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Abstract

Natural Language Processing (NLP) is defined as ways for computers to analyze, understand,
and derive meaning from human language in a smart and useful way. Machine Translation (MT)
is one of the applications of NLP. It is the use of computers to translate from one natural
language like Geez to another say Amharic. Natural languages may follow different word
ordering during sentence formation for example Geez follows Subject + verb + object (SVO) and
Verb + subject + object (VSO) while Amharic only follows SOV so alignment of the right Geez
word with the Amharic word is of paramount importance to improve the translation quality. The
purpose of this study to develop a Hybrid Geez to Amharic Machine Translation system using
serial coupling of rule based Geez language word reordering followed by a standard Statistical

Machine Translation (SMT) system.

The proposed system is composed of two main components a Rule Based Geez Corpus
Preprocessor and a Baseline SMT. The Rule Based Preprocessor takes the manually Part of
Speech (POS) tagged Geez corpus and produces another corpus that contains reordered Geez
sentences having similar structure with that of Amharic sentences. This component contains set
of activities that process each Geez sentence in the input corpus one by one to determine POS
pattern and subsequently apply the corresponding reordering rule. It first reads all sentences from
the input file and iterates through all sentences and it first determines POS pattern and applies the
corresponding reordering rule. After each sentence is processed the output corpus along with the
Ambharic corpus will be supplied as an input to the Baseline SMT. Then using the input corpora
the actual translation of Geez sentence to Amharic sentences will be performed by the Decoder

of the Baseline SMT by using the Language model of Amharic and Translation model.

The translation quality of the proposed system is evaluated using BLEU evaluation metrics and
compared with that of the Baseline SMT. Two experiments were conducted one to test the
Baseline SMT and the other to test the proposed system. To test the Baseline SMT both Geez
and Amharic corpus without POS were used while to test the proposed system Geez corpus with
POS and Ambharic corpus with no POS were used. Based on the test results the Baseline SMT
scored a BLEU of 72% and the proposed system outscores it by 4% and scored 76% owing to the

reordering rules applied on Geez corpus.



Keywords: Geez to Amharic Machine Translation, Hybrid Machine Translation, Rule Based
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Chapter One: Introduction

Machine Translation is the automatic translation of one natural language to the other using
computers. Interest in Machine Translation is nearly as old as the electronic computer. It is a key
application in the field on Natural Language Processing (NLP) [1]. In general, paradigms to
Machine Translation (MT) could be either rule based or corpus based [2]. Statistical Machine
Translation (SMT) is a corpus based approach to MT using Machine Learning methods.
According to [1], SMT treats translation as a Machine Learning problem. This means that we
apply a learning algorithm to a large body of previously translated text, known variously as
parallel corpus, parallel text, bi-text, or multi-text. The learner is then able to translate previously

unseen sentences.

Ethiopia is the only countriy in Africa having its own script (Fidel) and numeral system (Ahaze).
Different manuscripts justify that Ethiopia is a nation having a lot of wisdom regarding
literatures of varying kind [3]. Geez is a family of Semitic languages [4]. The ancient
philosophy, tradition, history and knowledge of Ethiopia were being written in Geez and also
there are different books which are written in this language. However, Geez is not known by the
current generation. It has almost ceased to be a spoken language of Ethiopia, i.e., it is only used
and known by scholars/ligawent of Ethiopian Orthodox Church. Moreover, it is being used as a
language of literature and of liturgy in the religion. The literature includes religious texts (such as
the Bible, Apocrypha, Pseudepigrapha, liturgical literature, homiletic, theological, and magical
texts, stories of martyrs and saints, religious poetry, hymns in honor of Christ, the Virgin, the
martyrs, the saints, and angels), as well as secular writings (histories and romances, legal,

mathematical, and medical texts) [4].

Amharic is a family of Semitic languages. It uses a unique script called ‘fidel’ which is
conveniently written in a tabular format of seven columns. The first column represents the basic
form and the other orders are derived from it by more or less regular modifications indicating the
different vowels. Amharic has 34 base characters and this leads to have a total of 238 (=34*7)
Amharic characters. In addition, there are about two scores of characters representing labialized
sounds [5].



Concerned bodies that are working on languages of Ethiopia and society of the nation as a whole
have the responsibility of passing on the treasure found in the aforementioned manuscripts to the
forthcoming generation. This proposal is aimed at proposing an automatic machine translation
system that translates Geez text to Amharic text.

1.1 Motivation

The majority of manuscripts in Ethiopia that are from ancient times are written in this language
[6]. Great effort has been made by our ancestors in order to pass Ethiopian culture, knowledge
and wisdom to the generation of our time. As to our fathers and mothers this generation must
contribute something in order to pass the legacy to the coming generation plus, stop the language
becoming extinct. One solution would be developing an automatic system that translates Geez

text to Amharic. This is the main idea behind this proposal.

1.2 Statement of the Problem

Ethiopia is a rich country in literature of various kinds. For the past thousands of years our
ancestors have contributed a lot in maintaining and building the country’s tradition and passing it
onto the next generation. This is one of the reasons that Ethiopia is a pride not only to its citizens
but also for our continent Africa [3]. In the Ethiopian Orthodox church all liturgical services are
predominantly conducted by geez language. The liturgy of the 14 Anaphoras is celebrated in this
language. Moreover, there are lots of scripts written in the language and are being used in

Ethiopian Orthodox church.

These religious texts include but are not limited to, ‘Gedle' (different books on the history of
different saints); '‘Dirsan’ (different books on the history and works of different Holy Angeles of
God); 'Sinsikar' (the lives of different saints including their birth days, afflictions, miracles, death
days, etc. classified in the 365 days of the year. It is common to read the story of three or five or
more saints life story in any day of the year.); Teamire Mariam' (the book of the miracles of the
Blessed St. Virgin Mary); 'Teamire Eyesus’ (the book of the miracles of our Lord Jesus Christ);
'Haymanot Abew' (Book of the Dogmatic teachings of the fathers); ' Metsehafe kdasse ' (books
of the 14 Anaphoras); 'Fitiha Negest' (A book which states the former constitution of the state
and the early and current constitution of the church); 'Zena Hawaryat' (the story and the works of



the Apostles); 'Negere Mariyam' (the story of the Blessed Virgin St. Mary); 'Kibre Negest'
(Glory of the Kings); and numerous books of prayers [6].

The distinctive attainment of Ethiopian history lies in the vast collection of manuscripts,
compiled and preserved in the monasteries and churches. Almost all these scriptures and other
religious works of the religion are done by the Geez language [6]. Therefore, the Geez language
means more to the Ethiopian Orthodox Tewahido Church and Ethiopia. Overall, there are
numerous church scriptures in the church which were written in Geez and not yet translated into
the Amharic Language. Hence, an automatic translation system that translates Geez to a

language being spoken at national level like Amharic is of paramount importance.

1.3 Objectives

General Objective

The general objective of this thesis is to design and implement machine translation system that
automatically translates Geez sentences to corresponding Ambharic sentences using hybrid

machine translation techniques.

Specific Objectives

» To review related works in machine translation for different languages,

» To prepare parallel corpus for the translation,
» To prepare Part of Speech (POS) tag set for Geez language
> To prepare reordering rule for Geez sentences
» To formulate algorithm for performing Geez sentences reordering from POS
» To develop a Rule Base Geez Corpus Preprocessor component
» To develop a Baseline Statistical Machine Translation component
> Evaluate the translation quality of the hybrid machine translation system against the
baseline SMT.
1.4 Methods

Literature Review



For the purpose of finding up-to-date methodologies in machine translation domain, thorough
literature review will be conducted. Any peer reviewed publications including books, articles,

journals and other scholarly publications will be reviewed.

Data Collection

Two sets of corpora will be prepared for this study First, corpora with no POS information and it
will contain two text file one containing Geez sentences the other one is an Amharic corpus that
contains Amharic sentences/phrases which are the translation of the corresponding Geez
sentences in the Geez corpus. The second corpora contains Geez corpus with POS information
and corresponding Amharic corpus with no POS. Regardless of the POS tags both corpora will
contain identical sentences and will entirely be collected from [7].

Tools

In order to achieve the objectives of the study a number of tools are needed. Tools that are
needed to develop the Rule based Geez Corpus Preprocessor and those for the Baseline SMT
development. The Rule Based Geez Corpus Preprocessor component will be a Windows based
application that will be developed using Microsoft Visual Studio 2013, Dot Net Frame Work
Version 4.0, and C# Programming language. Tools that will be used while developing the
Baseline SMT will be VMware 10.0, Ubuntu Linux 14.04, Moses, IRSTLM, and MGIZA.

Testing

To evaluate the translation quality of the proposed hybrid Geez to Amharic translation system,
two experiments will be conducted. The first to test the translation quality of the hybrid system
and the second to test the Baseline SMT system and BLEU (Bilingual Evaluation Understudy)

evaluation metrics will be used.

1.5 Scope and Limitations

The machine translation system that is going to be developed will be used to translate Geez

phrase to corresponding Amharic phrase not the other way round.



1.6 Application of Results

The research work will have two application areas. First it will bring new knowledge into the
domain of machine translation. Second, it will be used as a teaching platform for learning both

Geez and Amharic languages.

1.7 Thesis Organization

The rest of the thesis is organized as follows. Literatures on Machine Translation and Geez
language constructs like part of speech, word ordering rules are presented in Chapter 2. Chapter
3 reviews related Machine Translation works on various languages specially those that use
Hybrid architecture. A detailed description of the proposed Rule Based Geez Corpus
Preprocessor and Baseline SMT component will be presentenced in Chapter 4. Chapter 5
presents the experimentation result along with the environment used to conduct the experiment.
Moreover, BLEU results are also discussed. Finally, Chapter 6 concludes the thesis with the

research findings, conclusions, and future works.



Chapter Two: Literature Review

This Chapter discusses about Natural Language Processing (NLP), approaches to NLP and its
applications like question answering, machine translation, text summarization and speech
recognition. It further explains machine translation, history of machine translation and available
approaches to machine translation. Finally, features of Geez and Ambharic languages are
discussed.

2.1 Natural Language Processing

According to [8] language is one of the key parts of human conduct and is a significant segment
of our lives. In composed frame it serves as a long haul record of learning starting with one era
then onto the next. In talked frame it serves as our essential method for organizing our everyday
conduct with others. The term natural language refers to human languages like English, Geez,
Ambharic, etc. Language is studied in several different academic disciplines. Each discipline
defines its own set of problems and has its own methods for addressing them. The linguist, for
instance, studies the structure of the language itself, considering questions such as why certain
combinations of words form sentences but others do not, and why a sentence can have a few

implications yet not others.

The psycholinguist, then again, concentrates on the procedures of human language creation and
understanding, considering inquiries, for example, how individuals recognize the suitable
structure of a sentence and when they settle on the fitting significance for words. The
philosopher considers how words can mean anything at all and how they identify objects in the
world. Philosophers also consider what it means to have beliefs, goals, and intentions, and how
these cognitive capabilities relate to language. The goal of the computational linguist is to
develop a computational theory of language, using the notions of algorithms and data structures
from computer science. In order to develop a computational model, it is a must to take the
advantages of what is known from all the other disciplines [8].

NLP is defined in [9] as ways for computers to analyze, understand, and derive meaning from
human language in a smart and useful way. By utilizing NLP, developers can organize and
structure knowledge to perform tasks such as automatic summarization, translation, named entity

recognition, relationship extraction, sentiment analysis, speech recognition, and topic



segmentation. Apart from common word processor operations that treat text like a mere sequence
of symbols, NLP considers the hierarchical structure of a language: several words makeup a
phrase, several phrases makeup a sentence and, ultimately, sentences convey ideas. By analyzing
language for its meaning, NLP systems have long filled useful roles, such as grammar correction,

converting speech to text and the automatic translation between languages.

NLP is the field of study that focuses on the interactions between human language and
computers. It sits at the intersection of computer science, artificial intelligence, and
computational linguistics. NLP is used to analyze text, allowing machines to understand how
humans speak. This human-computer interaction enables real-world applications like automatic
text summarization, sentiment analysis, topic extraction, named entity recognition, parts-of-
speech tagging, relationship extraction, stemming, and more. NLP is commonly used for text

mining, machine translation, and automated question answering [8].

Natural language is the preferred medium of communication between people. Scientific articles,
magazines and billions of web pages are also written in natural languages. On the other hand,
computers can do a lot of useful things for us like storing data in structured form, for example,
databases and knowledge bases [9]. Plus, they are used to specify tasks in a formal way using
programming languages. NLP bridges the gap between people and computers and this leads to a
better and a more natural communication with computers and process an ever increasing amount

of natural language data generated by people like extracting information from the web.

2.1.1 Approaches to Natural Language Processing
There are four approaches to NLP: symbolic, statistical, connectionist and hybrid. Symbolic and
statistical approaches coexisted starting from the earliest times and later connectionist

approaches comes to existence [9].

a. Symbolic

This approach performs deep analysis of the language based on formulated rules by linguists and
lexicon. An example of symbolic approach is seen in rule based systems. Rule-based systems
usually consist of a set of rules, an inference engine, and a workspace or working memory.
Knowledge is represented as facts or rules in the rule-base. The inference engine repeatedly

selects a rule whose condition is satisfied and executes the rule.



Semantic networks are another example of symbolic approach. Semantic networks represent
knowledge through a set of nodes that represent objects or concepts and the labeled links that
represent relations between nodes. The pattern of connectivity reflects semantic organization,
that is, highly associated concepts are directly linked whereas moderately or weakly related
concepts are linked through intervening concepts. Semantic networks are widely used to
represent structured knowledge and have the most connectionist flavor of the symbolic models.
Symbolic approaches have been used for a few decades in a variety of research areas and
applications such as information extraction, text categorization, ambiguity resolution, and lexical
acquisition [10].

b. Statistical Approach

Statistical approaches employ various mathematical techniques and often use large text corpora
to develop approximate generalized models of linguistic phenomena based on actual examples of
these phenomena provided by the text corpora without adding significant linguistic or world
knowledge. In contrast to symbolic approaches, statistical approaches use observable data as the
primary source of evidence. Statistical approaches have typically been used in tasks such as
speech recognition, lexical acquisition, parsing, part-of-speech tagging, collocations, statistical
machine translation, and statistical grammar learning [10].

c. Connectionist Approach

Similar to the statistical approaches, connectionist approaches also develop generalized models
from examples of linguistic phenomena. What separates connectionism from other statistical
methods is that connectionist models combine statistical learning with various theories of
representation - thus the connectionist representations allow transformation, inference, and
manipulation of logic formulae. In addition, in connectionist systems, linguistic models are
harder to observe due to the fact that connectionist architectures are less constrained than
statistical ones [9].

d. Hybrid Approach

The above three approaches may not be adequate for complex NLP tasks. In some cases it may
be difficult to categorize an approach as pure symbolic, connectionist or statistical rather current
trends show that combination of these approaches to come up with a more robust hybrid
approach to NLP that combines the best of all existing approaches [11].



2.1.2 Applications of Natural Language Processing

The following are applications of NLP.

1.

Question Answering: a system capable of understanding questions formulated in one
natural language such as Geez and responding with exactly the requested information
with the same language [10].

Text Summarization: This area includes applications that can take a collection of
documents or emails, and produce a coherent summary of their content. Such tasks also
aim to provide brief summaries of longer documents [11].

Machine Translation (MT): is the use of computers to translate from one natural
language say Geez to another like Amharic. Translations of high quality require a deep
and reach understanding of the source language and a sophisticated, poetic, and creative
command of the target language. The problem of automatically producing high-quality
translation of arbitrary text from one language to another is thus far too hard to automate
completely [12]. Since our work is on MT we will discuss MT in more detail in the next
section.

Speech Recognition: it is the automatic recognition of spoken language via computers.
This is one of the most difficult problems in NLP. There has been great progress in
building models that can be to recognize spoken language utterances that are questions
and commands [11].

Document Classification: This is one of the most successful areas of NLP, wherein the
task is to identify which category (or bin) a document should be put in. This has proved
enormously useful for applications such as spam filtering, news article classification, and
movie reviews, among others. One reason this has had such a big impact is the relative
simplicity of the learning models needed for training the algorithms that do the
classification [1].

Text to Speech: the application of NLP that automatically converts text given in one
natural language and converts the input text to an acoustic signal. Four sub processes are
performed in this application. Text analysis, word pronunciation, phonetic interpretation

and finally signal generation [13].



2.1.3 Machine Translation

Machine translation is an automatic translation of one language into another by means of a
computer or another machine that contains a dictionary, along with the programs needed to make
logical choices from synonyms, supply missing words and rearrange word order as required for
the new language [14].

a. History of Machine Translation

Interest in automatic machine translation started in the late forties after World War Il. MT was
constrained by several factors: limitation of hardware particularly, inadequacy of memories and
slow access and unavailability of high level programming language. The linguistic study was not
correlated with machine translation research, so researchers relied on the dictionary- based
approach and the application of statistical methods [1].
Researchers of that time were faced with a lot of technical constraints and realized that there
could be no perfect high quality translation, and suggested the involvement of humans in the
process. They also proposed the development of controlled languages and restriction of systems
to specific domains.
Criteria concerning the success and failure of machine translation were set in its first 50 years of
research and development. These criteria are the conceptual, engineering, operational,
commercial and communicative criteria [14].
1. The conceptual level concerns primarily in processing new and interesting concepts and
demonstrating their feasibility and advantages in laboratory prototypes.
2. The engineering level primarily engages the developers in implementing innovative
architects in using better programming technique to build prototypes or system.
3. The operational level primarily concerns the users in running prototypes or systems in a
cost efficient and satisfactory way under operational conditions.
4. The commercial level concerns vendors and should be judged in terms of financial
returns not the number of installations or clients.
5. The communicative level concerns the image that decision makers and the general public
will form about the field in general.
An American mathematician and scientist named Warren Weaver in 1947 had a belief that a
computer is capable of translating one natural language to another by using logic, cryptography,

frequencies of letter combinations, and linguistic patterns. He published a memorandum that
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outlines his belief. In the 1950s a research program at Georgetown University teamed up with
IBM to perform a research on MT. Later in 1954, they demonstrated a system that translates few
phrases from Russian to English. The research resulted in a wide acceptance and interest to the
field [15].

In 1970’s and 80’s researches shifted their focus to assisting machine translation rather than
replacing human translators. That resulted in the development of translation memory and many
computer assisted tools (CAT) for MT. with the emergence of internet and cheap and powerful
computers plus advances in speech recognition software were a few factors that accelerated the
progress of MT. Nowadays researches are focused on improving quality of a MT Translation
system [15].

b. Approaches to Machine Translation

Paradigms to MT could be rationalism or empiricist [16]. However, both methods have both
advantages and limitations. Hybrid techniques exist that combine the benefits of both
approaches. The following sub sections will give explanation on paradigms to MT namely Rule
Based machine translation, Statistical Machine translation, example based machine translation
and Hybrid machine translation.

I. Rule Based Machine Translation

Rule based machine translation (RBMT), which is a rationalism approach, requires analysis and
representation of the meaning of source language texts and the generation of equivalent target
language texts. Representation should be unambiguous lexically and structurally [14]. There are
two major approaches:

1. The transfer approach in which translation process operates in three stage-analyses into
abstract source language representations, transfer into abstract target language
representations and generation or synthesis into target language text.

2. The two stage Interlingua model where analysis into some language-neutral
representation starts from this Interlingua representation.

These two models incorporate batch processing with post-editing and non-interactive
components, essentially syntax oriented, with analyses and generation passing through a series of
levels (morphological, syntactic, deep syntactic, semantic) and making little use of pragmatic or
discourse information. Knowledge-based approach is founded on the assumption that translation

must go beyond linguistic knowledge and must involve understanding.
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ii. Statistical Machine Translation
Statistical machine translation (SMT), which is an empiricist approach, is a paradigm to MT that
is characterized by Machine Learning methods [1]. SMT treats translation as a Machine Learning
problem. This means that we apply a learning algorithm to a large body of previously translated
text, known variously as a parallel corpus. It allows faster prototyping of MT systems. The
general architecture of SMT includes three components: language model, translation model, and
decoder. Language model ensures that words come in the right order, i.e., Subject (S)-Object (O)
-(Verb) V.
SMT faces the following problems specifically with the translation model [18].
1. Fertility is asymmetric: a single word from the target language often matches with two
or more words of the source language.
2. Sensitivity to training data: minor changes to training data and probability model
results in huge changes in the estimates of the parameters.
3. Efficiency: sentences containing more than 30 words will took much time during
decoding.
Since SMT lacks any linguistic knowledge, the following problems are faced with this paradigm.
1. No notion of phrases: it only deals with words, no notion of phrases hence, absence of
context information for translation.
2. Morphology: morphologically related words are treated separately.
3. Data sparseness: since only training corpus is used and no other linguistic knowledge is
used, estimation of rare words becomes unreliable.
iii. Example Based Machine Translation
An empiricist approach of machine translation, Example Based Machine Translation (EBMT)
retrieves similar examples (pair of source and target sentences) from a database in order to
translate new sentences [19]. System configuration of EBMT includes example database,
thesaurus and three transfer modules namely analysis, example based transfer and generation.
There are four stages in EBMT, namely, example acquisition, example base management,
example application and target sentence synthesis [20]. Example acquisition is about how to
acquire examples from parallel bilingual corpus (, i.e., existing translation), and example base
management is about how examples are stored and maintained. The example application

concerns itself with how examples are used to facilitate translation, which involves the
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decomposition of an input sentence into examples and the conversion of source texts into target
texts in terms of existing translation. The sentence synthesis is to compose a target sentence by
putting the converted examples into a smoothly readable order, aiming at enhancing the
readability of the target sentence after conversion.

iv. Hybrid Machine Translation

Theoretically, Hybrid Machine Translation (HMT) is an MT paradigm that combines the best of
rule based machine translation, statistical machine translation and example based machine
translation [20]. The most famous hybrid models for MT are the following.

1. RBMT and EBMT Hybrid Approach

This approach combines the best of RBMT and EBMT paradigms. An algorithm was designed in
[21] that combines the RBMT and EBMT for translation of English to Japanese. The algorithm
has three major steps first, selecting a set of candidate sentences which are similar to the input
sentence; second, selection of the most typical translation out of those corresponding to the
candidates, and the third step is using this translation and its source as templates to translate the
input sentence. By discarding candidates with a typical translation, the algorithm filters out free,
incorrect or context dependent translations.

2. RBMT and SMT Hybrid Approach

This is a hybrid model that combines the pros of RBMT and SMT machine translation
paradigms. The output of a RBMT is fed to a statistical post editing component to make domain
specific corrections [22]. This work shows a great BLEU score improvement owing to the
statistical post editing component. Even when the training data is scarce, the proposed MT
outperforms the direct based MT.

3. EBMT and SMT Hybrid Approach

The third hybrid model uses EBMT and SMT. The work in [17] proposed architecture in which
multiple EBMT engines work in parallel and their outputs are passed to a post-process statistical
selector that selects the best candidate according to SMT models. Then the output of the
selection is fed to a new Statistical Machine Translation using Hidden Markov Model (HMM)

based statistical machine translation, and finally applying a paraphrasing technique.

2.2 The Geez Language
Ethiopia is a country in Africa having its own characters and numerals. A lot of scriptures are

evidence that Ethiopia is a country that is enriched with literatures of various kinds [4]. For the
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past thousands of years the effort exerted by our ancestors on building the culture of our country
is enormous. They have contributed a lot in passing on their wisdom to the generation of our
time. This wisdom is a pride not only to Ethiopia but also to Africa as well [3].

Geez is a family of Afro-Asiatic language having its own characters called hohiyat (Cv€t).
These characters have their own meaning and pictorial representation that have been in use since
ancient times. Ethiopia is very rich in literature of various kinds which are written in Geez
language. These scripts have contributed a lot to the growth of literature not only to Ethiopia but
to Africa as well [3]. One of the instruments that was used to pass the wisdom is the inborn and
ancient language of Ethiopia, Geez. This language has embraced a lot like identity, history,
religion, etc. of citizens of Ethiopia.

Geez has ceased to be a spoken language of Ethiopia except scholars of the Orthodox Church. It
is used as the main language of liturgy and literature of the Church [23]. The literature includes
religious texts (such as the Bible, Apocrypha, Pseudepigrapha, liturgical literature, homiletic,
theological, and magical texts, stories of martyrs and saints, religious poetry, hymns in honor of
Christ, the Virgin, the martyrs, the saints, and angels), as well as secular writings (histories and
romances, legal, mathematical, and medical texts).

In addition to its own scripts Geez has its own numerals (Ahaz). The base of these numerals is
the literature characters /hohiyat/. For example, in the Geez numerals six % and seven 7%, if we
omit the dash sign placed on top and bottom of the characters we will find characters 2 and 1.. In
general the language has its own punctuation marks and style of writing [3]. Since Geez is one of
the natural languages, characters of other languages are also applied to it. It has passed various
stages, for example, the shape and structure of Geez letters have changed through time. v (used
to have shorter leg on the right), A (the right leg was shorter and its vowel extension was on the

top), « (right leg was very shorter), -+ (the leg was towards the left) [3].

2.2.1 Word Class in Geez (hgA+ $A)

There are seven word classes in Geez [24]: noun (ag®), verb (210), adjective (¢&4),preposition
(ootrtPL:£), article (evtrt99°C), Adverb (+a-ah <10), and pronoun (+@-Am O9°).

i. Noun (ag®)

Noun is a word in Geez that is used to identify or address an object. All objects having a definite
and indefinite volume are called by a name. Examples include AMHLANHACE A0AE A70AE a4 H:
1407 AATE 9127 A89°F A.P4-AA9°7F and &¢C [25].
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ii. Verb (710)

Verb is a word Geez that indicates an action has been done. Examples are h?A/A?A: 0Z3F &4,
a{h/avHH T A0T/, hd.Alnda iam/ [3].

Root (Modal) Verbs (14 ACxht)

Root verbs are Geez verbs that are used as a base for other verb forms and those verbs that
follow them use the same derivation rules as their modal verb. There are eight root verbs in Geez
Pt (1204)7 PLA (APAT1)T ML (Wé)T &méi hhovl (009)F AZh (AZNh)7 #hae (Gav)i A (AA)E oo
(#av). All verbs in geez start their derivation in past tense form (¢497¢ 47+%) [3]. As an example
Derivation of root verb ¢ (Aae11) is shown below.

PLA -- ATPOTY

LeLN -- LaPAIGA

2PLN -- LavNTT HLE:

PN -- Lav(7

L0 (POF) -- TN

Pa0. -- LaonTh

Pa0L7T -- LaPOTE

P80+ - LaoATIT

P8OST - LaPOTE |G/

P80 -- PO
P -- havpDTy
P80, - °O0F

avpPp -- Tav(§
POt - PtavaTrF
Table 2.1 shows root verbs and followers of root verbs which follow the same kind of derivation

rules.
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Table 2.1: Root and Follower Verbs

Root verb Follower verb having same derivational rule
+ta (184) [ ((VARCIAY

P20 (hav(177) alch? 24P

M (We F damd) | PTPLE 14T 1%ch

Ahavl (0OP) ATLLT AaPrh@T AaP7RT haP LA

azh (azh) TYlhni 9eom: 4P

viav ((iav) 207 B0

WA (Ad) O-RHE YD TOP

$av (Hav) héE POCPch (AM)
iii. Adjective/dgd

Adjective is a word in geez that is used to convey additional information about a noun. It gives
detail like state of being, physical appearance, distance (near or far), structure and color of the
noun under consideration [3]. The underlined words below are examples of adjectives.
wqe, @AL - A handsome boy
wqet oat - A beautiful girl
70-0 ®AL - A small boy
00L.2 @H\L: - A great boy
A& AL - A lazy boy
ket AL - Active boy
v. Preposition (eeatPeL:)
According to [24] prepositions are divided in to two.
a. Prepositions that fall onto nouns to indicate start and end, direction, comparison, time,
place etc. examples are A9° (h)? 10 (927147 @L)F hav (A72L)F (1 ((ka™): A ((kav): A% (LH,)
T o0t (OOT)T AT (D6m).
10 L HhCOEET -- 0L O HhCOEeT
hov (+4-h -- A7L (k¢h
A%° 104 -- 11AA
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b.

V.

Prepositions having (of, ‘s) meaning for example H A7t ¢ AA -- ¢ /of, s/, those that bear
the meaning ‘only after/immediately after’ (hae/aemt -- A7%L) and those used as a
conjunction (A0@?  A9°MT T A’k T @ -- AG/T)

9° HooZh (AL --- Hé ParN@- (O

TN Wt it AT -- FGTE ParalFo- O

1wap hA LA (1A -- 11 P7Lovmet AP T

hae AT10h 7714 -- K28 47TV 1147 Ttell me just after you hear/

TLAD* AP LaPZTH aPCHE -- TP NED KAPMAG THIE.

AP°M RaPZTH avCoT,

A’k RavZh avCYP

Article (eo(vt99°C)

Article is a word that joins sentences together such as @: A@-: 99,00 483 7z A7 QU-k: AAT AINGTH?

OA7HHE A9PHE AR etc. Are examples of articles in Geez [24].

Vi.

Adverb (-+@-ah <)

As adjectives (¢24) give additional meaning to nouns, adverbs (+@-ah <) are words that give

additional meaning to verbs. They give information like how, why, where, etc. about verbs [3].

The types of adverbs in Geez are described below.

>

YV V. V V VYV V V

Vil.

Adverb of manner (h-13-®) for example &m<7 -- (&t (quickly)

Adverb of place (evhq®) for example 1 -- AlLY (here)

Adverb of time (.n.2®) for example ¢-9° -- Hé (today)

Adverb of frequency (?£1.e7 1.i,) for example =A% -- =0, (usually)

Adverb of certainty (CIm™ 17 Po1.1A%) for example Aae<h -- ACIAM™rt (surely)
Adverb of degree (?he27 1445») for example &&<¢ -- Qa0 (fairly)
Interrogative (e2amg >¢) for example 9161, -- @’ (when)

Relative (-+He7¢) for example Q.1

Pronoun (+@-Am (9°)

Pronouns/-+@-Am ag° are substitute words for a noun. Table 2.2 shows list of pronouns in Geez.
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Table 2.2: List of Geez Pronouns

Pronouns (+@-Am ag°)
Singular Plural
First person Male A1 (AB) Teh (W)
Female At (AB) 7eh (AT
Second person Male art (Rrt) Artav: (WGrt)
Female Wrt: (WPE) WYY (WS
Third person Male @k (Al O-pefav (Ailk)
Female eht: (A0, On 7 (W)

Below are list of sentences taken from [3] to demonstrate the use of the above pronouns with the
verb ¢ in past tense form (#4972 A7P%).

A1 ACH A0 bt AMHANRC R DL AHANMC O B0

A7t hC A0 (b AHLANDRC

ATt AChL 0 0T AMIHANRC

@-qk bl 0 Ot AMANRC

Bt chéot 0 (bt AMLANRC

7eht ACH A0 (b ACMHANNC

Artav hChor A0 (bt ATHA(dC

ATt ACT 10 O ANMLAN GG

@-Hpav hd 0 (L AMHANRC

D-{ 17 e 0 T AMANRC

From the above sentences it is observed that except for pronouns @+ (k&) and gact: (héet) in
the remaining the verb’s endining letter & is changed to (sixth order) aga (c), (forth) ¢No (&)

and (second order) hrla ($).
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2.2.2 Sentences in Geez

A sentence is a sequence of words of Geez language that is used by its speakers to express their
thought/idea in spoken or written form. There are two ways to form a sentence in Geez as
opposed to Amharic language which always follow one pattern, i.e., Subject + object + verb
pattern [26].

a. Subject + verb + object (SVO)
ANTTH 0T &0k -- AATH OF (6T
HOLA aPUL TIPUCT -- BALO TIPUCTT AT
n&l QHNAS £910C -- @4 ANANT L6FPYA
b. Verb + subject + object (VSO)
CoP aPAxrRE NATIL -- aPARDTT 1NT1S AP
PO A00PO ACE -- AD(PO AD+S 120
Tt hPCET @R -- hPCET ®LT Tk
A(HY OALP NP -- 07 AL APO ANH

2.3 The Amharic Language

Amharic is a family of Semitic languages. Amharic is the second most widely spoken Semitic
language, next to Arabic. It uses a unique script called hohiyat (rrv¢t) which is conveniently
written in a tabular format of seven columns. Both Geez and Amharic languages share the same
scripts. The first column represents the basic form and the other orders are derived from it by
more or less regular modifications indicating the different vowels. Amharic has 34 base
characters and this leads to have a total of 238 (=34*7) Ambharic characters. In addition, there are
about two scores of characters representing labialized sounds [3].

Word Classes in Amharic

It is stated that words in Amharic belong to five classes [27]. These are noun (a¢®), verb (a10),
adjective (¢&4\), preposition (aea+e-2) and adverb (+a@-ah <0). However, there were additional
3 word classes they are pronoun (-+@-Aam a9®), article (eea-+29°C) and exclamation (FA A09).

a. Noun (hg®)
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Noun is class of words that is used to address thing(s). Nouns are used to indicate gender (two
gender types exist in Amharic feminine and masculine) and numbers [5]. The following are
examples.

A% 91 -- She is a child/to indicate the gender is feminine.

A% 10+ -- He is a child/to indicate the gender is masculine.

Lavt 1@~ -- it is a cat/to indicate singularity

LaopF GF@- -- they are cats/to indicate plurality

b. Verb (0)

A verb possesses two behaviors that make it different from other word classes. The first one is, it
is placed at the end of an Amharic sentence, and the second one is it has suffix attached to it
indicating subject of the sentence [27]. The following are examples.

Al 4704 124 - A -- [he Killed a lion/ the underlined word is the verb of the sentence and the suffix
“&’ indicates the subject of the sentence is he (aA() masculine.

Ad, °4P7 A - -+ -- /she ate her lunch/ the underline word is a verb and the suffix “F’ indicates
the subject is of the sentence is she (A4.,) which is a feminine gender

c. Adjective /¢Zd/

According to [5] an adjective modifies the noun that it precedes. The following is an example.
ACT A0 1@+ -- /the cloth is old/ the word ‘A€?’ modifies the noun ‘A-0A’

d. Preposition /aoatPL-L/

Author of [27] categorizes both preposition (e2a-+P££) and article (eea-+99°C) under preposition
(eotrtPL:£) since the words in both categories have common characteristics. Preposition
possesses two unique characters that make them different from other word classes. Firstly, no
word is formed from prepositions either via derivation or other means. Secondly, they don’t add
any suffix. The following underlined words are examples of prepositions.

AlvEC A28 AATH $72 1T -- Aster is as beautiful as Almaz.

hA hg9° av) -- Kassa came from Gojam.

A FPUCT Pét N80 r@feT hAN7 -- We need to have lots of discussions regarding the quality
of education.

A71C W& Aremb1¢ -- We must care about the development of our country.

e. Adverb /+a-ah 0/
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Words of this class are modifiers of a verb [5]. The most common examples are quickly (-#4),
yet (19), today (H&), tomorrow (17), yesterday (F97S), now (Auv-7), only (-1F), when (7).

2.3.2 Sentences in Amharic

An Amharic sentence is formed from noun phrase (NP) and verb phrase (VP). Regarding their
order in a given sentence, NP comes first then VP follows. A phrase is a collection of words
arranged in a formal manner. A noun phrase in Amharic is a phrase with a noun as its starting
word. A704 v-At A9F7 184 is an example of a noun phrase in Amharic because the starting
word AZ04/Lion is a noun. A verb in a sentence indicates action or the state of being of
something. For example in ha 0cs»$ AN¢, the phrase “NCE® (04’ indicates the glass was broken
by ha. In ha 198, 11, the phrase ‘198 U1’ indicates the state of being, i.e., the person named ha
has become a merchant. In Amharic verb phrases are formed from Amharic verbs. These verbs
indicate either action or the state of being of something. An example of a sentence in Amharic is
U0t FAAP AZT T ovh S oL 189° 24, In this sentence the NP is v-at +AA® A2+ and the VP
is FGFF PG oL 15 48 [27].

2.4 Summary

In this Chapter details about NLP like history, approaches to NLP (symbolic, statistical,
connectionist and hybrid) and applications (text to speech, speech recognition, machine
translation, question answering, and text summarization and document classification) were
discussed. Since our research is on machine translation we have tried to review literatures on that

area. Moreover, language specific constructs of Geez and Amharic have been presented.
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Chapter Three: Related Work

This Chapter presents the review of published articles on Machine Translation that use hybrid
architecture. Variants of hybrid Machine Translation systems developed so far will be presented
first. Then works that have used word reordering to improve translation quality are discussed.
The review of MT systems that are purely rule based and finally a summary that wraps up the
Chapter is presented.

3.1 Variants of Hybrid Machine Translation

Hybrid approaches are aimed at combining the best of existing rule based or corpus based MT
paradigms. Various researches that exist till now that use hybrid methodologies have simple or
complex architectures to combine pure rule based or corpus based techniques [28]. Since MT
uses techniques from multiple disciplines various approaches, both from linguistics and statistics

perspectives, have been devised to tackle the challenges in the field.

According to [29] hybrid architecture falls into three categories. First those formed via coupling
of serial and parallel coupling of exsiting MT approaches, i.e., RBMT, SMT, and EBMT. A good
and the most researched example of serial coupling is statistical post editing (SPE) of a rule
based machine translation. In parallel coupling the single best translation will be selected by
some mechanism from different outputs of several systems. The work in [30] aimed at improving
translation of a commercial rule based machine translation by using serial coupling technique.
Statistical models were used for automatic post editing. It was tested on parliament and protocol

corpus and a promising result was achieved.

By combining outputs of MT a best translation quality could be achieved by means of parallel
coupling as implemented in [31]. A technique of searching the best n-grams of all output
hypotheses was used and an improvement in BLEU was observed. The second architecture is
formed by extension of existing architectures which means that the basic architecture of
paradigms will be changed. The modification is done either during pre-processing or core
modification, for example, extension of phrase tables. On the contrary during coupling the basic

architecture of individual systems is not changed [29].

The third one is genuine hybrid architecture that takes the whole components of respective

approaches and combines them to form a new hybrid system. This system uses three main
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components. The first component is identification of source language constituents like words and
phrases. And then the second component transforms these source language constituents to target
language by using bilingual resources. Finally, the last component will generate target language
sentences [29]. Works that applied the three mentioned architecture of hybrid machine

translation are discussed hereunder.

3.1.1 Serial Coupling

The statistical post editing of a rule based machine translation’s output is a serial coupling of
hybrid machine translation which is applied in the development of Indonesian English hybrid
machine translation. The editing by SMT is done on the output of the rule based machine
translation, i.e., English language and produces another English sentence which is the real
translation this kind of process can be seen as a target to target translation. The rule based
machine translation is developed using the free and open source tool Apertium which follows
transfer based approach for translation.

The transfer based approach follows three phases to translate the source sentence into the target
sentence. Firstly, through analysis process source language test is transformed into intermediate
representation of the source language. Then lexical and structural transfer process follows to
transfer the intermediate representation of source language to intermediate representation of the
target language. Finally, through generation process the intermediate representation of the target
language is transformed into the target language. To test the translation quality of Indonesian
English hybrid machine translation developed in [32] two experiments were conducted, one on
SMT system the other on hybrid system and the result indicated that on average SMT still
outperforms the proposed hybrid system by 8.01%.

A hybrid machine translation system using serial coupling of rule based and a phrase based
statistical machine translation for typological divergent languages was developed to translate
English string to Hindi string in [33]. The rule based approach follows three steps in the first
stage is the source analysis of the English language is performed by running Brill’s POS tagger
and Stanford’s parser on the input and changing it into a chunk based unordered parse tree. The
transfer grammar stage then performs local and long distance reordering this reduces the number
for rules that must be written in the grammar.

The third stage is the generation step that generates the output which will be used by the phrase

based SMT system to produce the final translation. The proposed system was finally tested with
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a BLEU metrics and it was reported that the hybrid system showed a significant improvement
over baseline rule based machine transition and statistical machine translation with 0.84 and 7.14
respectively.

In [34] Japanese to English machine translation system that translates patent texts by using the
coupling of rule based machine translation with statistical post editing was developed. Since
paten sentences are long and translating them by only using statistical methods without the use of
syntactic analysis often produces strange output, so the authors propose a rule based machine
translation with statistical post editing. For the purpose of fluency evaluation two corpuses were
used one with only reference translations and the other a large sized US patent corpus of the
target language. And a new evaluation measure based on n-gram model called Normalized Mean
Grams (NMG) was proposed.

Based on the evaluation results conducted by NMG on the two sets of corpus, both the rule based
machine translation and the statistical post editing parts have significant impact on the fluency of
the translation. The rule based translation has the advantage on the statistical transfer of the long
and complex Japanese patent strings. The statistical post editing part has an advantage for the
lexical transfer of technical terms that frequently occur in patent sentences.

A hybrid data driven approach composed of rule based machine translation, example based
machine translation, and statistical machine translation that out performs the base line systems,
i.e., the example based, rule based and statistical machine translation systems was developed in
[35]. In the proposed system the rule based machine translation accepts partial input from both
parts- the statistical machine translation part and the example based machine translation part.

To find the accuracy of the proposed approach word error rate (WER) a metric which is based on
Levenshtein distance also known as the edit distance. It is computed as the summation of the
minimum number for Insertions (I), deletions (D), and substitutions (S) applied to make a
sequence similar to the other. The experiment conducted on four sentence type complex
sentences, simple sentences, Idioms, and sentences with ambiguity. And the result was compared
against Google translate, Babylon, and Microsoft Bing. Except for the result on complex
sentence in which Google translate outperforms all, the proposed system has better accuracy

compared to the other systems.
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3.1.2 Parallel Coupling

A parallel hybrid syntax-based multi-system translation that translates English to Latvian was
developed in [36]. It employs a parser to acquire syntactic chunks of English sentences and
translates these chunks by using multiple online translation system Application Programming
Interfaces (API) and produces a Latvian output string by combining translated chunks to obtain
the best possible translation. The proposed system has three main components pre-processing of
English sentences, the acquisition of translations by the online APIs, and Post-Processing the
selection of the best translation of chunks and generation of the output.

The using the Berkley Parser the source sentence is divided into linguistically motivated chunks
to be used by the online APIs. Three APIs were used for the translation of chunks generated
Google translate, Bing Translate, and LetsMT. The reason for selecting these APIs was there
availability to the public, descriptive documentation and support for the translation of source and
target language. Finally the selection of the best translation was performed by calculating the
perplexity of each translation hypothesis. The proposed system demonstrates an improvement in
terms of BLEU and National Institute of Standards and Technology (NIST) evaluation scores as

compared to the baseline hybrid MT without the syntax-based processing.

3.1.3 Pure Hybrid

Pure Hybrid architectures don’t just incorporate an additional add-on rather they combine
components of already existing architectures into a novel system [31]. The basic components of
a pure hybrid system are identification of source language chunks-words or phrases-,
transformation of the identified chunks into target language by using bilingual resources, and
target language generation. Recently, there are a lot of works done using this architecture like
[37] which circumvents the need of parallel corpora by simply using a full-form bilingual
dictionary. An n-gram window is moved over the sentence, and all words in the window are
translated using the full-form bilingual dictionary; based on these translations, the target
language corpus is searched for the closest n-gram. The result is a lattice of n-gram translations.
The translation with the strongest left and right overlaps, and the highest density of terms, are

selected by the decoder.
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3.2 Word Reordering

Nowadays researches on MT using syntactical and morphological information have started
exploring tree based machine translation. The MT system developed in [38] focused on
translation of English to Malayalam using syntactic based machine translation technique. Based
on part of speech tagging of English source texts various rules for these texts were identified. For
translation a bilingual English-Malayalam dictionary and a morphology generator was used. To
change English pattern, i.e., Subject-Verb-Object (SVO) to Malayalam pattern, i.e., Subject-
Object-Verb (SOV) word reordering was performed on the generated syntax tree of source
English text in order to improve translation quality of the system.

The English to Malayalam MT system has four modules, the module responsible for
preprocessing of source English text. This sub system, called syntax tree generator using
Stanford parser, generates syntax tree, parts of speech tagging and dependency information.
Syntax based reordering is used in the second module, i.e., word reordering module. In pattern
recognition module 10 phrase patterns based on the dependency information generated from the
syntax tree generator were identified, for example (subject + verb, subject + verb + indirectobject
+ directobject, etc.). Finally the translation module translates the reordered English sentence to
Malayalam using a bilingual English Malayalam dictionary. Plus using the rules for translating
nouns, pronouns and verbs morphological generator is used by the translation module.

Since source and target languages use different word orders, reordering is one of the fundamental
issues that a statistical machine translation suffers from. If not handled in MT system that uses
statistical approach the final translation quality will definitely deteriorate. In [39] a Chinese to
Mongolian translation system with pre-ordering method by applying manually written reordering
rules on phrase structure sub trees was proposed and a 1.7 increase in BLEU over the base line
phrase based statistical machine translation was achived.

Phrase structures that correspond to source sentences were firstly constructed. Then for the
implementation of reordering of source sentences manually prepared reordering rules that are
prepared by linguistic experts are applied on the matched sub tress. These rules integrate phrase
structure labels with POS tags. Using the manually prepared rules not only reordering among
words but also the reordering between words and phrases were easily implemented. Three steps
were followed in order to implement sub tree reordering. First, phrase structure tree was

constructed for Chinese source text. Second, it finds subtrees that match with the original
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linguistic rules of the constructed phrase structure tree. And finally, reordering rules are applied
on the matched subtrees to swap left branches with right branches.

In order to get grammatically correct translation from a general purpose phrase based translation
system, two core steps were followed that are aimed at matching the word ordering between
source and target language. The first step is learning of reordering rules. In this step there are
three core sub steps involved starting from parsing the source language in bilingual corpus and
then discarding those with low word-aligning ratio to be excluded from training candidate.
Secondly, collecting training instances and finally applying conditional random fields (CRFs) to
estimate lexical and grammatical items in rules to determine target language word order. Before
the source text is fed to the decoder a final preprocessing step that reorders source sentence

during runtime is performed [40].

English to Malayalam phrase based machine translation using phrase based MT system was
developed in [41]. Malayalam is an Indian language hence follows subject + object + verb
pattern, as opposed to English which is subject + verb + object sentence pattern. So
preprocessing of training data was proposed to improve the translation quality of phrase based
systems. The preprocessing involves two core steps First using Stanford dependency parser
reordering source English text was performed so that word order would be same as Malayalam.
Second using a morph analyzer suffix was removed from root words for both source and target
languages. Then the preprocessed training was used for phrase based translation and better result
was achieved plus the training data was suitable for statistical machine translation. Owing to the
heterogeneity in syntactic structure of natural languages, word ordering plays a huge role in

improving translation quality of MT systems.

3.3 Rule Based Translation

A purely rule based English to Tamil translation was developed in [42]. English and Tamil
follow different word ordering subject-object-verb pattern is followed by Tamil and subject-
verb-object by English. This is the main reason for the work to follow syntax transfer based
approach. A parser is used as the translation engine of the proposed system that analyzes English

text and then by using transfer lexicon target Tamil text is generated.

The proposed rule based translation system is composed of five core modules. Root words and

feature equations of source text are obtained by morph analyzer which is the first module of the
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system. Parts of speech tagger and word sense disambiguation is the second module. The tagger
assigns word class to each word of the source sentence and the disambiguation process identifies
in which sense a word was meant in the given text. The parser is the third module for analyzing
source text. From a single source structure one or more target sentences are generated from the
forth module, i.e., target generator. The fifth and last module is the morph generator that handles

target text morphology.

English to Amharic rule based machine translation using L*® framework - a framework that is
based on Extensible Dependency Grammar (XDG) is developed in [43]. The focus was to
examine the advantages of the framework in handling the structural divergence between the two
languages. XDG, which is the basic building block of the aforementioned framework, is based
on a lexical, i.e., means the basic units are words. Analyzing a sentence using XDG results in a
directed graph having nodes, that represent words of the source sentence plus a root node for a
punctuation mark that represents the end of a sentence. The framework has also allowed the

integration of shallow and deep analysis into a unified system.

3.4 Summary

In this Chapter we have reviewed research works that we think are useful in designing our
proposed work on Geez to Amharic machine translation. To the best of our knowledge there
doesn’t exist any literature on MT of Geez language. Thus, we have tried to review works
especially on languages which are morphologically complex/rich in nature like Geez and

Ambharic. Hence, the aforementioned researches are valuable input to the proposed work.
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Chapter Four: The Proposed Solution

This Chapter details the architectural design of Geez to Amharic machine translation system. The
proposed system is a hybrid of rule based technique and statistical machine translation system
using serial coupling technique. Since Geez and Amharic languages use different
sentence/phrase construction rules a rule based preprocessing technique is applied to preprocess
a manually part of speech (POS) tagged Geez corpus which is composed of a set of activities. To
perform this preprocessing a Rule Based Geez Corpus Preprocessor component is developed.
After the POS tagged Geez corpus is supplied to this component it reads all sentences from the
text file and stores each in an array. Then one by one each sentence is processed to determine its
POS pattern after determining the POS a reordering rule that is suitable to the pattern determined
is applied on the sentence being processed so that sentences in Geez and Ambharic corpus will
have similar structure which increases translation quality of the Baseline SMT. After the
reordering rule is applied the reordered sentence is written to another text file without POS
information to be later used in training as well as translation by the Baseline SMT. This process
continues for each sentence stored in the array. Finally, after the preprocessing is completed the
file containing reordered Geez sentences together with the Amharic corpus will be supplied to
the Baseline SMT.

The Baseline SMT takes the parallel corpus (composed of preprocessed Geez corpus and
Amharic corpus) and performs training to train the Translation Model. To translate a given
sentence from Geez to Amharic the Translation Model calculates the probability of a Geez
sentence (g) given an Amharic sentence (a) denoted as p (g| a). The Language Model fills the
deficiencies of the Training Model by ensuring fluency of target texts, i.e., Amharic texts. It only
need one Ambharic corpus in this case and calculates p (a). The final translation of Geez to

Ambharic is done by the Decoder.

4.1 System Architecture

The proposed system is composed of two main components rule based Geez Corpus
Preprocessor and Baseline statistical machine translation (SMT). The contribution of this
research work is the rule based corpus preprocessor which is surrounded with dashed line and its
components are indicated by shaded background in Figure 4.1. The Baseline SMT is the standard

statistical machine translation system and is taken from [44].
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Figure 4.1: Architectural Design of Geez to Amharic Machine Translation System

4.2 Rule Based Geez Corpus Preprocessor
The Rule Based Geez Corpus Preprocessor is first component of the proposed Hybrid Machine
Translation System that translates Geez text to Amharic text. The objective is to make the input

Geez sentence similar in structure to that of an Amharic sentence in terms of word ordering. It
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has five subcomponents POS Tagged Geez Corpus, POS Patterns, Reordering Rules, Corpus
Preprocessing, and Reordered Geez Corpus. Each is described in detail in Sections 4.2.1, 4.2.2,
4.2.3,4.2.4, and 4.2.5 respectively.

4.2.1 POS Tagged Geez Corpus

The first subcomponent of the Rule Based Geez Corpus Preprocessor which contains 976
manually POS tagged Geez sentences that are taken from [25]. The tagging is done manually as
there is no automated POS tagger for the language. As the translation is done between local
languages each tag is enclosed within < > to demark it from the word that it tags and written
using Geez letters, so no need of translating tags to English. In the Geez sentence
ANCYPP<OANF> FohE<0> Ar1&<+an>/Abraham welcomed his gust/A0CY9° A7 14@<7 +PAD-
that is taken from the corpus, contains three tags <A F><aa><-+4a(.> each representing three
different words <aAQt> is tag for ANCY9°, <90> tags +@he, and <+an.> is tag of Ar1£. There

are 40 tags used in this work and each is explained hereunder.
i. Subject/A&¢1.a9° /000t

In Geez language Subject/a¢1.a9°/0a0t is the person or thing about whom the statement is
made. For example in the phrase chart A9°¢ h.f? @A/’ am raised by my mother” which means
AGE AB7 AL7 AL AT in Amharic ‘A9°?/My mother’ is the subject. It was the second word in the

Geez phrase while it appears first in the Amharic phrase.
ii. Object/+aq.

An object in Geez sentence shows who or what the action of the verb affects. For example
@1ACh At ATHO/”1 have seen Daniel” which translates to the Ambharic sentence Az 47407
AFAau-. In the sentence 47xé is the object that shows At/l the subject has seen/@iach-
Daniel/474a6n.

iii. Objective pronoun/taf..a2&v %

When pronouns in a sentence came after subject of a sentence they are referred to as objective
pronouns. For example the phrase 4md AMHAONC 0T HHO/“God created our
society”/A . eNhC K57 VHIVE? &7z the word h.fv/our serves as an objective pronoun since it
follows the subject A%lLANAC.
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iv. Noun/hg®

A noun is the word that refers to a person, thing or abstract idea. A noun can tell who or what.
Examples include, name of a person ((+<h/Biruk), places (A.f4-aa.9°/Jerusalem), or things

&0ch/Happiness) .
v. Noun describing behavior/fiee.amhce

This is a sub category of noun used for naming that also expresses the nature of the entity being
named, for example A9.ANAC/God.

vi. Noun to address person or thing/aee. +am-#

A noun used to call/address something/someone without indicating the behavior of the entity, for

example A%9°/Adam.
vii. Objective noun/taQ..ag°/+Le1.09°

It is the noun that receives the action of the verb. for example in the sentence 7w 42+U $A
aov-p,0/’Samuel Anointed David as king” the word 4¢+v/David is the objective noun that

indicates the action of anointment performed on him by Samuel.
viii. Noun to address person or thing used as an object/+Aa(..ae? 4@

Is used to indicate the noun (the noun doesn’t indicate the behavior of the thing/person/place) on
which an action is performed by the subject. For example, the sentence A9IHLAdC émd A8V
which means A9ILA NG A89°7 dmd in Amharic. The word A49°v indicates that A49°/Adam was
created by God.

ix. State of being/*14.07%/a>H1.2

A word that describes a condition or situation exist for example Ah 2&¢ eu-~4/”Judah is not
righteous” which means 2u-4 2&® ALLA® in Amharic. The word ‘Ah/ALLAJ®/is not’ is

confirming that £u~4/ Judah is not a righteous person.

X. Collective Nouns/ao&:0A . .naee +a@-p
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This is a sub class of a noun that refers to a group of people or things for naming that can be
visible, invisible, and having no gender category. sH-/people : &r<-/creatures are some of the

examples belonging to this category.
xi. Descriptive Adjective/9A& . H.$ZA

This is a sub class of an adjective used to name an attribute of a noun and having the Geez letter
H explicitly as the first letter of the adjective. Example Hh-iZ Nad/’Respected Person” when
translated to Amharic becomes ¢h0s aa@-. In the Geez phrase HhiZ is playing the role of the

descriptive adjective.
xii. Adverb/0g

This is a word class that describes an action, doer of an action, and situation of the action in
terms of gender (male/female), closeness to the writer/speaker (this/that/those), time
(past/present/future), and number (singular/plural). For example, b @A&? ®&H/’My Child has
become a grown man” when translated to Amharic A%, 2474 1 the word bt indicates that the

child has grown.
xiii. Verb with letter H/IA& H.0P&

This is a sub class of verb having the Geez letter H as the first letter consider the sentence
HAL 1000 T AADTNCHA S0AN P°hdt/”Both Michel and Gabriel beg for mercy continuously”.
The word Hk.g1@-av- starts with the letter H.

xiv. Verb to have/1¢.0%

This is a sub class of verb that is used to express positive (0 in Amharic AAITZT104E
¢zd)/negative (AAN in Amharic PA9°:AAT49°) affirmation past, present, and future situation

@kt in Amharic 10 PG LU<T).
xv. Adjective used in place of noun/a¢.@am.H

This is an adjective used in place of a noun that can be used as subject of the sentence. For
example the word 0-0& in the sentence 0N &0\ AAN A9HANHKC/” a lazy person says God

doesn’t exist” plays that role. The Amharic translation is A7§ A°MLANHNC PAT° SAA.
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xvi. Passive voice/TMe .10

Its role is to indicate that a subject has been put in action and it doesn’t need an objective noun.
Example @714 +&/hé. the word -+&/hé. is the passive voice it indicates the @71A/Gospel has been

written; the translation in Amharic is @724 +24..
xvii. Pronoun/aoéhe%

A pronoun is defined as a word or phrase that may be substituted for a noun or noun phrase, for
example 1/A1/ k.

xviii. Noun to address person or thing used as an object/10.C.ae° +a@-#

A noun (noun to address person or thing describing the behavior) used as an object of the
sentence. For example, in A9HA(OhC dmé h99°V OhP?U the compound word A49°U @hP7U
plays this role.

Xix. Adjective/$ga

Adjective in Geez is a word class that is used to indicate behavior, volume, and nature of a noun.
For example H/shows belongingness and means ¢ in Amharic. h(-C/respected means ¢hns in

Amharic.
xx. Adjective ending with sixth order letter/aga.@0.$&A

This is a sub class of an adjective having its last letter on the sixth order (42:0) of Geez alphabet
“ATA-TALIATAINT so ( IS the A80/’sixth order” for example A0-0\. The name “@-amH” is given to
this category of adjective because it bears the meaning of ¢ in Amharic which has H as its
equivalent meaning in Geez, i.e., the Geez letter is not explicitly written rather understood

implicitly.
xxi. Adjective ending with third order letter/#iAh.@-$ZA

This is a sub class of an adjective having its last letter on the third order (*1&a) of Geez alphabet
“AiA“so A. is the »idn/’third order” to mean on the third order for example Aa®. The name

“@-(mH” is given to this category of adjective because it bears the meaning ¢ in Amharic which
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has H as its equivalent meaning in Geez, i.e., the Geez letter is not explicitly written rather

understood implicitly.
xxii. Collective adjective/ap@-Ad AdhH.PXA

This is a sub class of an adjective that shows the number of entities mentioned/contained in a
noun collectively. It is used when that number is more than two for example it+ch/many/ which

means -H in Amharic.
xxiii. Pronoun as an adjective/2¢%.$%4

This is a sub class of a pronoun that appears before a noun in a sentence and is used to indicate a

person, thing, place, and time for example H&/2v/This and Hh/¢/That.
xxiv. Active voice/1.C.“10

An active voice describes a sentence where the subject performs the action stated by the verb. In
active voice it needs both subject and object of the sentence. The word &hé4. serves as an active
verb in the sentence 9160 ahd. @7LA/’Matthew has written the Gospel” when translated to
Ambharic 91P0 OTLNT 24..

xxVv. Root verbs/AChtvt.c1a

In Geez language there are eight root verbs. They are ¢+A: LA 1043 HNAT LN AAThUAILL. They
are called roots because other regular verbs formation from their infinitive form follows the same

procedure that they follow.
xxvi. Verbs starting with (Af13+:0)/AC0G ASPE

This is a sub class of verbs that start with letters (A®%:-+:¢) and thier forms. The sentence Al
Ad'1°1C ®AL2/“T carry my child on my shoulder” the word acic is the verb starting with the
letter A. When translated in Amharic Az A% 7 Alihh AAAU-.

XXVii. Possessives/HGCHC

Are used to expresses belonging to or ownership and are added at the end of Geez word.

Examples include hiher:P:Pavin:h7 etc.
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xxviii. Possessive nouns/ag®q. HCHC

Noun suffixed with HCHCG/Possessives. In the sentence A&-9°7 hixh (19 the word (L9 plays this
role (-t being the noun and ¢ being the possessive when translated to Amharic will be Aa-9°7%
L7 wev.

XxiX. Preposition/a10-1

This is placed at the beginning, middle, and at the end and used to link words or phrases to other

words or phrases within a sentence. Example is 410/To/@£, aaav/like/h2L.
xxX. Prepositions/og.A100

This is a sub class of preposition that is placed before noun or verb and link words or phrases

using past tense. Example is Ahav/like/A28.
Xxxi. Prepositions/&&®.A10

This is a sub class of preposition that is placed before noun and link words or phrases. Example
IS “7ahA/in the middle/aaonha.

xxxii. Preposition for noun and verbs/Za0.4100

This is a sub class of preposition that is placed before noun or verb and links words or phrases.

Example is A6: eha-7 1t/ how could this be?”/ev W&t £u-7?
xxXiii. Prepositions + to + objective pronouns/tmJa

This is added at the end of a verb to link the verb to a pronoun (A1:A7tiA"rE? @Rk ShEiuchT:
R¥Tav i) v @hfovi o-ht7). Examples are (hihoeihih7:P:iPer-i@:P7) to indicate to which

pronoun that the subject performs the action on.

xxxiv. States of being for past and present/i1c.“10.A7¢&

This is a word that describes a condition or situation that exists in the past and present like
o-ntlis/1o-. Example is °7He @ik ANCY9°/what is Abraham to me/a1cy9° 9°3 1@<, The word

o-xk/is/1@- is the state of being for the present time.
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xxxv. A noun following an adjective/HC&

When an adjective comes at the beginning of a sentence and two nouns follow consecutively the
noun that the adjective that is describing the noun-the first noun- is called a noun just after the
adjective. Example is ¢tA Ph ALA 11 1710-F/”Abel who was killed by Cain become a martyr”
when translated to Amharic Pad 21240 Ao 90+ 1. The noun Abel is the noun after the

adjective.
xxxvi. Adjective that appears as a noun/aag®.@- P

This is a sub class of an adjective that starts with the Geez letter a». The name eoag® is given
because it looks like a noun. For example, the word @v¢hc in the sentence apdhC 470 dhd
hédav/’The dream interpreter Daniel had a dream” plays this role and when translated into

Ambharic it would be +Ca79, 47k hAI°7 700,
xxxvii. Adjectival quantifier/AdHt.#&a

This is a sub class of an adjective used to indicate number and physical size of a noun. Example
IS Ach® AN 2OCL: 1NAL5AAI°/”A man went to Jerusalem” translated into Amharic A7 Q@+ @2,
ALA0I° £@CL: INC. In the Geez sentence the word Ah%- is the adjectival quantifier.

xxxviii. Descriptive adjective for a noun following and adjective/HCh.@-$&

This is a sub class of an adjective that is used to describe the so called “noun after an
adjective/Hc&”. The word h-1Z in h-iZ $4A47 hca-th 14 dAev is the adjective describing the noun
+4.47/saints. When the sentence is translated to Amharic it would be ?$447% h-1C hcath QAT
AL

xxxix. Adjective that gives meaning to a noun/ao+Cre°.0«PZA

This is a sub class of an adjective that is used to give meaning to a noun. Example is in the
sentence o801 Ahc-bO DAL L¢P the word Atd-ad gives meaning to the subject fo#-1/Jacob. The
translation in Amharic is A0k 1A £o#0 AST7 @AL which indicates that another name of
2081 IS AlG-hb).

xl. Interrogative adjective/TanPxA
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This is a sub class of an adjective used to ask a question regarding persons, thing, time, and
place. It includes words like av: 9% A2 “9al. The sentence v avdxh hvd 1%+ the word
av'r/97/who is the interrogative adjective. When translated to Amharic it would be 997 avdkhh
TIET FA.

4.2.2 POS Patterns

Both Geez and Amharic sentences in the corpus are taken from [25], Geez sentences in the
corpus are constructed from number of words varying between one and five. As explained in
section 2.2.2, Geez sentence follows both type of patterns (SVO=subject + verb+ object and
VSO=verb + subject+ object) while Amharic follows only one (SOV= Subject + object + verb).
Sentences in the Geez corpus are annotated with POS information and 40 tags are used for this
work as explained in section 4.2.1. The sequence of these tags in each sentence being
preprocessed is used to indicate the POS pattern in which the sentence is written in. For ease of
implementing this subcomponent which is not due to any linguistic nature of Geez, POS Patterns
are grouped into four categories. The grouping only indicates the number of words that a
sentence from a certain group is made up of. Sentences that are made up of only one word
doesn’t require any POS Pattern determination nor application of reordering rules hence
sentences containing two or more words needs preprocessing. Each group is described
hereunder. For this study 126 POS Patterns that are taken from [25] that are also checked by a
person with Geez knowledge have been implemented by this subcomponent.

1. Group Two POS Patterns

Sentences in this Group are made up of two words and two tags. There are 22 POS Patterns in
this group. For example, the sentence 790C<910.07> A-NA<he.0hCe> is written with POS
pattern <9101.07><0av.0mCLe>. Table 4.1 lists all patterns and reordering rules belonging to group

two.

Table 4.1: Group Two Sentence POS Patterns

No. | POS Patterns
1 <OANF> <ta(L.ag°>

2 <710.07> <Oa92.0ch(CL>

3 <N9°.0h(CR><TIN.07>
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No. | POS Patterns

<NI°><TI0.07>

<70.07><09°>

<av&(AN.NIP A2D-L><TIN.07>

<OAF><T904.07>

4
5
6 | <ovAR@P><TI0.07>
;
8
9

<P0X . H.PEA><AI>

10 | <TAQATPE>S<OIP>

11 | <0¢.00m.H><790.07>

12 | <AL¢1.09°><0>

13 | <90> <hLé1.09°>

14 | <tLén.aP><A1Ne. 0>

15 | <tLeéa.age><trne.n9>>

16 | <t C.a><+HLe1.09°>

17 | <aa(t+><tr0e.a0>

18 | <t ci><aant>

19 | <tre.an><tan>

20 | <A t><an>

21 | <9ah><aa0t>

22 | <9h><hge>

2. Group Three POS Patterns

Sentences that constitutes thee Geez words along with thee tags fall under this category. There
are 59 POS patterns in group thee. Example is the sentence AH.ANAC<AANT> ALILTI<TIN.07>
Grit<qovta@-f> with POS pattern <QAN+H><970.07><0ev+a@-f>, Table 4.2 lists all POS

patterns of this group.
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Table 4.2: Group Three Sentence POS Patterns

No. | POS Patterns

1 | <0a0A+> <a> <ta.age>

2 <OANT> <> <ALV 07>

3 <9q0> <OAMLT> <tA>

4 | <% fT> <OANF> <>

5 | <990.07> <0ee.0AhCe> <tan>

6 | <hoe.0hCL> <770.07> <ta>

7 | <> <990.07> <qee.0hCe>

8 | <910.07> <0ev.0hCL> <910.07>

9 | <70.07> <710.07> <heP.0hCL>

10 | <990.07> <tA0> <qoe.0hCe>

11 | <0A0 > <990.07> <Oov.0hCe>

12 | <990.07> <OANT> <Oov.0hCL>

13 | <0ee.0hCe><T0.07><0ALT>

14 | <o tg@-f><0.07><ta0>

15 | <990.07><0A0+><HA>

16 | <PAN><990.07><hav+am-2>

17 | <Qovta@-f><T90.07> <tan>

18 | <hee.+3@-L><T4.07> <tan>

19 | <790.07><0e>tR@-2><tA(>

20 | <OAME><TIN.07T><tan>

21 | <990.07><a°><tAa0>

22 | <tAN><990.07><0A0 >

23 | <AgP><T0.07><+A0>

24 | <tAN><TI0.07><09°>

25 | <ap@(\\.QaP +R@-L><TIN.07><TA0>
26 | <OANF><T0.07><tA(L.Qo . +AD-P>
27 | <U0.07><AAH><FA(L.Qo AHAD-P>
28 | <ta..0ew A2@-P><T0.07><0A0LT>
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No.

POS Patterns

29 | <OAMAF><TIN.07T><10.C.00° . A+20-P>
30 | <.C.00° AR@-L><TIA.07><0ALT>
31 | <OAOH><990.07><0o0 20>

32 | <ALO.@N.PXA><NIC><IIN.07>

33 | <AIP><ALN. OO PEA><TIN.07>

34 | <av@ANNAhH.PRA><NIO><TIN.07>
35 | <AgP><avlAN\ AhH.PIA><TIN.07>
36 | <P PXA><NI°><IIN.07>

37 | <AP><07PR><TI0.07>

38 | <age><0rPg><tan>

39 | <IAK.H.0TPE><AIP><TIN.07>

40 | <PZA><ONI°><TIN.07>

41 | <0¢.0-0m.H><710.07><+A0>

42 | <70.07><0E.0-0m. H><a9°>

43 | <N¢.@-Om.H><TA0><770.07>

44 | <hL:(1.09P><AN><FLL.097>

45 | <AO><ALEL.NIP><FLL.097>

46 | <hL¢.NIP><ULC.AN><FLL.OI°>
A7 | <UC.OAN><ALE.OAIP><FLL.0°>
48 | <0ANT><.C.0><FA0>

49 | <LC.APP><OALF><AFAL>

50 | <QAQF><A><FA0>

51 | <at><aAn+><+a0>

52 | <OANF><INC.07TPE><tAN>

53 | <N9P><0><A9°G HCHC>

54 | <OAMF><TANATONHCHC><+m P>
55 | <t0LACI0N><INC.T0.ATPR><0ANT>
56 | <OAMF><A0><LeP.A00>

57 | <hChtrt.in><0A0+><tAa0>
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58 | <OAMLF><ANEDG AGPE><TA>

59 | <OAMLT><A0ED-G . 10><tA0>

3. Group Four POS Patterns

The fourth group of sentences is made up of four words and corresponding four POS tags. For
this group there are 30 POS patterns. For example i889°a<O9®> Lh7<ALN.D0.PXA>
ANh<770.07> &MNSU-<tA0> has a pattern <ag°><ALA.@-A.PXA><IN.07><-+A(>. Table 4.3 lists
POS patterns belonging to this group.

Table 4.3: Group Four Sentence POS Patterns

No. | POS Patterns

1 | <eogh 7> <OANT> <ah> <tAaf..a9°>

2 | <TINGL.RTIPE> <OAMA> <AFANL.PLhET> <TaN>
3 <AL DA PXA>S<OIP><TIN.07><TAN>

4 <AFP><ALN. 0. PXA><TIN.07><TAN>

5 <AL DN PXAS<HCEF><AI®><II(.07>

6 <HAN. @ PRA><OIC><IIN.07><TAL>

7 <AP><HAN. @ PRA><TIN.0T><TA0>

8 <aP(P°, M+, PZA>S<NIC><TIN.07><FA>

9 <hhH.PZA><OI°><TI0.07><tA>

10 | <AFP><ar&A. AhH.PEA><TI0.07><TA0>
11 | <HCA.@PZAS<HCE><NI*><T70.07>

12 | <av@0A. 0 PIA><ONIC><TIN.07><FA0>
13 | <APP><avHCRIP. @ PXA><TIN.07><TA>
14 | <ThQOPZAS<OIP><TIN.07><TA0>

15 | <@EP.PZA><AIP><TI0.07><tA0>

16 | <AgP><07P&><TI0.07><tAa0>

17 | <9AR.H.071P&><AI°><TIN.07><FA(L>

18 | <@-Om.H.$><OI°><UAX.H.01PE><T10.07>

42



No. | POS Patterns
19 | <PZA><ONI°><TIN.07><FAN>

20 | <A9P><PELA>S<TIN.0T><TA0>

21 | <70.07><0%.0-Om.H><0P><tA (>

22 | <0¢.@-Om.H><TA><90.07><tAa0>

23 | <@O\m.H.QP°><D-OAM.PEA><TIN.07><TA0>

24 | <K@Om.PEA> <@OOM.H.O9°> <TN.07> <+A0>

25 | <@-OM.H.09°><VAZ H.PRAS<ATPE><TIN.07>

26 | <IUAZ.H.PXAS<ATPRI><O-OM.H.OI°><TI0.07>

27 | <PAL.PZAOA><FAN.AIP><TIN.07><0ANT>

28 | <QOAF><TIN.07><AFAN.ONIP><FA.PIA>

29 | <AANF><TANAO0NHCHC><INC.“10.07><tm 0>

30 | <a@ANA.ANH.PEA>S<OIC><TIN.0T><TAN>

4. Group Five POS Patterns

The last group contains sentences made up of five Geez words and five POS tags. Under this
category there are 10 POS patterns. For example the sentence #EA<ALA.@N.PRA> PHA<HCE>
AlLA<OI>> n<90.07> AT t<tan> has POS pattern
<ALA.MN.PETA><HCE><OI><T70.07><-+Aa(.>. Table 4.4 lists POS patterns of this group.

Table 4.4: Group Five Sentence POS Patterns

=z
o

POS Patterns
<ALN. A PXA><HCE><ONIP><TIN.07><FAN>

<HAN. O PXA><TAN><AI*><TIN.07><HA0>

<OIP><FAL><AC><TIN.07><HA(L>

<AIP><HAN. O PEA>S<FANS<TIN.07><T901.07>

<aPA9° @+ PEA>S<TANS<AIP><TIN.07><t+A(>

<HCh.®-.PZA><HCE><ONI°><TIN.07><tHAN>

<@ SN0 PXA><HCE><AI><TIN.0T><tA>

| N O O B~ W N -

<I0C. 0. PEAS<HCE><NIP><TIN.07><A+A0>
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9 <AIP><INC. O PXAS><HCE><TIN.07><tAN>

10 | <@-Om.H.P><OI°P><A0X.H.0TPZ><T0.07><tA0>

4.2.3 Reordering Rules

Owing to the difference in the rules of sentence formation between Geez and Ambharic, a
reordering rule must be applied on the Geez corpus being processed to align the right source
word (Geez) to the right target word (Amharic). As explained in section 4.2.2 for ease of
implementation POS Patterns are grouped into four categories. In the same manner this
subcomponent implements corresponding reordering rules for POS Patterns belonging to Group
Two to Group Five. For this study 126 reordering rules that are taken from [25] that are also

checked by a person with Geez knowledge have been implemented by this subcomponent.
1. Group Two Reordering Rules

This Group contains corresponding reordering rules for Group Two POS Patterns. There are 22
POS based patterns and corresponding 22 reordering rules. For example the sentence
7INC<IN.07> A(A<er.0hCe> with pattern <970.07><agoe.0mCe> will have a reordering rule
<hev.0hCe><990.07> since the corresponding Amharic sentence IS a®<r<aav.0hCe>

7¢mC<910.07>. Table 4.5 lists all reordering rules applied.

Table 4.5: Group Two Reordering Rules

No. | POS Patterns Reordering rules

1 <OANTF> <TA(L.09°> QA0S <TAL.a9°>

2 <9A.07> <O9P.OKCLE> <012 Ah(Ce><10.07>

3 <Ao°. OhCe><TI0.07> <01 0hCL><10.07>

4 <AIP><TIN.07> <09°><T10.07>

5 <MA.07><O9°> <09°><T10.07>

6 <Qae +A0-P><TIN.07> <00 ARD-P><TI.07>

7 <av @A AAD-P><TIN.07> | <TPLOANPFRD-L><TT0.07>
8 <OANT><990.07> <QA0F><T10.07>
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9 <PAX.H.PEA><AI™> <0 H.PRA><N9>

10 | <TAOATPE><0IC> <IAORTPE><NIO>

11 | <0¢.o-Om.H><790.07> <0%.@-0Mm.H><"10.07>
12 | <AL¢~1.09°><90> <t £:61.09°><10>

13 | <90> <hé1.a9°> <h 8¢ 1.09°><10>

14 | <tLe.09°><t10C. 10> <t 8.41.09°>< 1 10>
15 | <tLe1.ae><+10c.09°> <F£41.09°><H1C.N9°>
16 | <t a0><tL41.09°> <tL41.09°>< 1 10>
17 | QA +><H10E.10> <QAMF><F1E 0>

18 | <t1rne.an><aant> QA0 F><T1E. 0>

19 | <trne.an><tan> <FHC.AN><tAL>

20 | <aAQF><90> QA0 ><a0>

21 | <90><0a0+F> <QAF><10>

22 | <n><h9e> <09°><10>

2. Group Three Reordering Rules

Reordering rules applied to POS Patterns of Group Three fall under this category. There are 59
POS patterns and corresponding 59 reordering rules in group three. Consider the sentence
AMMANAC<LOANT> ALTLTI<TN.07> GPit<hor +am-p> with POS pattern
<OAMT><T70.07><hee +2@-2> of length three having corresponding reordering rule written as
AMANAC<OANT>

GPLT <N A2D-0> K2 T1PIP<710.07> which follows POS pattern <QAF><aoe +2@-2><90.07>.

<OAF><hao +80-2><9901.07> because the Amharic translation is

Table 4.6 lists all reordering rules of this group.

Table 4.6: Group Three Reordering Rules

No. | POS Patterns
1 <OAMTF> <90> <ta(l..(9°>

Reordering rules
<0A0T> <FAL.O09°> <F0>

2 <OANF> <> <FA(L.aveVeT> QAL T><FALIPEV L T><10>

3 <N0> <0ANTF> < TFAL> QA0T> <tal><0>
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4 <avLMET> <OANLF> <0> <026ch 87> <A <10>

5 <a90.07> <P .OhCE> <TAN> <2 OhCL> <FAll> <T70.07>

6 <AaP, OACE> <TN.07> <TA0> <01, OhCL><TA><T10.07>

7 <HA> <TN.07> <Aov 0h(Ce> <0102 AAMCL><TAN><TIN.07>

8 <aYA.07%> <A, 0hCe> <TIN.07> <01a° AhCL><T10.07><10.077>

9 <aYA.07%> <TN.07> <O0P. (RGeS <090 0MCL><TIN.07><10.07>

10 | <990.07> <ta> <hee.0hCLe> <012 OAh(CL><10.07> <t

11 | <QA0E> <990.07> <OoP.0h(Ce> <AANTF><9.0MCL><TT0.07>

12 | <910.07> <QAOLF> <Oev,0hCe> <QANT> <Aa.0hCL><T10.07>

13 | <O9.QmCe><TI0.07><0A > <QANT><0192 O hCL><TIN.07>

14 | <harta@-P><TIN.07><TAL> <N FAD-P>< 1A ><10.07>

15 | <®90.07><0A0F><AA0> QAN F><TAML><T10.07>

16 | <FAN><990.07><navHa@m-2> <O FADP>< AN ><TI0.07>

17 | <qorta@m-P><990.07> <ta> <N FRD-P>< 1A ><10.07>

18 | <pqov. ta@-P><990.07> <tA(> <N FAD-P>< 1A ><10.07>

19 | <990.07><0o0o+A@m-P> <14 (> <N FAD-F><TAL><T10.07>

20 | <AAOAF><TI0.07><tTA0> QAMT><TAL><T10.07>

21 | <990.07><09°><+AN> <0I°><TAN><T10.07>

22 | <FAN><TI0.07><0ANF> QAL T><FAL><T70.07>

23 | <O9°><TIA.07><tA> <O0I°><TAN><T10.07>

24 | <FAN><TIN.07><09°> <N9°><AL><10.07>

25 | <av@A.A0° 4AD-E><TIN.0T><AAN> | <PLONNAZD-F><AAN><T10.07>
26 | <OAMLTF><TIN.07><HAN. A0 AZD-F> | <AAMT><PAN.AP H2D-P><T10.07>
27 | <90.07><OAF>S<FAN. A0 AZD-> | <AAMT><PA0.AP +2D-P><T10.07>
28 | <taL.G0P AQ@D-L><TN. 07> <OALT> <QAMF><TAL.0gP A 2D-L><TIN.07>
29 | <QAF><TIN.07><LC.09P FAD-P> <QAMT><ULC.NTPARDE><T01.07>

30 | <10.C.00v. A2@-P><T0.07><0ANT> <QANTF><1.C.00°H2D-L><101.07>

31 | <OANF><TIN.07><0ev A 20-0> QAN ><NoP+2D-0><T10.07>

32 | <ALA.@ON.PXA>S<NI><TIN.07> <ALA.DNPEA-<NIP><TIN.07>
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33 | <AIP><ALN. @0 PEA><TIN.07> <ALAONPEA><NIO><TI0.07>

34 | <av@AA hAhH.PEA><AIP><TIN.07> < LA(NANHPEA><NI°><T10.07>
35 | <OgP><av@A.AhH.PRA><TI0.07> <@ AN AN PEA-<OT><T0.07>
36 | <LeP.PIA><AIC><TIN.0T> <LtP PXA-<NI°><T10.07>

37 | <A9P><07PE><TN.07> <07P&><AI°><T10.07>

38 | <O9°><07P&><t4a0> <07PZ><N9°><TA(L>

39 | <AAZ.H.0TPE><AIC><TIN.07> <CIAKH.OTPE><NIP><TI0.07>

40 | <PEHA><AIC><TIN.07> <PRA><0I°><T10.07>

41 | <Oe.o-Om.H><T0.07><+A0> <0E.0-OMm.H><TAN><70.07>

42 | <990.07><0¢.00m . H><O9°> <0¢.0-0M.H><T10.07><19°>

43 | <N¢.o-Om.H><FA><T90.07> <PAN><0E.OAM.H><T10.07>

44 | <hLe1.09°><N><+L41..09°> <A &C1.NIP><FL.01.09°><10>

45 | <90><h@¢1.09°><tL41.09°> <0 2:61.09°><TL.6-1.09°>< 0>

46 | <h&e.09°><LC.NN><tL.e1.09°> <A 1APP><TRL1ATP><TC.A0>
47 | <ULC.AN><hLE.0I°><HL.01.09°> <A 1APP><TRL1ATP><TC.A0>
48 | <QANF><UC.0><AtAN> QAN F><TAML><I.C.o10>

49 | <LC.A°><0ALF><TAN> QAN T><tAL><1LC.O9°>

50 | <A F><a0><tAa> <QAMF>< A=<

51 | <at><aa><tan> QAN F><10><TA>

52 | <AAOF><INC.0TPE><FAN> QANT><10C.07P&><FAN>

53 | <agP><n><n9°G HCHC> <A9°><(O9°G HCHC><10>

54 | <QAMLF><TANAO0N HCHCS <> | <QALF><tn Pi><TA0A01HCHC>
55 | <7a0.ACI0N><I0C.9I0.ATPR><0ANLT> | <AAMLF><7A0ATN-<10C.TTI0ATPR>
56 | <OANTF><ON><L PP A0NN> <A T><L2P A0 N><10>

57 | <hChdt.0><0ANT><FA0> QANF><FANS<ACAOT. 0>

58 | <QALF><ANEDG.AGPE>S<HAN> <QANT><TAN><hANG-DC ATPR>
59 | <0ANF>S<AONLDG 10> <A+Aa0> QA F><FAN><ANS-D-G 0>
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3. Group Four Reordering Rules

The fourth group of reordering rules is applied on sentences made up of four words with POS
Patterns belonging to Group Four. There are 30 reordering rules in this group. For example,
LBLPPA<OI®> LA I<ALN.ONPRA>  ANA<TIN0T> dMu<tal> has a POS pattern
<AFP><ALN. O PEA><TI0.07><tA(> and reordering rule <ALA.@-Q.PXA><OI><HAN><I0.07>
because the Amharic translation is £41<ALN.O-N.PIA> 1HLIPO<KAIC>  LMLOI<FAN>
Aoo(11<970.07> which follows <A48:.@-0.$&A><aP><+a><90.07> POS pattern. Table 4.7

lists reordering rules applied to sentences with POS Patterns belonging to group four.

Table 4.7: Group Four Reordering Rules

No | POS Patterns Reordering rules

1 <aPEhPT> <OANF> <0> <tA(L.A9°> <Pl O 1><OA M F><HAL.NIP>< 10>

2 <GP RIPES <OANTS <TAL.IPLhPET> <ta> | <QA0T> <FANLIPEhE T><HAN><TING L ATPE>
3 <ACN. DN PLAS<OIO><TIN.0T><AA0> <AL PRA><NI°><FA><T10.07>

4 | <AP><ALN.ON.PRA><IN.0T><TAN> <ALADNPEA-<T><TAN><TT0.07>

5 | <ALN.ONPRAS<HCEF><OI*><TIN.07> <HCF>ALADONPIA-<NT><T0.07>

6 | <UIAO.@OPRAS<NI><TIN.07><TAL> <IAAO-PEA-<NTP><TAL><T10.07>

7 <AIP><HAN. O PEAS<TIN.0T><AA0> <PIAN. O PRA><NIP><TAN><"10.07>

8 <aDg° @ PFKA><NIP><TIN.0T>< AL <A D PEA><AT°><TAL><"10.07>

0 | <hhm.PFAS<AIP><TIN.0T><FAL> <hch U PRA><OI°><TAN><TT0.07>

10 | <019°><am e Al PXA><T. 07> <AA> 09> LANNAhHPEA><TAN><TI0.07>
11 | <HCh.@-.PSA>S<HCE><OIP><TIN.07> <HCF><HCh.O-PRA><OI°><T101.07>

12 | <omena. @ dga><09°><990.07>< A0S <@L (1. D PEA><NI°><TAN><T70.07>
13 | <age><avtcnge. @« PEAS<TIN. 0> <AA0> <@OFCRIP D PEA><NIP>< AN ><TI0.07>
14 | <rR0PRA><OI><TIN.07><AAL> <TENPEAS<ATO><AN><TI0.07>

15 | <@ p2O><qIP><T.0T><FHALS> 2P PEA-<OT><TAN><TI0.07>

16 | <age><0rg><m0.07><Aa0> <0T1P&><0I°><TA><T10.07>

17 | <91AZ.H.07P&><AIP><TI0. 07> <AHA> <IN H.0TP&><OI°><TA><T10.07>

18 | <@am.H.¢><09°><ARX.H.01PE><TIN. 07> <A9P><IIAR . H.07P&><D-AM.H.P><T10.07>

48




No | POS Patterns Reordering rules

19 | <P2A><O°><IN.07><TA0> <PRO-NT><FAN><T70.07>

20 | <age><bxa><m0.0>< 0> <PRO><NI°><HAL><TT0.07>

21 | <m94.07><0¢. @-Om. H><a9°><+A0> <0&.B-OMm.H><TA0><09°><T10.07>

22 | <ne.o-am.H><ta0><990.07><ta0> <P ><0%.0-Am.H><T10.07><TA (>

23 | <@-am.H.09°><@0M. PEA><TIN.0T><FA0> <@-AM.PRO><D-AM.H.OT°><FAL><TI0.07>

24 <OAM.PEA> <O-AM.H.A9°> <T0.07> <FAN> <@-AM.PEA><D-OM.H.NIP><FA(L><TIN.07>

25 | <@AM.H.OA9P><UAL.H.PLAS<AIPL>S<TIN.07> <A HPEN><A TP ><DAM.H.NI°><TT0.0 7>

26 | <AL .H.PEAS<KIPEL><OAM.H.OI°><T90.07> <I0& HPEA><ATPE><D-AM.H.AIP><TI0.07>

27 | <FaLPA><TAN.09°><TIA.07><0ALT> <QAMTF><FALPRA><TAN.OI><TT0.07>

28 | <AL TF><TIA. 07> <AL QP> <AL PFA> <QAMTF><FALPRA><TAN.NI><TT0.07>

29 | <QAMF>S<TA.ACI0N HCHCS<INC.T0.07><tmd | <Q00t><tmPi><Th0A0 N HCHC-<10C. 0.0
> 7>

30 | <o 1A Al PXAS<AIP><TIN.0T><AAL> <AFP><a AN AhH.PRO><TA><TT0.07F>

4. Group Five Reordering Rules

The last group contains reordering rules for POS Patterns in Group Five. Under this category
there are 10 reordering rules. For example the sentence ¢HEA<ALN.ON.PIA> PhA<HCE>
AlLA<Oge> ni<m0.07> a9ot<tan> has POS pattern
<ALA. DN PEA><HCE><OI><TIN.07><FA0> a reordering rule
<SHCE><ALA. M. PXA><NIP><TAN><9701.07> because the Amharic translation sentence hé
<HC&> P1LAD<ALA. DN P> ANLA<LOIP> "o +<tan> ri<90.07> follows
<SHCE><ALA.M-Q.PXA><NIP><TAN><970.07> POS pattern. Table 4.8 lists reordering rules for
this group.

49




Table 4.8: Group Five Reordering Rules

No | POS Patterns Reordering rules

1 <ALA.ON.PZAS<HCES<AIC><TIN. 07> <TAN> <HCF><ALN.DAPEA><AT°><TAN><TIN.07>

2 <YAN. O P OS> <FANS<AIP><TIN.0F><FA> <FAL><PIAN.D PEA><OIO><TAL><TT0.07>

3 <AIOS<FALS<AIC><TA. 0> <FAL> <09 <A ><AI°><TAN><TT0.07>

4 <AIP>S<PAN. O P A><FANS<TIN.07><TIN. 07> <FAL><PIAN.D PEA><AIP><TIN.0T7><TT0.07>

5 <ap(9°. - PLA>S<TAN><AIP><TIN.0T><FA0> <P <P D PR A><I°><TA><TT0.07>

6 <HCA.@O.PZA><HCES<AIP><TIN.07><AA> <HC&><HCh.O-PEXA><NIP><FAN><TIN.07>

7 <@L\ O~ PXA>S<HCE><NIC><IN.07><tA0> <HCE>< LN D PXA><OIP>< T ><TT0.07>

8 <I0C. @ PXA>S<HCEFE><OIP><TIN.07><TA> <HCF><10C. 0 PXA><AI°><TAN><T10.07>

9 <AIP><INC. O PHAS<HCES<TIN.0T><HA 0> <HCE><INC.D PEA><NIP><TA><TI0.07>

10 | <@Om.H.P><AIP><UAZ H.0FPE>S<TIN.0><HAN | <TAKH0TPE><D-OM.H.P><09°><TA><TT0.07
>

4.2.4 Corpus Preprocessing

The subcomponent of the Rule Based Geez Corpus Preprocessor implements set of activities that
takes sentences from POS Tagged Geez Corpus and determines the sentence’s pattern from POS
Patterns subcomponent subsequently applies the appropriate reordering rule from the Reordering
Rules subcomponent and finally writes the reordered Geez sentence without POS information

onto the Reordered Geez Corpus.

It first reads all sentences from POS Tagged Geez Corpus and stores all sentences in Array
variable called Sentence_Array[] it then declares a variable called Array _Index to be used as a
counter that holds the current value of the Array index. Its value is set to zero initially. Then
checks if Array_Index is less than that of the total number of sentences initially loaded into
Sentence_Array[] to avoid index out of bound error. If Array_Index is greater than or equal to
that of total number of sentences in Sentence_ Array[] the processing stops indicating that it has
finished preprocessing the corpus. If it Array_Index is less than that of the total number of

sentences in Sentence_Array[] it means that there are still unprocessed sentences.
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Then the sentence at the position of the current counter, i.e., Array_Index is retrieved and the
number of words will be counted to determine the group in which the sentence belongs in as
described in Section 4.2.2. It then it determines POS Pattern and subsequently determine the
corresponding reordering rule and apply it on the sentence being processed. Then remove POS
information from the sentence and writes it to the Reordered Geez Corpus and increments

Array_Index by one and the processing continues until all sentences have been processed.

Figure 4.2 depicts the flowchart of this subcomponent; activities performed by this
subcomponent are indicated with a shaded background while those with white background are
subcomponents of the Rule Based Geez Corpus Preprocessor not the Corpus Preprocessing
subcomponent. They are included in the diagram to merely indicate that the Corpus

Preprocessing interacts with them in the course of performing its set of activities.
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Figure 4.2: Flowchart for Corpus Preprocessing Subcomponent
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For the sake of simplicity the entire algotihm that implements Coprus Preprocessing component
is broken down into five pseudocode segements. Algorithm 4.1 is the implementation of the core
function of this subcomponent that accepts POSTaggedCorpus as input reads all senetnces from
the input and call respective functions that perform POS pattern and reordering rule
determination in the four sentence Groups from GroupTwo to GroupFour and finally write the

reordered sentence to the ReorderedGeezCoprus.
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Input: POSTaggedGeezCorpus
Output: ReorderedGeezCorpus
IF IS TEXT FILE (POSTaggedGeezCorpus)//check if input file is text filgd
OPEN_ FOR READING (POSTaggedGeezCorpus)
IF CONTAINS TEXT (POSTaggedGeezCorpus)//check for text
Sentence Array[]=LOAD SENTENCES (POSTaggedGeezCorpus)
Array Index=0
ReorderedSentence[]//no length specified
WHILE Array Index<LENGTH OF (Sentence Array/[])
S= Sentence Array[Array Index]
Number of Words=COUNT_WORDS (S)
IF Number of Words=1//GroupOne
REMOVE POS (S)
ReorderedSentence[]=S
ELSE IF Number of Words=2//GroupTwo
ReorderedSentence [ [=GROUPTWO (S)
ELSE IF Number of Words=3//GroupThree
ReorderedSentence [ ]=GROUPTHREE (S)
ELSE IF Number of Words=4//GroupFour
ReorderedSentence [ [=GROUPFOUR (S)
ELSE IF Number of Words=5//GroupFive
ReorderedSentence [ ][=GROUPFIVE (S)

WRITE TEXT TO FILE (ReorderedSentencel(],
ReorderedGeezCorpus)

Array Index=Array Index+1//increment array index
END WHILE
END IF//contains text

END IF//input file is text file

Algorithm 4.1: Algorithm for the Core Function of Corpus Preprocessing Component
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The implementation of Group Two POS patterns and Reordering rules is presentend in
Algorithm 4.2,

Input: Input Sentence S to be processed
Output: Reordered sentence in array RS/[]
FUNCTION GROUPTWO (S)
RS[].Length=3
IF POS_PATTERN (S5) =<710.07><0e?. OnhCL>//Check pattern
RS[0]=S[1]
RS[1]=” ”
RS5[2]=5[0]
ELSE IF POS_PATTERN (S) =<7I0.07><09*>//Check for another pattern
RS[0]=S[1]
RS[IJ:II "
RS5[2]=5[0]
// Check for the 22 POS patterns in this Group using ELSE IF
Condition

return RS/[]

END FUNCTION

Algorithm 4.2: Algorithm for Group Two POS Patterns and Reordering Rules
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The implementation of Group Three POS patterns and Reordering rules is presentend in
Algorithm 4.3.

Input: Input Sentence S to be processed
Output: Reordered sentence in array RS/[]
FUNCTION GROUPTHREE (.S)
RS[].Length=5
IF POS_PATTERN (S) =<0AT> <> <Paf..a9">//Check pattern

R5[0]=S[0]
RS[1]=” ”
RS5[2]=5[2]
RS[3]=” ”
RS[4]=S[1]

ELSE IF POS_PATTERN (S) =<710.07> <tall> <0ev 0OhCR> //Check for
another pattern

R5[0]=5[Z2]
RS[l]z” ”
R5[2]=5[0]
RS[3]=” ”
R5[4]=5[1]

// Check for the 59 POS patterns in this Group using ELSE IF
Condition

return RS[]

END FUNCTION

Algorithm 4.3: Algorithm for Group Three POS Patterns and Reordering Rules
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The implementation of Group Four POS patterns and Reordering rules is presentend in
Algorithm 4.4,

Input: Input Sentence S to be processed
Output: Reordered sentence in array RS[]
FUNCTION GROUPFOQUR (S)

RS[].Length="7

IF POS_PATTERN (S5) =<MN6L . K1P%> <OANT> <AL . PLch >
<tal>//Check pattern

RS[0]=5[1]
RS[1]=" *
RS[2] =8[2]
RS[3]=" ”
RS[4]=5[3]
RS[5]=""
RS[6]=5[0]
ELSE IF POS_PATTERN(S) =<TNGE . KTP&> <QANT> <AL .a2chfT> <TAlL>//Chec
for another pattern

(4]

RS5[0]=5[1]
Rs[1]=ll r’”
RS[2] =S5[Z2]
RS[3]:” ”
RS[4]=S[3]
RS[5]:””
RS[6]=S[0]

// Check for the 30 POS patterns in this Group using ELSE IF
Condition

return RS/[]

END FUNCTION

Algorithm 4.4: Algorithm for Group Four POS Patterns and Reordering Rules
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The implementation of Group Five POS patterns and Reordering rules is presentend
Algorithm 4.5,

Input: Input Sentence S to be processed
Output: Reordered sentence in array RS[]
FUNCTION GROUPFIVE (S)
RS[].Length=9
IF POS_ PATTERN (S) :<ﬂﬂh.mﬂ.@Kﬁ><ﬁﬁ¢><ﬂ?§<“ﬂLOT><+ﬂ&>//CheCk_pattern

RS[0]=S5[1]
RS[1]=" ~
RS[2]=S[0]
RS[3]=" "
RS5[4]=S5[2]
RS[5]=" ~
RS5[6]=S5[4]
RS[7]=" ~
R5[8]=S5[3]
ELSE IF POS PATTERN (S5) =<HCh . ® . PXA><HCE><OI"><TIN . 07><tTA(>/ /Check
for another pattern
RS5(0]=S[1]
RS[I]ZII ”
RS[2]=S[0]
RS[3]=" "
RS5[4]=5[2]
RS[5]=" "~
RS[6]=5[4]
RS[7]=" "
RS[8]=S[3]

//Check for the 10 POS patterns in this Group using ELSE IF
Condition

return RS/[]

END FUNCTION

Algorithm 4.5: Algorithm for Group Five POS Patterns and Reordering Rules
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4.2.5 Reordered Geez Corpus

After each sentence in the input POS Tagged Geez Corpus is reordered to make the word
ordering similar to that of Amharic sentence by Corpus Preprocessing, this corpus holds the
reordered Geez sentence without POS information. Then it will be used in training as well as
translation process by the Baseline SMT. Table 4.9 shows an excerpt from Geez corpus before

and after reordering.

Table 4.9: Geez Sentence Before and After Reordering

Before Reordering After Reordering
A1<0A0T> 020-r<0> Crh<tAl.09P> A1t 020
7eh1<0A0T> TONEI<I0> 1918<TA0L.A9°> Yeh't 1918 +ONEY
ATT<QAF> ASPCh<an>- 0Ch<tAL.AI°> Art 0Ch A&$Ch
Artar QA0 T> H10ho<0> OCP<FANNP> | ArFav OCP H1-Nhoo
ATE<QANT> FPOAN<IN> AdO<FAN.A> A7t W@ +POkD,
ATTFI0ANTS> we0NT<10> TI0<FAN.NI> | A7FT T168 we-ohy
O E<OANT> AAhP<0> hA1<TAL.09> @k chAT Adch®
OQFa-0ALT> haPR<0> L2I<FALNTP> | D-hPav- (120D havR
Ao PEOANT> haPe<fl> L2 <FALAIP> | APk (20D haof
Lht<0ANT> haP<fl> (LRI <A(.09°> LhT: (L2aP havf.
SAT<OANT> 124F<0> AG<TaL.09°> et G 184

4.3 Amharic Corpus

Ambharic Corpus contains 976 Amharic sentences taken from [25] and each is perfectly aligned
with their possible Geez translations. It is directly supplied as an input to the Baseline SMT to be
used in the training process and doesn’t contain any POS information. The Rule Based Geez

Corpus Preprocessor doesn’t process this Corpus it’s merely used as an input by the Baseline
SMT.

4.4 Baseline SMT

This is the second component of Geez to Amharic Machine Translation System that performs the
actual translation of Geez (source) sentence-which is the input- into corresponding Amharic
(target) sentence-which is the output- using statistical methods. As opposed to a rule based

machine translation system which heavily depends on language specific linguistic knowledge,
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SMT only needs a huge parallel corpus. SMT is founded upon the assumptions of the Noisy
Channel Model and Bayes Rule which helps decompose the complex probabilities model that
needs to be built for estimating the probability of a sentence in the source language (G) being
translated into a target language (2). To build a SMT system that translates Geez sentence to
Ambharic sentence what is need is a mapping from Geez Sentence (g) to an Amharic Sentence
(a), i.e., g—a by building a model p(a|g) that estimates the conditional probability of any
Ambharic sentence a give Geez sentence g. Using Noisy Channel Model the probabilistic model

can be expressed using Equation 1 taken from [44].

argmax,p (a|g)=argmax.p (a) *p (gl a) (1)

The aim of equation 1 is to search for the Amharic Sentence a that maximizes p (a) *p (gl a).
By decomposing the conditional probability model p (a|g) the burden of accuracy expected
from the model is distributed to two independent probabilities p (a) and p (gl a). The first
probability is the language model (for Amharic language). Since the proposed translation system
is unidirectional, i.e., only from Geez to Amharic one language model for Amharic is built. The
second probability is the translation model for predicting Geez sentences (source sentences) g

from target sentences (Ambharic sentences) a.

4.4.1 Language Model

Estimation of the likelihood of a sentence is the goal of a statistical machine translation. A
language model gives that probability using n-gram model. By using chain rule shown in
Equation 2 the probability of a sentence p(S) is broken down to the probability of each word
p (w) that make up the sentence given the words that precedes it according to [44]. An n-gram of
size one is referred to as a unigram; size two is a bigram; three a trigram and higher order grams

in general are referred to as n-gram.

p(S) (wi,wz,w3,..,WN)

p(W1)p (W2|W1)p (W3 | WIW2)....p (WN| W1W2. .WN-1) (2)

Consider the following Amharic sentences S taken from the corpus.

ARt AI°ANT AP(TY
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OPT aPAANT ATT

ANCYP A MANNCT 607
AMLANRC PAADT BADA
A MANdC U7 RTHO

A MANDC U7

Using the sentence <a“ih.aNhC v &HA> the unigram probability is calculated as

p(wl) = count(wi)

Total words observed
p(haahc) =3 /17 =0.176
The bigram probability is calculated as

p(W2|wil)= count(wliw2)

count(wi)
p(vte? | AA0hC) =2/ 3 =0.333
The trigram probability is calculated as

p(W3|wiw2) = count(Wlw2w3)

count(wimwz)
p(ema | AMANNC vx?7) =1/2=0.5

Since our Geez to Amharic translation system is unidirectional, i.e., the system is only able to
translate Geez text to Amharic text not vice versa, one language model for Amharic is needed.

4.4.2 Translation Model
A translation model assigns a probability that a given source sentence generates a target sentence

in the target language which is denoted by p (a| g) where g is sentence in source language G
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and a is a string in the target language A. The formula of the probability is given in Equation 3
taken from [45].

p(alg) = count(a,g)count(g) (€))

Since it is difficult to find enough data in the parallel corpus that satisfy the values for all
sentences, the solution is to break sentences in to smaller chunks. These chunks can be phrases or
words and this is given by Equation 4 taken from [45].

r(gla) =%, plhgla) (4)

The variable h represents alignments between the individual chunks in the sentence pair where
the chunks in the sentence pair can be words or phrases. In word based translation the chunks are
words. In phrase based translation, which is the most commonly used form of translation, the
chunks are phrases, and these phrases are not linguistic phrases rather found by statistical
methods from the corpora [45]. For this study phrase based translation is used.

4.4.3 Decoding
Decoding is the process of finding target translated sentence (Amharic Sentence a) for a given

source sentence (Geez Sentence g) using Language Model p(a) and Translation Model
p(gla). Itis asearch problem that maximizes the probability of both language and translation
models. Using these models it constructs the possible translations and looks for the most

probable one.

4.5 Summary

This Chapter presented the development of Geez to Amharic machine translation system. The
system uses a hybrid approach by using the serial coupling of a Rule Based Geez Preprocessor
component followed by a Baseline SMT. Owing to the syntactic differences between the two
languages, 126 reordering rules are applied during preprocessing on the manually POS tagged
Geez corpus in order to make the syntactic order of Geez sentence similar to that of Amharic
before the translation process by the Baseline SMT. The preprocessing component process the
input Geez sentences one by one from POS pattern determination till application of reordering

rule and writing the reordered sentence to a file.
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Section 4.4 of this Chapter briefly described the components of the Baseline SMT, which is
composed of the language model, translation model, and decoder. The language model ensures
that every translated string of the target language - Amharic - comes in the right order. Since the
translation of the proposed system is unidirectional - Geez to Amharic- no language model was
developed for Geez. The translation model assigns the probability that given a Geez sentence
generates an Amharic text. The decoder searches for the best translation of a Geez string from a
phrase translation table, since phrases are the minimum blocks of translation used in this study,

and produces the Amharic meaning.
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Chapter Five: System Evaluation and Results

5.1 Introduction

This Chapter discusses the results of the experiment conducted to evaluate the proposed Geez to
Ambharic hybrid machine translation system. It is divided into five major sections that entails, the
tools used for developing the system, what are the major activities conducted during corpus
preparation, brief explanation about Bilingual evaluation understudy (BLEU) evaluation metrics,
experiments carried out to test the proposed system and finally discussion section that compares
BLEU scores obtained by the pure statistical machine translation system with the hybrid machine

translation system.

5.2 Tools Used for Development

Hybrid Geez to Amharic Machine Translation System is composed of two major components as
explained in Section 4.1 that operate on two different operating system platforms. The Rule
Based Geez Corpus Preprocessor operates on Windows operating system while the Baseline
SMT operates on Ubuntu Linux operating system. Development tools used for each are

explained hereunder.

5.2.1 Tools Used for Rule Based Geez Corpus Preprocessor

The Rule Based Geez Corpus Preprocessor component is a Windows based application that is
developed using Microsoft Visual Studio 2013, .Net Framework Version 4.0, and C#
Programming language. Since the preprocessed Geez corpus will be used by the Baseline SMT-
which operates on another operating system, i.e., Ubuntu Linux- the file must be saved with a
format that is compatible with other operating systems as well. Owing to this reason the corpus
file is saved with Unicode Transformation Format (UTF-8) format. A character in UTF-8 can be
from 1 to 4 bytes long. It can represent any character in the Unicode standard and is backward

compatible with ASCII. Currently, it is the preferred encoding for e-mail and web pages [46].

5.2.2 Tools Used for Baseline SMT

The Baseline SMT which performs the actual translation from Geez string to Amharic string is
composed of three components: Language Model, Translation Model, and Decoder. This
component operates on Ubuntu Linux operating system. Thus the tools used for developing this

component are all installed and configured in Ubuntu Linux, each are explained hereunder.
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a. VMware 10.0

The computer used to develop the hybrid machine translation system has Windows operating
system. However, the tools needed to develop a standard statistical machine translation system
are compatible on Linux like operating system. We were presented with two choices to choose
from, the first one is to install Cygwin on the existing Windows operating system to simulate
Linux like environment. The second one is to install a Virtual machine on the existing Windows
operating system then install Linux on top of the Virtual machine. At first we choose Cygwin but
since it needs a lot of plugin components that took much time to thus we finally choose the
second option. VMware 10.0 is the specific Virtual machine used for this study. Virtual machine
software enables users to setup virtual machine on a single physical machine. Each virtual
machine can execute its own operating system that is different from the operating system

installed on the physical machine.
b. Ubuntu Linux 14.04

The operating system that is compatible with the tools used to develop the Baseline SMT is
Ubuntu Linux operating system (version 14.04 of Ubuntu is used for this work) that is installed
on top of the VMware. It is an open source operating system based on Debian architecture [47].

c. Moses

The decoder of the Baseline SMT is implemented using Moses. It is an open source statistical
machine translation toolkit developed at the University of Edinburgh. Using a parallel corpus
which is sentence aligned and a trained model, Moses uses a search algorithm to find the best
translation of a source string. The training process in Moses takes in the parallel data and uses
co-occurrences of words and phrases to infer translation correspondences between the source and
target languages. In phrase-based machine translation, these correspondences are simply between
continuous sequences of words. It is composed of various components that are written in C++
and Perl programming languages [48]. Moses is installed using ‘create-1.43” script file of Moses

for Mere Mortals.
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d. IRSTLM

The Ambharic language model is developed using IRSTLM tool which is compatible with Moses.
It contains algorithms and data structures that are used to estimate, store, and access very large n-
gram language models [49]. IRSTLM along with other SMT tools is installed when executing
create ‘create-1.43’ script of Moses for Mere Mortals.

e. MGIZA

The translation model of the Baseline SMT is developed using MGIZA which is a multi-threaded
word alignment tool based on GIZA. It extends GIZA in multiple ways. It provides the concept

of multi-threading and memory optimization. It can resume training from any stage [44].

5.3 Corpus Preparation

Two sets of corpora were used to test the proposed Hybrid Geez to Amharic Machine
Translation System and the Baseline SMT.The first set contains Geez and Amharic corpus
without having any POS information that will be used as an input to the Baseline SMT without
being fed to the hybrid one. The second set contains POS tagged Geez corpus and an Amharic
corpus without any POS information. The POS tagged Geez corpus will first be preprocessed via
the Rule Based Geez Corpus Preprocessor before being supplied as an input to the Baseline
SMT. In either case the Amharic corpus doesn’t contain any POS information. On the other hand
the Geez corpus that is used to test the Baseline SMT has no POS information. However, the
Geez corpus that is used to test the hybrid system has POS information which latter is removed
by the Rule Based Geez Corpus Preprocessor after reordering rule is applied on each sentence.
Regardless of POS information both sets of corpora contain the same number of sentences and

words.

Each corpus was prepared manually as there is no available corpus for these languages that can
be used for the purpose of this study. The Geez corpus contains 976 sentences with 3010 words.
On the other hand the Amharic corpus contains the same number of sentences with 3174 words.
Every sentence in each corpus was entirely taken from [25]. To make the prepared corpuses

readable by Moses, UTF 8 format was used while saving the text files.
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The following two procedures have been applied on the collected corpus to make it ready for
training and testing the translation system. Since both are local languages the process of true-
casing is not important for this study.

Tokenization: This is a procedure that inserts a space between words and punctuation.

Cleaning: This procedure helps to remove long sentences and empty sentences as they can cause

problems with the training pipeline. This also helps to remove misaligned sentences.

5.4 BLEU Evaluation Metrics

BLEU is the most popular and commonly used precession (that is, it considers the number of n-
gram matches as a fraction of the number of total n-grams in the output sentence) oriented metric
for measuring the translation quality of a machine translation system. It considers not only single
word matches between the output and the reference sentence, but also n-gram matches, up to
some maximum n. This allows it to reward sentences where local word order is closer to the
local word order in the reference. It is the most commonly used form of evaluation in statistical
machine translation [1].

Translation quality is the correspondence between a machine translation with that of a human
translator. A high quality translation is the one which is closer to a professional human
translation and BLEU’s main idea is the measurements of this closeness. BLEU score value falls
in the range between 0 and 1, the higher the BLEU score (those close to one) the more the

translation resembles with the translation of a human translation [45].

5.5 Experiment

This section details the experiments conducted to test the translation quality of the Baseline SMT
and the proposed Hybrid Geez to Amharic Machine Translation System. It first discusses the
experiment environment that the experiments were conducted. To easily distinguish between the

two experiments, Table 5.1 summarizes the characteristics of each.
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Table 5.1:

Experiments Characteristics

Geez Corpus Ambharic Corpus | Preprocessing of | Use of Baseline
POS tagged POS tagged Geez Corpus SMT
Experiment to
Test Hybrid
Geez to Amharic ves N ves ves
MT
Experiment to
Test Baseline No No No Yes
SMT

5.5.1 Experimentation Environment

Both experiments were conducted on HP laptop having Core i5 processor, 8GB RAM with
Windows 8 operating system. VMware 10.0 was installed on Windows 8 operating system. On
top of the VMware Ubuntu Linux 14.04 was installed on which the Baseline SMT executes on.

The Rule Based Geez Corpus Preprocessor operates on the Windows platform.

5.5.2 Experiment to Test Hybrid Geez to Amharic MT

The purpose of testing the proposed hybrid system is to compare the translation quality against
that of the Baseline SMT. Both the Rule Based Geez Corpus Preprocessor component which is
installed on Windows 8 operating system and Baseline SMT which is installed on Ubuntu 14.04
Linux operating system play role in this test. The steps of the experiment are as follows.

Step 1: Save the POS tagged Geez corpus text file with .txt extension in a UTF-8 format in
Windows 8 operating system. Notepad program was used for this purpose.

Step 2: Supply the corpus file to the Rule Based Geez Corpus Preprocessor component by
browsing the file for testing using the browse button on the application as shown in Figure 5.1.
Step 3: After the preprocessing is finished copy the processed Geez and Amharic corpus files
and paste them under the folder Moses for Mere mortal installation folder ‘MMM’ in Ubuntu

Linux operating system’s desktop.
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Figure 5.1: Corpus Preprocessor User Interface

Step 4: Before starting the actual translation by the Baseline SMT, both corpus files must have
an extension that allows Moses to differentiate the languages using two characters that represent
the language in which the file is written. However, both Geez and Amharic languages don’t have
a standard two character language codes. Thus, Portugal with code ‘pt’ and English with code
‘en” were randomly selected as the language extensions for Geez and English respectively. So
Geez corpus is named as ‘976Proposed.pt’ and ‘976Proposed.en’ for Amharic corpus. At first we
have tried using the correct extensions for each language ‘am’ for Amharic and ‘gez’ for Geez
but Moses decoder displays error message so we were forced to change the extension to the
aforementioned language extensions.

Step 5: Run the script file ‘make-test-filestest” under the scripts folder of Moses for Mere
Mortals installation folder by opening the terminal window. After changing the base name and
source, target language attributes and this will create training and testing files with the names
‘976Proposed.for_train.pt’ and

‘976Proposed.for_train.en’ used for training

‘976Proposed.for test.pt’ and ‘976Proposed.for test.en’ for testing.
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Step 6: Run ‘traintest-1.22” script file in the scripts folder under Moses for Mere Mortals
installation folder to start the training process. Figure 5.2 shows screenshot after the training

process completion. Sample corpus used to test the proposed system is presented in Appendex I.

Terminal 1y B3 ) r21am {%
5 @S @ biruk@ubuntu: ~/Desktop/Machine-Translation/Moses-for-Mere-Mortals/scripts a

.0000 6.0000 0.8000 0.0000 "MOSES" # - oo - semeoomeeoooeoooo
----------------------------- Cumulative N-gram scoring 1-gram 2-gram 3-gram 4 ="
ram 5-gram 6-gram 7-gram 8-Qram 9-gram ------ -eeees ssess cesees seeees oee- .
------------------ NIST: 0.1315 6.1315 0.1315 0.1315 0.1315 0.1315 0.1315 0.1

score-0.89 train-1.22 traintest-1.22

0.0000 "moses” MT evaluation scorer ended on 2018 Feb 4 at 07:20:47

Fkkkkkkkkkkkrekik Jriting training summary
kkkkkkdkhkkhhkhkhdhhddhhkdhhddhhkdhdhdhhkdhhddkdkdhdhdhkdbhhdhdhkdkhhdhhdhhddhkdkhhddhdkdhdrk]

kkkkkkkhkk Ak

11! Corpus training finished.

Start: day:04/02/2018-time:07:20:45
End:  day:04/02/2018-time:07:20:47

The training lasted for approximately © days, © hours, @ minutes and 2 seconds.
A summary of it is located in [home/biruk/Desktop/Machine-Translation/MMM/report
s/train/pt-en.C-976UnannotatedRearranged.for_train-60-1.LM-976UnannotatedRearran

ged.MM-1.Tu-0.day-2018-02-04. time-07-20-44. report !!!

A log of this training has been created in [home/biruk/Desktop/Machine-Translati
on/MMM/Llogs/train/traintest-1.22-1517757644. log.

biruk@ubuntu:~/Desktop/Machine-Translation/Moses-for-Mere-Mortals/scriptss I

“traintest-1.22" selected (98.3 kB)

Figure 5. 2: Training Screenshot

Step 7: Run ‘translatetest-1.38” script file in the scripts folder under Moses for Mere Mortals
installation folder to start the translation process. Now the translation output is produced for the
test Geez corpus file. Figure 5.3 shows a screenshot after the translate process completion. The
translation input file ‘976Proposed.for test.pt’ that is used to test the system contains Geez
sentences that are reordered to make them similar the word ordering of Amharic sentences. A
sample of corpus used for testing the proposed solution is presented in Appendix I11.

Step 8: Finally scoring of the translation will be done by executing ‘score-0.89° script after
copying a reference translation output file in folder ‘translation reference’ with the name

‘976Proposed.for_test.en.ref” that holds the Amharic translation of ‘976Proposed.for_test.pt’ by
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a human translator. The scorer script compares the translation  output
‘976Proposed.for_test.pt.en.moses’ with 976Proposed.for_test.en.ref” and calculates BLEU
score. It then creates a score report in folder ‘MMM/reports/scorer/’ according to the report a

BLEU score of 0.7630 was achieved.

Terminal ty B 4 ) 726am 3
a @ biruk@ubuntu: ~/Desktop/Machine-Translation/Moses-for-Mere-Mortals/scripts ol =

len = 32495

sync = 0 4 Size Type
running msync...

done. Running munmap...
done

len = 19559

ERE = & 13kB Text
running msync...

done. Running munmap...

done

wxxxx% Detokenize the output

Detokenizer Version SRevision: 4134 §

Language: en

kkkkkkkkkhhhkhhkkhhdrhkkhhdrhkkhdok BUILD TRA”SLATIO” REPDRT:

706 bytes Text

2.7kB Text

Translation finished. The translations are located in /home/biruk/Desktop/Machin

e-Translation/MMM/translation_output

A report of the translation is located in /home/biruk/Desktop/Machine-Translatio
n/MMM/reports/translate/translate.day-2018-082-04. time-07-26-44.report

A log of the translation is located in /home/biruk/Desktop/Machine-Translation/M
MM/logs/translate/translatetest-1.38-1517758004.10g
biruk@ubuntu:~/Desktop/Machine-Translation/Moses-for-Mere-Mortals/scriptss I

Figure 5.3: Translation Screenshot

An excerpt of the translation input and output of the proposed Geez to Amharic Hybrid Machine

Transaltion System is presented in Table 5.2.

Table 5.2: Translation Input and Output

Translation Input Translation output
AMLNhC dmd 0L HN AILLNAC A&7 O1TFT LTEN
O-h 7 A0,

A&t e APt Fé.ms

Ot AT Lot A0, UCT &TAPA

mO-OF Ot 0h 72 TANFT 0T SO

a1, Ochd NA.A av-(, OhC? hdA
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Translation Input

Translation output

APt A9PAD (\ch

AP A9°ANT AaP(1Th

At @Ot Flnd

9t h@®T7 FhAnT

MTLPO O@-C NCYT CHY

O@-C MmTLPO NCY 71 AP

RGE 700 TNCHA N0t Hi1D

PON7 27L91C M0ChA 0C-T7 AN

Phi PEA AL (1910 DY

Phi 180D AN ATI0T P

TICHN 10 PL.

TICHA 167 HE

%P (AN hRGT A

M- AD- hATT7 180

LAIC A (I8 AD-Zht ACA

Ptd- HC (LF1P (P07 AT

HEA AdeTL@TICLT° avhkhh ZhN

00 TICLIPT (P ao0RNT ATT

eI hPCE D7LA Aché.

S0 SN hPCE DTLANT Aé.

AMANRC 097% HADU 2dh

AMANRC G9°05 @ HLAADT MA

ALU-L avf i DAL P

ALUL& ARTT OAOLT NPA

A6 HEhO AR1L4-

14.0:7 £15°F LMATA

AP+ Hie AR PTA ST LVUT QA@-L 184
avdhh AR ZnOUP? apAD PTT AT
ocrt oc1 0CTH? 041

hZ h0d h0C7 h0C?

AAAHC hSD ANAHC chf@+ P71

4.M¢ NCY9t 1L

4.Mé NCYST7 &Ml

ANCYPPOLANP 1918, TOh&har

ANCYPS L0chd K787 TPOATU-

7eh PP06-4. G

AG 912687 KI0ENT

5.6 Discussion

5.5.3 Experiment to Test Baseline SMT

In order to test the Baseline SMT, a corpus file with no annotation was used and no
preprocessing on the Geez corpus was performed, i.e., both Geez (976Baseline.pt) and Amharic
(976Baseline.en) corpus files were directly supplied to the Baseline SMT system with no prior
processing. Sample corpus used to test the Baseline SMT is presented in Appendix Il. All the
above steps were followed and a BLEU score of 0.7219 was achieved. Both the translation and

testing files used in this experiment are not reordered.

Two experiments were conducted to evaluate the translation quality of the proposed Hybrid Geez
to Amharic Machine Translation system against the Baseline SMT system. The first experiment
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was to test the translation quality of the hybrid machine translation. The second was on the
Baseline SMT. The Amharic corpus used in both is without POS information. However, a POS
tagged Geez corpus was used while testing the hybrid system. BLEU score was used as the
evaluation metrics. Except for the tagging information applied on the Geez corpus the sentences
used were identical. The proposed system applies 126 reordering rules to make the order of Geez

words similar to that of Amharic in order to improve the translation quality of the Baseline SMT.

While testing the Baseline SMT a BLEU score of 0.7219 in the scale of 0 to 1 was obtained. On
the other hand a score of 0.7630 in the scale of 0 to 1 was achieved while testing the hybrid
machine translation system. From the BLEU scores obtained the proposed Hybrid Machine
Translation system outperforms the Baseline SMT system by 4%. Thus, to improve the
translation quality of a SMT system for languages that follow different word reordering such as
the case between Geez and Amharic application of reordering rules that makes word order of
source sentences similar to that of target sentences plays a big role.

The following points were the challenges faced during experimentation.

> Due to the unavailability of Geez and Amharic corpus at least for a research purpose we
were forced to prepare the corpus manually which is very time consuming.

» Unavailability of automated POS tagger for Geez language again forced us to prepare the
POS manually.

» The installation of the tools for developing the Baseline SMT requires a lot of time and a
high speed Internet connection which forced us to spend more time on the prototype

development as compared to the time allotted to complete the overall thesis.

73



Chapter Six: Conclusion and Future work

The purpose of this thesis is to design and develop a hybrid Geez to Amharic machine translation
system. What makes the proposed system a hybrid one is its design; a rule based preprocessing
of a manually POS tagged Geez corpus is followed by a baseline statistical machine translation
system. Thus, a serial coupling of rule based preprocessing followed by SMT system was
followed while designing. The preprocessing applies reordering rules in the input POS tagged

Geez corpus in order to make the order of Geez words similar to that of Amharic words.

During the course of the work the main activates performed was corpus preparation. As stated in
Section 5.3 two sets of corpora were prepared, the first set that contains Geez and Ambharic
corpuses with no POS tags. The second set contains Geez corpus with POS information and an
Ambharic corpus with no POS tags. Both are saved in UTF-8 format to be readable by Moses
decoder, development of the Rule Based POS Geez Corpus Preprocessor using Visual Studio
2013, C# programming language, and Dot Net framework. This component runs on Windows
operating system. Development of Baseline SMT using Moses for Mere Mortal, IRSTLM for
language model, MGIZA for translation model, and Moses for decoding, the Baseline system

runs on Ubuntu 14.04 Linux operating system.

To test the translation quality of the developed system, two experiments were conducted. The
first experiment tested the translation of the Hybrid Machine Translation System POS tagged
Geez corpus and Amharic corpus without POS was used and 76% BLEU score was achieved.
Baseline SMT system using Geez and Amharic corpuses without POS information was tested in
the second experiment and 72% BLEU score was achieved. The hybrid system achieved a 4%
improvement in the BLEU score when compared to the baseline SMT. This resulted from the
reordering applied on the POS tagged Geez corpus to make the word of Geez sentences similar

to that of an Amharic sentence.

6.1 Contribution of the work

The contribution of this thesis is as follows.
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» The work implemented a novel preprocessing rule based system that process a POS
tagged Geez corpus.

» The study showed that making the word order of source and target languages similar has
a promising improvement in translation quality of SMT system.

> Preparation of Geez and Amharic corpus files that can be used as parallel corpus for other

similar researches.

6.2 Future work
This work aimed at developing a hybrid machine translation that translates Geez to Amharic.
The following are future works that can be conducted in areas of NLP on these languages

especially Geez.

» Even if the achieved BLEU score with a small corpus used in the work is promising,
increasing corpus size will have a significant improvement in BLEU score especially in
the development of a real world translation system.

» The preprocessing module can further be expanded to support more complex sentences
and apply more reordering rules to further improve the translation quality.

» To aid the translation process various NLP applications shall be developed like

morphological analyzer for Geez and POS tagger for Geez.
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Appendix I: Sample Training Corpus for the Proposed System

Geez Sentences

Ambharic Sentences

At 0Ch A&$Ch A7t LT MLYN
Artav 0Ce H1hav- ASrE OCPT ANANTEA
A7t hd.O +POAN, APE A7 AN
A7F7 7108 wionT ASPE 71087 wCIHTAA
Dk hAT1 AdchP Al h&T7 AOLAN
O-Hpa0- (1200 havs. A0k ARGTF D7 AFHPA
hao 7k (L2aP< haoe. W10k ALGT DY AT*HPA
ekt (1200 havf. W10 2RGTF D7 APPTPA
ekt #°9 184F A0, @17 Favdh AT
ATk TN 4ot A10, UCT &FAPA

AP oAl D.PP O PFFT W7 PO
n.fh rohah N IR ER G

h.ghav eaaLhar: ASTTII° PALL T
ok 0.2 +ohd. Al A2 TPOA

AchHA 00T L0185 AchHA AT7 PAL4N
h1 nLfh £1CC hl A7 £THA

OAL LPhav- 41@ OAL WG Ah

O&H NP h&1 W\ RPET O
%10 LPh7 N84 ZPCO WGPET PLID

81




Appendix I1: Sample Training Corpus for the Baseline SMT

Geez Sentence

Ambharic Sentence

ATt A&PCh 0ch A7t LT MLYN
Artav: H1-lhav- OCP ASrE OCPT ANANTEA
A7t FPOAN, A0 APE A7 AN
A7F7 weonT 7108 ASPE 71087 wCHTAA
Dk Adch® hal Al h&T7 AOLAN

O-H P00 havf. (1207 A0k ARGTF D7 AFHPA
hav 7k hao®. (1207 R0 ARTFO7 APTPA
Cht; chaog. (1,207 A1tk ARGTF D7 ATHPA
ekt 12t 9 A, OOt Favdh AT
ATk oA TRAt A10, UCT &FAPA

AR PP v O PFFT W7 PO
n.fh rohah N IR ER G

h.ghav eaaLhar: ASTTII° PALL A
ok tOhL 0.9 Al A2 TPOA

At 0L45 n.0Y AchHA AT7 PAL4N
9 £1CC h.fh hl A7 £THA

DAL 410 . ghav OAL AG 7t Ah

®4H he1 .o, W\ RVET O
%10 N4 NN ZPCO WGPET PLID
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Appendix I11: Sample Testing Data used for the Proposed and Baseline

System

Geez sentence for the proposed system

Geez sentence for the Baseline SMT

A ML NAC 4l LT chHN

é.md AL NhC LT chHO

DA F7 @A F7

Nt +é1e Nkt +é1é

Dh 7 TN doth @~ 7 A TN
0t (Lt eh72 MO0t eh7& bt
av-(, Ochd héA né.A av(, Ochl.

APt A9°Ah Ach APt Olch h9°Ah
ATt L0 i h9t el (he ot

MTLP0 0®-C NCY1 CHY

MTLPO OD-C CAL NCY1

RGE OO M0CHN 0T 11D

RTe 700 TNChA Bi1® (0T

Fhl\ PEA ALA 4770 DY PEA Phd ALA DT 70T
TICSN 10 PL. P8 TICHn 710

a0 (AL AAST P10 av%tg° A, P hAST

LAC A9 LF718 h@-Zht (CA A AC 718 AD-ZhT ACA
H2A ANTL0ICLI° avAhh Zha H2A AAeTT@TICLI° LA aPAhh

hI0 hPCE OTLA Aché.

APCEL TI0 Aché. D7LA

A MANRC 097 KADV 2dA

0719 WAV A0A AMLANhC
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