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Abbreviations/symbols &A&ning
> becomes

v gloss
1p.sg 1st person singular
1p.pl 1st person plural
2m.sg 2ndPerson singular masculine
2f.sg 2nd person singular feminine
2m.pl 2nd person plural masculine
2f.pl 2nd Person plural feminine
3m.sg a1 Person singular masculine
3f.sg 3néerson singular feminine
3m.pl 3rdPerson plural masculine
3f.pl 3rd Person plural feminine
nom. Nominative
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ABSTRACT

In this study, a stemmer of Ge’ez text was developre designing processes, different concepts
such as background for the thesis, literatures onflation of the stemming algorithms,
morphological nature of Ge’ez language, stemmirmgprigjues and other realted things were
discussed in order to model and develop an autorpedcedure for conflation.

When inflectional and derivational morphologiestbé& language were discussed, affixations
such as prefixing, infixing and suffixing are theaim word formation processes in Ge'ez
language. The language is morphologically complexs is because different words can be

formed due to the wide concatenations of affixes.

For the experiment, two techniques were used: afinoval and morphological analysis

technigues. To evaluate the stemmer, manually eaanting technique was used.

From the experiment, three types of errors are rgbde over stemmed (6%), under stemmed
(4.27%) and structural problems (7.31%). When shkammer runs on the sample texts, it

performed with an accuracy of 82.42%.

The dictionary reductions of the stemmer were 29t8%e stemmed words and 62.8% to root

words.

Lastly, the possible recommendations to future wamkd improvements of this work were

reported.



CHAPTER 1

INTRODUCTION

1.1 BACKGROUND TO THE STUDY

Morphology describes how various forms of words @eated, and studies structures of words
in the language. Suffixing and Prefixing are theiimand common ways of creating word
variations in natural language text [18]. Morphglaghe internal structure of words) can be
broken down into two subclasses: inflectional aedv@tional [4, 26]. Inflectional morphology
describes predictable changes of words. These sa r@sult of syntax, such as changes in
person, number, tense and gender. These changesbaffect on a word’s part-of-speech [1],
(for instance, a noun still remains a noun aftergllzed). For example, kick, kicks, kicking,

kicked.

On the other hand, changes of derivational typeg affect a word’s meaning in part of speech.
For example, affix changes from adjective to nodirsn verb to nouns, from noun to verb, and

so on; like friend, friendly, friendliness, andeinidship.

From either type of morphologies, depending up@ndbmplexity of the morphological natures
of language types, very massive variants of wordg be resulted from single word. These large
numbers of occurrences have strong impact on irdbam retrieval systems. Thus, there is a
need of automated procedure that can reduce theokithe various words to manageable level,

and also capture the strong correlations existetgiéen different word forms [15]. Even if the



complexity of morphological variations may differom one natural language to others,
stemming is widely used in information retrievaR)] with the basic reason that morphological

variants represent similar meaning.

Morphological processing becomes widely used fégative and efficient information retrieval
[13], machine translation (MT) and text classifioat [5]. Hence, morphological processing
becomes particularly important for information refal (IR) because IR needs to determine the

appropriate forms of words as index [17].

Information retrieval particularly automatic infoation retrieval system is an information
processing activity which is carried out with thelghof automatic equipment. As [19] defined
automatic information retrieval system is a sofeyhardware package that lets different users to

access query and retrieve information from thelukde.

Stemming is a natural language processing technilyae identifies a stem/root word from
morphologically conflated words using various tdges on inflectional and derivational
affixes [18]. It helps to reduce morphological variants of wond® a common form. As an
example, ‘throws’, ‘thrower’, ‘throwers’ and ‘thramg’ are the common variances of a stemmed
word ‘throw’. Therefore, stemming can be appliedifferent languages to increase searching

efficiency and reducing vocabulary size of indekbxs in information retrievals [1, 4].

In stemming, all of the word's true prefixes antfises are removed to produce the stem or the
root word [11]. This is import to classify textscdamdex builders. It is also used to make
operations fewer dependants on particular formafde rather than enclosing all possible forms.

The computational process gathers all words thatesthne same stem and have some semantic

2



relations. It is also used for document matching eassification to convert all likely forms of a

word in the input document to the form in referedoeument [11].

There are four major types of automatic stemmingtegies [18]: affix removal, table look up,
successor variety, and n-gram. Affix removal stengnis imitative, simple, and can be
implemented efficiently. This type of strategy reres suffixes and/or prefixes from terms to
give a stem. This type of strategy was done byd[111]. Table look up strategy looks for the
stem of a word in a table of the dictionary. Thisategy is done by [4] to stem Ambharic
morphological words. It is a simple procedure amegenhds on size of stemmed data for the
language. But, this strategy requires an availatdenmed dictionary before the activities will be
performed. It also causes to require considerdblage spaces. Successor variety stemming is
done based on the determination of morpheme ondawi@s, uses knowledge from structural
linguistics, and is more complex than Affix remavhl-gram stemming is used based on the
identification of di-grams and tri-grams and is mof a term used for clustering than stemming.
It is done based on numbers of n-grams. This sglyate done by [12] to stem language

independent terms using single gram.

Unlike languages like English that has less mormpdichl variants, there are languages like
Amharic, Arabic and Ge’ez that are much rich in piogy. So, like Amharic [1] and Arabic

[11], Ge’ez involves dealing with prefixes, infixaed derivatives in addition to suffixes.



1.2 STATEMENT OF THE PROBLEM AND JUSTIFICATION OF THE STUDY

This research is the first work to Ge’ez stemmewill be a starting for other works such as

designing indexers, summarizers and cross lingoalse language.

Today, Ge’ez courses are given at various collegagious centers and higher instituites.
Different Ge’ez books and other reference mateaedspublishing now. For example, Ethiopian
Orthodox Church Theology Colleges are giving nowotss courses and publishing now various
books. Ge’ez is also given in higher instituteg lAkddis Ababa University. Therefore, designing
automatic Ge’ez stemmer helps to develop indexarsdarch engine improvments of efficentcy

and effectiveness of the information retrieval eyss.

There are a number of available Ge’ez literatusesje of which are translated to Amharic and
Tigrigna languages. The translated documents mapenexactly matched with the original one.
So, it is better to access information or documdéimas are written in Ge’ez automatically with
the application of natural language processing(NLRfprmation retrievals(IR) and machine

translation(MT).

Ethiopia is a country with several cultures andgleages. Languages such as Ge'ez, Amharic,
Tigrigna, Guragegna, Afaan Oromo and so on arengimiow services in the country, Ethiopia.
These languages play crucial roles for the peoplsocial, political, cultural and economic
activities. Other languages, especially Amharid &rgrigna benefited a lot from Ge’ez. Their
many words are borrowed from Ge’ez. Hence, desgai stemmer to Ge’ez language helps to
improve information retrieval efficiency of otheariguages that are borrowed from it. This

improvement will be done by incorporating Ge’ezrateer with other language’s stemmer.
4



Information can exist in various forms, but accegdhe right information at the right time is a
pre-requisite for functional efficiency [6]. Nowg@essing information is becoming critical to the
success of all users within a given society. Thibécause the economic development of any
country depends upon the effective utilization ok tstored information, especially for
developing countries [6]. Today, a large amourihfdrmation is available in the form of written
text. Developing countries like Ethiopia can faeile its vision of development by making this
store of knowledge accessible to their citizensisTdan be done with the help of different
techniques such as natural language processingclspecognition, machine translation and
information retrieval. These techniques mainly depeupon morphological analysis (or

stemming) for their effectiveness [1].

Ge'ez, the classical language of Ethiopia, is sti#d as a liturgical language by the Ethiopian
Orthodox Tewahido Church (EOTC), Ethiopian Cath@&icurch (ECC), the Bete Israel Jewish
community of Ethiopia, and Eritre8]. Hence, developing a stemmer is used to ineréage

electronics Ge’ez documents and is good opporamtt increase information retrieval system’s

efficiency.

As Ge’ez is morphologically complex language, thisra need for automated procedures that
can reduce the size of lexicon to manageable landlimprove the application of information
retrieval and natural language processing. Redrigystems allow for catching information
easily and timely from a large body of sources [I8]is is because larger body of information
and research available mostly in the language ef ghmary researcher [9]. Hence, much

information cannot be shared between research contiesiwithout extensive translation and



considerable time delay. Therefore, by developetgeaval tools for Ge’ez language, one can

design a retrieve system for the language.

Since stemmer is language specific [14, 20], ina& possible to make use of a stemmer
developed for other languages. This is becausé&rwétaral differences of the languages. So, it
seems quite difficult to follow the same stemmiradt@rn and apply the same technique for all
languages. Therefore, the stemmer of one languageot be effectively applied to other

languages [20].

Different researchers attempted to develop stemmiliggrithms for Amharic [16], Tigrigna [9],
Afaan Oromo [2] and wollayta [14] to simplify thegblem of morphological complexity of the
respective languages. But, as far as the rese&dtmwledge goes, there is no work on the
development of a stemmer for Ge’ez language. Thexethis study is initiated to explore the

rule based algorithm for stemming words in Ge’emlaage.



1.3 OBJECTIVE OF THE STUDY
The research has the following general and speuifjectives.

1.4.1. GENERAL OBJECTIVE

The general objective of this research is to develstemmer for Ge’ez language using Rule
based approach. To design the rule based stemffigrreanoval and morphological analysis

techniques are used.

1.4.2. SPECIFIC OBJECTIVES

The following are specific objectives of this resdmna

"  Review literature to have a clear understandintpefarea and identify different stemming
algorithms that have been developed for other laggs;

s Review properties of the Ge’ez language in ordegebfamiliar with the different aspects
of the language and know how the separation of svdchieved,;

% Build a stop word list in Ge’ez language and compillist of affixes used in Ge’ez;

%  Select appropriate stemming algorithm for Ge’eglaye;

% Develop a stemmer that identify inflectional andikgional affixes of Ge’ez language;

s  Test the performance of the stemmer on the selé€gteez text and report the finding of

the study

7
°

Forward recommendations for further improvementsiss.



1.4 METHODOLOGY

1.4.1. LITERATURE REVIEW

Reviewing literatures such as books, articles, rmaga and Internet were done to understand
the subject matter in detail as well as to gatlegrikeas, information, concepts and experiences.
There are a number of stemming algorithms for ckfié languages such as for Amharic [1],

Arabic [20], Tigrigna [9], and Wollayta [14] langges that are used to get basic ideas about this

work.

A review of literatures were also conducted to famiwith morphological patterns, rules and
sequences of Ge'ez text features in relation twrmétion retrieval. Discussions with
professionals at Addis Ababa University, Ethiopfarthodox Tewahido Theology School and

other experts are also used to understand andedégnmorphologies of Ge’ez language.

1.4.2. PROGRAMMING TECHNIQUE

A prototype stemmer for Ge’ez language was writisimg the Python programming language
(Python2.6 and Python3.0). This is because it ligtively easier to manipulate text (string
manipulation) and also the researcher has somerierpe in writing programs using Python

programming language.

1.4.3. DATA SOURCES FOR EXPERIMENT

A text corpus is one of the resources requiredRmrdsearch. A good sized text can show a

reasonable language morphological behavior. Selectif text is, therefore, an important



component in developing a stemmer. For the purpbseis research, a data set was organized
from collections of data sources. These sourceshaterical books such as Abune Habte
Marrian History [55], cultural as well as religioloks like Bible in Ge’ez [7] and Wdase

Marriam [54]. The reason of selecting these souis¢Be materials are available readily. The

selections of topics from all materials were daarediomly.

1.4.4. EXPERIMENTATION METHODS

Evaluation was done to measure the performanckeo$temmer. The accuracy of the stemmer

was measured by comparing the actual data sethétatemmed one.

In the experimentation, the stemmer was run onstiraple texts that were selected randomly.
The data set contains 1866 words. The evaluation of thester was done via a manual error

counting mechanism.

1.5 SCOPEAND LIMITATIONS OF THE STUDY

In this research, a stemmer developed for Ge’enlpnéocused on derivational and inflectional
word variants of the language. The research doe$ooas on compound and irregular words
because of the high morphological complexity of weguage. Irregular words follow various

structures. Hence, it is difficult to design a steen in a short period of time.

The stemmer contains prefix striping, suffix stagiand structural transformation techniques.
The structure was designed for various forms ofdsdn one. This causes for a stemmer to
produce unmatched structure of words. For exanglstructure can hold and stemmed in a

similar fashion for both verbs and nouns if theyéhaentical consonant-vowel structures.
9



There are lacks of computational resources anddatiknitations of professional persons. Hence,

it was difficult to get timely response from langeaexperts.

1.6 APPLICATION OF THE STUDY

This study has various significances, as Ge’ehashiase for many of the Semitic languages in
Ethiopia and this research is the first work to €zestemmer. It will use as a start for doing

further researches on computational work of thguage.

This research can also help to develop tools liell checkers, grammar checkers, thesauri,
word frequency counters, document summarizers adelxers. It can also be used to reduce

word variants and to minimize total numbers ofdile

Last but not least; it can be used for developmg< lingual retrieval systems. For example, one
can feed a Ge’ez text to search engine, this ehteoed may be translated to other languages

like English and accessed documents in Englishlmrdanguages.

10



1.7 ORGANIZATION OF THE THESIS

This thesis consists of five chapters. Each helpsttoduce the significance of text stemmer and
its needs, particularly Ge’ez texts. The stemmerk&/doy conflating word variants in Ge'ez

language (inflectional and derivational morpholagie

In chapter one, background of the study, stateroktite problem and justification of the study,

methodology, scope and limitation of the study@mesented.

In chapter two, reviews of various related works amflational techniques and stemming
algorithms for different languages are reviewede Hpproaches to stem words and types of

stemmers were discussed in this chapter.

Morphologies of Ge’ez text are reviewed in chagteee. The inflectional and derivational
morphologies of the language are the main conaafrobhapter 3. Word formation processes for

Ge’ez nouns and verbs are presented in detail.

Development and experiment of the stemmer for Gerizwere dealt in the fourth chapter. The
compilation of stop word lists, prefix striping,fix striping suffix striping and morphological

analysis techniques are presented in this chapter.

Finally the result obtained from experiment, cosauas of the work and recommendations for

further researches are discussed in chapter 5.
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CHAPTER TWO

REVIEW OF RELATED LITERATURES

2.1. INTRODUCTION

The main concepts included in this chapter areerewof literatures about the need of term
conflations, approaches in term conflations andiousr stemming algorithm types. The
advantages and disadvantages of various approdoneterm conflations and stemming

algorithms as well as concepts about stop wordsliaoeissed.

2.2. CONFLATION TECHNIQUES

In information retrieval, the relationship betweanquery and a document is determined
primarily by frequency of terms, which they havecmmmon [21]. However, some words may
have different forms that need some forms of natareguage processing. The existence of these
variants for a word is mainly caused by morpholabiariants. Hence, morphological variants
are the main problem by making a word to have w&rforms in the documents and queries, and

these have problems in indexing and retrievingesyst[3].

As discussed by [22], gender, number, tense, persoad, or voice can characterize variants of
words. In addition to these, the requirements afrgnars (e.g. "connecting” and "connectional”),
valid alternative spellings (e.g. "recognize" am@écbgnise”), antonyms (e.g. “ability” and
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“disability”), and misspellings as well as abbreigas are also cause to word variants. In general,
morphological variantce is the main source of teatd variants [1]. Hence, morphology uses to
study and describe the forms of words in a languagel commonly includes inflectional,

derivational, and compounding.

As [42] discussed, derivational morphemes make wevds from old ones, likereationwhich

is formed fromcreate but they are two separate words. It causes tagehpart of speech or
basic meaning of a word. On the other hand, inflaanorphemes vary (or "inflect") the form of
words in order to express grammatical featured) sgcsingular/plural or past/present tense. For
instanceboy and boys are two different forms of the "same" word. Getigranflectional

morphemes do not change basic meanings or pasfseethes.

Compounding is the process of constructing morpiossly complex words from two or more
unbound morphemes. That is, compounding is thangiof two linguistic forms, which are

functionally independents [43].

According to [21], semantic interpretation of mioopogical variants of the same words
considered as similar and equivalent terms foptmpose of IR applications. Hence, we have to
take into consideration the morphological variasftsvords as one reference of all word forms,
because simplifying these complex forms of a werdamparatively important in determining
the relevance of documents to users’ queries iarnmétion retrieval. These help to perform
stemming in different languages fruitfully usingnamber of stemming or conflation methods to

get root/stem of morphological variants.
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The variations of a word are not recognized eqemvidy without some form of natural language
processing (NLP), since word form variation haseéhugpacts on information retrieval system
effectiveness [21]. Therefore, it is better to @senechanism that uses to reduce variation of
word forms. Accordingly, equivalent word forms shbie detected and reduced to a single
form [23, 28]. To alleviate the word morphologiqaioblems, we use a method that helps to

bring together semantically related words to alsifigrm, which is conflation technique [30].

As defined by [22], conflation is the process ofrgieg or lumping together non-identical words
that refers to the same principal concept [22tal also be defined as the process of matching
morphological term variants by mapping term vagatat a single form, usually a unique well-
formed root for each word[23]. It performs by lgimg similar words that have similar meaning
with in a common form. Thus, conflation techniquelps to solve morphological variants

problems.

According to [40], conflation has the following joafunctions: reducing the requirement of
storage media, increasing retrieval effectivenesd decreasing process costs as well as
increasing the speed of retrieving processessdt ases to capture the strength in the relationship
between different word forms, to overcome vocalyularsmatch problems as well as to better

generalizations [28].
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There are two major types of conflation technigi#% 30]: manual and automatic conflations.

Manual conflation is performed at search time wight-hand truncation It is applied only to

words at the query, but not applied in the document

Automatic conflation, on the other hani, designed using programs called stemmers. It
improves the problem of word variants by matchinffecent forms of the same word
automatically. This type of conflation is applieal words in queries as well as in documents.
Automatic conflation has two class¢20, 30]: stemming algorithms and string-similarity
algorithms. Stemming algorithms or stemmers ardriigcies for reducing words to their
grammatical root/stem form. These types of algorghare usually designed to handle
morphological variants with in a language (seedbtil in 2.3). In contrast, string-similarity
algorithm is usually language independent and desigo handle all types of variants. This
approach involves conflating by calculating and sue@ag the similarity between an input query
terms and each of the distinct terms in the dawbBasrms that have a high similarity to a query
terms are then displayed to the user for possitdeision in the query. The common example to
string-similarity algorithm is Ngram matching techniques (see the detail about N-gram

technique in section 2.3).

In both manual and automatic conflations, over stérg and under stemming problems may
occur. In over stemming, the stem is too short (tacch of affix is removed from a term) and
will result in unrelated words being stemmed to shene stem; while under-stemming arises if

too short affixes are removed and may resultleted terms being described by different stems.

Removing letters manually from right hand-side of the word by the searcher is known as truncation.
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Example; the stem of a word 'Instructors' may hestered as ‘Instructor’, rather than 'Instruct'.
These errors are occurred when a word is not stehpneperly. These causes to irrelevant
documents are retrieved or only few relevant documare retrieved. The errors that may occur
in stemming could be corrected manually using daffié exceptional lists, or by means of rules

in the stemmer [28].

As [33] discussed, the effectiveness of the retlisystem is usually measured/evaluated using a
combination of both recall and precision. Precis®ra proportion of the retrieved documents
that is actually relevant to user interest; on titeer hand, recall is a ratio of the relevant
documents that is actually retrieved from the fAehieving high recall and retaining a high
precision use to improve the salient of informatietrieval systems [33]. Hence, to improve the
recall level, there are various types of methodshsas use of term phrases, use of truncated

terms or stems, and use of the synonyms [23].

Another issue that helps to illustrate retrievdketiveness is stop word lists. Stop words are
removed because of the following impacts on infdromaretrieval [28]: they can affect the

retrieval effectiveness and weighting process. Thidecause they mostly have a very high
frequency and tend to diminish the impact of freuuyedifferences among less common words.
They can also affect efficiency due to their natamd fact that they carry little meaning, which
may result in a large amount of unproductive preces Therefore, removing stop words results
to increase effectiveness of retrieval by reducstgrage requirements and increasing the

matching of a query with index terms of a document.
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2.3. STEMMING ALGORITHMS

“Stemming algorithm is a computational proceduia thses to reduce all morphological variant
of words to their common form i.e. root/stem, ulubly stripping each word of its derivational
and inflectional affixes” [24, 32]. Stemming algbwn is also defined by [27] as “an algorithm
which maps different morphological variants to thease form (stem). The stem of words is
obtained by removing all or some of the affixeaeted to the word, and this helps to make
information retrieval a faster process [15]. Thugemming algorithm uses to know

morphological properties of different words in adaage.

In information retrieval, morphological variants wbrds that have similar semantics can be
stemmed and grouped together to increase the suot@satching documents to query. This is
because the high inflection of words in a languageilts to reduce the accuracy of information
retrieval systems [30]. Therefore, it is necessanyse certain stemming techniques that improve

success of Information retrieval (IR).

According to [18, 21, 32], basic stemming methodsdassified as follow: affix removal, table

lookup (Dictionary method), successor variety, argtam stemming approaches.

The affix removal is a technique that uses to carmdifferent forms of words to their base form
(root or stem) by removing prefixes, infixes andgaffixes from word variants [3]. For example;
Porter algorithm consists of a set of conditiongactof rules for affix removal stemmer. For
instance, stripping affixes from each word variahke stripping of “-ES” from a word

“SEARCHES”, “-S” from “READS”. Affix removal stemnmg algorithm can also be

characterized as: the longest-match and shortestifitarative approaches.
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The longest-match stemmer technique removes tiget possible string of characters from a
word based on the allocated rules. It is made boxeng affixes one after the other with single
iteration until no more characters can be removedthe case of longest-match stemming
algorithm, the suffix lists are sorted in decregdength to reduce programming complexity and
the longer endings are first scanned; if a matetotdound, then the shorter one is proceed. That
is, if more than one suffix matches the end ofwled, the longest one is removed by possible
combinations of suffixes. As [36] and [2] discussdzbut longest-match algorithm, it is often
easier to design a program, but it has a problemregfiring a much longer dictionary since
frequent combinations of short suffixes must béuded. Hence, in this type of approach the list

of affixes is very large compared to the iterativethod.

On the other hand, shortest-match (iterative) aggraemoves the shortest possible suffix from
the word and re-conceders the result words. Thithodeis done by starting from the end of a
word and working toward its beginning recursiveyrémove strings in each order-class one at a
time [35]. For example; if a word “PEACEFULNESSS, given “-NESS” will be removed in the
first iteration and get again a word “PEACEFUL" dathen the suffix “-FUL” will be removed

and leave “PEACE” as final stem.

As discussed by [20], stemming using affix remoliak the following challenges: improper
removal of some affixes may appear as prefix, infisuffix, failure to extract the singular form
of a broken plural and wrongly stemmed some excoeptiwords in the language. Hence, it is

better to use this type of algorithm with certakeeptional rules.
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Another type of stemming algorithm is table look(ghctionary-base) stemming algorithm,
which is constructed using very large dictionawésnorphological forms such as stems, roots,
and affixes [41]. Even if it is a simple to proceetth this technique, there should be a manually
synthesized table or a large dictionary for cheghkivords with corresponding different word
forms. This type of technique has inconveniencesabige of storage overhead, difficult to
construct the table and multiple dictionary entfassimilar concept. But, its result is generally
correct [31]. Hence, due to the above problems amalvailability of Ge’ez dictionary, the
technique is left to this paper. From Ethiopianglaages, Amharic stemmer is designed using
this technique by [4] for converting morphologicadriants of Amharic to their citation. The
researcher could achieve an approximated resulewvail 60 percents and 75 percents from old

fiction and new article texts respectively.

According to [32], successor variety strategy imethod that does a task based on structural
linguistics. It is used to determine root wordsheatthan the affixes based on the distribution of
phonemes from a set of unique words in the corpbs type of technique requires knowledge

from linguistics, and more complex than affix rerabtechnique. It should be applied on a very

large collection of data to get sufficient statiatiinformation, and works with letters instead of

phonemes. In this type of stemming method, whenoadws stemmed from two different

domains, the result of the stemmers may differ.

As discussed by [29], N-gram stemming technique wark as well for indexing terms using
overlapping sequences of n characters; many ofb#refits of stemming can be achieved
without any knowledge of the target language. Téisecause some of the n-grams of the word

that do not exhibit morphological variation. Foraexple, words like juggle, juggling and
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jugglers share the common 5-gram juggle. It isrelytilanguage-neutral; no knowledge of a
language is required to apply n-gram tokenizatemthe language beyond selection of a suitable
value for n. Its problem is in retrieval performarend disk usage, but not in retrieval accuracy.
Because each character of a text begins a newm;gra n-gram representation of a text
contains many more indexing terms than does a wordtem representation, increases the
number of disk seeks required to locate all ofgbstings for a query. It is done by a number of

diagrams instead of terms and mostly uses to clogtprocedure than a stemming.

As [16,35] discussed, stemming algorithm can aksalmaracterized as context-free and context-
sensitive stemmers, where context refers to megna#imbute of the remaining stem after
stemming. They are used to make a decision whe#dreained word actually represents the

morphological variances or not in affix removals.

Context-free stemmer carries out by removing affinethout regarding the remaining stem. It
has no any restrictions which are placed on theovainof suffixes. Thus any ending which
matches is accepted for stripping. It can remoxiags that are similar to, but actually that are
not similar. For example; removing of “re-” fromefgular” or “-al” from “metal” in English are
context-free stemming types. But this method gigeer results to morphologically complex
languages like Amharic and Ge’ez languages. Itnmagualitative or quantitative restrictions on
the removal of endings except a one quantitatiseiotion to the length of a stem should at least

two [35].

In contrast, context-sensitive stemmer is done dasevarious restrictions that are placed on

affix removal program such as an affix dictionamygive the exact affix forms, and a set of rules
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that helps to define the morphological situationtioé affixes. This algorithm is done by
considering the remaining stem using many exceglinfes [16]. For example, rules like do not
removing an ending that begins with “-en”, follogif+e" because violation of this rule would
change seen to se-, which is ambiguous stemmingce{ebetter result can be obtained from

context-sensitive than context free approach [24].

As [24, 25] proposed, a better stems can be fosnla context-sensitive approach by adding

constraints to the stripping operation such as:

1. Quantitative constraints: the remaining stem lengtlst exceed a given number. Example,
from a word “sing”, by removing “-ing” the systemamnot drive “s” because with a
minimum of length two characters are required.

2. Qualitative constraints: the stem ending musitfyaa given condition, like removing the
suffix “-en” if the remaining stem does not endiwise-").

3. Recoding rules: these are rules that are usespfeling checking and improve the accuracy

of conflation in affix stripping algorithm.

For various languages, different stemmer researaheslesigned using different approaches.
Some of the works that are done in Ethiopian laggeanclude Amharic [1,4,16], Afaan Oromo
[2], Tigrigna [9] and Wollayta [14]. From non-Ethigm languages, there are different stemmer
works such as  English [25, 26], Dutch [27], Acald7,20,23], Indonesia [13], Malay [15 and

SO on.
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The Amharic stemmer, which was done by [16], usedrdext-sensitive iterative approach that
removes both prefixes and suffixes. In the worle #thievement was an accuracy of 95.9%

from 1221 sample tasted words of data.

Afaan-Oromo stemmer, which was done by [2], usee ltngest-match context-sensitive
approach that removes prefix and suffix. The stemwas evaluated by counting stemming
errors, and reducing of dictionary size. The stempsformance was an accuracy of 92.52%

from sample data of 1061 words.

Tigrigna language stemmer was done by [9], and asazhtext-sensitive iterative approach like
Amharic stemmer designer. The researcher used tidgsemove prefix, suffix, prefix-suffix

pair and reduplication of single and double lettdige that of Afaan Oromo stemmer, the
accuracy of the stemmer is tested based on ertwottiog techniques. From the experiment, the

result of the stemmer accuracy is 84% from 1568xéawhata words.

According to [14], stemmer in Wellayta language veesigned, and an accuracy of 86.9%
achieved. The stemmer used context sensitive iterajpproach to this work. Error counting
technique was employed to evaluate the performathee stemmer using error-counting

techniques.

Stemmers can be judge with in different contex®:[torrectness, retrieval effectiveness and
compression performances. The correctness of sterdeseribes over-stemming and under-
stemming which are evaluated based on error cayrjB8,37]. Hence, computing of under
stemming and over stemming is necessary to digshgihe proposedtemmer is performed

effectively in IR systems or not.
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Different researchers can use different algorittmsstem texts in different languages. The
combinations of various rules of various algorithngdp to improve the stemmer performance.
For example, [41] used the combination of affix omal, dictionary based and morphological
analysis techniques to stem Arabic language. Aliogrto the researcher, designing rules for

morphologically complex words like Arabic help taprove information retrieval systems.

The rule based approach uses to handle exceptibimgs by applying different techniques
based on linguistic rules. For example, [41] usel@s on affix removal and morphological
analysis to Arabic Language. The researcher alsa ulctionary based for checking and
minimizing stemmer errors. But, researcher couldgét any available dictionary to Ge'ez

document.

As discussed by [44,45], a number of difficulties the stemmers such as over-stemming and
under-stemming could be alleviated by the applicatules with different algorithms. Applying
important rules with stemming algorithms helps aisdilter as well as to increase overall IR
performancesFor instance, in Ge’ez verbi#a can be written in various morphological forms
such ase#tra->ed+a, but hoo does not follow similar pattern, rather it can Wwdtten as

ehoo>ehoo; Not changa to  h.

This can be handled using exceptional rules. Heacel)e based approach was used to design

Ge’ez stemmer.
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CHAPTER THREE

MORPHOLOGY OF GE'EZ

3.1. INTRODUCTION

Ge'ez language has a characteristic of conveyifigreint messages with a single word alone
[51]. It is rich in vocabulary because a single dvaan appear in different forms by adding

affixes or changing alphabetical patterns.

Developing a stemmer for a language requires shgdgnd modeling the language phenomenon
in terms of word formation. This is because a stempfays a high role in identifying a word-
stem from several possible forms. Therefore, idsessary to study Ge’ez morphology in order

to model it and develop automatic procedures faflabon of words in the language.
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This chapter focuses on concepts about inflecti@mal derivational morphologies of Ge’'ez
language. This is because morphology plays a fulghto guide the development of the stemmer,

and describe the nature and characteristics ofadiins in Ge'ez words.

3.2.GE’EZ ALPHABETS AND THEIR SOUNDS

Ge’ez language was the most widely used writtergdage in the historical Ethiopia and
Ethiopian Orthodox Tewahido Church. Art works, govaental documents and religious scripts
which were widely available in the church and goweental possessions’ are inherited to
different users. The writing system of different’€&ealphabets of similar sound are written
differently in the early times.The different wrigrof alphabets with similar sounds would raise

guestions.

According to [53], the most likely deriving factdor the creation of those letters in Ge'ez
language were primarily the nasal, flap/trill, ddnand velar phonemes. In the table below some

common characters with similar sound are listed.

Numbe First orde Seconc | Third orde Fourth Fifth orde! Sixth
(h1) order (aan) order (79m) order
(ne-n) (¢no) (aen)
1 UF chi 7ihip
2 AT 0 At q
3 AT o
4 wi ()
5 ? %
6 2 2

Table 3.1 Sound similarities in Ge’ez charactenshabets
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The interchangeabilities of Alphabets/Fidels weldaly encouraged after Tigrigna, Amharic,
and other languages were becoming a spoken langonag¢hiopia. Though there are sound
similarities among characters, generally shouldb®tsed interchangeably for Ge’ez language

[53], because the meaning of the word will be cleaing

In the early days of the language’s history, howgettee letters that now represent the same
sound, used to have phonological variants .Thexefar example, the three typeswfha’. A
word such as is only written in this way but not either a®r . Similarly 4 is not written ag

or 4. The same is true te ande-. Using these interchangeabilities are full mistkagempared to
the early writing system. At this time, although time linguistic history of Ge’ez, certain
phonemes become confused in the pronunciation, valienotice that quite several Ge'ez

phonemes correspond to one phoneme, as shown ie3Thb

Ethiopic or Ge’ez Fidel has the phonetic structfreeven columns with 26 syllographs: starting
from v ‘ha’ up to T'p&’. Each 26 characters of Ge’ez Fidel combinehwaach of the seven

vowels to create sounds of the language. In addit 26 basic alphabets, there are five
alphabets which have not the second and the thddre. See lists of consonant translations,

numbers, punctuations and vowels of Ge’ez languagppendix |

3.3. MORPHOLOGY

Morphology is a branch of linguistic that studiesdadescribes how words are formed in
languages [21]. It deals with the internal struetaf words in natural languages. The word form
variations in Ge’ez could be formed by inflectiomald derivational morphologies. Both types of

morphologies can be created using affixations.
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Affixation is the process of adding or attachinfjx&s in some manner to root/stem of a word

[48]. Affixes cause for word variants.

3.3.1. GE’EZ MORPHEMES

A morpheme is the minimal linguistic unit of a laragje that carries meaning and that cannot be
further decomposed into meaningful units [58].morpheme in Ge’ez can be free or bound,
where a free morpheme can stand as a word on itsvdvere as a bound morpheme cannot
occur on its own as a word [48]. In free and boomatpheme of Ge’ez language, it is assumed
that the later is typically derived from the form&herefore, bound morphemes exist with other

morphemes, and they are usually either affixe®otsr[9].

3.3.2. WORD FORMATION IN GE’EZ

As discussed by [48], affixing (adding suffixesefxes, and infixes), compounding, duplicating
(reduplicating) and different vowel patterns arediso create various word forms in Ge'ez

language.

The addition of suffixes, infixes and prefixes #re common ways of word formations in Ge'ez
like the other Semitic languages such as Amha¢ §hd Tigrigna [9]. Continuous affixation
results in long word formation. Hence, the comphearphological structure of a single Ge’ez

word can give rise to a very large numbers of vasia

The pattern of vowels in a word can also creatéuarword forms in Ge’ez text. For example,
according to [52], verbs can be classified inteéhclasses: Type A, Type B and Type C verb

classes. They differ by vowel patterns for perfant jussive tense descriptions. Class A is
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unmarked class. In the base past and jussive itwwasub classes: Al has stem vowel /&/ in the
past and stem vowel /a/ in jussive, whereas AZ2shera vowel /a/ in the past and stem vowel /&/
in the jussive. B is the class of verbs geminatmddle radical (second radical from the left). C

is class of verbs with stem vowel /a/ after thstfiadical/consonant (see the details in Table
3.20). The internal plural formations of Ge’ez nsware also changed by various consonant

vowel patterns (see the details in Table 3.6 up1d).

A process of compounding is another way to createus Ge’ez word forms. Compounding is

the joining of two linguistic forms that are furmtial independents (see Table 3.22).

The Ge’ez language can also inflect with duplicagi@nd reduplications by attaching one affix
with another affixes fully or partially. These tyef word formations are created by the
combination of prefixes, infixes and/or suffixe@rexample;+¢t+anha-killed each other’ (see

the detail in Table 3.19).

3.4.INFLECTIONAL AFFIXES OF GE’EZ

As pointed out by [1], both inflectional and detiemal morphologies can result for a very large
numbers of variants of a single word. But, theseatians depend on the morphological

complexity of the language.

Inflectional affixes describe word stems are coratliwith grammatical markers for things like
person, gender, number, tense and case. Nounseahd wan be marked for these different

grammatical markers. This is because verbs andfons are very rich in morphological
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characters to agree with person, number, and geoflesubjects in Ge’ez language, the

discussions are mainly focusen noun and verb morphologies.

To study the morphological natures of the languigeeresearcher used different sources such as

[50], [51], [52], [53], [54], [55] and [56].

3.4.1. NOUNS

Ge’ez noun can be inflected for genders, numbedscases. They have their own phonetic
structures. The basic phonetic structures of théeZGeouns consist of various character
sequences.

3.4.1..GENDER
Gender in Ge’ez is more important category becé&ursene thing (e.g. for third person singular),
gender distinguishes in second and third persongumas for both singular and plural nouns

differently. For example, for 2m.sg and 2f.sg gand shown differently (see Table 3.2).

In Ge’ez, the gender markers are not limited. Gemddistinguished for both singular and plural,
masculine and feminine. The gender marker to tpgdson pronouns in Ge’ez nouns is the
feminine marker: theuffix + Y4t% to masculine nouns. For example; the feminine fofaw a.
b’asi is naa+ b’asit ‘man, woman’. There are also suffixes tdlicate the masculine and
feminine for possessive pronouns. Table 3.2 laiss how the nouns ‘zena’ is expressed

with both genders.

Gende Numbe Nour Suffixes
Masculine 2m.s( 16 -h ‘zena-kad’ n —ka
3m.s( 16 - v- zena-hu v -hu
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2m.p 16 - herzenakmu Hrav-kmu

3m.p 15 - rerzena-homu rar-homu
Feminine 2f.s¢ 15 - h. zena-ki . -Ki

3f.sc 16 -% zena-ha ¥ —ha

2f.pl G- h7 zena-kn A7 —kn

3f.pl 16 - P7 zena-hon ¥7 —hon

Table 3.2: Gender markers for possessive pronouns
The suffix —h, - v, - hey- wer - h, - ¥7,- h7? and- v? are possibly employed
Gender as well as possessive markers.

3.4.1.2NUMBER

The Ge’ez noun system recognizes different numygees, namely singular, plural, dual and
plural of plural forms [53]. Ge’ez words having ttiéferent forms in their plurals are called dual

forms. This form of plural is related to the duairh of Arabic (see Table 3.3) [53].

Singular Dual/plural plural of plural
OH7 OH7 hOHY
ac 01cC I
o7 607 hoO7
Ach wCh Aeh
LP P £ Pwe

Table 3.3: Dual nouns formations

In the other case, the nouns can be singular aalplRlural of plural refered to the number

which is more than two (see in Table 3.4).
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Singular Plural plural of plural
70 1102t 170t
P A+ AF7: APOT T
he o heo#e aAheg
oI AYY APt hPIRT
11C A oC 11 &k
AG AAG AAGF

Table 3.4: Plural nouns formation

The number markers such as suffix, prefix, infixtioeir combinations form the plural nouns.

These number markers in Ge’ez are usually presemuns, adjectives, and verb conjugations.

Generally, the Ge’ez nouns can be pluralized usitgways: using external plural markers and
internal plural markers [51]. Nouns that are crédig external plural markers are carried out by
adding suffixes and/or prefixes at a stem. Théofahg affixes are some of plural number
indicates. These are the prefix‘a-, suffixes like ¢7 —yan, x7 —‘an, ¢+-yat, «+—"at, o--w, -

¢4+ -wat ,e»-mu andr -t (see Table 3.5).

To use the external plural markers, there are somes that help to create grammatical
agreements in Ge’ez text. This is because word SormGe’ez language are very complex.
Therefore, it is important pursuing the followinges [51]:

% Nouns having the fifth radical at the end add tfé>s ¢+-yat

R/

% Nouns having the seventh radical at the end adik seif- wat

% Nouns having the third radical at the end add thfxs¢ 7 - yan to masculine ore+ —yat to

feminine.
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°

Nouns having the fourth radical at the end addstiféx +-t. If the nouns having ended by

the sixth radical, change the end radical to foartti then add-t.

53

*

Whena ‘a is placed at the beginning of words, changestteond radical of the last alphabet
of a word in to the sixth order and change thedtradical into the fourth order and may add
-at. Sometimes because of the presence of therglsttthe second radical may be changed

in to the fourth order. See the following examplable 3.5) to illustrate plural nouns

formations.
Singular plural | Plural Prefix | infix suffix
aahn: sabaki annezr: sabakiyan £7 -yan
14%v: baruh 1477: baruhana hA7-an
¢cae: farasawi | ¢caee:Farisawiyan -h- ‘a- £7 -yan
%1 sage &1 ¢+: sSagayat -h-  -'a- e+ -yat
17 : ban 07 :bana -h-, -‘a-
g Aih:Masabaha | 7R 0me 7! - h-‘a- f7-yan

asabi hayan , ha

9™ /! Maséa 9 . masaat At-at
o+ bet a¢+: ‘bayata A ‘a- f-ya-

Table 3.5: Plural noun formations using affixes

Internal plural markers also create plural nouresehmarkers are used to make plural nouns for
most tri-consonantal (three consonants) stem nocam$ for some quadric-radical (four
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consonants) stem nouns. These types of nouns eatedrby changing the alphabetical order
(see Table 3.6). Infixes suchzas &, 4 ‘a,.r yaare enabled to create internal plurals. In general

plural nouns that are created by internal pluraikexs follow one of the following patterns [52]:

CCacC (consonant + consonant + vowikel consonant): this pattern is not that much fariged

to Ge’ez nouns. But there are some nouns whidbvicthis pattern.

Singular Gloss plural

aM? ‘azan ‘ear’ Al ‘azan
a9c ‘agar ‘foot’ a1c ‘agar
a1 ‘a’ha ‘brother’ arro'ahew

Table 3.6: List of nouns that follow CCaC pattern

aCcCacC (Vowel » + Consonant + consonant + voweh consonant): this pattern is the most

common for three consonantal stem nouns.

Singular gloss (singular) Plural

ana Ibs ‘garment’ A-a- k-0 ‘albas
0+ bet ‘house’ A--¢-A- 4 ‘Bbyat
e.cn faras ‘horse’ hA-&C-4a-0 ‘@fras
29°$0m ‘fast’ h-&- @ »-9° ‘Adwam
agesm ‘name’ A- a9 k-t ‘asmat

Table 3.7: List of nouns that follow ‘aCCacC pattern
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accCucC: nouns

this

pattern

precede a pattern

a+ consonant consonant u followed by consonant (see Table 3.8):

Singular Gloss Plural
aAga  ‘adg ‘ass’ h-h&- k- ‘Adug
vic hagar ‘city’ A-va- k- ‘Bhgur

Table 3.8: List of nouns that follovaCCuC pattern

as/owel

aCC(a)C-t: this pattern follow a sequence of Vowel + consonant+ consonant vowel a +

consonant followed by.

Singular Gloss (singular) plural

¢ br ‘birr’ aaq0ct ‘agbrt’
& ras ‘head’ Acat  ‘arst

a0c gbr ‘slave’ aaact ‘agbart

Table 3.9: List of nouns that follow &CC(a)C-ttpat

Nouns with quadric-consonantal and some tri-cons@harouns follow the following pattern.

Tri-consonantal nouns that take this pattern maselat least one long stem vowel , S

e, &A'o,

+consonant + consonard// (See the detail from Table 3.10).

& ‘U. This pattern i€C4CaCC(t) i.e. consonant + vowal + consonant + vowel

Singular Gloss Plural

£7914 dngl ‘irgin’ £614 danagl

an &7 mesfn ‘prince’ am 4.7+ masafnt
nhn kokéb ‘star’ neh0t kawakbt
&cwr dorho ‘checken’ £ecy dawarh
aack lelit ‘night’ afae layaly
acc bahr ‘earth’ nY o¢+ bahawrt
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omHi wh'az ‘river’ oy e+ wahayzt

¢an  kasis ‘priest’ ¢4 oa+ gasawst

Table 3.10: List of nouns that followaCaCC(t) pattern

Note that: ther'—t * is added to the plural if it is absent in tBengular and the noun is not

feminine.

aCaCCl/t/: it has a pattern of vowel + consonant+ vowel » + consonantt+ vowel &

+consonantt/. This pattern works to four stem words (see &&bl1).

Singular Gloss Plural
n2o ‘bag’a’ ‘sheep’ A0 ‘dbag'a
2% 7'ganen’ ‘devil’ A D77 agannt

Table 3.11: List of nouns that follo&CaCC(t) pattern

3.4.1.3CASES

There is one morphologically marked case form ine@ethe accusative construct [52].

Accusative simply designed by “of” in glosses whi#nmakes the possessive construct
configuration, otherwise by “acc”. The accusatiwéarmed by suffixation of —& to the unmarked
form of the noun. Thus, nominative bet ‘house’,umative bet-4. This form is used both for the
direct object of the verb as c7 77a o+- 4 sérha ngus bet-a ‘the/a king built the/a house’
[built king [nom.], house [acc.]], and for the heéirst) noun in the so-called possessive

construct configuration as in bet-a& ngus “thedase of the/a king where house of king [nom.].

In both constructions, morphological indicationcake can be replaced by syntactic paraphrases.

In the case of the direct object, the constructi@erb noun [acc.] can be replaced by verb+ la-
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nouns where |& is the preposition ‘to’. Thus indteasarha bet-& ‘he made the/a house’ one can

have sarho (sarha+hu) labet ‘he made the house’.

For the possessive construct of nounl and noue®e tare two possibilitieseither nounl za-
noun2 or nounl l&-noun 2. Thus instead of betd,ngus can have either beta zangus or betu

langus.

Therefore, nouns can have two cases in Ge'ez: raimnwhich is not marked and accusative

nouns that are marked with suffixationso+a’ or the paraphrase of —a suchha#- orn za.

3.4.2. VERBS

Ge’ez verbs are formed from bi-radical, tri-radieald quadri-radical roots with two, three and
four consonants respectively. However, the commeteLverbs are tri-radicals. Generally, the
numbers of Ge’ez-verb’s alphabets could not betless two and could not be more than seven

[46].

Ge’ez verb is used to create or form verbal nowadjectives and/or another verb forms
(eg.infinitives, jussives etc). It helps to make agreement among number, tense, and gender

with nouns. To make this agreement, suffix, infndéor prefix are added to a verb.

The main verbs in Ge’ez are perfection and impédacPerfection is usually past or completed
action. It includes past perfect, past continu@ast participle with the relative pronoun‘of’.
The imperfect one is usually present, continuowkfature action. The end of all perfect verbs is
the first order while all imperfect verbs have Ire tend the sixth order except the venbybe.

These all are under the pronouk: ‘He’. The other verbs categories are subjunctinénitive
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and gerundive. The conjugation of a verb or a seehghly dependent on gender, number and

pronouns.

3.4.2.1 PERFECTIVE

In Ge’ez verb, the perfect natures of verbs useréate the past and completed actions. These
types of verbs are the base to other forms thatinfbect to their base. Table3.12 illustrates how

suffixes are employed to perfect forms.

Persons Perfect Gloss
1p.sg Pan katal ku’ ‘I killed’
2m.sg $+ah ¢ katal ke’ ‘you killed
2f.sg $tan.t katal ki’ ‘you killed’
3m.sg e+a ¢ katal & ‘he killed’
3f.sg 0 ¢ katal at ‘she killed’
1p.pl $t+ar ¢ katal ng’ ‘we killed’
2m.pl ¢+ahas katal kmu’ ‘you killed’
2f.pl $+ah? ¢ katal kn’ ‘you killed’
3m.pl o+t ¢ katalu ‘they killed’
3f.pl e+a ¢ katal a’ ‘they killed’

Table 3.12 Perfect verb formation
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The morphemes that are employed in inflecting verlibe perfect verb formations included the

following suffixes- n/—ku/, - h /-kd/, - nJ/-kif, - al-‘al, - aAtlat/,- v [-ndl, -
ha-kmu/, - h7r-kn/, - &J- ‘Ul, - al-l ‘& These are the general forms of perfect
Ge’ez verbs.

3.4.2.2 IMPERFECT (NON-PAST)

The imperfect verb in Ge’ez language uses to dasgeron-past action. It uses suffixes and/ or

prefixes. Table 3.13 illustrates how prefixes anffixxes are employed to imperfect verb forms.

Pronouns imperfect (future) Gloss
1sc Adta ‘a- katl’ ‘I will Kill
2m.s( Tt t- katl’ ‘you will kill’
2f.sc Tt t- katl -’ "you will kill’
3m.s¢ eeia 'y-  katl "he will kill’
3m.sg edtat'y-  katlar ‘she will
kill’
1p.pl 7¢ta ‘n- katl "'we will kill
2m.p! e ‘t- katl -u’ "you will kill’
2f.pl. +eta ‘t- katl -a’ ‘you will kill’
3m.pl eetay-  katl-u ‘they will Kill
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3f.pl edta 'y-  katl-a’ ‘they will kill

Table 3.13: Imperfect verb forms

From the above morphemes, the prefixes such ‘as, Pt e'y "and7? ‘n’” are
employed. The present tense and future tense aarspattern/forms in Ge’ez verb inflection.
Generally, there are four possible prefixes to simperfect verb inflection. These aréeta-,

A ‘8-, ¢ ‘'ya-, and " ‘nd -

3.4.2.3 SUBJECTIVE/JUSSIVE

Subjective describes an action depending up oneaeging verb of volition or conjunction.
These types of verbs use to describe behaviorde Bab4 illustrates how subjective affixes are

employed to subjective verb formation.

Persons subjective/jussive| Gloss
3m.sg edtraly- kil let him kill’
1p.sg Adtal’a- kil 'let me kill
2m.sg edraly- kil 'let you kill’
2f.sg Fetalt- ktl i ‘let you kill’
3f.sg +eralt- kil 'let her kill’
1p.pl 1¥taln- kil ‘let us kill’
2f.pl Feralt- kil ‘let you kill’
2m.pl Feralt- ktl—u ‘let you kill’
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3m.pl edtaly- kil —u ‘let them kill’

3f.pl edraly-  ktl-a ‘let them kill’

Table 3.14 Subjective verb formation

The employed affixes are y-, t-..i, t-, n-, t-..34,..u, and y-...a. Jussive follows similar patterns
with subjective. But in the second person pronothese is no any added prefix for jussives case.

Commands follow similar pattern with subjective.

3.42.4 INFINITIVE

This is created by making the last alphad®pfder. See Table 3.15 to illustrate how infinitive

verbs are formed.

Infinitive Gloss perfect
¢tal  eteett kat -i-lot’ ‘to kill’ ++a katala
&l #80+ " kad-i-s/ot’ ‘to praise’ ¢80 kadasa
hazl a2zt ¢ bas-i- slot’ ‘to decrease’ | 4a basa
oy o0+ ‘wh-i-b/ot’ ‘to give’ oy wahaba

Tahe 3.15 Infinitive verb formation

The vowel ‘&’ is transferred to —i- and add thefisufot. The above table is indicated to third

person singular noun (3p.sQ).

3.4.2.5 GERUND

This verb category is used to indicate an actionthr it is done or not and express occurrences

of things or not. This type of verbs cannot cldse $entence. This is shown using ten pronouns
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to the vertmao ‘bal‘a’ in table 3.16

Person Gerundive Gloss

1p.sg nae e ‘ having eaten’
2m.sg nAaoh ‘you having eaten’
2f.sg naoh ‘you having eaten’
2m.pl NA0 hav- ‘you having eaten’
2f.pl naoh? ‘you having eaten’
1p.pl NAO0 ‘We having eaten’
3m.sg naL ‘He having eaten’
3f.sg naG ‘She having eaten’
3m.pl 0 AL av ‘They having eaten’
3f.pl NAL7 ‘They having eaten’

Table 3.16 Gerund verb formation

Gerundive is formed be changing a preceding ofabkeradical into third order and then add the
suffixesh, n, he: h7 andi to 2m.sg,2f.sg, 2m.pl, 2f.pl and 1p.pl respectivélne last
radical is changed td™order for 3m.sg and td"order for 3f.sg. By changing the last radical to

7" order, the suffix»is added to 3m.pl and is added to 3f.pl nouns.
3.5 DERIVATIONAL AFFIXES OF GE'EZ

Derivation is the process of creating new wordsabgling affixes from existing words. Mostly,
Ge’ez verbs can derive others such as verbal nadjpsctives and adverbs, rather than derived

from these.
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3.5.1NOUN DERIVATION

Verbal nouns can be derived from verbs which havermore than three radicals [50]. When
nouns are derived from verbs, the first alphab@nfthe left and its follower are changed b 6
orders and then the third alphabet will changeirgi brder, and then addt’ as suffix. See at

table 3.17 to understand how verbal nouns are gé@from Ge’ez verbs.

Verbs Derived nouns

anh annt * sabaka, sbkat’
-lch a4t ‘sbha, stpat’
TR At ‘més'a, mg’at’
P10 ¥+at ‘katala, qtlat

Table 3.17: Verbal noun derivation by changing alpgtical orders and a suffix-t

Verbal nouns can also be derived by changing dplyadetical orders (See Table 3.18).

Verbs Gloss (verbs) derived nouns Gloss(nouns)
s fessdma | Complete ¢z fssum’ ‘ completed’
¢+a ‘kataly Kill 0. katali’ ‘killer’

++a ‘katala’ Kill a+¢ta ‘masteqtl’ ’ killer’

¢+ a ‘kAyasd Prise ¢a ‘kes’ ‘priest’

Table 3.18: Noun derivation from verb by changitghabetical orders
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3.5.2 VERB DERIVATION

Ge’ez verbs have an ability to create new words dha not similar with the original verb form.

This new word form can be created by verb derivestid 6].

As [46] discussed, Ge’ez verbs can appear in sanadl of the following possible verb derived
forms using prefixes: base (simple past, shownahld 3.1), causative (prefix ‘a-), passive
reflexive (prefix+- ‘ta&-" , if not preceded by a subject prefix , etise+ t-), and causative

passive (prefiua-+- ‘astd-’), (see Table 3.19).

Simple past = causative > reflexive-passive = causative-passive
3m.sg ¢+a--- adt+ala-qt al- a /----------- -+¢+a/td-qatl-a /------------ aa-ttal asta -qatl-a /
lpsg ¢tan-- Adt+and/ & ktal-ku/--- +etandt & katl-ku/--- Attt

2m.sg ¢+ah-- A¢+ah/ a- ktal-k  &--- ¢+ah/t & kat d-k &-- Aat+Ftan

2f.sg ¢t+ah-- APtan/ & ktal-ki/---- +etan/t & katal-ki/--- Attdtan
3f.sg ¢+at-- APtat/a- ktal-  &/---- +etrat/téa- katl a/ ---- Adtetat
1p.pl ®+at - hetanr /a- ktdl-n  &---  +etal ftA- katdl-n - hAatetan

2m.pl  ¢trahom- hptahotd- ktél-kmu/--  +etahortd-  katdlkmu/--  Aat+dtahae

2f.pl  #t+tahr--- APtahz/a- ktal-kn/ --- +e+ah7/ta-  katal-kn/--- Aa+atan
3m.pl ¢ta--- hetald- ktal-u/----- +eta/ta-  katl-u/-------- Attt
3f.pl ¢+a--- hdtald- ktal-a/---- +etafta-  ktal-a/--------- Aa+gta
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Table 3.19: Verb derivations from verbs

From the above verbkédtda ' /he killed/, the causative and the reflexive g@s show the
meaning ‘he caused to kil and ‘he was killed’,daalso &kéatatal-a “ killed each other’, &sta-

katal-a ‘he caused to be killed’. The others are trandlatesimilarly fashion.

As discussed by [52], the whole lexicalized Ge’erb can be designated with letter A, B and C. ype

is the unmarked class. In the base past and judtiges are two subclasses of type A: Al has stem
vowel & /4/ in the past and stem vowela/ in the jussive, whereas A2 has stem vowel in the past
anda/a / in the jussive. The corresponding to stem Vaalternations form to type A class are: past

CacCacC> present jussive CCuC, past Caeifresent jussive CCacC.

Type B class of verbs is categories with geminatmddle radical. Type C is the class of verbs
with stem vowel /a/ after the first radical consanaA verbal entry must be marked in the
lexicon as either class A, class B or class C ireggeand if it occurs in one class, it will not

occur in another. An exception to this general rglehe class of passive reflexive C (e.g.
tanagard). Table 3.20 illustrates Type A, Type Bl diype C to perfect and Jussive tense

categories as follow:

Types/verb classes Past Jussive

A nagara/ 11¢ 7oc/ngar

fa ssama/ ¢ao esaffd ssama

C masan/ m7 a1y /msana

Table 3.20: Verb classes
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3.5.3 ADJECTIVE DERIVATION

There are also adjectives that are derived fromeGe/erbs. The followings are possible
adjectives derived from a verbra: <4, ° kétala, katal-i' to 3m.sg, ¢+ae7 ‘kétal-yan’ to

3m.pl, ¢4+ ‘katal-ite’ to 3f.sg, and rae+ ‘katal-yat’ to 3f.pl.

In derivational morphemes, suffixes sucheasnd ¢ are used to create adjective likese

‘The thief',‘thief’ and¢.¢ 3¢ ‘The thief’, ‘thief .

3.6 PLURAL OF PLURAL NOUNS

Plural of plural is the other phenomenon of Ge’eamns. It is an additional pluralizing of plural
nouns (plural of plural). This can be created bgiag suffixes such as+ “it’. For example; to

a plural noury 7,24 nagast ‘kings’ , the plural of plural can be formesiza.~## ‘kings.

Adding prefix-suffix to plural nouns is the otheogsibility to create double plural nouns (see

Table 3.21).

Singular Plural plural of plural Prefix-----Suffix
2 74 7749 77294 -AT
A AT A2, N.FD% T - AT
LA4C ALNC AL - AT
09%: AL TR AL TR A-. .. 4T
2 9% AC%h AC Tt A ... AT

45




Table 3.21: Plural of plural words formations

3.7 COMPOUNDING

Most compound words are created by combining tiferdint words. For example; for a woreh. dine,
&0, - axsc /dibe -bdpar/ ‘above (the) sea’ andn- +#e+71 /dibe tagwama/ ‘Above the home of the

candle ' are possibly formed. Compound can atsereated by inserting (e) as infix in Ge’ez noun

for all pronouns (see the detail in Table 3.22):

Compound Gloss

a7y ¢ [‘@ameyd]

‘In my time’ (1p.sQ)

A3 [‘amekd]

‘In your time’ (2m.sg)

A3 . [ameki]

‘In your time’ (2f.sg)

A3 her{&mekmul]

‘In your time’ (2m.pl)

A3 h? [Amekn]

‘In your time’ (2f.pl)

A3 1 [Amend]

‘In our time’ (1p.pl)

A3 v-[Amehu]

‘In his time’ (3m.sQ)

Aoy 7 [Ameha]

‘In her time’ (3f.sQ)

Aoy, rro- [AMehomu]

‘In their time’ (3m.pl)

Aoy rrr[Amehon]

“In their time * (3f.pl)

Table 3.22: Compound word formation

3.8 NEGATION OF GE'EZ VERBS

The common negation prefix in Ge’ez verknis-/. This is when it comes with perfective form

of verbs. Table 3.23 illustrates negation of verbs;
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Verbs negative of verbs

++alkatal-a A- ¢ta ' i- katal-a’
edtaly-katl A- edta i-y-katl
edraly-kil A- eda C I-y-ktl

Table 3.23: Negations of words
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3.9 SUMMARY

This chapter discussed about Ge’ez language margholinflectional and derivational
morphologies. Both the inflectional and derivaibmorphologies involve suffixing, infixing,

prefixing. Hence, Ge’ez words are very complex rhotpgically.

The complexity of the language is one of the maasons for a language to desire a stemmer. A
stemmer helps to conflate variants of words as a®llo access documents in natural language

text.

Since verbs and nouns are very rich in morpholdgibaracters to agree with person, number,
and gender of subjects in Ge’ez language, the sissons are mainly focué®n noun and verb

morphologies.

The internal and external plural nouns are alsoudised in this chapter. External plural marker
includes suffixes, infixes and prefixes. Intern&lirpls are created by changing the order of

radicals.

The forms of Ge'ez verb such as perfect (past amupteted actions), imperfect, jussive,
subjunctive and infinitive are discussed. Its dational characteristics: causative reflexive,

passive reflexive, and causative passive are al=0.s

The next chapter presents the development of anséero conflate variants of Ge’ez words with

respect to concepts in this chapter.
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CHAPTER FOUR

DEVELOPMENT OF A STEMMER FOR GE’EZ TEXT

4.1. INTRODUCTION

This chapter presents the tasks that were donevelabing a Ge’ez stemmer. It includes an
affix removal and morphological analysis techniquagthermore, the preprocessing steps such

as stop word and non-functional word removals & part of the discussions.

Finally, a report is made on how the developed stemwvas done on the sample set of texts to

evaluate its performance.

4.2. SAMPLE TEXT

For this work, sample texts were prepared fromedgfiit sourcesp4a. «ice ‘wdase maryam’
(prayer book)[54], history of Abune Habta Marriabb] and Bible in Ge'eZ ¢ asn @11.4)[7].
These documents are selected only because theyeaddy available to the research. The

selection of topics and chapters from each resonasedone randomly.

All sample texts were collected from hard copied arere typed using visual Ge’ez 2006. A
python script was written to translate the samgistinto Latin equivalences. This was done to
increase efficiency. For the purpose of the expemtmnpython2.6 and python3.0 codes were

written. To test the performance of the stemnter wwhole sample data sets were used.
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4.3. WORD DISTRIBUTION OF GE’EZ

As discussed by [9] and [14], word distributionsi@mple text documents of a language helps to
study language’s behavior, and this distributioan ®e shown using word-ratio (numbers of
distinct words to total numbers of words), and petdrequency ratios (e.g. total words which
have frequency equals to 1 to total numbers of gjordhese help to show how much words are

morphologically distributed within a document.

Name | Total Distinct Word-ratios in| %of words with| %wordswith
of text | words words percent frequency 1 frequency more than 1
Lukas 1,866 1,064 57.02 38.75 61.25

Table® 4.1: Number of words and their distributions td&2esample data sets

From table 4.1, words with frequency of one cootit38.75 percent (%) of the total. This
means more than one-third (1/3) of the total wordthe sample texts composed of frequency
equals to one. More than half of the sample texdsevalso distributed uniquely as shown word-
ratios in table 4.1. This implies that there aréstexces of more variants of words in Ge'ez

sample data set text.

To compare the sample sets of Ge’ez word distabstiwith other languages such as Tigrigna [9]
and Amharic [16], the whole data sets were takehstmown in table 4.2. The data sets of Arabic

and English languages were also adopted from [14].

%. Word-ratio is the ratio of numbers of distimabrds to total words
- %of words with frequency equals to 1 is ratiovords with frequency of equals to one to totaimer of words
- % words with frequency more than 1 is ratio of words with frequency greater than 1 to
numbers of total word
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Language | Text Total number®istinct | Word-ratio (distinct tg
of words words | total words)

Ge'ez Lukas 1,866 1,064 57.02%

Tigrigna Textl(SRUGGLE) 1,632 918 56.25%

Amharic Textl(AMTHES) 4781 2663 55.70%

Arabic Textl 1,600 902 56.38%

English Textl 1,600 621 38.81%

Table 4.2: Comparison of word distribution ratidshe sample data set

The word ratios obtained from table 4.2 are alnsastilar to Ge’ez, Amharic, Tigrigna and
Arabic texts. However, it is absolutely differenbrh English text. This similarity among Ge’ez,
Ambharic, Tigrigna and Arabic might be due to thetféhat each is in Semitic language groups.
As shown in table 4.2, larger numbers of uniqueds@re found in Ge’ez document when it was
compared with other languages, especially with 8hglHence, Ge’ez language has more
distinct words and is morphologically very complexguage when its word distribution is

compared with others based on their sample daga set

The zipfians law could also be used as an indioatib complexity in the morphology of a
language [9]. But, according to [16], this law @& @beyed by many languages. This law is done

based on frequency of words as follow:
Fr=k

where f is a frequency of a word in document, naisk of a word( in highest to lowest frequency
arrangement) , and k is a constant value. The & the product of the rank and frequency of a
word gives us a constant value for all words oftthe.
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But, for example; for the sample data set, more 20 words have a frequency of one, hence
for a word which is settled at the end (i.e. at,064) and a word at r=342, frequency to each
word is 1. Therefore, k to the first and the secamilds are 1064 and 342 respectively, which
are not matched. This means the zipfians law issudficiently support to conclude Ge’ez

language’s word distributions. Hence, it was @ft to this work.

4.4. COMPILATION OF THE STOPWORD LIST

Stop words can be compiled from the sample textgusank-frequency distribution and by
checking from list of known stop word lists (dictary). The rank-frequency distributions of
words, especially to a language which have high pmaiogical complex words are not

convenient to determine stop words. But, the freqyenay guide in selecting stop words [16].

Some words such as prepositions, conjunction aticles in Ge’ez can exist affixed to words.
For example, the advert® ‘nayd may exist asi ¢ ‘nayaki’, 1¢n ‘nayaka, 1¢ ‘naya’, 1 ¢
‘nayomu’, 1¢7 ‘nadyon’, iehe ‘nayakmu’, ver  ‘nayand, which makes identification

problematic.

The common stop word list includes lists such ameoters, articles, infinitives and so on. It can
also includes verb to be words suchha$ ‘and ‘am, was, a7+ /‘antd/ ‘are, were'az+ /[*anti/
‘are, were’, o+ /w'atu/ ‘is, was’, ext/ y'ati/ ‘is, was’, 7vi1 /nhrél ‘are, were’, ¥ tav/antmu/

‘are, were’, ar+r/antn/ ‘are, were’, ontor/w’atomu/ ‘are,were’  extz [ly'atin/ ‘are, were’.
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Demonstrative adjectives such as-+ zntu/z/ ‘this’ (2m.sg),ut z/zati/ ‘this’(2f.sg), aa
‘alu/‘alontu/ ‘these’(2m.pl)xa ‘ala/’alantu/ ‘these’(2f.pl)n+ zktu/zku/ ‘that'(3m.sg) 7+t

‘antacati ‘that’(3f.sg)nan-+ ‘alktu ‘those’(3m.pl), alktu ‘those’ (3f.sg) areap of stop word lists.

Prepositions such &g /dibo/ ‘on’,axa /la’ald/ ‘with---on’, Jv-+ /tahtd/ ‘down’ est-v+ /mathtd/
‘to---down’, oa+ /wstd/ ‘in’, eam/ waste/ ‘within’, ess.ha /ma’akdld/ ‘between’as™ ['amn &/

‘from’, nee/"am/ ‘from’, .1 /gize/ e.t.c are also included in stop list.

Most words in the sample text are occurred witlgdiency of one as shown in Appendix-Il and
discussed in section 4.3Therefore, different words including stop words eaist in various

forms due to affixes. Hence, it is better to usp stord list to remove stop words. For this work,
lists of stop words dictionary was prepared frofifedent books such as [51],[53], [54] and [55],
and then automatic checking was done before stegiasmwell as during each stemming

processes.

There are more than 241 stop word lists in theahery. The complete list of the stop word lists
compiled from the sample text is given in Appentlix See some stop word lists that are

acquired from sample data set in appendix IV.

4.5. COMPONENTS OF THE STEMMER

The stemmer removes the affixes by applying varroies to each affix and this was done using
an application of context sensitive rules. Theslesriare designed based on morphological

natures of a language to each sequence of adtivilibere are also affixes that are stripped using
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iterative approach with rules of the language. &@mple; lists of characters suah o ‘wa’,

acla, H ‘z& and h ‘k&’ can be occured by concatenating each otremefix of words.

The root of Ge’ez text can be obtained by strippng all the vowels from the stemmed words
[49] and [50]. But, when the first character of ard is vowel, it may be considered as
consonants. For example, wherd comes at the beginning of a word, if it is meinoved as

prefix, it is not considered as vowel and is nohoged from a word. For instance from a word

A0  ‘anst’ , ‘a4’ is considered as consonant.

In this paper, the stemming method incorporates di¥ferent stemming techniques. These
techniques are: affix removal and morphologicallysia techniques. The following sections

describe the detail techniques of each method.

4.5.1. THE AFFIX-REMOVAL TECHNIQUES

Before this technique is applied, some common stopls from sample text are removed by
matching with stop word lists. In the process dixafemovals, the length of each word is also

checked.

The stemming process is done whenever a word have than two radicals or length of a word
is greater than three depending up on the lengtimeofaffixes. This is because the minimum
numbers of radical to Ge’ez words are two, andntiost common words contain three radicals
and above. The stemmed word, after affixes ar@venhis also checked with list of stop words

and if it is part of stop words, it will be removeEdm the sample text.
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This technique helps to determine all possiblexaffi(prefixes, suffixes and their combinations)
that can be attached to Ge’ez words. List of comaitires with their rules are collected from
different books such as [50], [51] and others. Thenxmon suffixes and prefixes commonly
occur by attaching with Ge’ez words, but these rtae& own rules when they come with nouns
and verbs. For example, the ward ‘kon&’ and »ma#+i ‘ “hat’and’ both have the suffix ‘—n&
but n& is not removed from ‘kon&’, but *-n&’ is rewed from ° h@é&n&’. This is done using the

assigned rules such as length of words, numbexdifals and sequences of characters.

In the process of suffix or prefix striping, thendggh of words is checked iteratively, i.e. if the
length of the stemmed word is greater than or etalsuffix or a prefix, greater than two, and
is not in the stop word dictionary, the suffix amdprefix are stripped out from the word,
otherwise, no stripping would be carried out. Emample; a suffixie» ‘kmu’ can be stripped
out from a verbrr+anhe-katdkmu'. In this case, the length aie> ‘kmu’ is not greater than the
stemmed word length and is not in stop word lignég, the last three letters are seen as a suffix.
In second example, the wokde ‘zenay, stemming can be done by removing the suffiya

from the word to produce the stemmed washa( ‘news’) But, this does not mean that the
length of affixes is always less than the lengtlthef stemmed word. For example, from a word
‘kétlikmung the length of suffix (-ikmu#g) is greater than the length of the stemmed. Bus, t
can be caught using rules. Here, the length ofméxad word without considered affix is
checked and if it satisfies the condition and nundfeadicals is not less than three, the assigned

actions are taken based the appropriate rules.

Basically three actions are taken in the stemmioggsses. Only the two actions are applied to

affix removal. These are:
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Actionl: do not remove any affix

Action2: remove the concerned affix

The third action is applied in morphological an&y®chnique (at section 4.5.2). To take any
one of the above actions, there are conditionsateatised to check the rules and apply an action

1 or action 2. These are:

Condition 1. After getting the assumed prefix or suffix, if nuentof radicals is not more than

two or length of words less than three for a woitheut affix, take action 1.

Condition 2. If part of the assumed affix is obtained and nundfeadical without assumed
affix is greater than two or length of a word gezdahan three and is not in stop wordlists, take

action 2.

In the stemming process, based on the above conslithe appropriate action is taken. To take
each action in the conditions, there are rules dhatdesigned to each sequence of characters of
words. For example to remove the prefisd, it is necessary seeing each follower characad

the third character from the left and so on in &ddito word and radical lengths.

In removing of affixes, the sequences that are dortis work are: [checking word length],
[checking prefix], [prefix removing], [suffix cheakg] and [suffix removing]. In each activity,
there are stemmed word length checkers, stop wedkers and character sequence checkers.

The followings are parts of affix removal technigubkat are designated to this work.
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4.5.1.1. PREFIX STRIPING TECHNIQUE

This procedure takes a word and checks the exmsteha true prefix, and removes it whenever
the condition is fulfilled. For example a verb wihioegins with‘me’ and its last two characters
are sixth order and its length more than three) #h'end’ is a prefix of a word. For instances.

ZEMAra=> oml 9¢. Mazamr, av7 ¢ mahalda~> oy mamhr, ehe fakara>ewhc mafakr and so on.

The common prefixes that may attach to the lefé glieginning) of Ge’ez wordse A‘&’,

A, A'a, ama’, e“‘mu, +18, &'t a7'an’, haat'asta, Jta’, 1, R'a,

?'ya’, glya’, ey, nu’, T‘na’, 7'n’, o'wd’, H'z& and NEW

The basic rules that check whether the assumedk psefrue prefix or not are checking word
length (represents the length of a word withoutediy), prefix structure (represents a prefix and
its follower, end of alphabet that could be attatteea word and so on) and whether the word is
part of stop word list (represent whether a stemmexl is part of stop lists or not). These rules
are used to minimize the over stemming and undanrsiing problemsTo strip prefixes, the

following algorithm is used.
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1. GetWORD

2. Open stop word files

Read a WORD from the file until match occurs witkop word lists or End of a File reached

IF word exists in the stop word list

Remove a word

3.  Count number of radicals (consonants) of a WORD alahgth of a word

4.  If number of radical (length of a word) <=2, stoma Return WORD

ELSE:

IF length of prefix>length of stemmed, then stop dmeturn WORD

ELSE IF length of WORD <3, stop and return WORD

ELSE GOTO step 5

5. If length(word)<length(prefix)+3 or the first lendt(WORD)-length(prefix) in stop lists,
then remove a word

Else go to step 6

6. Check the rule:

If it satisfies the rule GOTO 7.

Else return WORD.

7. Remove prefix

8. IF number of radicals of stemmed WORD >2 and a WD with prefix, THEN GOTO 2

ELSE stop and Return WORD

9. IF end of file not reached

Gotol
ELSE

Stop processing
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Figure 4.1: Prefix striping algorithm

4.5.1.2. SUFFIX STRIPING TECHNIQUE

This process is done after prefixes are releasédrom the lists. Like that of prefix striping
process, at each action the whole documents areketiewith sequences of rules before

stemmed words.

The common suffixes that appear in Ge'ez wands  7'n’, 't o'W, ey, A
‘u’, A'd, o'm’, h 'k, 7', v-‘hu’, v ‘ha’, a‘mu’, A7 ‘'an’,
At 'at, ! At ot, A9 ‘am’, h ‘k&’, e 'ku’, £+ ‘'yat’, g 'ya, e ‘wi',

S ‘na, ? 'y&, h ki’ 1 ‘nd, h? ‘kn’, £7 'yan’, hevkmu’, P+ ‘wat’,

of ‘wya’, re‘homu’, atal, hev- ‘kédmu’ and their combinations.

In the process of suffix striping, word length amgmber of radicals which represent the length
of a word without suffix. Suffix checker (represeat condition that checks whether the assumed
suffix is true suffix or part of a word). If the ae conditions are fulfilled and a word without
part suffix is not found in stop word lists, sufriping is done based on the assigned rules. The

following algorithm is used to strip suffixes.
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Get WORD
OPEN stop word files
Read WORD from the file until match occurstivstop word lists or reached
at End of File
IF WORD exists in the stop word list
Remove WORD
ELSE
Count number of radical and length of WRID
3. If number of radical<=2
Return WORD
Else
If length of words <3 then stop angturn WORD
Else GOTO step 4
4. IF length(WORD)<=length(SUFFIX)+2 OR length(WORithout
SUFFIX)<length(SUFFIX), then stop and return WORD
ELSE
IF the first length (WORD)-length (SUFFIX)n STOPLISTS, THEN
remove WORD
ELSE apply RULES and check them
IF satisfy RULES, GOTO step 5
ELSE stop and then return WORD
Remove suffix
IF number of radical of a stemmed WORD >2 and a WDHSs with suffix,
THEN GOTO 3
ELSE stop and Return WORD
7. IF end of file not reached, Goto1l
ELSE

Stop processing

Figure 4.2: Suffix striping algorithm
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4.5.2. THE MORPHOLOGICAL ANALYSIS TECHNIQUE

This technique helps for minimizing improper removhsome affixes from words which have
main letters that appear as infixes and suffixégs Tan be achieved by patterns of a language.
These patterns are collected from various Ge’ek®esach as [50] and [53]. From words which
do not satisfy the pattern, the affix is considessdoart of a word. Hence, such types of affixes

are not true affixes.

This method is used to stem words with 3 or 4 i@didn this technique, there is one action and

one condition to take the action. These are:

Action3: replace an affix with other affix or remove voveglconsonant with other consonants.

Condition 3: If the assumed affix is part of an identified comant-vowel structure in consonant
- vowel patterns [In this case action 3 will beeialby the stemmer]. This condition is done after

the possible prefixes and suffixes are removed.

The rule includes checking word length and checkingsonant vowel patterns. When the

conditions of rules and word patterns are matchetiipn 3 is taken.

This technique helps to convert the internal pluvatds (infix) to their singular forms. Affixes
that are not removed by affix removal can be sifigaliby this technique. For example; a word
594 ‘danagl’ anda-ne#+ ‘Abyat’ could not be stemmed by affix removal teigue. But, this
method could handle them and change to singular dwopattern (using

C1aC2aC3C4C1C2C3C4 andC1C2aC3>C1eC3 forms respectively).
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This technique is very difficult unless the worgsitterns are known. Therefore, it helps to
minimize number of unstemmed words. The rulesakert to both nouns and verbs in one. This
causes to unknown word creations. Therefore, it bepossible to improve the performance of
the rule by separating rules based on part of $sed-or example, a rule to noun should be
implemented to nouns only because when we implemeatrule that is not designed to certain

documents, it causes to decrease efficiency aftramer.

Words which have prefix but not striped from therevare also held and stemmed with it. For
example enc >agac ‘dabr> ‘adbar’, cca>aecn ‘fardas> ‘dfras’, and so on. In these types
of nouns, the prefix ‘@ not removed using prefix striping technique besmthe condition is

not fulfilled, but this technique can solve thioiplem. See the following examples how one

structure of words is changed to other form:

Unstemmed words’ forms Stemmed wordsofms
C1C2eC3-- mmmmmmmmee- ->C1C2C3 or C1C2
e.g. dbaw----eb
‘ager------ ‘agr
C1aC2aC3CA4/t/----=-====mmmmmmmmmmm =>C1C2C3C4 if not have t,

C1aC2aC3CAa/t/----------=-===-m--- =>C1aC2C3C4 if a word has ‘t" at the end and not haven-
‘w’, C1oC3C4o if c2="w' and has not ‘t’,
e.g: resafnt-------- nésfn

awvarh------- Sorho

62



C1aC2aC3CAa/t/-----------=====m--- = ClaC2C4 if C3='w’ and has ‘t’ at the end.

e.gkédsawst-------- kass
ac1C2uC3 —24&C1C3
e.gaddug---------- adg
C1laC25C3% ----->C1C2aC3
e.g. 8yarg------------- ngar

where C refers to radical (consonant) with in advor

Table 4.3 Sample structural analysis of Ge’ez wgvdgbs and nouns)

4.6. EVALUATION OF THE STEMMER

To evaluate the performance of the stemmer, masaiting technique was used. This helps to
compare numbers of errors that are not conflatecectly with the correct one. In the stemming
process, three types of errors are observed. Taesainder stemming, over stemming and
structural errors. See some errors of the stemméable 4.4:

Words Resulting stem Expected stem Error type
“slstu “slst ‘sls Under stemmed
Heqefkiyu Hef Hqf Structural
IgziebHEr GzebHr lgzebHr Over stemmed
Imnske Sk Nsk Structural
Eyesus Yss lyss Over stemmed
Kemeznu Kz Kmz Structural
Genete Gt Gnt Structural
Weizeiyasekr Ziyskr Askr Structural
Wereseyene Ry Rs Structural
Yalgob Igb Yigb Over stemmed
YtwaHyu TwHy Why Under stemmed
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Table 4.4: Examples of the stemming errors

Using manual assessments of the stemmer, undemsrolds 4.27 %, over stemmed covers

6 % and due to structural problems 7.31% from sandaita sets are observed. Totally this

version of the stemmer generates 17.58% stemmaersei€onsequently, the accuracy of the

stemmer becomes 82.42 %.

The errors that are observed from the stemmer dmildue to the following reasons:

1. Because of the complexity of the language, it wégdlt to come up with the complete list

of affixes at a time.

2. More conditions/rules are required based on alddtatudy of the morphology of the

language.

3. The whole rules are designed to common words. Térerexceptional words and these may

cause to increase stemmed errors.

The stemmer is also evaluated with percentage mfpoession. For calculating the compression

rate(C), the expression used by [9] was used. Xpeession is shown as follow:

-

\_

C= 100*(W-S)

Y

~

J

Where W is the total word

of the text and S is the total

stem or root numbers.

Figure 4.3: Expression for measuring compressitasra
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The dictionary size and the compression obtainedtgam and root from sample text are given as
follow:

Number of stems 29.90 % reduction

Number of roots 62.8% reduction
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4.7. SUMMARY

When a stemming process is done, over stemmingiager stemming problems are observed
from affix removal technique, and structural praobéeare mainly observed from morphological
analysis technique. The last problem may be bedantbea verb and a noun may have similar
consonant vowel pattern, and stemmed equivaleBdgause the structural patterns for nouns

and verbs are designed in one.

For experiment, there are 1866 words, which arkecteld randomly from available sources.

From these data, performance of the stemmer isiateal and the result shows 82.42 % accuracy.

For these data sets of words, 29.90 % compresgistemmed words and 62.8% compression

of root words were found. The total errors that@sserved from the experiment were 17.58 %.

The stemmer conflated derivational and inflectioafixes. It is not conflate irregular and
compound words. These words are very complex alolwvfaifferent (non-constant structures)

patterns.

The next chapter presents conclusions of findimgsracommendations for this work and future

research.

66



CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Ge’ez is a language with root pattern structurécglpf Semitic languages. A single word in the
language has a number of variants. Ge'ez is richbath inflectional and derivational
morphologies. The main word formation process igedilirough affixation. It uses prefix, infix,
suffix and reduplication of a word. Longer wordsnche created in Ge'ez text via the

concatenations of affixes or reduplications of vgord

As shown in chapter three, Ge'ez’s word distriboti@tio shows the complexity of it as
compared to other languages such as English. Talysis of word ratio of distinct words to
total words calculated from sample text showed tBatez is highly morphological complex
language than English. But, it is related with Ambdy [16] and Tigrigna by [9] though there

are some differences. Its most words are disetbthroughout the texts and are singletons.

Stemmers developed for other languages could nappked for this language. This is because
of the morphological complexity and differencedeature of the language as discussed by [16].
However, commonly used methods of stemmers suctses stop word lists and context-
sensitive rules are employed. Some techniqueslsmeadopted from [9] and [16] in developing

the stemmer.
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The stemmer contains procedures of affix removath saas prefix and suffix removals. It also

holds structures to verbs, and internal plural kbeand converts to singular forms of nouns.

In the experiment, the developed stemmer was etlud866 words which are selected
randomly from available documents. From the expenihof the stemmer, the number of under
stemmed covers 4.27%, over stemmed words holdsmfstauctural errors covers 7.31% from
the sample texts. Hence, the total errors accouri8%. Therefore, the performance of the

stemmer is 82.42%.

In terms of dictionary size, the compression of stkemmer became 29.90% for stemmed data

and 62.8% to root sample data set.

In this work, rules are not enough when comparet thie language’s complexity. This is due to
the limitation of time and complexity of the langga In general, conflation algorithms have
inherited limitations and certain linguistic probile that are common to all conflation algorithms
[14]. The two words that have the same underlyteghgefer to the same concept. However, this
is not always the case since sometimes words ofdhee stem need to be distinguished while
words which are essentially equivalent may meaferiht things in different contexts. As a

result, it is expected that such systems incrdeserrors numbers in addition to lack of rules.

Although additional rules and conditions may neags$o increase the success and achievement
of the stemmer, the accomplished result of thiskwercomparatively balanced when compared
with other stemmers that are developed for otheguages. Hence, the experiment shows that

the proportion of errors does not diminish retrleaféectiveness too much.
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However, the performance of the work can be impdovaifferent preconditions are fulfilled:
corpus and sufficent soft copy documents as welbddgitional rules are prepared (this is

recommended for future works).

5.2 RECOMMENDATIONS

The study in this work is done on the limited sizke sample texts and not tested in IR
environment due to time constraints and limitatadrfreely available Ge’ez texts in soft copy.

So, it is possible to design a better stemmer Ipyyapy on a corpus of soft text documents.

Since this stemmer is the first trial of Ge’ez laage, improving the stemmer is better to attain
better performance, and to come up with operatitavalls. As a result, the following
recommendations are suggested:

- One can add more rules in order to increase th&acy of this stemmer.

- One can do the stemmer by designing taggers whilehta differentiate part of speeches
and stemmed each based on their assigned rules.

- Different approaches such as N-gram approach, tikeraapproach, and/or their
combinations can be applied to see whether bettéonmance can be achieved or not.

- Experimenting the stemmer in IR environment to roeadts performance in actual
retrieval session

- Studying the effect of ordering the stripping prdwess on the performance of the stemmer

and selecting the best possible order.
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- After improving the algorithm to its appropriatedd, the stemmer can be an important tool
for those researchers who are interested to shelse’ez language morphology.

- It is possible to use the stemmer by incorporatitiger components for developing other
computational tools like morphological analyzeryses, spell checker, thesaurus, word

frequency counting, and summarizers.
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APPENDIX I: TRANSLATION OF GE’EZ SCRIPTS.

In general, the translations applied in this thesesas follows:

A. The Ge'ez script (Zelalem, 2001)

Y.

o

<

= | =

X

Ly |

-
o

.'I-

—

[ 2

alla

=i

-

“F

- P

e | o | Oy | O

e

e | T | 2

b

e | &

By

“ry | <R | | o™
ey b O e B

.

e

T | T | ¥ | T | A
w5 [ < [ g | e | TP

e S

ol .

ey

L

>
<k

e O e
. | | E

T | T} | T | F | T

aln-

L ]

-

b

- | e | G | B | W

= | TIZ

ala

-

w | "W | i

u e ' P
™ T T
£ T

X

Ty -

-

T

o




~ H ¥ S 2 % 2> N T 3§ 3> 2> <

-~

he
le
He
me
‘se
re
se
xe
ge
be
ve
te
ce
"he
ne

Letter Wariants (labiowvelars)

a i a e a
H:w ﬂl:, 'l'.!”- (-Ll :ll- q'_!lq-
ko | | <P | | B | P
b | = | "7~ | Tn | 7B | P
1Y [T~ | oy, | T | T
g | e | =~ | B | 2| 2
Translations of characters for implementation:
A e e fe nu
n ke T pe '+  Nu
T ke v hu A U
o we & lu - ku
0o e 4 Hu T “ku
H ze - mu @ wu
Ze w- 'su o u
¢ ye ¢ ru zu
£ de - su 1w Zu
e je T Xu & yu
17 Qe ¢« qu 4% du
m Te  bu g ju
am Ce o vu T+ gu
4 Pe + tu m Tu
% Se Eoocu e Cu
8 Se + "hu % Pu

Ne

~
(21

P & B P N & 3 3 P oN o3 OB PP

=

Su
“Su
fu
pu
hi

Hi
mi
'si
ri
si
Xi
qi
bi
Vi
ti

S R P g B P S8 o F S N 2N

2

ci
“hi
ni
Ni

ki
ki

Wi

zi
Zi
yi
di
ji

gi
Ti



hE
IE

na

Na

Ci

ZE
ZE
yE
dE
jE

Pi

HE

Si

mE
sE
rE

ka

'Si

fi

“ka

wa

pi

gE
TE
ar CE

SsE
xXE
qE
bE
VE
tE

ha

za
Za

la

ho

7

Ha

lo

PE

SE

ya

ma

Ho

<

da

‘sa

mo

'SE

fE

pPE

ja

ra

'so

cE

ga

sa

ro

“hE
nE
NE

Ta

Xa
ga

SO

Ca

X0

Pa

ba

z

Sa

va

KE

‘Sa
fa
pa

ta

kE
wE
fo
po

ca

“ha
go

£ gWa

2. SWa hWa

CWa
2. Pwa

6h),

tWa

cWa
1+ hWe

Zo
Zo

bo

n kWa

fWwa
I pWa
¢ qWu
“+ hWu
r kWu
»  gWu
+ gWi
. hWi

e kWi
o gWi

4

IWa
4, HWa
@ mWa

\'4¢]

gWa
¢ gWE
%  hWE
% kKWE

2

nWa
g  NWa
o kWe

Y

yo

to

do

co

‘sWa
rwa

jo

“ho
no

zWa

go

gWE

2

ZWa
2. dWa

"
%

To sWa

No

ea

kil

xWa
¢ gWe
9. bWa

Co

Wa

Po

ko

= gWe
m, TWa

So

ko

wo

vWa

‘So

C. Ge’ez-Numbers.
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b & [
1 2 3
T
20 an 40
D. Punctuation

g T

camma

APPENDIXII: Lists of Sample Text with Their Frequency

(‘zewe'le', 2)
(‘eron', 1)
(‘ebase’, 1)

('yt'eqebwo', 2)

(Hzb', 1)
(lekulomu', 1)
('kone', 2)
("bzu'han", 1)
(itab’, 1)

(‘estesalma’, 1)
(Igzine', 1)
(ma hyewi', 2)
(merTuleke’, 1)
(‘be’haTie', 1)
("heb ani', 1)
('Ski', 1)
(wequr', 1)
("hebEhu', 3)
(iytgemer', 2)

= 100

= =gl

full stop f period

o I
1ol
-~ ]:-:]

B

£ € T

B0 70 &0
N '
! il

calan semi-calan

(‘emlakomu’, 1)
("sereSa’, 1)
(‘bzu han', 3)
(nesHu', 1)
('"hzb', 1)
(‘beemkurab’, 1)
(‘kellta', 1)
(msbit', 1)
(‘meleke', 1)
(yngru', 1)
("Thl', 2)
(‘bemnt’, 1)
(‘kebetet', 2)
("ebiye', 1)
(Ibrotu', 1)
(‘brhan', 2)
(‘'yalgob', 3)
(‘konke', 1)
(‘Kflo', 1)
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o I

S =)

nreface colan

1
]

g 10

L - §
100 10000

- :
] ]

guestion mark

(ho longer used)

(‘'webelElit', 1)
(iyadengSa', 1)
(‘bluye’, 2)

(H, 1)
("helefe', 2)
(ySelyu’, 2)
(‘yeHewr', 2)
(Talem', 4)
(‘wetellkwo', 2)
("helqu', 1)
(‘bekallt’, 2)
(‘zeleke', 1)
(nguse', 1)
(‘welmz', 4)
(fTret', 2)
('kulu', 8)
('fgerE', 3)
('taHte', 2)
(‘'mel’Ite', 2)



(mebreqge’, 1)
(‘egannt', 1)
(HSan', 1)
('ysllo', 1)
("Ifret', 2)
(‘ymeSI', 1)
(‘yuHens', 3)
(ra’lyu', 2)
(nebere', 2)
(dengeSe', 1)
('tled’, 2)
('zeegbo', 2)
(‘welde', 4)
('tf sHte', 1)
(‘burket’, 2)
(‘WsTe', 1)
(Calem', 1)
(‘'webe', 2)
(lemelake’, 1)
(leweld', 1)
(‘bequre’, 2)
(lelrgt', 1)
(‘hayle', 1)
(‘e"hegur', 1)
('Sdqge’, 1)
(nbl', 2)
(‘wereseyene', 3)
(kEfa', 1)
("haTietene', 5)

(‘'menfesawit', 3)

(‘kme', 1)
('krstos', 6)
(‘'ynebr', 4)
(‘ymHeru', 2)
(wengEl', 2)
(‘ed’hnene', 3)
(may’, 1)
(‘'na’ebyeki', 2)
(‘hebo', 1)
(PETros', 1)
(‘eqabE', 1)
(Igztne', 2)
(‘'ytwaHyu', 1)
(ze'ITan', 2)
(Igzil', 1)
(‘ed"hane', 2)
(‘temeherke’, 1)
(‘ElsabET', 4)
('tlzazu', 2)
(‘beSelet’, 1)
('sfaH’', 2)
(‘ebuke’, 1)
(‘bela’llEke’, 1)
(Im Ser', 1)
(‘'mntni', 3)
('tese’ete’, 2)
(wsTe', 12)
(Imdr', 2)
(‘neSerwo', 2)
("Snsa', 2)
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(‘yebset', 3)
(‘nefsye', 2)
("Ysugeni', 1)
(Imantu', 2)
('leequyaSike', 1)
(‘ka'Ibe', 1)
(menu', 2)

(w', 1)
(‘'membkre’, 2)
('Kbr', 5)
(‘Kemebo', 1)
('y sugeni', 2)
('bEto', 2)
(‘bezeymeSI', 1)
(lebzu™han', 2)
(‘'ski', 2)
(‘'sbuH’, 1)
('Imtekle’, 2)
(‘emkurab’, 1)
(wsTEta', 1)
(‘bewalyke', 1)
(‘ybElo', 7)
(‘yhuda', 3)
(Zntu', 2)

(1b', 2)

(‘konet', 2)
(‘bemenfes’, 1)
(Imerdaihuni', 1)
(‘eHzab', 1)
(Imu', 2)



(weladite', 14)
(itkl’'omu’, 1)
('zerlye', 2)
(Imz', 1)
(Brhan', 1)
(mudayu', 2)
(‘enkerwo', 2)
(lhigan', 1)
(Edom/, 1)
(‘'sebl’, 9)
("selestu’, 2)
(Lene', 1)
(yfEwso', 1)
(‘elbo’, 2)
(ye'eTn', 2)
(‘weboe', 2)
(gEgay’, 1)
(Ilenehebu’, 1)
(mIraf, 1)
('Peralyu’, 2)

(‘eziz', 1)
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APPENDIX -1III: Sample of stop word lists

enti
entmu
enetin
wltu
witon
wltomu
ylti

ene
nhne
kiyaye
kiyake
kiyaki
keyahu
keyaha
kiyane
kiyakmu
kiyakn
kiyahomu
kiyahon
lelihu
lelihomu
zntu
zati
llontu
lla

llu
llemenu
menu
llantu

zktu

zku
newa
neyu
neya
neyeke
neyeki
neye
neyumu
neyun
neyekmu
neyekn
neyene
dibe
mel’llte
la'lle
tahte
methte
wsTe
wsaTE
ma’lkele
beynene
belnte
Im

Imne
bEza
hyente
“hebe
mengele
gizE

meTene

Inbele
emTa
keme
eme
sobe
Inze
Ime
ela
Igzio
wey
elE

eh

ey
“hedg
oho
zsku
zktu
Intakti
Intku
lktu
llku
Imantu
lotu
kulu
kula
kulkmu
kulomu
kulon
kulkn

e

boto
bomu
botomu
bon
boton
bke
bekmu
bki
bkn
bye
bne
elbo
elbotu
elbomu
elbati
elbon
elbke
elbkmu
elbki
elbye
elbne
Iwe
enga
Inbi
Inbiye
Inbi
Inbiye
In

Tge

sey
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sfn
mnt
Isfnt
mntat
leliha
lelike
leliki
lelye
lelihon
lelikmu
leline
zieye
Ziene
Intiene
Intieke
EtE

Ifo
malzE
zye
hye
kulenE
dhre
yeman
Segam
lefE
welefE
yom
tmalm
gE'sem

ylzi

nahu
“adi
SbahemEha
zelfe
Iwe
emEn
eman
IngWa’l
Isme
emTane
ekonu
Inte

lle

ew
wemime
Inze
eyat
eytE
belfo
baHtu
Inga
Indai
In’l
Tge
nstit
HdaT
Hge
“Smite
gdm

da’lmu



bhil
wetre
zelfe
Isku
ne'a
heb
enbi
Intieye
llieye
kall
baHtit

bebeynatihou
bebeynatihu
bebeynatiha
bebeynatihon
bebeynatine
bebeynatikmu
ebeynatikn
kulu

Iske

nke

Kiyaki kme

mel’lte
enti
entmu
enetin
witu
wlton
wltomu
ylti
ene
nhne

kiyaye
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kiyake
kiyaki
keyahu
keyaha
kiyane
kiyakmu
kiyakn
kiyahomu
kiyahon
lelihu

lelihomu

zntu
zati
llontu
Ila

lu
llemenu
menu
llantu
zktu
zku

newa

neyu
neya
neyeke
neyeki
neye
neyumu
neyun

neyekmu



APPENDIX IV: SAMPLE OF EMPLOYED STOP WORD LISTS

Words frequencies Words frequencies
N7+ 'Zntu' 2 7 'Tqe' 1
A7t 'enti’ 20 av71 A 'mengele’ 1
nhao'keme' 17 10 "hebe' 7
ok -+ 'Witu' 16 1.H'QizE' 1
A1 'ene’ 1 A7t 'Inte’ 6
0x7+ 'belnte’ 5 Aon 'la’lle’ 2
2 o7y 'yeman' 1 aa'lle’ 8
hnae'lsme' 19 A 'llu’ 1
oam'wsTe', ' 1 e 'kulu' 8
hav'lme’ 3 he h. 'kiyaki' 2
Su-'nahu’ 1 <0 'dibe’ 4
hanar‘elbomu’ 1 A7k 'Imantu’ 1
HAh? 'Zieye' 2 A7H 'Inze' 9
a 'menu’ 3 Aa704 'Inbele’ 2
A9 'Imne' 1 naer‘kulomu’ 1
hav'eme’ 6 aae ‘elbye’ 4
tek: 'lotu’ 2 2v¢ 'dhre’ 1
eht 'yt 1
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APPENDIX V: THE SAMPLE TEXT OF THE RESEARCH WITH ITS TRANSLATED VERSION

07N HhPa 0441 hed OA7+ He-Q0T AL

OAPH NhAAT AT0F QAP @ Ea- O U af HeNOT A& ATt P90 OT0+NP AhTt
DELADET T hae 400 ANTNT hov gcht 7P+ OHLATPLLP OOhEA P AFCHT HEM\E OLMLA Ok
Nad He AT ALy +70h ORP Thha O+7T0A Ofcc @7 3C hdor o9+ S AChE AN O4h ALh
DA Gh OALOT A&y Oht+ hov hdhF Orovrka 004 4L£4L O+Thée NNLSEP Hhov 24089 AhHA
AL (0

OxrPH b1 O@hE GPRA 0CT hHA AL A @Ot LAC LAA. OPAA NAAT 10 ATHANAC Ao APk
A7 HAAIP HTPCH ORTILXCLA A OLhSN OAL AAGPA MAThT HLNAP $Gh. OLYSE HLhSN OLUS
AQSCHE HOAP OHANOA @OOLL FPhAF OB 1789 OAHPT O A0k APACEAUL OOHPT TP A%
HAPhe LU-S ORPRE +AAT OATREALN ORAEAE OAPMEN OALES AN TFh RATDP OLFLON kIR
OhAL ADTTF hDET 0 RO Odwr AhH N L4P% LANO hhow PRA LMOA A9 U @F ARPa> Ahdwr (ChF
ATt hPATAT O0<h €& hcah. & TCL® L7194 OASt Afah HATOA  Chd ed A1 ho%sh. a4k
&P OAPLNT vt hTéU AQov Ohk dmlt QAN AT PLOF AN AQKETFN A ATHTT ©AS+ AAD
he ACY7T ArE SO00P N OAANKF ONORN

wengEl zelugas m’'lraf kfl belnte zeyebset IdEhu welmz bekallt senbet beemkurab wemeheromu
wehelo heye blsi zeyebset IdEhu Inte yeman weyt'eqgebwo SeHeft weferisawyan nelme yfEwso
besenbet keme yrkebu mknyate bezeyastewadywo wewltuse yeemromu zeyHElyu weybElo
lewltu blsi zeyebset IdEhu tensl wequm malkele wetense weqome weneSiro kulomu beme’at
ybElo lewltu bisi sfaH IdEke wesefHa weHeywet IdEhu wekonet keme kellta welmuntuse ‘ebdu
fedfade wetemakeru bebeynatihomu zekeme yrEsywo lelgzil iyesus welmz kone bewltu mewall
‘erge lgzil iyesus wste debr ySeli weyalEli beSelet “hebe IgziebHEr Illu Imntu sm’on zetesemye
PETros welndryas I'huhu weyalqob welde llifyos wesmon zeyblwo qgenai  weyhuda zeyalgob
weyhuda esqortawi ze'elewo wezeegbo wewerede mslEhomu weqome begedam webzu hanewe
sebl Imerdaihuni webzu'han Tge ImHzb zelmkulu yhuda welmiyerusalEm welmPeralyas wePeralyu
welmTiros wesidona lle meSu ysm’lwo weytfewesu ImdewEhomu wellehi egannt Ikuyan yeHeyw
wekulomu eHzab yfeqdu ygss Isme “hayl ywe'SI ImnEhu weyaHeywomu lekulomu burket enti
Imenst weburuk frE kerski o maryam dngl weladite emlak zelnbele rkus sereqe lene ImnEki
‘SeHaye Sdq weeqrebene taHte knfihu Isme wltu feTerene seeli lene qdst leki lebaHtitki o

Igztne weladite emlak Ime brhan enti na‘ebyeki besbHet webewdasE
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