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ABSTRACT

Variant word forms that are likely to be encountered in indexing and retrieval are one of the
causes of the problems that are involved in the use of free-text retrieval system. The variant
word forms used in indexing and searching are likely to be of comparable importance in
determining the relevance of a document to a user query that specifies just a single form.
Reducing the variant words into one form improves performance of IR system and this can be
achieved by a conflation technique, which is usually stemming that is established in this work.
Stemmers are used in information retrieval to reduce as many related words and word forms

as possible to a common form, which can then be used in the retrieval process.

This research explores the possibility of developing a stemmer to conflate variant words of
Tigrigna language for use in IR of the language. Tigrigna belongs to the Semitic language
group. These languages have a common grammatical system based on a root-pattern structure.
Consonants bear the basic meanings while vowels form different patterns. Stems are built
from consonantal roots before other words are built from stems. Tigrigna uses affixation to
derive different word forms from stems. Common affixations are prefix, suffix, prefix-suffix
pair and reduplication. Tigrigna uses extensive concatenation of affixes and can result in
relatively long words, which often contain an amount of semantic information equivalent to a
whole English phrase, clause or sentence. Due to this complex morphological structure, a

single Tigrigna word can have thousand variants.

To design the stemmer, a sample text was collected from three different sources. The

experiment in word-distribution on the sample data shows that words exist in their variants



across the text and singleton words constitute large percentage of the text. This resulted in low

word-ratio and deviation from Zipf’s law.

A stemmer is developed which is iterative and uses context-sensitive rules that removes
prefix, suffix, prefix-suffix pair and reduplication of single and double letters. A semi-
automated procedure was used to compile stopwords and affixes. The stemmer was tested on
sample data of 1568 words, which were selected randomly from the sample texts. In this
experiment the stripping procedures were applied in the order of prefix-suffix, double letter
reduplication, prefix, suffix and single letter reduplication. The result of the experiment shows
that, the stemmer performs at accuracy of 84% and brings a dictionary reduction of 32.40%

and 54.6% for stem and root respectively.



CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The mass production of electronic information, the development of computerized library
collections and increasing awareness of the importance of information by the society in day-
to-day activity (business, research etc.), demands storing, maintaining and retrieving
information in a systematic way. Systems that can store information in an organized manner
and enable efficient access and retrieval are usually referred to as information retrieval (IR)
systems. Information retrieval in its widest sense consists of the processes whereby
information (or documents containing it) is stored and made available to users, and all the
manual and automated systems for organizing documents, or descriptions of documents, and

for recovering those relevant to a user's information needs (Nail, 1999).

Today, information-processing activities are carried out with the assistance of automatic
equipment. Salton (1983) defines an automated information retrieval system as
software/hardware package that allows users to query and receive information that is stored in

a computer database.

As described by Chowdbhury (1999), an IR system is composed of different components,
which includes documents (items of information), user’s request (query), and matching of
these queries with the document database. In information retrieval the stored information
items and the incoming search request are normally represented by sets of content identifiers

variously known as keywords, index terms, or simply terms (Salton et al., 1981).



The process of selecting keywords for representing a document is called indexing. Indexing
can be done manually or automatically. In manual indexing the process of selecting the
keywords is done by trained indexers, who are knowledgeable about the subject matter of the
database, through scanning of the entire text or selected portions of the text, like titles,
abstracts, or topic sentences (Tesfaye, 1987). On the other hand, in automatic indexing the

operation is carried out with the aid of modern computing equipment.

In most IR systems, automatic indexing involves (Rijsbergen, 1975; Salton, 1983) selection of
individual words, use of stopwords, use of conflation and weighting of the resulting term.
After the individual words that constlitute the document are identified, high frequency function
words are eliminated using the stopword list. The function words are poor discriminators and
cannot be used by themselves to identify document content. The next step, following the
removal of stopwords is the identification of index terms and their assignment to the
document. Since the same word could be represented in different forms, conflating the variant
words to word stem form is useful. Reducing the variants produces a higher frequency of

occurrence of the word stem in the document than any of the variant forms.

Different weighting mechanisms are proposed for measuring the usefulness of the remaining
word stems for indexing purpose based on frequency technique. One of the measurements
proposed by H.P. Luhn (Salton, 1983) assumes that the value or weight of a term assigned to
a document is proportional to the term frequency. The rational of this approach is that a term,
which occurs frequently in a document, is more likely to describe the content of the
document. After a threshold value is determined, words with frequency above this threshold,
those that are high frequency words, are removed. In the same way, low threshold value is

determined and words below this are removed. These two operations leave words with



medium frequency and those are used to index the document. The weight (wi) of a term k in

document 1 is calculated by,

Wik—Tik

Even though, the above weighting method enables to represent documents and so can be
retrieved by those terms, it may not be good enough to distinguish or discriminate the
documents in the collection. This leads us to another weighting system introduced by Spark
Jones. Spark Jones introduced inverse document frequency measurement (Salton, 1983)
which assigns high weigh to terms, which have substantial frequency in some individual
documents of a collection but with relatively low overall collection frequency. These terms
help in retrieving the documents to which they are assigned while also distinguishing them
from the remainder of the collection. Such terms are considered as being potentially of greater
importance for retrieval purpose. The weight (importance value) of a term k in a document
collection of n is given as,

n
k

Where n is the total number of documents in the collection, f; is the number of documents in

which k occurs, and wy is the weight assigned to term k.



1.2 STATEMENT OF THE PROBLEM

According to Hetzron (1969), the EthioSemitic and South-Arabia languages are categorized
under South-Semitic. The EthioSemitic languages are further classified as North-
EthioSemitic and South- EthioSemitic. Tigrigna together with Geez and Tigre forms the
North- EthioSemitic language and the South- EthioSemitic includes Amharic, Argoba, Harari

etc. Tigrigna is spoken in the present day Tigray Region and the State of Eritrea.

According to the Office of Population and Housing Census Commission of Ethiopia (1999)
there are about 3,371, 808 Tigrigna speakers of whom 3,224,875 speak the language as a
mother tongue and 146,933 as a second language. However, before Eritrea became an
independent country (since 1993), the total number of Tigrigna speakers in Tigray and Eritrea
was 4,068,789 as stated in the 1984 census. At present, Tigrigna is the second most widely

spoken Semitic language next to Amharic.

Literatures, books, newspapers, and magazines published in Tigrigna have been increasing
over the past years. At the moment, Tigrigna is the medium of instruction in the primary and
junior secondary schools in Tigray based on the new Educational and Training Policy of
Ethiopia (MOE, 1994, sub-article 3.5.1). For this reason educational materials are produced in
Tigrigna for Primary and Junior Secondary Schools. There are newspapers (e.g. @27 and
aFPNh +7¢4-L), and magazines (e.g. ANC) published in Tigrigna. There are also other
newspapers and magazines published in Tigrigna, which are distributed in the Region. Since
the introduction of Gee’z word processing, electronic documents published in Tigrigna have
been produced for different purposes. CD-ROM’s publication and Web-page development are

also emerging.



Retrieval systems enable to get information easily and timely. In today's shrinking world, it is
becoming evident that there is a large body of information and research available only in the
language of the primary researcher, and much information cannot be shared between research

communities without considerable translation and time delay (Hlava et al., 1997).

In order to access the information one needs to know the languages or build bilingual or
multilingual retrieval systems. Nowadays, the question of multilingual access and
multilingual information retrieval is becoming increasingly important for two reasons (ELISE
IT project 1999): first of all because of the recent rapid diffusion over the international
computer networks of world-wide distributed document bases. Secondly, because multilingual
digital libraries are becoming more common, for example, in countries with more than one
national language, in countries where both the national language and English are commonly

used for scientific and technical documentation.

The ultimate goal for systems of multilingual information retrieval is to offer users the
opportunity to query in any language and retrieve a merged and ranked set of documents that
match the query in whatever language they are stored (Peters, 2000). However, information
access in multiple languages also implies an understanding of the issues involved in

monolingual IR for different language types.

By developing retrieval tools for Tigrigna, one can design a retrieval system for the language
and hence make the hard copy as well as the electronic documents published in Tigrigna
accessible to users. A bilingual (eg. English-Tigrigna) retrieval system can also be designed

that allows users to query using Tigrigna to access English documents or other languages.



Techniques for storing, maintaining, and retrieving data/information from English document
databases have been studied, implemented, and tested for the last three decades (Al-Kharashi
et al, 1994), but detailed works have not yet been done to see how well these techniques will
work on Ethiopic documents in particular for Tigrigna documents. There are attempts made
on IR of Ethiopic documents, which are basically developments of stemming algorithms for

Ambaric and Afaan Oromoo languages by Nega (1999) and Wakshum (2000) respectively.

In developing IR systems for a particular language, the study of automatic indexing technique
for the language is necessary. Among the processes of automatic indexing, stemming and
stopwords are highly dependent on the document language. The motivation for using
stemming is the need to increase effectiveness of retrieval system since stem of a term
represents a broader notion than the original term itself (Al-Kharashi et al, 1994). To my
knowledge, so far no IR computational tools like stemming have been developed for Tigrigna
language. Therefore, it is felt necessary to undertake a research on the development of

stemming algorithm for the language, hence this study.



1.3 SIGNIFICANCE OF THE STUDY

One of the tools of IR is stemming. By developing a stemming algorithm for Tigrigna, variant

words can be conflated. In Tigrigna a word can have thousand variants and conflating these

variants increases retrieval effectiveness. It also reduces storage of index files. In addition to
the above results, it can also give the following benefits:

e This research can be taken as a start for doing further research on computational work of
the language;

e For developing computational tools for the language such as spell checher, grammar,
thesauri etc.

e By developing stemming algorithm and other retrieval computation of the language, IR
systems for documents of the language can be designed, which helps to support the
cultural, economic, and social activities in Ethiopia in general and in Tigray Region in
particular;

e For developing bilingual and multilingual retrieval systems which facilitate cross-cultural

interaction among the societies in Ethiopia and others etc.

1.4 OBJECTIVES

1.4.1 General objective

The main objective of this research is to explore the possibility of developing a stemming

algorithm for Tigrigna language to conflate word variants of the language.



1.4.2 Specific objectives

The specific objectives of the study are to:
e review the morphology of Tigrigna language;
e review techniques of stemming algorithms already developed for other languages;
e maintain a list of affixes used in Tigrigna texts;
e compile stopword list;
e write a program for stemming inflectional and derivational affixes; and

e test the stemmer on sample words.

1.5 METHODOLOGY

1.5.1 Review of related literature

Since stemming algorithm is language dependent, to develop stemming algorithm one has to
know the morphology of the language or work with a knowledgeable person. To understand
the morphology of Tigrigna language review of works on the language Was done by
consulting different sources such as books, theses, journals etc. Additional information was

also collected through personal discussion with knowledgeable persons.

There are a number of stemming algorithms developed for different languages. The
approaches and techniques used in these algorithms especially for English and Semitic
languages (such as Arabic and Amharic) were studied from different sources such as journals,

books, thesis, Internet and other related resources.



1.5.2 Programming Techniques

Some of the techniques used in the existing stemming algorithms developed for English and
Semitic languages such as Arabic and Amharic were adopted in developing the Tigrigna

stemmer.

To test the stemmer, a prototype program was written using C++ programming language. This

language was selected for the following reasons:

e C++ is rich of string manipulation library functions, which is important feature of
stemming algorithm;

e aprogram written in C++ is relatively easier to convert to other programming languages;

e experience of the researcher in writing programs using C++.

1.5.3 Test Data

For the purpose of producing stopwords and affixes, sample Tigrigna texts were collected
from newspapers, magazines and fiction on social, political and culture. The selection of

topics from these materials was done randomly.

The stemmer was tested on 1568 words selected randomly from the sample texts. Evaluation
of the stemmer was done through error counting mechanism. The errors were basically
overstemming, understemming, order and other. After investigation of the errors, the stemmer

was modified.



1.6 SCOPE AND LIMITATION

The algorithm conflates only inflectional and derivational affixation. This algorithm does not
conflate compounding and irregular word formations. To improve the performance of the

stemmer, detail analysis on morphology of the language is important.

The stemmer has five stripping procedures: prefix-suffix pair, prefix, suffix, single-
reduplication, and double-reduplication. Some of the errors were resulted from the order of
the procedures. Due to limitation in time, different possible ordering of the stripping
procedures could not be tested. Doing evaluation test on order of the procedures and selecting

the best possible one could improve the performance of the stemmer.

1.7 ORGANIZATION OF THE THESIS

The thesis has five chapters. In Chapter 1 discussion about stemming and its importance in IR
systems, the rational for need of stemming algorithm for Tigrigna documents and its
importance are presented. As in other many studies, the chapter also contains objectives,

methodology and scope and limitation of the study.

Discussion on conflation techniques, types and their mode of operation were presented in
Chapter 2. Review on commonly used English stemmers such as Lovin’s and Porter’s are also
discussed in this chapter. Chapter 3 deals with review on morphology of Tigrigna language
with emphasis on inflectional and derivational affixes of the language. Examples and

illustration on the usage of affixes are presented in the chapter.

10



Development and experiment of the stemmer are covered in Chapter 4. Finally the results
obtained from the experiment, the conclusion reached and recommendations identified for

future work are included in Chapter 5.

11



CHAPTER 2

CONFLATION TECHNIQUES

2.1 INTRODUCTION

One of the many characteristics of a natural language that must be taken into consideration
when designing a free-text retrieval system is morphological variation of words (Popovi& et
al., 1992). The variant word forms are likely to be of comparable importance in determining
the relevance of a document to a user query that specifies a single form, and this leads to the
development of conflation techniques, which permit the matching of different forms of the

same word.

As explained by Lennon et al. (1981), one of the main problems involved in the use of free
text for indexing and retrieval is the variation of word forms that is likely to be encountered.
The possible sources of variations are spelling errors, alternative spellings, multi-word
concepts, transliteration, affixes and abbreviations. For example, the stem CONNECT can
give rise to CONNECTION, CONNECTIONS, CONNECTIVE, CONNECTIVITY,
CONNECTED, and CONNECTING. Reducing the variant words to the stem CONNECT
resulted in retrieval of documents that are indexed with any of the variant words and hence

increase retrieval effectiveness.
In terms of IR, conflation has two functions (Harman, 1991): reducing the total number of

distinct terms with a consequent reduction in index storage required and updating problems;

and bringing similar words, having similar meaning, to a common form with the aim of

12



increasing retrieval effectiveness. The later aspect has become more important as storage and

processing cost have decreased over the past years.

Conflation can be achieved by either manual or automated means (Popovi¢ et al., 1992).
Manual conflation is normally effected by right-hand truncation at search time, with the
truncation being carried out by the searcher. Extensive experience is needed if effective
truncation is to be achieved. To apply truncation the searcher has to know where to truncate

the word, other wise it may lead to over or under truncation.

If a word is over truncated then the stem becomes too short and may result in truncation of
unrelated words to the same stem. For example, NEUTRON and NEUTRALIZE are retrieved
by the same stem NEUTR*, even though they describe different things. Under-truncation on
the other hand occurs when a word is not truncated enough and excludes words of the same
root. For example the truncation of CONNECTIONS to CONNECTION rather than
CONNECT* excludes CONNECTIVE and CONNECTING, which as far as retrieval is

concerned may mean the same.

Another way of alleviating the problem of word variant is by using automatic conflation,
which is an algorithm that permits the matching of different forms of the same word
automatically. Automatic conflation can be broadly divided into two main classes
(Ekmekgioglu et al., 1996): stemming algorithms and string similarity algorithms. Stemming
algorithms are language dependent, which are designed to handle morphological variations
where as string-similarity algorithms, which are (usually) language independent are designed

to handle all types of variants (see Section 2.2 and 2.3 for detail). Manual truncation is applied
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only to words in queries while stemming is additionally applied to words in queries and

documents as they are added to the database.

2.2 STEMMING ALGORITHM

Lovins (1986) defines a stemming algorithm as a “procedure to reduce all words with the
same stem to a common form, usually by stripping each word of its derivational and
inflectional suffixes”. For example the words “reading”, “readers”, and “reads” are reduced to
the stem “read”. For languages such as English, the root of a word is obtained by removing
both suffixes and prefixes and the stem is obtained by deleting only suffixes (Savoy, 1993).
But in Semitic languages (Al-Kharashi et al., 1994), a root consists of consonants (radicals)

and the stem is a combination of a root and derivational morpheme to which one or more

affixes can be added.

Various stemming algorithms have been reported in the literature for languages such as
English (Porter, 1980; Lovins, 1968), French (Savoy, 1993), Turkish (Ekmekgioglu, 1996),
Slovene (quoted by Popovit, et al., 1992), Malay (quoted by Ahmad, et al., 1996) etc. Since
recent times, attempts are also being made to develop stemming algorithm for Ethiopic

languages, such as Amharic (Nega, 1999) and Afaan Oromoo (Wakshum, 2000).

Several works have been done to study the effectiveness of stemming for retrieval purposes
(Popvi¢ et al., 1992). Studies conducted by Lennon et al. (1981) indicated that better result
could be obtained using stemming which is comparable to manual right-hand truncation. The
experiment done by Al-Kharashi et al. (1994) to compare words, stems and roots as index

terms in Arabic language text retrieval supports the above idea. The result of the experiment
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shows superiority of root-and stem retrieval methods over word-retrieval methods for Arabic
data. On the other hand works by Harman (1991), Walker et al (quoted by Popvié et al., 1992)
indicated that stemming did not result in consistent improvement in the effectiveness of
retrieval when compared with searches in which stemming was not used. Popovié et al.
(1992) concluded that the effectiveness of a stemming algorithm is determined by the
morphological complexity of the language that is designed to process. Al-Kharashi et al.
(1994) and Nega(1999) found that using stemming gives better performance than without.
Their works were on Arabic and Amharic (both are Semitic languages), which are

morphologically complex languages compared to English.

The nature of stemming algorithms may vary considerably depending on whether a stem
dictionary is being used, whether a suffix list is being used, and of course on the purpose for
which the stemmer is designed, but most of them are based on certain principles and
procedures (Lovins, 1968; Lennon et al, 1981). These procedures involve either the removal
of the single longest matching suffix or the iterative removal of several suffixes. The rational
behind iterative approach is the fact that suffixes are attached to stems one after the other. In
the iterative approach, suffixes are removed from the stem in the order of their derivational
rules. In this approach the stripping starts from the énc{ of the word and working towards the
beginning. For instance, if the word HOPEFULNESS is considered, the suffix -NESS will be
removed in the first iteration and re-considering HOPEFUL, the suffix ~FUL will be removed
leaving HOPE as a final stem. According to Savoy (1993), suffixes are classified according to
their derivational rules (e.g., the first class groups plural inflections together with the suffixes
“-ed” and “-ing”). Stripping is done based on the class order that is defined by the

programmer. Other approaches such as proposed by Paice (quoted by Savoy, 1993) may also

exist, which are iterative but do not have their endings classified.
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The longest-match approach, on the other hand, removes the longest suffix possible. If the
same word HOPEFULNESS is considered, the suffixes in the word are: -NESS, -FUL, and —
FULNESS. Therefore the algorithm removes -FULNESS from the word. The problems of
using longest-match approach compared to iterative method are: need for generating all
possible combinations of affixes and processing and storage space required (this may not be
critical problem of today’s system) and change of affixes during concatenation. Using the
iterative approach has also its own problem (Wakshum, 2000): the need of examining large

number of endings, which is a laborious activity and a preparation of list of order class.

A stemming algorithm might be context-free or context-sensitive. Context refers to any
property that is attached to the remaining stem and the usage of the suffix (Tesfaye, 1987). In
context-free algorithms, no restriction is applied on the stem and hence no additional
operations are required to check restrictions. This leads to simplicity in developing context-
free stemming algorithms and such algorithms may also be more efficient. But most of
stemming works (Lovins, 1968; Porter, 1980; Savoy, 1993; Ahmad, 1996) indicated that
better result could be obtained by adding constraints to stripping operation, that is, using
context-sensitive, which are mainly language dependent. Context-sensitive rules specify
particular circumstances in which each suffix may be stripped from an input word. Savoy
(1993) described three general types of constraints: quantitative, qualitative, and recording

rule.
In quantitative constraints minimum length for the remaining stem is set when a suffix is

removed. This helps not to remove ending from a stem in which the ending is in the suffix list

but actually not a suffix for that stem. For example for the word ABILITY and suffix —
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ABILITY, as the remaining stem must not be zero, the suffix -ABILITY will not be stripped

from the word.

Qualitative constraints define conditions to be satisfied by the ending of the remaining stem.
For example in English, a stem does not end with that is, stripping “ize” from “seize” is not

allowed.

Spelling corrections and adjustment rules must be used to conflate the words to exact stem. A

recording rule is a transformation of the form AxC —AyC, where A and C specify the context

transformation, x is the input word (string), and y is the transformation string. In the English

language, instances of such conditions include:

e rtemoval of one of the double consonants (‘b’, ‘d’, ‘g’, ‘m’, ‘n’, ‘p’, ‘r’, ‘s’, or ‘t’) at the
end of the stem to conflate terms like HOPE, HOPES, HOPEFUL and HOPPING;

e turning terminal ‘d’, ‘r’, ‘t’, ‘Z’, into ‘s’ at the end of the stem to conflate terms like
ADMIT, ADMITTANCE AND ADMISSION; or

e changing ‘-rpt’, into ‘b’ to conflate terms like ABSORB, ABSORBING and

ABSORPTION.
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2.3 STRING-SIMILARITY

It is pointed out by Tesfaye(1987) that though stemming is easy to implement and provides a
highly effective means of conflating words with different suffixes, there are other types of
word variants, which are likely to occur in free-text databases. Other conflation mechanisms
as indicated by Tesfaye have been suggested to handle such cases. One of these mechanisms

is using string-similarity. This method is especially used during search session.

In IR system, string-similarity approach for conflation involves the system of calculating a
measure of string similarity (similarity coefficient) between an input query term and each of
the distinct terms in the database. In a typical search session those database terms with a
similarity coefficient greater than some threshold value are then displayed to the user for the
possible inclusion in the query. Freud & Willette (quoted by EkmekCioglu et al., 1996)
suggested the N-gram matching as one of the techniques in calculating the similarity
coefficient. An N-gram is a set of n consecutive characters extracted from a word. The
assumption of this approach is that, similar words will have a high proportion of n-grams in
common. Typically values for n are 2 or 3, these corresponding to the use of digrams or

trigrams, respectively (EkmekCioglu et al., 1996).

For example, considering the two words “AGRICULTURE” and “AGRICULTURAL?” the

following sets of digrams can be extracted:

AGRICULTURE {AG, GR, R, IC, CU, UL, LT, TU, UR, RE,}

AGRICULTURAL {AG, GR, RL, IC, CU, UL, LT, TU, UR, RA, AL}
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Then similarity coefficient such as Dice’s (see other formulas in Appendix VI) may be used to
quantify the degree of similarity. Dice’s formula of similarity coefficient (S) is given as
follows (EkmekCioglu et al., 1996):

2.
" (A+B)

Where A is the number of elements in the first set, B is the number of elements in the second

set, and C is the number of elements common to A and B.

Ekmekcioglu et al. (1996) proved from experiment that n-gram matching is not as such poor

compared to stemming in conflating words in Turkish text.

2.4 STOPWORD LIST

Two related facts have been observed in the earliest days of IR. First, a relatively small
number of words account for a very significant fraction of all text’s bulk. Words like “it”,
“and”, and “to” can be found in virtually every sentence in English. Second, these noise
words (less important words) make very poor index terms. Users are unlikely to ask for
documents about “to”, “and” or “it”. Hence it has been a tradition in setting up IR systems to

discard these very common words of the language during indexing (Porter, 2000).

The removal of stopwords from indexing and query, results in effectiveness of retrieval
(Savoy, 1993). This is because it reduces storage requirement and increases the matching of a
query with index terms of a document. Therefore, compiling a stopword list (sometime

referred to as stoplist or negative dictionary) is important in building IR system. Getting a list
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of stopwords can be done by sorting a vocabulary of a text corpus for a language by

frequency, and picking off high and low frequency words.

2.5 REVIEW OF STEMMING ALGORITHMS

Various stemming algorithms have been reported in the literature ranking from a weak
stemmer, which removes only plural markers to a complex one that removes suffixes and
prefixes. From the available literature, stemming algorithms for languages such as English
(Lovins, 1968 and Porter 1980), Arabic (Al-Kharashi, 1991), Slovene (Popovi€, 1992),
French (Savoy, 1993), Turkish (Ekmekg¢ioglu et al. 1996), Malay (Ahmed et al, 1996),
Amharic (Nega, 1999), Affaan Oromoo (Wakshum, 2000) were reviewed. Basically, the
stemming algorithms follow the principles and approaches employed by the two most
common English stemmers; Lovins (1968) and Porter (1980). These two algorithms that form
the bases of most algorithms employ suffix stripping. For the purpose of discussion the

stemming algorithms of Lovins, Porter, Nega and Wakshum are presented.

Lovins (1968) algorithm is based on longest match principle, and uses a list of 260 endings
sorted in decreasing order of length. For example, a word COMPUTATIONALITY would be
stemmed to COMPUT if the suffix —~ATIONALITY were included in the list. After a suffix is
removed, the stem is compared with one of the rules (34 recoding rules) to consider spelling
exceptions. The rules define, for instance, the treatment of a suffix preceded by double
consonants (such as STEMMING to STEM), or minimal stem size must be retained (such as

the removal of ING from WORKING but not from SING) etc.
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The problem of using longest match approach is the need to have a larger affix list: basic and
possible combinations. This requires storage cost and compiling and processing the list.
Storage cost has been decreasing during the last decade so maintaining a large list is not a
problem nowadays, but the process of producing the list may not be easy, especially for

languages with complex morphology.

Porter’s (1980) stripping procedure uses the iterative approach. It operates in five stages,
using five different classes of suffixes (a total of about 60) to simulate the inflectional and
derivational process of words. Some of the rules do not actually delete the suffix but they
transform endings of the stem to new endings. For example, if we remove the suffixes —ing
from absorbing and —ion fr?m absorption, it gives us absorb and absorpt which are different
stems. But using the recg}a?lflg\rule that transforms endings from —rpt to —rb, the two words

are conflated to the same stem that is absorb.

To my knowledge there are two attempts made in developing stemming algorithms on
Ethiopian languages: Amharic (Nega, 1999) and Afaan Oromoo (Wakshum, 2000). Amahric
belongs to the Ethiopian-Semitic language group. Nega discussed the complexity of the
language and stressed the importance of stemming to achieve a high recall result in the
retrieval system of the language. An Amharic word can have more than a thousand variants
(Nega, 1999). Reducing those variants of the word into one stem increases the matching and
as result a high recall. The stemmer used a context-sensitive iterative procedure that removes
both prefixes and suffixes. To measure performance of the stemeer, it was tested on a sample
data of 1221 words. The result of the experiment shows that, the stemmer performed at an

accuracy of 95.9%.
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As quoted by Wakshum (2000), Afaan Oromoo belongs to the Cushitic branch of the
Afroasiatic language. Wakshum (2000) also says that the main word formation process of
Afaan Oromoo is through suffixation and the only prefix in Afaan Oromoo is (hi) ni and
occurs usually as hin or ni in texts. The Afaan Oromoo stemmer developed by Wakshum uses
the longest-match approach. Wakshum used a semi-automated procedure to produce suffix

list. The stemmer performed at an accuracy of 92.52% based on the sample data of 1061

word.
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CHAPTER 3

MORPHOLOGY OF TIGRIGNA LANGUAGE

3.1 INTRODUCTION

Natural languages have intricate systems to create words and word forms from smaller units

in a systematic way. The part of linguistics dealing with these phenomena is morphology.

The aim of morphology is to provide a theory that describes the word structure of the
language. Morphology studies the internal structure of words. Lexical is one component of
morphology which contains words and stems, the blocks of word formation rules, i.e. the
rules of derivations and compounding, evaluative rules which include diminutive, inflectional
rules, and readjustment rules (Scalise, 1984). As cited by Wakshum (2000), Silzer defined
morpheme as the minimal linguistic unit of the language that carries meaning. According to
Schiffman (cited by Wakshum, 2000) morphemes are of two types: free and bound. The free
morphemes occur by themselves for example “come” in English language. Bound morphemes
exist in attachment with other morphemes. They are either affix or root. Bound morphemes
become complete after they pass through morphological prbiégsﬁs. The absence of inflectional
elements in Latin and Italian makes word bound morpheme, for instance /lup-i/“wolves”
becomes /lup-/, and /can-i/“dogs” becomes /can-/ and we can see that /lup-/and /can-/ are not
free and cannot appear on the surface while inflected words can (Tesfai, 1993). As cited by
Tesfai (1993), Anderson says that derivational rules are used to form words while inflection

rules are used to complete words.
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In Semitic language stems devoid of inflections can be formed from roots. For instance,
[katab-/is formed from /ktb/. So, what is observed in inflectional languages such as Latin and
Italian seem to comply with inflectional languages such as Tigrigna or Amharic (Tesfai,
1993). For instance 4.4 /fered-/, that is derived from the root /frd/, will be complete when
it is inflected (adding e at the end) and becomes &4.L% /ferede/ “he judged”. Semitic
languages form words by derivation and compounding but that is not all. Semitic languages
have word formation rules that are quite different from those of English, Italian etc. that are
formed by affixation and compounding. This is because the most frequent way of word
formation rules in Semitic languages is from roots (McCarthy, 1982). The common
grammatical system of Semitic languages such as Arabic (Al-Kharashi et al., 1994), Tigrigna
(Tesfai, 1993), and Ambharic (Nega, 1999) is based on root-pattern and are morphologically
complex compared to English. A root consists of two to four consonants conveys the basic

semantic meaning. A vowel pattern marks information about voice and aspect.

Reduplication is a broader case of affixation. The form of the affix is a function of the stem to
which it is attached, i.e., it copies (some portion of) the stem. Reduplication may be complete
or partial. In the latter case it may be prefixal, inﬁ).(ial or suffixal. Reduplication can include
phonological alteration on the copy or the original. In Tigrigna prefixal, apapX /&G ’each of
our book’ and infixal, 44 ’killed each other’ are common. Infixal reduplication is used

for marking frequentative and reciprocal actions.

In this section a brief introduction on the morphology of the language is given. For the
purpose of the thesis, the focus is on inflectional and derivational affixes of the language.
Further and detail description of the language and its characteristics are given by Tesfai

(1993), Asmeret (1983), Girmay (1991) and Tsegaye (1987).
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3.2 TIGRIGNA SOUNDS AND ALPHABETS

Tigrigna has 29 consonants and 7 vowel phonemes (Girmay, 1991) and there are 244
alphabets with all the sounds and symbols. With the exception of two, all of the consonant
alphabets have seven forms created by combining with vowels. The seven vowel phonemes of

Tigrigna are grouped as front, central and back.

The word units of Tigrigna are: phoneme, morpheme, root, stem and word. A phoneme
represents a basic sound or unit of sound. A Tigrigna root is a sequence of consonants usually
called radicals, and is the basis for the derivation of words; a stem, on the other hand, is a
consonant or consonant-vowel sequence. A stem can be free or bound: a free stem can stand
as a word on its own while a bound stem has a bound morpheme affixed to it. A collection of
phonemes or sounds creates a word, which can be as simple as a single morpheme or contain

several of them.

The three major lexical categories in Tigrigna are nouns, verbs and adjectives (Tesfai, 1993).

Each lexical item is inflected to express the type and situation. In Tigrigna inflecting lexicals

for person, gender, number, and case is a common process.
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3.3 TIGRGNA AFFIXES

An affix is a bound morph that is realized as a sequence of phonemes. The common types of
affixes are prefixes and suffixes. Many languages have only these two types of affixes (Trost,
1993). English is among them.
A prefix is an affix that is attached in front of a stem. An example is the English negative
marker un-attached to adjectives:

common uncommon
A suffix is an affix that is attached after a stem. Take, e.g., the English plural marker —s:

shoe shoes
In addition to prefix and suffix Tigrigna uses prefix-suffix pair and reduplication (see Section

3.3.3).

3.3.1 Inflectional affixes

Inflection is required in particular syntactic contexts. It does not change the part-of-speech
category but the grammatical function. The different forms of a word produced by inflection

form its paradigm.

Inflection is complete, i.e., with rare exceptions all the forms of its paradigm exist for a
specific word. Regarding inflection, words can be categorized in three classes:
e Particles or not-inflecting words: they occur in just one form. In English, prepositions,
adverbs, conjunctions and articles are particles;
e Verbs or words following conjugation;

¢ Nominals or words following declination, i.e., nouns, adjectives, and pronouns.
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Conjugation is mainly concerned with defining tense and aspect and agreement features like
person and number. Declination marks various agreement features like number (singular,
plural, dual, etc.), case (as governed by verbs and prepositions, or to mark various kinds of

semantic relations), gender (male, female, neuter), and comparison.

Nouns

Nouns in Tigrigna are inflected for number and gender and indicated by inflectional markers
suffixed to the noun stem. There are two grammatical genders: masculine and feminine. In
general nouns are masculine or feminine by nature. For example 1-NA.%, @4 and N6Z-2  are
masculine and ANL-E, AN and AMN?L are feminine. There are few nouns that are
masculine and become feminine by adding suffixes, such as h@+ “brother” rﬁtﬁij't “sister”,

7O “king” 70 “queen” and av- “father-in law”, A7 1-“mother-in law”.

Numbers are expressed in singular or plural form. Pluralization is formed in two ways:
external plural formation and internal (broken) plural formation (Asmeret, 1983). In external
plural formation only suffix is added to the singular form. The common noun pluralizing
suffixes are A-t/-at/, J¥/-tat/, £/-ti/, h/-ot/, h-l/-ut/, A7 /-an/ and A@-f7F/-awyan/. To
show how these suffixes are used, examples are given for /-tat/ and A-+/-at/ in (3.1) and

3.2).

(3.1)
Plural nouns having suffix A+/-tat/

This suffix is usually used with nouns having ending letter of 1%, 2", 4™ 5™ and 7™ order.

Singular Plural Gloss (plural)

nne kebero hnC¢F+ kebero-tat  Drums
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AN ~aleba  GANI ~aleba-tat  Cloths
han- hamu AavJ hamu-tat Mother-in-laws
Pa0 qdasE  #&0IF qdasE-tat  Prayers

When #+/-tat/ is added to nouns ending with 3" order letter, it changes the letter to 6™ order.

Singular Plural Gloss
NC% br?i NCOH+  br?-tat Pens )
Néné: selfi AAe - self-tat Demonstrations
7°Nne skri 9°NCHT  mkr-tat  Advices
T ~andi  ¥i&H+ ~and-tat  Pillars
(3.2)
Plural nouns having suffix A-+/-at/ 7

This suffix is usually used with nouns having 6™ order ending letter.

Singular Plural Gloss
nee semay 077£+  semay-at  Skies
RES Hasot Nz~  Hasot-at  Lies

ch?9° Hmam 77?7+ Hmam-at  Diseases

The second pluralization form is by employing internal broken. In this form the plural usually
has different vowel and syllabic structure. It can also include affixes (prefix and suffix). As
discussed by Asmeret(1983), there are eleven different classes of broken plurals based on the

syllabic structure. Illustration examples on these classes are given from (3.3)-(3.13) below.
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(3.3)

CVCIC2VC — CeC-a-CVC

Singular Plural Gloss

an’r g N\ mendil a5 6. men-a-dil Handkerchiefs
Y5> sanduK  NT%% sen-a-duK  Boxes
LA dngl) L9940 den-a-gl Nuns

In this structure the plural infix is /-a-/

(3.4)

CeCeC — prefix-C1C2aC

Singular Plural Gloss
1an i\ gemel  A—797A  %a-gmal  Camels
Ham £ zemed A-—H7¢  ?a-zmad Relatives

The prefix /?7a-/ is employed as a plural marker.

(3.5)

CC1C2i —prefix-C1C2aC

Singular Plural Gloss
YHN. HZbi  A-ynn  ?a-Hz-a-b  Societics
H9°L mni A-A°7% ?a-’m-a-n  Stones

The plural marker is /?a-a-/
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(3.6)

CVC — prefix-C1C2ac

Singular Plural Gloss
0 ~uf  A-0P&  Za—~w-a-f Birds
n-r bet A-Nger Za-by-a-t  Houses

In the plural formation of biradical nouns a labio-velar sem-vowel “w’ replaces the back

vowel and a palatal sem-vowel ‘y’ replaces the front vowel.

(3.7)

CVC1C2i/CVCVC — prefix-CaCC

Singular Plural Gloss

nré betri A-0rC  ?a-batr  sticks
HANA zb?i  A-HNAx 7a-zab? hyenas

The plural marker is /?a-/

(3.8)

CVC1C2i/CVC1C2VC — prefix-C1C2UC

Singular Plural Gloss

T4 ~andi  A—0%&  Za-~nud  pillars
Noc-L b~ray  Ah-N0C  7a-ba~ur  cows

The plural marker is /?a-u-/
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(3.9)

CVC1C2i — prefix-C1C2C-C-i

Singular Plural Gloss
+Ch kerni A—dCrt Ta-km-ti horns
04 ~eSmi  A—0A9°t  Ta—~Sm-ti  bones
han. kelbi A-ndnt 7a-klb-ti dogs

The plural marker is /?a-ti/

(3.10)

CVC1C2V— CaC-a-C-suffix
Singular Plural Gloss
nce barya ek bar-a-y-u slaves
orC ~tro G934 ~ata-r-u pots
oA ma~So  “7%%-  ma-~-a-S-u  doors

The plural marker is /-a-u/

(3.11)

CeC1C2VC — CeC-a-CiC-C-1
Singular Plural Gloss
aAARN  mel?ak @AANt  mel-a-?k-ti angels
an’4.N menfes OPS&NL  men-a-fs-ti  sprits

The plural marker is /-a-t-/
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(3.12)

CVCVC —»CVCa-suffix

Singular Plural Gloss
H7r Hamat 1@t  Hama-wti mother-in-laws
ofr ~yet 0.e@1:  ~ya-wti lambs
The plural marker is the suffix /-wti/
(3:13)
CVCVC —CVCa-suffix
Singular Plural Gloss
YN HaSin A0t HaSa-wnti  irons
HHE kdan et kda-wnti clothes
A&7 HSan MA@t Hsa-wnti children

The plural marker is the suffix /-wnti/

There are very few nouns, which changed to other word form up on pluralization. One such

example is (NS4 “woman” A7k “women”. But irregular form plurals are not common in

Tigrigna.

Pronominal suffixes

In Tigrigna as in other Semitic languages the nominal way of expressing someone’s
possession of something is to attach an abbreviation of the pronoun “his”, “her” etc. to the
thing possessed, e.g hAM(kelbi) “dog”, hA-N5(kelbna) “our dog”. Thus a noun can have
many suffixes, a different one for each person, gender and number. Mathewos (1951 EC)

described three ways of suffixing pronominals depending on the form (order) of the end letter.

32



The first group for ending with 3" order, the second group with 6" order and the third group

with ending orders other than first and second group. For example for the word geza “house”

see (3.14) how the suffixes are employed.

(3.14)

Mh  geza?u “his house” 3sm  MMA9® “their house” geza?om
Mh  gezala “her house” 3sf  MAT “their house” gezaZen
WA gezaKa “your house™ 2sm  Mnrg® “your house™ gezakum
MH  gezaKi“your house” 2sf  Mn% “your house” gezakn

ML gezay “myhouse” lps MY “our house” gezana

Adjectives

3pm
3pf
2pm
2pf

lpp

As explained by Bender (1976) Tigrigna adjectives agree with their noun in gender and

number. In plural form they do not distinguish gender. Suffixes are used to change adjectives

from masculine to feminine form. Mathewos (1951 EC) and Asmeret(1983) have identified

F /-t t /-ti/ and ARF /-awit/ as feminine markers. The suffix A®/-awi/ is used as

masculine marker for names of country or place. In pluralizing adjectives suffixes such as /-

i/, hv/-otf, A/-at/, ¥/-tat/ and A@-£¥/-awyan/ are used. Illustration of how these suffixes

are used in marking gender and number are given from (3.15) to {3.22).

(3.15)

Feminine adjectives having suffix /-ti/

Masculine Feminine Gloss
o SbuQ o0t SbQti  Handsome/ Beauty
FEN gdus PLOL qdsti Blessed
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TH

néh

ngus

kfu?

70 ngsti

neht kf?ti Bad

King /Queen

The suffix /-ti/ is usually added to adjectives of ..Cy.juCy form and deletes the back vowel

/.

(3.16)

Feminine adjectives having suffix /-t/

Masculine Feminine Gloss
+7q. ketali LN ketalit Killer
NAA% bela~1 nA%L+ bela~it Eater

av éch, meraHi  o9¢-ch-t meraHit  Leader
+FOA teQebali +¥0A+  teQebalit Receiver

The suffix /-t/ is added to adjectives of. .Cy_1aCy1 form.

(3.17)

The suffix /-awi/ and /-awit/

Masculine Feminine Gloss

ngse kanadawi ngEer kanadawit A Canadian
A%LEhe Yemerikawi  A“BLNET ?emerikawit  An American
ATEREE Tyopyawi ATPRERT  Ttyopyawit Ethiopian
INAR gbSawi INALT gbSawit Egyptian
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(3.18)

Plural adjectives having the suffix /-awyan/

Singular Plural Gloss
Masculine Feminine
hT /e kanadawi NG8L1 kanadawit NG/RM-£7 kanadawyan Canadians
Q%10 Temerikawi A%Leher Temerikawit  A%REh@-f77 Yemerikawyan  Americans
ATPX PR MyoPyawi  AdPAPET tyoPyawit  AdPXP@f7 7tyoPyawyan  Ethiopians
INRE gbSawi INALT+ gbSawit TNA@D-£F  gbSawyan Egyptian
(3.19)
Plural adjectives having suffix /-ti/
Singular Plural Gloss
Masculine Feminine
AR meSiS a3 meSaS AR meSeSti sour (pl.)
AN Sebib an- Sebab ann-t Sebebti narrow (pl.)
ANg° Selim Aage Selam Y (VA ¥ Selemti black (pl.)
+Lh qeyH +Lh qeyaH Pt qeyeHiti red (pl.)
(3.20)
Plural adjectives having suffix /-ot/
Singular Plural Gloss
Masculine Feminine
e gedamay P4 Ot gedameyti PHTF gedamot first
AhEPL Hyaway Hhfo Lt Hyaweyti hEP Hyawot kind
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TPL tgraway T8t tgraweyti TP tgrawot Tigrians

8mePL  daHraway SméoCth  daHraweyti  AdéPT  daHrawot last

(3.21)

Plural adjectives having suffix /-at/

Singular Plural Gloss
Masculine Feminine
AN SbuQ NP L SbQti A-Far SbuQat nice
PHN qdus PLOL qdsti FHAT qdusat holy
Cech-% rhuQ Ceht thQti Cch-Zir thuQt far
ALL Sruy ACLEt Sryti AL LT Sruyat clean

(3.22)

Plural adjectives having suffix /-tat/

Singular Plural Gloss

Gava%  ~ameScNa G@aG A+ ~ameSeNatat “one who uses force”
et} dKa ol E A0 5 dKatat Poor
There are few adjectives which takes the suffix /-u/ to change them to plural form. These

words don’t distinguish gender in their singular form. See (3.23) for illustration.

(3.23)
Masculine Feminine Gloss (plural)
20% Sa~da A% Sa~adu white
an IEba 0. £(r 1Eyabu thieves
99 ~axa 9.£0 ~ayaxu fools
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Verbs
Tigrigna consists of biradical, triradical, and quadriradcal verbs with two, three and four

consonants respectively.

As described by Tesfai (1993), biradical verbs are rare in Tigrigna and they are basically
triradical which have original labio-velar semivowel ‘w’, palatal semi-vowel ‘y’ or a
laryngeal consonant ‘H’ as their medial and the loss of *w’, ‘y’, or ‘H” may result in biradical.
Examples of biradical verbs are h€ kede “he has gone”, 9° mote “he died”, 1A bele “he

said”.

Triradical verbs have sub-class Type A, Type B, and Type C. Type A verbs have non-

geminated 2" radical except in the imperfect aspect singular form.

eg. Adlé. Serefe “he insulted”
£l.4. derefe “he sang”
é.0L ferede “he judged”

Type B verbs geminate the second radical.

eg. Hhé  zekkere “he remembered”
Aovt lemmene “he begged”
fiovt+ xemmete “he purchased”

Type C verbs have the vowel /a/ after the first radical and the second radical is a non-

geminate.

eg. G4.F nafeQe “he longed to see some one”
LM mareKe “he surrendered someone”
AAP  laSeye “he shaved”
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Quadriradical verbs consist of four radicals.
eg.  avihd. meskere “he witnessed”
nAmh selTene “he became civilized”
av'H'IN mezgebe “he registered”
Verb inflection

Tigrigna verbs are conjugated in perfective, imperfective, gerundive, jussive and imperative.

In conjugating the verbs affixes are employed.

Perfective
The simple perfective verb is inflected by suffixing person, gender and number morphemes to

the perfect verb stem. Example (3.24) illustrates how these suffixes are employed.

(3.24)

TG neger-ku ‘Itold’ 1ps
71Ch neger-ka “You told’ 2sm
Tch, neger-ki “You told’ 2sf
T neger-¢ ‘He told’ 3sm
14 neger-et ‘She told’ 3sf
1Ccs neger-na “We told’ Ipp
Cch9° neger-kum  “You told’ 2pm
TICN7 neger-kn “You told’ 2pf
14 neger-u ‘They told>  3pm
- neger-a “They told”  3pf
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The morphemes employed are i+ /-ku/, [ka/, n, /-ki/, h/-el, k- [-et/, & /-na/, rP° /-
kum/, N7 /-kn/, - /-u/, and A/-a/. Theses suffixes are used without any variation with verbs
of Type A, B, C and quadriradicals. Actually there are no suffixes employed as perfect aspect

marker. The vowels in the verb stem are the perfect aspect markers.

Imperfective
The simple imperfective verb is inflected by prefixing gender, person, and number

morphemes to the imperfective verb stem. Example (3.25) illustrates how these suffixes are

employed.

(3.25)

A19C  7-negr ¢ Twill tell” Ips

A91C t-negr “You will tell® 2sm
1996 t-negr-i “You will tell’ 2sf

L£49C y-negr ‘He will tell’ 3sm
10 t-negr ‘She will tell’ 3sf

711C  n-negr “We will tell’ lpp
1174 t-negr-u “You will tell’ 2pm
+19¢- t-negr-a “You will tell’ 2pf
L9194 y-negr-u ‘They will tell’ 3pm
L4194~ y-negr-a “They will tell’ 3pf

The morphemes employed are & /7-/, ft-f, A=t & [y, F el e-beltul, bR Ttal,

£ /y-u/, and £-A /y-a/. Just like the simple perfective, there is no prefix or suffix
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employed as imperfective marker. The vowels in the verb stem are the imperfect aspect

markers.

Gerund
The gerundive form is inflected by suffixing person, gender and number morphemes to the

gerundive verb system.

(3.26)

L.l negir-e ‘I have told’ 1ps
rLCh negir-ka “You have told 2sm
1.Ch negir-ki “You have told 2sf
14 negir-u ‘He has told’ 3sm
r.¢é- negir-a ‘She has told’ 3sf
TLCY negir-na ‘We have told’ lpp
M.Cir9g° negir-kum “You have told’ 2pm
.CN7 negir-kn “You have told’ 2pf
e negir-om “They have told’ 3pm
e negir-en “They have told’ 3pf
Mood

Mood consists of the jussive and the imperative. The jussive expresses a command, but with
less emphatic effect than the imperative mood, for 1% and 3" persons. The imperative is used
to express a command for the 2" person in the singular and plural f(l:nnn. Verbs in the jussive
form take prefixes or suffixes and in the imperative form they may or may not take suffixes.

Example (3.27) illustrates how they are used.
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(3.27)

nc k-negir
L7rc y-nger
G t-nger
o n-nger
L4 y-nger-u
L2 y-nger-a

3.3.2 Derivational affixes

‘let me tell’

‘let him tell

‘let her tell’

‘let us tell’

Ips
3sm

3sf

lpp

‘let them tell’ 3pm

‘let them tell” 3pf

In contrast to inflection, which produces different forms of the same word, derivation and

compounding are processes that create new words. In derivation, a different word often of, a

different part of speech category, is produced by adding a bound morph to a stem. Derivation

is incomplete, i.e., a derivational morph cannot be applied to all words of the appropriate

class.

Noun derivation

In Tigrigna there are verbal nouns, adjectival nouns and nouns which designate abstractions.

Verbal nouns which are infinitive, agentive and instrumental are derived from verbs by using

affixes /m-/, /-i/, /-it/, and /me-i/ respectively. Example (3.28) illustrate how the affixes are

employed.

(3.28)

Verb Gloss

Infinitive Gloss

AN/ sebere ‘he broke’

7onnc

m-sbar to break
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+1a  getele ‘he killed” °F N m-qtal to kill

Hhén Harese  ‘he ploughed”  #°hé-N m-Hras to plough

Verb Gloss Agentive  Gloss

Ané sebere ‘he broke’ nné sebar-i breaker

+1a qetele ‘he killed’ ¢ Ketal-i killer

A0 Harese  ‘heploughed”  -hé-A.  Haras-i one who ploughs

Verb Gloss Instrumental Gloss

nné  sebere ‘he broke’ ailé  me-sber-i used for breaking
¢+ qetele ‘he killed’ Pt me-qtel-i used for killing
AHl0 Harese  ‘he ploughed’ @adf.  me-Hres-i used for ploughing

Abstract nouns are derived from adjectives by suffixing /-i/, /-at/, /-et/ /-na/, /-eyna/, /-ay/ and

/-net/. The suffix /-net/ is also used to derive abstract nouns from nouns and used to show of

being something. See example (3.29) for illustration.

(3-29)

Adjective Gloss Abstract noun Gloss

+m7 qeTin  ‘thin’ EX RS QT-net to be thin

79<h  nifu? ‘brave’  TEFAT nf?-at to be brave

1£4 goyta ‘lord’ 1L goyt-net to be lord

Noun Gloss Abstract noun  Gloss
9 jgna ‘hero’ =TIt jgn-net being hero
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i, qexi ‘priest’ PNG gs-na being priest

Han £ zemed ‘relative’ HI° &S zmd-na relationship
4N feres ‘horse’ 4.4NLS  feres-yna horse man
+9°07 tembEn  ‘name of aplace’ T7°M5L  tembEn-ay one from tembEn

Nouns can be derived from verbs using suffixes /-ay/ and /-tay/. See (3.30) for illustration.

(3.30)
Verb Gloss Noun Gloss
184 nedeqe  he built 18P0 nedaqay  comnstructor

T Harese  he plough  -hénFL Harestay farmer

Ahé. Sehafe  he wrote Ahg.L Sahafay  secretary

Adjective derivation
Adjectives can be derived from verbs and nouns through suffixes, prefixes or both. (3.31)

Ilustrates the situation.

(3.30)
Verb Adjective
AN sebere “he broke” Né  sebar-i “one (masculine)

who breaks”
nea bedele “he committed crime” NLA% bedele-Na “one who

commits crime”

Noun Adjective

A9°A, Hamli “vegetable” A9°AL Haml-ay “green”
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At TlityoPya “Ethiopia”  AA-P-& PR ?ityoPy-awi “Ethiopian”
A7H. Hnzi “poison” hTH9° Hnz-am “poisonous”

94.C ~afar “a place in Ethiopia”  94C% ~afar-Na “a language

spoken by Afar people”

Tesfai (1993) noted that, the inputs of the suffix /-am/ ends in 1, z, d and s. So the words /gud/,

/merz/, /wez-/ can be inputs.

Verb derivation
Verbs can be derived from the active form of the verb by prefixing various elements. The
derived forms can express different modes of actions such as passive, causative, reciprocal,

causative-reciprocal and frequentative.

According to Tesfai(1993), generally there are two derivational prefixes /te-/ and /?a-/. The
bases of /te-/ are perfective pattern /Ce(a)C(C)eC/ and the traditionally called gerundive
pattern /Ce(a)C(C)iC/. The bases of /?a-/ are similar to the bases of /te-/. Example (3.32)

demonstrates how the affixes are employed.

{3.32)

Active Gloss

&lav regeme “he cursed”
Il Haggeze “he helped”

0L malede

av'H'IN mezgebe

“he meditated”

EE]

“he registered
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Passive

+dl1av te-regeme
+MH  te-Haggeze
790 L. te-malede

Tav'H 1IN te-mezgebe

Reciprocal

L2100 te-regagemu
+Ah21H  te-Hagagezu
+79A0 4 te-malaledu

TN te-mazagebu

Causative

ACTaD Ta-rgeme
AdTH 7a-Haggeze
A%INEL 7a-malede
AavHN 7a-mezgebe

Causative Reciprocal

Ad1aD 7a-rageme

AdhIH 7ata-Hagageze

ATINE 7a-malede

ATTHIN 7a-mazagebe

Gloss
“he was cursed”
“he was helped”
“he was meditated”

“he was registered”

Gloss
“they cursed each other”
“they helped each other”

3

“the meditated each other’

- 4

“the registered each other’

Gloss

“he made some one cursed”
“he made some one helped”
“he made some one meditated”

“he made some one registered”

Gloss

“he made others cursed each oiher”
“he made others helped each other”
“he made others meditated each other”

“he made others registered each other”
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The derivational prefixes are:

+ /te-/ passive

A [?a-/ causative

(s /te-/ and reduplication of 2" radicals reciprocal

At [at-/ causative reciprocal

Type A, B, and C verbs employ reduplication of the 2™ radicals in addition to the prefix /te-/
in the reciprocal form. In the quadriradical verbs, the reciprocal is formed by discontinues

morpheme /te-a-/.

3.3.3 Reduplication

In addition to affixation and pattern change (insertion and deletion of vowels and/or
consonants), Tigrigna uses reduplication. Reduplication is repeating part of a word/stem. For
example in the word @an@ A9, 1THAN%and AQNL the letters e 1 and N are
repeated. But if we see words such as N1CNC, 1AMIMJ° and O7+C-+C  the repeating

part consists of two letters which is 1C, @m¢° and +C.

In Tigrigna reduplication is used for marking actions such as repetitive, reciprocal,
uncompleted, and ordered (one after the other) (Mathewos, 1951). To mark those actions the
reduplication may come prefixal (117H-1%) or infixal (-+4.210m). The number of letters to be

reduplicated may be one (aZH&HI") or two (ANCAC). See (3.33) for examples on

reduplications.
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(3.33)

Prefixal

av o merEt avavdo-+9° memerEtkum

L1 deqgKn LELPTT dedeqKn

M9 gezaKum 1M T9° gegezaKum

Infixal

+tA qetele +Ita getatele
AR Tr9° laSuKum AR Tr9° leSaSiKum
Avé. Sehafe A7 4 ?aSahahfa
3.4 Compounding

As cited by Tesfai(1993), compounding is the result of two or more words/stems combining
into a single morphological unit. Tigrigna compounds are of two type; strict (lexicalized) and
loosed. In loose compounds, the meaning of the whole compound is the meaning of the head
qualified by the non-head member. For example aPC&hhl+E merf~Tareqi means “small

sized needle”.

On the other hand, in strict compound, since they do not have heads, the meaning of these
words is not predictable from the constituent members of the compound. For example, one
can not predict the meanings of 4.£1.9°&¢ ~aynimdri “toilet” from the isolated meanings of

the words 4£% ~ayni “eye” and ¢°#¢ mdri “earth”. This shows the words are

amalgamated. Because of the complexity of compounding in Tigrigna especially the strict
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ones and the time constraint, the stemming algorithm that will be developed will not handled

compounding.

48



CHAPTER 4

STEMMING ALGORITHM FOR TIGRIGNA

4.1 INTRODUCTION

A review on the morphology of Tigrigna language has been presented in the preceding
chapter. It has been shown that main word formation process in Tigrigna is done through
affixation. The main classes of affix are: prefix, suffix, prefix-suffix pair and reduplication
(single and double). Those affixes are used for inflecting and deriving words. Nouns and
adjectives are inflected for gender, number and person. Verbs are inflected for gender,
number, person, aspect and tense. Tigrigna uses extensive concatenation of affixes and
resulted in a relatively long word that can represent semantic meaning of a phrase or sentence
in English. As a result of those morphological structures of the language, a word can have
thousand variants. In designing retrieval systems for the language, reducing these variants into
one form, improves performance of the system. This can be achieved by a conflation
technique, which is usually stemming. This chapter presents development of a stemming
algorithm for the language. The compilation of stopwords and affixes and evaluation of the

stemmer are also presented.
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4.2 PURPOSE

This experiment is concerned with developing a stemming algorithm to conflate variant words
in Tigrigna text documents and testing performance of the stemmer on sample data collection.
The main tasks of the experiment are selecting sample data, compiling affixes and stopwords,
developing the stemmer, and testing and evaluating the stemmer on the sample data. The

detail discussions of each activity are presented in the subsequent sections.

4.3 TEST DATA

To experiment the algorithm developed, sample texts were prepared from three different
sources: WOYN newspaper, ASER magazine and from a fiction titled STRUGGLE. These
sources were selected in due consideration of their content (social, cultural and political),
which is believed to represent the language, availability of the documents and standard of
word use especially in the newspaper WOYN. The selection of topics and chapters from each

sample texts was done randomly.

An attempt was made to create the test collection from the electronic versions of the sample
texts that are in Ethiopic form by converting to text of Latin alphabets. When the Ethiopic ms-
word document is saved in text type format (tfile), it consists of special characters, which are
ASCII represents of the document. For the purpose of the experiment, a C++ program was
written that accepts the text type format file (tfile) and produces text file. However, inspection
of the result revealed that the conversion was not completely successful. The problems were:
missed letters (eg. H, ri) and the same character representation for different letters (eg. ru, mE,

Te were represented by the same character). These errors were the result of non-printable
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special characters in text editor and some of the special characters were replaced by another

character.

Because of the problems mentioned above and limitation on time, another approach was used
to prepare test collection. In this approach, the sample texts were collected from hard copy
and were typed using Latin alphabets. If the first approach were successful, it would have
helped in expérimenting the research. Not only this, but the procedure would have served for
any one who is interested in doing experiments on Ethiopic documents. The size of the

sample texts in terms of words, number of distinct words and word ratio is given in Table 4.1.

Table. 4.1 Number of Words

Name of text | Total | Distinct | Ratio of total words | % of words with | % of words
words | words to distinct words | frequency of 1 with frequency
of 10 & above
WOYN 2542 | 1179 2.156 34.62 1.69
STRUGGLE | 2997 | 1502 1.995 38 1.23
ASER 1491 | 739 2.017 36.61 1.27

4.4 WORD DISTRIBUTION OF TIGRIGNA TEXTS

It has been cited in many works (Hmeidi et al., 1997; Ekmekgioglu et, al., 1996; Nega, 1999)
that, word-distribution in text documents of a language helps in studying behavior of the

language. One way of measuring word-distribution is using word-ratio (total number of
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words to distinct words). The word-ratio obtained for the sample texts is given in Table 4.1.

The values are 2.156, 1.995 and 2.017 for WOYN, STRUGGLE and ASER respectively.

A text size of 1632 was considered from the text STRUGGLE to compare the word ratio with
English and Arabic (adapted from Hmeidi et al, 1997). The ratio obtained for Tigrigna text
indicated in Table 4.2 was almost similar with the Arabic text. The similarity in the ratio

might be explained by the fact that both languages are Semitic.

Table 4.2 Comparison of Word Ratios of Tigrigna with English and Arabic

Language Text Length of Text | Distinct Words | Word Ratio
Tigrigna STRUGGLE | 1,632 918 1.777
English Text 1 1,600 621 2.576
Arabic Text 1 1,600 902 1774

Based on frequency value, percentage of single words was calculated and the result is shown
in Table 4.1. From the table we can see that singleton words constitute large portion in the

documents. This shows existence of more variant words in Tigrigna documents.

Hmeidi et al (1997) argue that, the language with lesser values of the word ratio corresponds
to more distinct words in a text and vise versa. This implies that a particular word appears less
often for Tigrigna than for English. The variance of words and the word ratio (Hemeidi et al.,
1997; Alkharashi et al., 1996) may be indications of the complexity of the morphology of the
language. As such we can observe that morphology of Tigrigna is more complex than that of

English language.
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In addition to word ratio, the Zipfians law could also be used as an indication of the
complexity in the morphology of a language. This law is based on frequency of words and

given by:

=k

Where f is the frequency of a word in the text, r is rank of the word when the words are listed
down from the highest frequency to the lowest one, and k is a constant value. What the law
says is that, the product of the frequency and the rank gives us constant value for all the words

of a text.

The Zipf’s constant for some selected ranks of the sample texts used in this experiment is
given in APPENDIX I. According to Nega(1999) many languages do not obey the law. For
instance, on his work on Ambharic language he showed the deviation of Amharic documents
from the law. This may also be shared by Tigrigna documents as can be seen in Table 4.3.
The unevenly distribution of words in Tigrigna documents and the deviation of the language

from Zipf’s law may be an indication of the complexity in morphology of the language.

Table 4.3 The Zipf’s constant for selected ranks of WOYN text

'Word f r t*r
7ab 67 1 67
Twn 25 10 250
sraH 16 20 320
ayte 11 30 330
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kllna 10 40 400
7zom 9 50 450
TeQlala 7 60 420
7aKEba 6 70 420
zelo 5 80 400
bSay 4 90 360
bmKanu 4 100 400
menbernet 2 200 400
mSrarom 1 300 300
bbQ~at 1 400 400
feSaminetu 1 500 500
mergeStat 1 600 600
zeytwaSa? 1 700 700
tegbarat 1 800 800
hwaHat 1 900 900
r(adren 1 1000 1000
melsi 1 1100 1100
HSretat 1 1179 1179

4.5 COMPILATION OF STOPWORD LIST

The stopword list was compiled from the three sample texts by collecting the most frequently
occurring words. Using a C++ program, frequency of words in each texts was generated.
Table 4.4 lists the top 30 words from each text. As can be seen from the table, the stopword

list consists of prepositions (such as Al ?ab “in”, h-l kab “from”, 9°0 ms “with” and
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¢+ nab “to”); demonstrative adjectives (Al 7zi “this” and At 7ti “the(masculine singular
) 7); articles (A7 ?ta “the (feminine singular) and A-F#° ?tom “the (masculine plural)”) and
conjunctions (such as 7%/95 gn/gna “but”, £“7 dma “and”). There are also non-function
words (e.g bEt, mKri, guba?E). As indicated earlier, function words such as prepositions,
conjunctions and articles in Tigrigna exist affixed to words. For this reason, the frequency of
function words in Tigrigna does not seem to be as high as in the English language. That is, the
frequency of function words in Tigrigna is low. Because of this reason, the use of frequency
alone did not help to generate all the stopwords and many function words were added
manually to the stopword list by consulting books and dictionaries (e.g. do, wxTi, ?zu, ?ten).

The complete list of the stopword list is given in Appendix II.

Table 4.4 The first 30 words of the sample texts with high frequency

WOYN ASER AGAZI Total
No [Word Freq[Word Freq|Word Freq|Word Freq
1 ?ab 67 7yu 54 7ab 74 7ab 177
2 nay 60, qgnE 53 ?yu 61 ?yu 147
3 i 46, 7zi 38 meQele 48 nay 120
B bEt 400 7ab 360 i 46/ i 117
5 771 38 dma 29| Hayelom 441 zi 91
6 mKri 33| nay 27| nay 33 ?wn 69
7 7yu 320 M 25 kem 33 dma 68
8§ kab 31 QanQa 16/ ?wn 29| DbEt 65
9 guba?E 26, kab 16| nab 29| kab 64
10 wn 25| meSHaf 16 neyru 29 gnE 53
11 dma 24| zbl 16 tegadelti 25 kem 52
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12 hSuS 22| ?wn 15/ bEt 25 nab 49
13 medreK 19 tgrNa 15 ma?serti 24 meQele | 48
14 dmSi 18] qal 14/ ?7tom 22| Hayelom| 44
15 neti 18 Hade 13| 7surat 20[ zbl 39
16 wdb 17 koynu 13| nti 19 mKri 33
17 koynu 17| trgum 13| Hayli 18| koynu 33
18 nayti 17| Hbre 10| kab 17} ?tom 32
19 ?abalat 17| Tbeb 10f dma 15 dmSi 30
20 sraH 16| nab 9 ?zi 15| ?abalat 30
21 zbl 15 wey 9 komandotat 14 neyru 29
22 kem 15 7wan & ms 14/ Hade 29
23 hzbi 15 kite 8 Hade 14 guba?E 26
24 Halafnet 14] ?a?mere 8 ?abalat 13| tegadelti | 25
25 kunetat 14 7Ka 7 dmSi 12| nayti 25
26 feSamit 13| zelewo 7 hweHat 12| ma?serti | 24
27 lebewa 12| gna 7 gizE 12] “?wan 24
28 tgray 12| kal?ay 7| derg 12| hSuS 22
29 menber 11] malet 7| se~at 11} mKanu 22
30 7ayte 11} meskot 7 gujle 11 hweHat | 21

4.6 COMPILATION OF PREFIX

Tigrigna uses prefixes for marking prepositions (eg. 1~ “with”), accusative markers (e.g
¥t0”) and plurals (e.g 4). It is also used for gender, person and number inflection, marking

jussive and imperfective, and deriving nouns from verbs.
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In this work, semi-automated procedure was used to produce prefix list. The sorted list of
words were used to identify the prefixes. To extract the sub-strings and their frequency, a
C++ program was written. After generating the sub-strings, their frequencies were compiled.
Then, those sub-strings with high frequency were taken as prefix. A string of three radicals
(consonants) was considered in identifying the remaining string of the word. If a sub-string is
followed by vowel then the vowel is taken as part of the sub-string since words in Tigrigna do
not begin with a vowel. That means, for the example given below instead of ?, ?a is
considered. The most frequent leading strings identified as a result of this process are given in

Table 4.5.

For example, for the word ALNAS7& (?aybelnando), the following sub-strings are

generated

A 7a

hL 7ay
ALN Taybe
ALNA ?aybel

Table 4.5 Highly frequent leading strings

Sub-string Frequency
7a 275
z 273
me 221
b 216 g
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? 184
n 143
te 133
m 125
ue 89
k 88
t 80
n 73
zte 66
7ay 60
ha 60
ke 51
y 49
h 45
“ma 39
bm 32
W 30

Except three (Y ha, ¥ h and @ w) all the sub-strings in Table 4.3 are considered as

genuine prefixes (consultation of literature).

In addition to quantitative method described above, consultation was made to books and
dictionaries to check the correctness of the prefixes. Additional prefixes were also included
manually from the dictionary (e.g §£ nay, h9°l. kemzi, 471 ?7nkab) . The complete list

of prefix is given in Appendix III.
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4.7 COMPILATION OF SUFFIX

A similar approach was used to generate suffixes but this time, first a word is reversed and the
sub-strings are extracted. For example, to extract the sub-strings from the word
ANCSP  sebabernayo, first the word is reversed and gives us oyanrebabes. Then, the same
approach of prefix compilation was followed. But the sub-strings to be considered as a suffix,
consideration of the following vowel is not important since a Tigrigna word can end in a
vowel. Table 4.6 shows sample of the sub-strings produced as a result of the process. All the
sub-strings given in the table are genuine suffixes (consultation of literature). Complete list of

the suffixes is given in Appendix IV.

Table 4.6 Highly frequent ending strings

String Frequency
i 637
u 606
t 360
n 351
e 350
a 333
m 280
at 252
om 248
0 120
ti 113
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tat 54
wi 53
awi 52
ay 51
Na 50
4.8 PREFIX-SUFFIX PAIRS

In addition to prefix and suffix, Tigrigna also uses prefix-suffix pair. Some of the frequently
used prefix-suffix pairs are av-t me-ti, @0-f me-ya, gp-h, me-i, o0-F me-ta and av-
% me-t. Prefix-suffix pairs are usually used to derive nouns from verbs. To illustrate on the

usage of prefix-suffix pairs, the following examples are given.

ane(1é me-gber (bury )-i meqberi coffin
av’y Ik me-ngs (Kingship) -ti mengsti government
awOCOs me-werwere (he threw)-ya mewerwerya something

used for throwing
av €At me-dehane (he has recovered)-t medhanit medicine

@3 me-jemere (he has started)-ta mejemerta  beginning
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4.9 THE STEMMER

Techniques developed for English and Semitic languages such as Arabic and Amharic were
studied. Some of the techniques used in these algorithms were incorporated in developing the
Tigrigna stemmer. The algorithm uses iterative approach but when it finds two affixes that

match with the word, the longest one is removed.

As indicated in the preceding chapter the process of inflection and derivation in Tigrigna is
done through one or combination of the following processes:
e pure external affix (without modifying the stem)
e external affix aqd with modification of the letter (s) of the stem at the beginning, end
or other positions
e pattern change (insertion or deletion of consonants and vowels)

e reduplication (prefixal and infixal)
(j\ Accordingly, theses characteristics were taken into consideration in developing the stemmer.

Of the two approaches (context free and context sensitive) discussed earlier, a context-
sensitive was considered appropriate, as Tigrigna is morphologically complex language (see
Chapter 3). Though Tigrigna uses external affixation like plural marker as —s in English, most
of the time affixes in Tigrigna modify the stem. Therefore, a context-sensitive approach must

be used to get better conflation results.
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To this end, each affix is accompanied by a context-sensitive rule. The techniques for
describing the rules are adopted from Porter (1980). The rule for removing an affix is given in

the form:

Condition A= SP|S

This means if a word has affix A and the Condition that accompanies it is true; the word will
be changed to a stem with pattern SP (it could be the pattern of the whole stem or substring)
or the affix is replaced by the string S which could be null (removed) or more. The Condition
may be applied on the word or the stem and can also have expressions with logical operators;
and, or, and not. For example, (L>n and (*s or *t)) tests for a stem with L > n and ending with

sort.

The Condition part may contain the following:

L>n Length of the remaining stem is greater than n.

*s The stem ends with s ( and similarly for other letters).

*uC The second from the last of the word is u (and similarly for other
letters).

WP The word has pattern WP. Pattern is described as sequences of CV or

CVC because Tigrigna syllable consists of CV or CVC.
SP The stem will have pattern SP. For example, SP can have the form *iC

which means the letter before the last consonant will be changed to “i’.

In setting minimum stem length which is denoted by n in the above expression, the number of

radicals (consonants) in the word are considered. Tigrigna words are usually three to five
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radicals (Tesfai, 1993). Therefore, a minimum stem length of three radicals (consonants) is

considered.

In the stemmer developed, five step rules were used for the purpose of removing affixes. The

purpose of each step is given as follows:

The first step takes the word to be stemmed as an input and removes double letter
reduplication. For instance, 1AMZ°MY° gelTemTem “messing” consists of repeated sub-
string (N¥® “Tem”. In removing such form, first the radical (sequence of consonants) of the
word was extracted and checked for repeating double sequences. In this case
AATI°P9® glTmTm is the radical and has repeated double sequence that is T9° “Tm”.
Therefore, the first sub-string which is Tem is removed from the string and leaving the word
as 1Amg° gelTem.
v

The second step removes prefix-suffix pair. This step takes the output of the previous step as
an input and checks if the word contains match with any of the prefix-suffix pair. If the word
contains a match and the remaining string has a length greater than three, then the prefix and
the suffix are removed from the word. For example, the WOI‘d\ ﬂﬂ,‘@:ﬂﬂqﬁ mejemerya contains
the prefix-suffix pair o»—f me-ya and the remaining string after extracting the pair is
Zav(; jemer, which has length of three radicals. Therefore, the prefix and the suffix are

removed from the word and gives Zao(C  jemer as an output.
The third step removes prefixes. This step takes the output of prefix-suffix stripping. In

removing a prefix, checking for match in the prefix list and counting length of the remaining

string 1s done. The prefix should not be followed by a vowel (as discussed above) so checking
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of this also been done. If the word satisfies all those conditions, the prefix is removed from
the word.

In the fourth step, removal of suffixes is done. After accepting the output of step 4, this step
checks if the word contains any match from the list of suffixes. If the word has a match and

the remaining string is three the suffix is removed from the word.

The last step is used to stem reduplication of single letter. This has the same approach as step
1, but it checks for reduplication of single letter. For example, the word N1N&  sebabere “he
broke into pieces” contains single reduplication that is babe. After removing the first

reduplicated consonant together with the vowel, it gives ANZ sebere as an output.

Except the removal of reduplication (single and double), after each step is applied, the word is
e o

submitted to a réc rﬁmg step, which checks for some spelling exception. For instance, when

the prefix ?ana is removed from the word ?anakese, it gives kese but the correct stem is

nekese. So this step checks for spelling exception and made readjustment.
4.10 IMPLEMENTATION OF THE STEMMER

Affixes are actually removed through the process of matching the input word to the affixes in
the rules. ﬁ"he algorithm uses iterative approach in removing concatenated affixes. The

general operation of the algorithm is given in flow chart as follows:
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Figure 4.1 Flowchart of the Stemmer
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The stemming program has six main procedures:
e Prefix-suffix stripping
X / -j Removing double letter reduplication
\' e Prefix stripping
.J e  Suffix stripping
e Removing single letter reduplication

e Extracting root
Detail description of these procedures is given below.

4.10.1 Prefix-suffix stripping
The procedure takes a word as an input. It checks the existence of both the prefix and the
suffix and it removes both. For example from the word s@Ca(C.f (mewerwerya), the prefix

/me-/ and the suffix /-ya/ are removed and the word becomes @C@C (werwer).

1. Get WORD
2. Count number of radicals of WORD (nw)
3. If nw <=3 then stop and return WORD
4. 1If no PREFIX-SUFFIX pair then stop and fgaturn WORD, yd ’)
5. If PREFIX-SUFFIX pai_r match then

Count number of radicals of PREFIX-SUFFIX (nps)

If (nw-nps) >=3 then

Remove PREFIX and copy sub‘string to PWORD

Remove SUFFIX from PWORD and copy substring to SWORD

Copy SWORD to WORD
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Go to Step 2

Else Go to Step 4

Else Go to Step 4

Figure 4.2 Algorithm for removing prefix-suffix pair

4.10.2 Removing double letter reduplication

This procedure is used to remove double letter reduplication. The procedure takes as an input
form the pervious procedure. It checks the occurrence of the reduplication and removes the
first two letters. If the letters removed have vowels then the vowels are also removed. For
example, the word 1Amy°mg° gelTemTem contains reduplicated letters 9™ Tem and m9®
Tem. Therefore, the first two letters Tem are removed from the word and leaving the word

19m9°  gelTem.

1. Get WORD

2. Count number of radicals of WORD (n)

3. If n < 5 then stop and return WORD

4, Extract root of the WORD (C1C2C3...Cn)

5. If Ci=Ci+2 and Ci+1=Ci+3 then
Remove Ci and Ci+1 with their vowel and copy the remaining to DWORD
Return DWORD

Else return WORD

Figure 4.3 Algorithm for removing double reduplication
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4.10.3 Prefix stripping

In removing the prefix from the word, which is the output of the previous procedure, the
prefix and the rules are checked. As some of the prefixes should not be followed by a vowel
the procedure checks this. For example, to remove the prefix 7 /n-/ “for/to” the procedure
first checks whether the prefix is followed by a vowel or not. The prefix /-n/ is removed from

7019° (nselam) “for peace” but not from 11CY (negirna) because it is followed by a vowel.

1. Get WORD
2. Count number of radicals of WORD (n)
3. If n <=3 then stop and return WORD
4. IfPLIST empty then stop and return WORD ¢
5. If PREFIX does not match with WORD then Go to Step 4
Count radicals of the prefix (np)
If (n-np) >=3 then
Remove PREFIX and copy sub-string to PWORD
Copy PWORD to WORD
Go to Step 3
Else

Go to Step 4

Figure 4.4 Algorithm for removing prefix
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4.10.4 Suffix-stripping
After a prefix stripping operation is applied to a word, the next procedure is suffix stripping.

This procedure checks the existence of a suffix, and if there is a rule attached to the suffix and

it is satisfied the suffix is stripped from the word.

1. Get WORD
2. Count number of radicals of WORD (n)
3. If n <=3 then stop and return WORD
4. If SLIST empty then stop and return WORD
5. If SUFFIX does not match with WORD then Go to Step 4
Count number of radicals of SUFFIX (ns)
If (n-ns) >=3 then
Remove%UFFD( and copy sub-string to%WORD
Copy$WORD to WORD
Go to Step 3

Else

Go to Step 4

Figure 4.5 Algorithm for removing suffix

4.10.5 Removing single letter reduplication

This procedure is used to remove single letter reduplication. The procedure takes as an input
the output of the previous procedure. It checks the occurrence of the reduplication and
removes the first letter if the word contains single reduplication. If the letter to be removed is

followed by a vowel, then the vowel is also stripped. For example the word
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oo X{en9° memeShafkum, contains reduplicated letters @» me and @» me. Therefore the

first letter me is removed from the word, leaving the word e»&Z7&tr9® meShafkum.

1. Get WORD

2. Count number of radicals of WORD (n)

3. If n < 4 then stop and return WORD

4, Extract root of the WORD (C1C2C3...Cn)

5. If Ci=Ci+1 then
Remove Ci with following vowel and copy the remaining sub-string to DWORD
Return DWORD

Else

Return WORD

Figure 4.6 Algorithm for removing single reduplication

The following example demonstrates how the algorithm works:

If we take the word HANNCSP+(zsebabernayo) “what we have broken into pieces”, first the
prefix N /-z/ is removed and leave the word NANCSP- (sebabernayo), then the suffix 4~ /-
nayo/ is removed and the word becomes AANC sebaber. This word contains reduplicated
consonant which is b (babe), and the single reduplication removing procedure removes 1 /-ba-

/ and it becomes ANC (seber-) which is the stem of NN< sebere “he broke”.
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4.11 EVALUATING AND IMPROVING THE STEMMER

For the purpose of evaluating the stemmer, a sample data of 1568 unique words were
collected from the sample texts randomly. Quantitative approach was used to measure the
performance of the stemmer. Basically it is on number of errors, that is, words that are not
conflated correctly. Table 4.7 shows sample of the errors and their type. Four types of errors

were found: order, understemming, overstemming and other.

Table 4.7 Examples of Stemming Error

Word Resulting Stem Expected Stem Error Type
Tabzgeberelun bezg geber order
z?amenklu nkl 7amen order

zbetatn \ betat beten order
korarmtu korar kormt order
7afelalay felal felal order

n?abalat belat ?abal order

msfaHn faHn sfaH order
ntrHrHu ntH rHrH order

7agESe 7agES gES understemmed
bebiHade beHad Had understemmed
slezKone zKon Kon understemmed
qnyawi qny qn understemmed
mekelaKeli kelaK kelaKel Overstemmed
7anfetat fetat ‘?f;nfet Overstemmed
msTir sTir msTir Overstemmed
~blela ~bl ~blel Overstemmed
bebime~altu ~elt me~alt Overstemmed
deliKn deliK deley other
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From the manual assessment done on the stems, it showed that the stemmer performs at
accuracy of 74%. The errors constitute: 6.9% overstemmed, 11.2% understemmed, 5.2%
order and 2.6% other. Order_indicates errors produce as result of order of the stripping
procedures. For example, if we take the word ?afelaly “difference”, it has prefix ?a, single
letter reduplication lala (11) and suffix y. If the order was single letter reduplication stripping,
prefix stripping and suffix stripping, it would have resulted in the correct stem felay. The
“other” errors represent errors, which were the results of combination. The stemmer was also
evaluated in terms of degree of compression for stem and root. For calculating percentage of
compression, the expression used by Popovig (1992) for Slovene language is used. The

compression C is defined by,

_100* (W - S)
w

C

Where W is the total word of the text and S is the stem or root.
The dictionary size (text size) and compression figures obtained for stem and root are given as

follows:

Size of the data 1568
Number of stems 1 166 (27% reduction)

Number of roots 799 (50% reduction)

Improving the Stemmer

To improve the stemmer, the errors were studied. The possible sources of the errors were: an
affix not in the list, minimum stem length for some words and order of operation. The

algorithm has five procedures: prefix-suffix pair stripping (ps), single letter reduplication
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stripping (r1), prefix stripping (p), suffix stripping (s) and double letter reduplication stripping
(r2). The order of operation was ps, then r2, then p, then s and finally rl. There was no

enough time to test the possible ordering of the procedures to obtain the best result.

Modification was made on the stemmer by including some more affixes (e.g bebi-, ke- key-)
and considering minimum stem length of two radicals for some of the words. For instance, the
word YN habe “he gave” with a consonant sequence U-1 hb has two radicals. On the other
hand this word has inflectional and derivational forms such as 2N hibe “I gave”, 21 hiba
“she gave”, £N% hiben “they (f) gave”, 2.09° hibom “they (m) gave”, Nt khb “T will
give”, 9°/01 mhab “to give”, NN knhb “we will give” to mention a few, that contain
common radical U1 hb. These particular words have the same stem with a consonant
sequence (root structure) Y-l hb, if the prefix (k,m, kn) and suffix (en, om, na) are stripped.
To conflate these words to the same stem hb, a minimum stem length of two radicals should
be considered. Hence, when the remaining string has two radicals the algorithm checks if the
sub-string has radical U1 hb. As discussed in chapter 3, two radical words are rare in
Tigrigna. Therefore, in modifying the stemmer a list of two radical words was compiled by

consulting dictionary. The list contains radical (root) representation of the words.

The new version stemmer included those modifications and was tested on the sample data.
The result shows an increase of accuracy by 10%, raising the percentage of accuracy to 84%.

Regarding the compression the following results were obtained:

Size of the data 1568
5
Number of stems 1059 (32.4% reduction) ¢
[

Number of roots 717 (54.6% reduction)

73



While the understemmed errors were reduced by 9.4%, the overstemmed errors were

increased by 0.5%.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Tigrigna is one of the Semitic languages. These languages have common grammatical system
based on root-pattern structure. The main word formation process in Tigrigna is done through
affixation. Tigrigna uses prefix, prefix-suffix pair and suffix. It also uses reduplication of part
of a word, which is single and double letters. In Tigrigna the processes of adding one suffix to
another can result in relatively long words, which often contain an amount of semantic
information equivalent to a whole English phrase, clause or sentence. A Tigrigna word can
give rise to a very large number of variants, with a consequent need for effective conflation
procedures if high recall is to be achieved in searches of Tigrigna text databases. In this

research, the possibility of developing stemming algorithm for the language was investigated.

The quantitative analysis done on the sample texts, which were colletced from three different
sources showed that words are distributed throughout the texts in their morphological variants
and singleton words constitute 35%-38% of the sample texts. Lower word ratio and deviation

from the Zipf’s law that was shown on the sample texts could be indications of the complexity

of the language’s morphology. @

Stemmers developed for other languages could not be applied for this language because of the
morphological complexity and difference in features of the language as discussed in Chapter
3. However, commonly used methods of stemmers such as using affix dictionary, stopword
list and context sensitive rules are employed. Also some techniques are adopted from Porter

(1980), Ahmad (1996) and Nega (1999) in developing the stemmer. Striping suffix is not
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enough to conflate variant words of Tigrigna to one form. Hence the stemmer also includes

procedures to remove prefix-suffix pair, prefix and reduplication of single and double letters.

To experiment the stemmer developed, test data of size 1568 words were slelected randomly
from the sample texts. The experiment showed that the stemmer performs at accuracy of 84%
and reduced the dictionary size by 32.4% and 54.6% for stems and roots respectively. This
shows that using a stemming for Tigrigna brings a significant reduction in dictionary size as a
result of conflating variant words to the same stem. The results obtained from the experiment
are promising and using the stemmer in IR system of the language could improve the

performance of the system.

The stemmer conflates only inflectional and derivational affixes. It does not conflate
compounding and irregular forms. There are different ordering possibilities of applying the
procedures. In this experiment the stripping order was prefix-suffix, double Iletter
reduplication, prefix, suffix and single letter reduplication. Other possibilities could not be

tested due to limitation in time.
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5.2 RECOMMENDATION

This research demonstrated the possibility of developing a stemmer to conflate word variants
of Tigrigna language, which has complex morphology and where a word can have thousand
variants. As indicated above, however the study was based on a limited size of sample texts
and not tested in IR environment within the time constraint. The precise mode of operation of
the algorithm depends on the order of the stripping procedures, despite the fact that it is not
clear in what order the procedures should be applied to an input word to obtain correct stem.
The ordering could be based on arbitrary criteria or on a linguistic analysis. Due to limitation

in time the merits of the different possible ordering could not be studied in this experiment.

In view of the importance of stemming in IR of Tigrigna and the encouraging results obtained
in this research, the following recommendation are identified for further work in order to
make the result useful in operational retrieval environment:

e developing a mechanism for producing electronic test collection of the language in
Ethiopic format for the purpose of experimenting the stemmer and other related
works;

e experimenting the stemmer on text collection of large size collected from different
sources;

e studying the effect of ordering the stripping procedures on the performance of the
stemmer and selecting the best possible ordering;

e experimenting the stemmer in IR environment to measure its performance in actual

retrieval session;
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Further more by doing additional researches on the language, this work can help to develop

application tools such as spell checker, parser, thesaurus and dictionary
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APPENDCES

APPENDIX 1

The Zipf’s constant for selected ranks of the sample texts
a) WOYN

'Word £ f B
7ab 67 1 67
?wn 25 10 250
sraH 16 20 320
Tayte 11 30 330
lclina 10 40 400
?zom 9 50 450
TeQlala 7 60 420
7aKEba 6 70 420
zelo 5 80 400
bSay 4 90 360
bmKanu 4 100 400
menbernet 2 200 400
mSrarom 1 300 300
bbQ~at 1 400 400
feSaminetu 1 500 500
mergeStat 1 600 600
zeytwaSa? 1 700 700
tegbarat 1 800 800
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hwaHat 1 900 900

kadren 1 1000 1000
melsi 1 1100 1100
[HSretat 1 1179 1179

b) AGAZI

Word f ! fr
7ab 74 1 74
7w 29 10 290
771 15 20 300
meyrom 11 30 330
lkulu 9 40 360
seb 8 50 400
qeSele 7 60 420
‘Intay 6 70 420
~aserte 5 80 400
neSa 5 90 450
?ilu 5 100 500
mKnyat 2 200 400
71Kum 7 300 600
?mba 1 400 400
?abeban 1 500 500
z?atwulu 1 600 600
bQelilu 1 700 700

84




mdlay 1 800 800
qlTuf 1 900 900
nazemeru 1 1000 1000
SeniHe 1 1100 1100
bHawi 1 1200 1200
bergiga 1 1300 1300
yre?ay 1 1400 1400
negeru 1 1500 1500
zHz 1 1502 1502
¢) KNE
Word f r f*r
7yu 54 1 54
meSHaf 16 10 160
nab 9 20 180
meskot 7 30 210
?ayneberen 4 40 160
derasi 4 50 200
QanQana 3 60 180
seb 3 70 210
?alo 3 80 240
gewami 3 90 270
?aqalilka 2 100 200
msfaHn 1 200 200

&5




“nabela 1 300 300

‘ntrd?on 1 400 400

wsedu 1 500 500

~aynet 1 600 600

kebabina 1 700 700

7afe 1 739 739
APPENDIX II

List of stopwords compiled from the sample texts

7ab neyru
yu Hade
nay guba?E
M tegadelti
?zi nayti
wn ma?serti
dma ?wan
bEt hSuS
kab mKanu
qnE hweHat
kem Pabti
nab 7surat
meQele 7yom
Hayelom  medreK

wdb
gujle

I~
tgrNa
sraH
kunetat
kulu
neyrom
qal
QanQa
hzbi
tgray

Halafnet

gn

bmbal

gu~zo
?mber
gna

trgum

lebewa

gizE
derg

7alo

7ayneberen

wey

menber

Tayte

wdbn
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se~at

ntom
Tgray
seb

?abo
?abal
kllna
kllawi
bmeseret
bnay
mengedi
bota

ta

Intay



zbl nti
mKri ms
koynu neti
tom Hayli
dmSi ?abzi
?abalat meSHaf
do wxTi
APPENDIX III

komandotat
nezi

klte
feSamit
yKun

%ilu

7zu

Hadega bza~ba
kil zelewo
mengsti 7Ka
qalsi Hbre
nabti Tbeb
ksab

Tten

List of prefix compiled from the sample texts

’:

7a
7ab
7ake
7an
7ana
7ane
7at
Pate

Tay

n k

Tna K

Tne kE
nkab ke

nt kem
N Kem
Ne kemzi
b key
bebi keyte
bzom ki

m

me

ms

nay

sle

sne

te

ye

Z

ze

zey

zte
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APPENDIX IV

List of suffix compiled from the sample texts

Zu
Zi

yu
yn
yda
yawi
yad

ya

Xn
wu
witi
won
wom
WO

wnti

wi
way
uwom
uwo

uwen

te
tatn
tat

ta

su
sti

ste
siyawi
si

Selu

Se

rti

ri
rHu
rHa
ret
ren

Ic

nun

nu

net

ne

nayom

nayo

nayen

naya

nani

nana

nan

naKum

nakum

nakKn

nakn

naKi

naki

naKa

naka

Na

na

rasiyawi n?om

le kana
la ka
kyom K
kyo iyawi
kyen it
kya ir
kuwom in
kuwo i~om
kuwen i?un
kuwa i7u
kumwom i
kumwo Hn
kumwen Hat
\kumwa eyom
kumni  eyen
kumna ey
kum exn
Kum ewu
kuKum ewn
kuKn etun
kuKi etu
kuKa  etom

©
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eret

€ren

€re

er

€nu

cna

€n

€m

elun

elu

elti

elom

ele

eKat

ek

edi

ebu

eberen

ebe

eato

eata

oS
(YA RVN)

atni

atna

atn

atkum

atkn

atki

atka

aten

atat

. ey
asiyawi
anu
an
amTa
am
alu
altu
ale
abn
a~ti
a?u

a?om



uwa

uni

un

um

ulu

uKum

uKn

uKi

uka

uKa

tun

tom

to

tna

ti

Qu

otat

ot

one

on
omwom
omwo
omwen
omwa
omni
omna
omn
omKum
omKn
omki
omKa

om

n?o

n?an

mwo
mTa
mn
mi
m
lun
Iu
Itu
Iti
lom
In

li
ley

lesu

ku
kni
knani
knana

kna?om

kn?0
kn?an

kn?a

ki
Kewn
kayom
kayo
kayen
kaya
Kat

kani

etni

etna

etn

etkn

etki

eten

etat

Eta

et

esu

este

esl

eselu

eSe

€8s

€ru

erti

erHu

&9

e~altu

dotat
dom
do

bn
bat
azu
azi
ayda
aya
ay
awyan
awn
awit
awi
away

atom

a%o

aZen

a%a

~altu



APPENDIX V

Formulas for calculating similarity coefficient

Cosine

C
Y= TAevE

Jaccard

§=——"—
A+B-C
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APPENDIX VII

Comparison of unstemmed and stemmed texts

a) Unstemmed

N+ °Ne ANLEP NAAR a0 Int 6L AT S&L b 9°Te NNt Heah
2T HEATNNLT TL ANP 4&C7T ANl av@SAF @Ch, o201 AN VAD -
140 NAAE a0 Hmert YAZ Hki ANLSAN AN 30 o204 1993 HTA
@0 Mk ANNEF Ahéotr TLL NAN HTA@0 0&0 Mk ALWNLT AN YR S

0/40 HAéL w1 ot NECE NAAE oo’k It +26-L Navdr HébE VAR

HMa THAPO HEA £19 1°rRTMN Hteod A0+ T2+ N 9°0he HINC
L NAYY ANNYE NHAL SN UHN st L4 ANoA. nnhfes nAHAtoNY Of
A NNFE HhAN

PO rr L A 9NE NAAR a0 FINES VAR M Tnfg 9Cha ANt o
N&9° AN 9°FRTAN L1188 HTP4SL ANt SLt N 906 3 ANP 79°9Ic
H7PAFOI® TEeHT SOt Ml AT AP9°

Vohit Aot HOAWMY® A0AT b 9716 %GR DAAR 70t 6L Wik
@-APANT NVALYI® GL AN v INA £77 LT°NEAE ANe-Ch ARECY° mana-
NI°NA9I° Al NAAN AH LI°NENSE 207 HHE a1 N9°CI78 HEMD
@ INCATS HGD0T 9°7FNFAF AGHES N°VAL N1 AN 7ICT HLAP
HEICA2H HEPC A% HNFTT ThV@LD NPNINF VAOTh HORTYY 906
T LA O(AHt@ 02Ut Odch ALALT NAAS ARHAOP 9°WreI+ AR
9° MAPANT Ao DhLC NAHLhAAT ANFIL9E AT AN RAAT Hie oo}
IAMNFOF VHIDF Oéht NN, AH @ Ad h9°HA 0-F20C  N9°CA0% AR
Nl AH AF9° mAN HPLE A0AF 0 9°he T0L VAX 0 9°10e HP
NP ANP ALt 14 ANST AL avINC NAAGTT ANA Ndch A% L 971
C7 9° AN AdA. HHHCHG 2199 HAD AL Q059" N A o INCYTT D
N L NAAT Néh 4A37U1r7 &t Nk %06 HEE THoCE NARL £48 A
LA NlLavhbN YLA AOA Néh A7 Nt °Tie AN 168 VHNT Dbt
IUNCT HINLAI® AAGTE ool 1LC9° HLACH °UALI° Aaght ool T
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MEaG ThoL9™ H ANP AR £77 At 0 9UTE AHIE TREIE Hbhan
AR 184
AN N1 Tt NAAST TIPAR S0 TAN FIP0 4 Ndd h9THChAN 0o ATHA
M 9°Ne ANHEBDADN APT AdA FCE ANA NAPO AFHTHEA CON 9°9°mS8
C 981t DAA VAZ AT NA@O 1LY ANL LA LTW7F AI°NC CON 9°9°h
SC GLL DAA H VAR MA CHOAN o4 nPeoop NHLITAN ANAT §
Lt M RS CH NN @OLTS TENT ATAAAN YAZ HA NAPO A
490 ANt AL 1 It DAA 6L el RR9S MFAA ANAT N 9O
Te AOA. GCE RTTAtFs At VAR Hh DAPO NAHLPL AN N 9°TC
T8 N W 152 tohAd VHN £97 AR9° 128 ANAF L4 A 9°he
Nl GL TEWT 4LC™1 VAZ Mh NP h9°HAL HAHFF N9 0
Kbt PPOLEC NAN 1U6L PE AR AN he: L4 nNAA AD aving M.
i NAPO AN AQHINLAT vE VAR Mh NooCh QAN 07 1R DG
TR AR RTHNAM ATF &FE hPCAP +té4- AH 0% 9°Ati% &
71 AR AN FIPA 59 U1 @It NAAS CON IPIPMESC AN HEVA®A 9°N
T CON PPPMESC ke h9PHACH AN@ALT HIAR At VAE 'Mh  héO9F
NHATitA
)@ GLH. VAA b Dl AZPOOA NN GL AhPLS NCIF MIDT WY
A V1 oIt DAAR oINS oDl HINGT 9 NSE AN 9% 9°0-
LIV At B 9UTIE NG NPETIC AT G2 AHL M 9°THE tE A AdA
NALLT G0t VAR Mk e HFT ANP CRLFAI® AUANN 19°689° 1 oo
£LN ek A VAR @057 NAAAR o 7INTGT +LLTHI° At ang (.
Tl HPLE OFAT HALT CALEIT £71 1R9° Htonr NHFATF A14A3
P°CAL LhAN KHI° AR M+ @-LAT aFINIST WHATT A0 194k
@NCT 0NN TATRAGR &l NAEE ANP HFLATHIT® AV FTRAEARST 7
AN TT UPHhT hHI® P0G ATEFANT RSPANT @R AI° APIS angPCondd
Z00FTT @LANT AT ANFTHCI° ANRI® AHLIPI® PCPC HUNS oo
NTERI° ALhG AN pLY FLILAYS N9 @& h9° YHAT A APhE I
10LG NN RTAITI™Y deihtT AAGT RHAPIT AAT +FAdt A0 7
T OLCTY LT RIPNC Tikd A@TT APETY AN 0ATTY aohaeo(Cr WIHLhE
A7 AN HHLLTH @-0R A9r
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b) Stemmed (stopwords excluded)

C ATt AN ACTS @8k OCh M VAD I Mo 8AA N A@d
F A A00 N&d TIPR NLC M7 ¥C ®4L XPO HEA £16 a0 of?
MC FNFQ €CF LIE CAO 10 VIR L8 CRVF 100 HA heS 180 16
A OPE on hPL TAAA FL° YN IEL GCA NN ONE TR €16 PLC 9
¢ 9PAF £r FLN oA ART YC WD GAP YAD- AN L9PNC AL @2
190 P/ DA @V NHA @047 THA Odh RLC M@ QA L£9°nC K
WEY LC CIZ 1 ACh SP0 Fh Pe VAG- @A YIC AT CIh LTC A
£ 0 AVOLT INF YAD QRT MC SA9° HA DL LR9° mFd 1 NN
AP ot NALC hAN F1& HA 10 UHA déa AT @ ho°H 90c
(IR FLAN PN MC AC AAT ACT vH O THC A19° A 0T Al MG 489
HEL @CE AR LLFE DHA HCT NLA ALF 18C ACH VAD- AL3 mE9®
ho? AND HEr &8 Al T THPR 03P 014G LU 04d ATl DAD-
GCF APO LA CON MEC ATDAN AP LT AN BAA CON HEC MAA
TP9® AN GCO NN @NL TET HAN ZPO Atr hT T MFA GCF A
T APO LEE WET @NA 449 TEHT 4CI° NPe HA hid HC M X6
MLC LN APO ANT NG Ch AN Zch& £I7 RPO NZAH AT €Fe Ch
L le LT TIPR U CON MEC VAD- RAFA CON MEC hA ACH AR
hID DTN WID GLH Amd hPE NCT mT VA VT 1IN AL NG L9
NCh BENC 0LC LA HAT CAZ VA 689° héd VAD @80 Y90 LO7
P ZGh OO CAL 9+ 0T A2T°F 10X CAL hAA AH VAD- @80 390
LAT TWIC NCT 6AN ATA AGT PN AN LAR 91+ hH 00T Fan S
N Ak Lt 7700 @0 ANC 9C DA PR I ARG UHA SNL Lo
A 9757° PCPC N7 LN §XI° ALh PLI9° VHA PAC 1LC MBI° Aho™)
Leht AT 4@ B FPAN 1T AR FHT 0490 GG hLT AT A0 LCTH

-1 71
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