY "Wl P
WI8 (4 T AN oot ATR ATNA' APA" it 91 &(vT 0ULePNT F ALY A "hdae (LA1"
Ado "PAN NA!" hPA PULETIPS R4 PULLASCT A AITTT PR ONAT 1@
TATFPAT

Figure 5.4 Raw text used as test
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The system recognizes 8 compounds out of 9, which were identified by an expert of the
language, from the raw text (Figure 5.4). From the recognized 8 compounds, the system can

analyze 6 compounds. The following table shows the result of the test:

Compounds POS Identified | Analyzed
1 | 2 0f hod-d-bassa Noun/Adjective v v
O 2 | ‘H9® i zom-balo Adverb v x
3 | H9® Q1f zom-bayyéi Noun v x
4 | ke P ogar-d-qiCCn | Noun/Adjective v v
5 | &N av<e lab-d-mulu Noun/Adjective v v
6 | mt 713 Towat-mata Adjective v v
hdav (Lh agom-d-bis Adjective v v
8 | #aN (LA gélb-d-bis Adjective " v
9 | V& 0107 hod-bibsdN | Adjective x

Table 5.4 Results of the identifier and analyzer of compounds on the raw text (training)

> The compound & (L-04" hod-bibsdN is not identified because the second constituent of the
compound, (-0 bibs, is not exist in the maintained lexicon of the system. In the case of Hf® {la
zom-balo and M N1f zom-boyd, the system identified as compounds by looking up the
maintained look up list of possible second constituents of a compound. However, the system
could not analyze and give any information about grammatical features for the constituents of the
compound because no information was maintained in the lexicon of the system related to these

compounds.

The next chapter is the final and it will discuss the conclusions and recommendations of the

research.
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CHAPTER SIX

Conclusions and Recommendations

6.1. Conclusions

This thesis has presented the system for morphology analysis of Amharic compounds. Its
primary goal was to design and develop a system that identifies and analyze Amharic compound
words automatically. In achieving this goal, a system is developed using rule-based approach on

the basis of two-level morphology.

Although a number of researchers attempted to develop morphological analyzer for Ambharic,
nothing is done regarding compound words or compounding. The system, developed in this
work, can identify and extract Amharic compounds in all the specified three forms — closed as
PN gdiilazmac, open as h7 @9~k hogd mingost and hyphenated as #1-#C%t son-i-
saraat - from a raw text (or wordlist or dictionary) and can do morphological analysis for

compounds of Ambharic.

Particularly, the study answered questions on identifying compound words automatically and
analyzing them. In identifying compounds from raw text, the system applies the following

criteria and takes words that fulfill these criteria for further processing:

- Words end with the vowel A i, except few functional words;
- A word, which has a match in the predefined list of possible second constituent words,

with the previous word;

The study covers all compound categories in Amharic (i.e. compound nouns, adjectives, verbs,
and adverbs) with their grammatical and syntactical information. The grammatical features
included in this work are number, gender, person, case, and definiteness. When the system
recognizes a compound word, it will give syntactic information for each constituents and

grammatical information for the compound as a word.
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In identifying and analyzing compound nouns, adjectives, and adverbs, the system performs well
and the sample used to the development and test set can be considered as representative of
Amharic compounds. However regarding compound verbs, it covered only the main verbs, verb

to ‘say’ and to ‘do’, and some of their variations, not all.

Some words that are accepted as simple words in the language were taken as compounds by the
system (over generation). In this study, this over generation problem was controlled by adding

these kinds of words in the maintained lexicon of the system.

At this level, the system can be used as a tool for identifying compounds from corpus and for

morphology analysis of compound words of Amharic.

6.2. Recommendations

The system developed in this study is recognized and analyzed only compound words. Further
study is required to integrate the developed system with other Amharic morphological analyzer

tool, particularly with HornMorpho, can give a very good morphological analyzer for Amharic.

The developed system is more focused on compound nouns, adjectives, and adverbs than
compound verbs. It only identifies and analyzes the basics of compound verbs. Adding more
verbs of ‘to say’ and ‘to do’ in the maintained lexicon and designing more rules regarding to

compound verbs will increase the performance of the developed system.

Some words that are accepted as simple words in the language were taken as compounds by the
system (over generation). In this study, this over generation problem was controlled by adding
these kinds of words in the maintained lexicon of the system. However, it needs further study, to

identify whether these words are simple or not.
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Appendices

Appendix 1. List of character table

wu

ga

ha

hi

Ta

ha

ni

Zu

Ca

la

Ni

Zu

Pa

ha

"/

yu

S'a

ma

ki

du

S'a

sa

hi

ju

fa

ra

wi

gu

pa

sa

Tu

hu

zi

Cu

lu

ga

Zi

Pu

hu

ba

yi

Su

mu

va

<

di

Su

su

ta

ji

fu

ru

gi

pu

su

ha

Ti

hi

na

Ci

qu

Na

Pi

hi

bu

S'i

mi

vu

<

ka

Si
fi

Si

tu

ha

ri

wa

pi

si

hu

ha

nu

za

la

qi

Nu

Za

ha

bi

ya

ma

Vi

ku

da

Sa

ti

hu

ja
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gWu
qWi
hwi
kWi
gWi

kwe

lwa

wo

Zwa

hwa

Zwa

mwa

Z0

dwa

swa

Zo

jwa

rwa

Yo

gwe gWa
hWa
kWa
gWa

swa

do

Twa

Swa

jo

Cwa

6k,

qwe

go

Pwa

bwa

To

gWe

S'wa

vwa

1<t

Co

fwa hWe
kWe
gWe

twa

Po

pwa

cwa

S'o

gWu
hWu
kWu

hwe

S'o

nwa

fo

Nwa

po

—~
N
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Appendix 2. List of words for development test

Lranerr
aop\ha
ALy
AhTPHLA
hPPHLOT
hénoey
hUgL.E
UAhgReC
Ah&nhs'r
h&NNAT
Ut
ULt 0%
U1yt
1D
o
ATANhAS
MANhAsD-
chTh@¢n,
hTh@-h @
IO PTF
rLaé.
UrLase
renn
renqa-
AACFhES
adcTIr
ANCTIN
ANALS
AL
AALCT
AN
Aoty
ANao -
AN

ANL TS5 @
anné
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ANDAGTT
aPA(LN
ovphavphg®
ae\nPe
aANDCE
aAN@CE
g OCP
CLPNIRE
PN HT LT
avGtha¢
G Hh@-L @
aoh G,

a0 (a0 Y18
aOZhGPG0
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oeLNR
ook
LY
N0+
goaN T
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Neteivt
FIUCHL R
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Appendix 3. List of words for test set

POFLaP TN T
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ke
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Appendix 4. Python codes
#lusr/bin/python

import re

def prefix stemmer (wrd): # (word, noun, verb) :
pr = 7
for i in range(len(wrd)):
pr = wrd[:len(wrd)-1i]
if pr in prixs;
break

else:

return pr

def suffix stemmer(stm):
sfx = '!
for i in range(len(stm)):
last = stm[i:]
if last in csfxs:
sfx = last
break

return sfx

def firstElement (wrd):
pos = '!'
cl ="'
for i in range(len(wrd)):
X = wrd[:len(wrd) - 1i]
if x in noun:
cl = x
pos = 'noun'
break

elif x in verb:
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Appendix 4. Python codes
#!usr/bin/python

import re

def prefix stemmer (wrd): # (word, noun, verb) :
pr = '
for i in range(len(wrd)):
pr = wrd[:len(wrd)-i]
if pt in prfxs:
break

else:

return pr

def suffix stemmer (stm):
sfx = "!
for i in range(len(stm)):
C last = stm[i:]
if last in esfxss
sfx = last
break

return sfx

def firstElement (wrd):
pos = '!
gl = M
for i in range(len(wrd)):
X = wrd[:len(wrd) - 1i]
if % in noun:
cl = x
pos = 'noun'
break

elif x in verb:
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el = x
pos = 'verb'
break
if len(ecl) < 1:
prfx = prefix stemmer (wrd)
if len(prfx) > 0:
wrd = wrd([len(prfx):]

LI

X =

for j in range(len(wrd)):

X = wrd[:len(wrd)
if x in noun:
cl = x
pos = 'noun'
elif x in verb:
cl = x
pos = 'verb'
else:
cl = '!

return cl, pos

def secondElement (stm remain):

c2 = '

stm_ remain

=
Il

for i in range(len(y)):
if y in noun:
c2 =y
pos = 'noun'
break
elif y in verb:
c2 =y

pos = 'verb'
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break

elif y in adj:

c2 =y
pos = 'adjective'
break
else:
dm = stm remain[-i-1:]
y = stm _remain[:-i-1]
X = dm[:6]
dm = dm[:3]

if len(c2) > 0:

if dm == 'nat':
c2 = c2 + dm
#pos = 'noun'

elif == 'awinat':
cZ2 = g2 + %
#fpos = 'noun'

elif dm == 'awi':

c2 = c2 + dm

#fpos = 'adjective'

return c2, pos

def inflection(sfx):

fh = open('suffixes tr2.txt', 'z')

sfxs = fh.read().split('\t")

fh.close()

if sfx in sfxs:

indx = sfxs.index(sfx)

z = sfxs[indx + 1]

nf.write('Possesser:

"y, nf.write(z), nf.write('\n")

nf.write('Grammar: '), nf.write('definite\n')

else:

for i in range(len(sfx)):
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last

sfx[-1:]
St b

Il

frst
frstl = sfx[:3]
if frst == 'o&' or frstl == 'wo&' or frstl == 'at':

1l = gfx[2:]

if len(sfx) == 2 or frstl == 'wol':
nf.write('Grammar: '), nf.write('plural\n')
break

elif last == 'n':

mid = sfx[2:-1]
if mid in sfxs:
indx = sfxs.index (mid)
z = sfxs[indx + 1]
nf.write('Possesser: '), nf.write(z),
nf.write('\n"')
nf.write('Grammar: i L
nf.write('plural '), nf.write('definite '), nf.write('accusative\n')
break
else:
if 11 == 'aén':
indx = sfxs.index(1l1)
2z = sfxs[indx + 1]
nf.write('Possesser: Y
nf.write(z), nf.write('\n')
nf.write('Grammar: Lijis
nf.write('plural '), nf.write('definite\n')
break
elif 11 in sfxs:
indx = sfxs.index(1l1)

z = sfxs[indx + 1]

nf.write('Possesser: 1 nf.write(z),
nf.write('\n'")
nf.write('Grammar: '), nf.write('plural '),
nf.write('definite\n')
break
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elif last == 'u':

nf.write('Grammar: '), nf.write('plural '),

nf.write('definite\n')
break
elif frst == 'it':

last = sfx[-1:]

last2 = sfx[-2:]

if last == 'u':
indx = sfxs.index(last)
z = sfxs[indx + 1]

nf.write('Possesser: i [P nf.write(z),

nf.write('\n')

nf.write('Grammar: A
nf.write('definite\n')

break

elif last? in sfxs:
indx = sfxs.index(last2)
z = sfxs[indx + 1]

nf.write('Possesser: s nf.write(z),

nf.write('\n"')

nf.write('Grammar: Y34
nf.write('definite\n"')

break
elif last == 'n':

mid = sfx[:-1)]

last = sfx[2:-1]

last2 = sfx[2:-1]

if mid == 'u':
indx = sfxs.index (mid)
z = sfxs[indx + 1]

nf.write('Possesser: U nf.write(z),

nf.write('\n')

nf.write('Grammar: Y

nf.write('definite
'y, nf.write('accusative\n')

break
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elif mid in sfxs:
indx = sfxs.index (mid)

z = sfxs[indx + 1]

nf.write('Possesser: ! Y nf.write(z),
nf.write('\n')
nf.write('Grammar: L nf.write('definite
"y, nf.write('accusative\n')
& break
elif frst == 'it' and last == 'u':
indx = sfxs.index(last)

z = sfxs[indx + 1]

nf.write('Possesser: ")y nf.write(z),
nf.write('\n'")

nf.write('Grammar: ' nf.write('definite
'}, nf.write('accusative\n')

break

elif frst == 'it' and last2 in sfxs:
indx = sfxs.index(last2)
] z = sfxs[indx + 1]

nf.write('Possesser: Ly, nf.write(z),
nf.write('\n")

nf.write('Grammar: R nf.write('definite

"y, nf.write('accusative\n')
break
glises
nf.write('Grammar: "
nf.write({'accusative\n')

break

def inflection2 (sfx):
fh = open('suffixes tr2.txt', 'r')
sfxs = fh.read().split('\t"')
fh.close()



if sfx in sfxs:
indx = sfxs.index(sfx)

z = sfxs[indx + 1]

print ('Possesser: ', z)

print ('Grammar: definite')

else:
for i in range(len(sfx)):
lagt = gfg(~1l:]
frst = sfx[:2]
frstl = sfx[:3]
if frst == 'o&¢' or frstl == 'wo&' or frstl
11 = sfx[2:]
if len(sfx) == 2 or frstl == 'wog':
print ('Grammar: plural')
break
elif last == 'n':
mid = sfx[2:-1]
if mid in sfxs:
indx = sfxs.index (mid)
z = sfxs[indx + 1]
print ('Possesser: ', z)
print ('Grammar: plural
accusative')
break
else:
if 11 == 'aén':
indx = sfxs.index(11)
z = sfxs[indx + 1]
print ('Possesser: ',
print('Grammar:
definite')
break
elif 11 in sfxs:
indx = sfxs.index(11)
z = sfxs[indx + 1]
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print ('Possesser: ', z)
print ('Grammar: plural definite')
break

elif last == 'u':
print ('Grammar: plural definite')
break

elif frst == 'it':

last = sfx[-1:]

last2 = sfx[-2:]

if last == 'u':
indx = sfxs.index (last)
z = sfxs[indx + 1]
print ('Possesser: ', z)
print ('Grammar: definite')
break

elif last2 in sfxs:
indx = sfxs.index (last2)
z = sfxs[indx + 1]
print ('Possesser: ', z)
print ('Grammar: definite')
break

elif last == 'n':

mid = sfx[:-1]

last = sfx[2:-1]

last2 = sfx[(2:-1]

if mid == 'u':
indx = sfxs.index (mid)
z = sfxs[indx + 1]
print ('Possesser: ', z)
print ('Grammar: definite accusative')
break

elif mid in sfxs:
indx = sfxs.index (mid)
z = sfxs[indx + 1]

print ('Possesser: ', z)
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print('Grammar: definite accusative')

break
elif frst == 'it' and last == 'u':
indx = sfxs.index(last)
z = sfxs[indx + 1]
print ('Possesser: ', z)
print ('Grammar: definite accusative')
break
elif frst == 'it' and last2 in sfxs:
indx = sfxs.index(last2)
z = sfxs[indx + 1]
print ('Possesser: ', z)
print ('Grammar: definite accusative')
break
else:

print ('Grammar:

break

def inpt (wrd):

sp_ch = open('sp charl.txt', 'r')

sp_char = sp_ch.read().split('\n")

sp_ch.close()
temp = "'
for ch in wrd:

ch =
ch

re.sub{(" [a-zR-=z]"', "', eh)

re.sub('[0-92]', '', ch)

if ch in sp char:
wrd = wrd.replace(ch, '')
elif eh == "'='4
wrd = wrd.replace(ch, ''")
elif eh.== " T3

wrd = wrd.replace(ch, '')
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elif ch == "\t':

wrd = wrd.replace(ch, '')

temp = wrd

fh = open('char_ table modified.txt', 'r')

char dic = {}
text = fh.read().split{()
fh.close ()

for 1 in range(len(text)-1):

char_dic(text[i]] = text[i+1]

for ch in wrd:
if char_dic._ contains_ (ch):

wrd = wrd.replace(ch, char_dic([ch])

uw = analyzer?2 (temp, wrd)

def inptwrdlst (sname):

fh = open(sname, 'r')
chs = fh.read()
fh.close()

sp ch = open('sp charl.txt", '&")
sp_char = sp ch.read{().split('\n")

sp_eh.eclesel)

temp = []

for ¢h in chs:
ch = re.sub('[a-zA-z]', '', ch)
ch = re.sub('[0-9]', '', ch)
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if ch in sp_char:

chs = chs.replace(ch, '')
elif ch == '-';

chs = chs.replace(ch, '')
elif ch == ' ';:

chs = chs.replace(ch, '')
elif ch == "\t':

chs = chs.replace(ch, ''")

temp = chs.split('\n"')

fh = open('char table modified.txt', 'r')

charﬁdic = {}
text = fh.read().split()
fh.close ()

for i in range(len(text)-1):

char dic([text[i]] = text[i+l]

for ch in chs:
if char_dic. contains_ (ch):
chs = chs.replace(ch, char_dic[ch])

words = chs.split('\n')

for i in range(len(words)):

uw = analyzer (temp([i],words[i])

def inptrawtxt(file name):
fh = open(file name, 'r')

chs = fh.read()
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sp_ch = open('sp char.txt', 'r')
sp_char = sp ch.read().split('\n")

sp _ch.close()

for ch in cehs;

ch = re.sub('[a-z]', "', «h)
ch = re.sub('[A-Z2]', '', ch)
ch = re.sub('[0-9]', '', ch)
ch = re.sub("([)*(])"', ''; ch)

if ch in sp-char:
chs = chs.replace(ch, '')
wlif ch == '=%g

chs = chs.replace(ch, '')

1 = (L]
wordsAm = chs.split()
temp = []

fh = open('char_table modified.txt', 'r')
char_dic = {}

text = fh.read().split()
fh.close()

for i in range(len(text)-1):
char_dic(text([i]] = text[i+1]
for ch in chs:
if char dic. contains_(ch):

chs = chs.replace(ch, char _dic[ch])

wordsTr = chs.split()
fh.close()
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amh = ''

for i in range(len(wordsTr)-1):
1l.append(wordsTr[i])
temp.append (wordsAm([i])

if wordsTr[i] .endswith('a'):
bi gram = wordsTr[i] + wordsTr[i+1]
l.append(bi gram)
bi gramAm = wordsAm[i] + wordsAm[i+1]
temp.append (bi gramAm)

else:
bi gram = wordsTr[i] + ' ' + wordsTr[i+l]
bi gramAm = wordsAm([i] + ' ' + wordsAm[i+1]
w = bi _gram.split()
amh = bi gramAm.split()

sl
52
c = wl[l]l[:-1len(s2)]

suffix stemmer (w[0])

suffix stemmer (w[1])

if w[l] in const2 and len(sl) == 0:
l.append (w[0]+w[1])
temp.append(amh[0]+amh[1])

elif ¢ in const2 and len(sl) == 0:
l.append(w([0]+w([1l])
temp.append(amh[0]+amh[1])

words = 1
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for i in range(len(words)):

uw = analyzer (temp[i],words[i])

def transliterator modifier (wrd):

o=
if wrd[:1] in consonants and wrd[l:2] in consonants: # and
wrd[2:3] in consonants and wrd[3:4] in consonants:
w = wrd[:1] + '"®' + wrd[1l:2] # + wrd[2:3] + ta! +
wrd[3:4] + wrd[4:]
if wrd[2:3] in consonants and wrd[3:4] in consonants and
len(wrd) >= 4:
w=w+ wrd[2:3] + 'o' + wrd[3:4] + wrd[4:]
elif wrd[2:3] in consonants and len(wrd) > 3:
w=w + wrd[2:]
elif wrd([2:3] in consonants and wrd[-2:] in
['rt','nd','dr', 'br'] and len(wrd) ==
W =w + wrd[2:]
elif wrd[2:3] in consonants and len(wrd) == 3:

w=w+ 'a' + wrd[2:]

else:
w = w + wrd[2:]
else:
w = wrd
return w

def displayer (prfx,cl0O,cll, connector,c20,c21,sfx,am):

nf.write('Word: '), nf.write(am), nf.write('\n')

dm = c20[-6:]
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a = c20[-3:]
if dm == 'awinat':
temp = c20[:-6]
clO = transliterator_modifier(clO)
c20 = transliterator modifier(c20)
nf.write('Stem: 4 nf.write(clO), nf.write(connector),
nf.write(c20), nf.write('\tPOS: noun'), nf.write('\n')
- c20 = temp
elif a == 'nat':
temp = c20[:-3]
cl0 = transliterator modifier(clO)

c20 = transliterator modifier(c20)

nf.write('Stem: by nf.write(cl0), nf.write (connector),
nf.write(c20), nf.write('\tPOS: noun'), nf.write('\n')
c20 = temp
elif a == 'awi':

temp = c20[:-3]
cl0 = transliterator modifier(clO)
(9] c20 = transliterator modifier(c20)
nf.write('Stem: b nf.write(cl0), nf.write(connector),
nf.write(c20), nf.write('\tPOS: adjective'), nf.write('\n')

c20 = temp

cl0
c20

transliterator modifier (cl0)

I

transliterator modifier (c20)

if connector in ['ba', 'la']:
nf.write('Compound: '), nf.write(clO), nf.write(connector),
nf.write(c20), nf.write('\tP0S: adverb'), nf.write('\n'")
elif c21 == 'noun' and c20 in adj:
nf.write('Compound: '), nf.write(cl0), nf.write(connector),
nf.write(c20), nf.write('\tPOS: noun/adjective'), nf.write('\n')
elif c21 == 'verb':
nf.write('Compound: '), nf.write(cl0), nf.write(connector),

nf.write(c20), nf.write('\tP0S: noun'), nf.write('\n')
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else:

nf.write('Compound: '), nf.write(clO), nf.write(connector),
nf.write(c20), nf.write('\tPOS: '), nf.write(c2l), nf.write('\n')
if len(prfx) > 0:
nf.write('Prfx: '), nf.write(prfx), nf.write('\n'")
nf.write('first element: ™. nf.write(cl0), nf.write('\t'),
nf.write('POS: '), nf.write(cll), nf.write('\n")
if len(connector) > 0:
nf.write('connector: L nf.write (connector),
nf.write('\n"')
if c21 == 'noun' and c20 in adj:
nf.write('second element: Ly nf.write(c20),
nf.write('\Nt"), nf.write('POS: LT nf.write(c2l),
nf.write('/adjective'), nf.write('\n')
else:
nf.write('second element: "y, nf.write(c20),
nf.write('\t'), nf.write('POS: '), nf.write(c2l), nf.write('\n'")
if len(sfx) > 0:
inflection(sfx)
T I [ e e e e e e e e L L R S i
¥}

def analyzer (am,w):

prfx = 7
connector = "'

sfx = '!

sfx = suffix stemmer (w)

s = w[l:-len(sfx)]

al = s[-2:]

ad = s[-6:]

ros N #return

if len(sfx) > 0 and al == 'al':
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cl = firstElement(w[:-2-len(sfx)])
g2 = Yglt
if len(cl[0]) > 0 and cl[l] == 'verb':
displayer (prfx,cl[0],cl([l],connector,c2, 'verb', sfx,am)
r = 'no!
else:
r = 'yes'
elif len(sfx) > 0 and ad == 'adar&ag':
cl = firstElement (w[:-6-len(sfx)])
c2 = 'adarag'
if len(cl[0]) > 0 and cl[l] == 'verb':
displayer (prfx,cl[0],cl[1l],connector,c2, 'verb',sfx,am)
r = 'no’
else:
r = 'yes'
elif len(sfx) == 0:
al = w[-3:]
ad = w[-7:]
if len(sfx) == 0 and al == 'ala':

cl = firstElement (w([:-3])
c2 = 'ald’

if len(cl[0]) > 0 and cl[l] == 'verb':

displayer(prfx,cl[0],cl[1l],connector,c2, 'verb',sfx,am)

r = 'no'
else:
r = 'yes'
elif len(sfx) == 0 and ad == 'ad&rdgid':
cl = firstElement(w[:-7])
c2 = 'addraga'
if len(cl[0]) > 0 and cl[1] == 'verb':

displayer (prfx,cl[0],cl[1l],connector,c2, 'verb',sfx, am)
r = 'no'

else:
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r = 'yes'

connector = "'

pdbl = '

sdbl = !

prfx = prefix stemmer (w)

cl = firstElement (w)

if cl[0][:1len(prfx)] == prfx:
pdbl = w[len(prfx):len(prfx)*2]
if pdbl == prfx:

cl = cl
elif len(cl[0]) == 2: #2jl1&j
prEx =
else:
cl = firstElement (w[len(prfx)

if len(cl[0]) > O:
prfx = prfx
el = el

else:
prfx = '!'

else:

cl = firstElement (w[len(prfx):])

if len(cl[0]) ==

cl = secondElement (w[len(prfx):])

stm = w[len(cl[0])+1len(prfx):]

for ¢ in range(l, 3):

510

if stm[:€¢] in ['&Y, 'a", 'ba', "14']:
connector = stm[:c]
break
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c2 = secondElement (stm)

sfx = suffix stemmer(stm)

c2 _len = 0

c2 len = stm[:-len(sfx)]

tem = '!'

if cl[0].endswith('a') and len(stm[:-len(sfx)]) >= 2:
if len(c2([0]) == 0 or c2[1l] == 'verb':

stm = 'a' + stm

c2 = secondElement (stm)

#displayer (prfx,cl(0]),cl[1l],connector,c2[0],c2[1l],sfx,am)
else:
stm = w[len(cl[0])+len(prfx):]

c2 = secondElement (stm)

if connector == 'ba' or connector == 'l&':
#print(c2(0])
c2 = secondElement (stm[len(connector):])
if len(c2([0]) ==
stm mod = 's' + stm[len(connector):]
c2 = secondElement (stm_mod)
if len(c2[0]) ==
c2 = secondElement (stm)
connector = "!
elif cl[0] != c2[0]:

connector = "!

elif connector == '&' and cl[0] == 'bal' and c2[0] == '':
#baldda <- baldsda

stm mod = 's' + stm[len(connector):]

c2 = secondElement (stm mod)

#print (c2[0])
elif c2[0] [:1len(connector)] == connector: #in ['&', !

PLEY] E
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c2 = secondElement (stm[len(connector):])

total len = len(prfx) + 1len(cl(0]) + len(connector) +

len(c2[0]) + len(sfx)
if len(w) == total len:

connector = connector

else:

LI

connector
c2 = secondElement (stm)
else:
stm = stm([len(connector):]

c2 = secondElement (stm)

if len(sfx) > 0:
if c2[0][-len(sfx):] == sfx: #O7LAM,
not wdnd-a-laT-e
sdbl = w[-len(sfx)*2:-len(sfx)]
if sdbl == sfx:
sfx = sfx
else:
sfx = "'
else:

for i in range(len(sfx)):

wand-d-laTe

if c2[0][~i:] == sfxl[si]: #PEHE gaN-

azmac-u not gaN-azmac-acu
sfx = sfx[i:]
break
if len(sfx) > 0:
if sfx not in csfxs:
sfx = suffix stemmer (stm)

c2 = secondElement (stm[:-len(sfx)])

c_len len(prfx) + 1len(cl[0]) + 1len(connector)

len(sfx) #sum of the constituents length
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if len(cl[0]) > 0 and 1len(cl[l]) > 0 and len(c2[0]) > 0 and
len(c2[1l]) > 0 and len(w) == c_len and al != 'ala':
displayer (prfx,cl[0],cl[l],connector,c2[0],c2[1],sfx,am)
elif cl[0].endswith('a') and c2[0].startswith('a') and len(w) ==
¢ Ien — 1 and a1l = "aia’i
displayer (prfx,cl[0],cl[1l],connector,c2([0],c2[1],sfx,am)
elif len(cl(0]) > 0 and len(cl[l]) > 0 and len(c2[0]) > 0 and
len(c2[1]) > 0 and connector in ['d',6 'b&d', 'l&d'] and len(w) == c_len -
1 and al != 'ala':
displayer (prfx,cl[0],cl[1l],connector,c2[0],c2[1],sfx,am)
else:
if r != 'no':

return "'

def displayer?2 (prfx,cl0,cll, connector,c20,c2l,sfx,am):

print ('Word: ',am)

dm = c20[-6:]

a = c20[-3:]

if dm == 'awinat':
temp = c20[:-6]
clo
e¢20

print('Stem: ', cl0, connector, c20, '\tPOS: noun')

transliterator modifier(clO0)

Il

transliterator modifier (c20)

c20 = temp
elif a == 'nat':
temp = c20([:-3]
cl0 = transliterator modifier(clO)

c20 = transliterator modifier(c20)

print ('Stem: ', cl0, connector, c20, '\tPOS: noun')
c20 = temp
elif == Tawi':

temp = c20[:-3]

cl0 = transliterator modifier(clO)
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c20 = transliterator modifier (c20)

print('Stem: ', ¢l1l0, connector, c20, '\tP0OS: adjective')

c20 = temp

cl0 = transliterator modifier (cl0)
c20 = transliterator modifier(c20)
if connector in ['ba', 'la']:
print ('Compound: ',cl0, connector,c20, '\tP0S: adverb')
elif c21 == 'noun' and c20 in adj:
print ('Compound: ',cl0, connector,c20, "\tPOS:

noun/adjective')

elif c21 == 'verb':

print ('Compound: ', c¢l0, connector,c20,'\tP0OS: noun')
else:

print ('Compound: ', c¢l0,connector, c20,'\tP0S: ',c21)

if len(prfx) > 0:
print('Prfx: ', prfx)
print{'first elemetit: ', <10, '\, '"POS: ', ©cll)

if len(connector) > 0:

print ('connector: ', connector)
if c21 == 'roun' and c20 in adj:
print ('second element: b c20, L 'PES;: L c2l,
'/adjective')
else:
print ('second element: ', <20, '\t', 'POS: ', c21)

if len(sfx) > 0:

inflection2 (sfx)

def analyzer2(am,w):

prfx =

connector = ''
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sfx

sfx suffix stemmer (w)

s = wl:-len(sfx)]

al = s[-2:]
ad = s(-6:]
o= 1
)
N if len(sfx) > 0 and al == 'al':
cl = firstElement(w[:-2-len(sfx)])
c2 = 'al'
if len(cl[0]) > 0 and cl[l] == 'verb':
displayer (prfx,cl(0],cl([1l],connector,c2, 'verb',sfx,am)
r = 'no'
else:
r= ‘yes'
elif len(sfx) > 0 and ad == 'adar&ag':
cl = firstElement (w[:-6-len(sfx)])
c2 = 'adarag'
O if len(cl[0]) > 0 and cl[1l] == 'verb':
displayer(prfx,cl[0],cl[l],connector,c2, 'verb',sfx,am)
r = 'Yno'
else:
r = 'yes'

elif len(sfx) ==

al = w[-3:]
ad = w[-7:]
if len(sfx) == 0 and al == 'ala':
cl = firstElement (w[:-3])
c2 = 'ala'
if len(cl[0]) > 0 and cl[1l] == 'verb':

displayer (prfx,cl[0],cl[1l],connector,c2, 'verb', sfx, am)
r = 'no'
else:

r = 'yes'
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elif len(sfx) == 0 and ad == 'ad&araga':
cl = firstElement(w[:-7])
c2 = 'adar&aga'

if len(cl[0]) > 0 and cl[l] == 'verb':

displayer (prfx,cl[0],cl[1l], connector,c2, 'verb', sfx,am)
r = 'no'

else:

=
Il
=
0]
w0

connector =
pdbl
sdbl

LI |

L]

Il

Il

prfx prefix stemmer (w)

cl = firstElement (w)

if cl[0][:1len(prfx)] == prfx:
pdbl = w([len(prfx):len(prfx)*2]
if pdbl == prfx: |
¢l = ¢l

elif len(cl[0]) =

Il

2: #2314j
ptfx = '

else:
cl = firstElement (w([len(prfx):])
if len(cl 0] = 0%

prfx = prfx
el = el
glges
prfx = "!
else:
cl = firstElement (w[len(prfx):])
if len(cl[0]) ==

cl = secondElement (w[len(prfx):])
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stm = w[len(cl[0])+len(prfx):]

for ¢ in range(l, 3):
1 sem[se] im [Tav, Tav, YhEY, VLav):
connector = stm[:c]

break

c2 = secondElement (stm)

sfx = suffix stemmer (stm)
c2 len = 0
c2 len = stm[:-len(sfx)]

tem = '!
if c¢l[0] .endswith('a') and len(stm[:-len(sfx)]) >= 2:
if len(c2[0]) == 0 or c2[1l] == 'verb':
stm = 'a' + stm

c?2 = secondElement (stm)

#displayer (prfx,cl[0],cl[1],connector,c2[0],c2[1],sfx, am)

else:
stm = w[len(cl[0])+len(prfx):]
c2 = secondElement (stm)
if connector == 'ba' or connector == 'la':

c2 = secondElement (stm[len(connector):])
if len(c2[0]) ==
stm mod = '®' + stm[len(connector):]
c2 = secondElement (stm_mod)
if len(c2[0]) == O0O:

c2 = secondElement (stm)

connector = '!
elif cl[0] != c2[0]:
connector = ''
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