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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 freetext retrieval system. The variant word
structure s used in indexing and searching are to be expected in determining the relevance of a
document to a user query that specifies just a single form. Shrinking the variant words in to one
form advances the performance of IR system and this can be achieved by conflation techniques,
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 standard form, which
can then be used in the retrieval process. This research explores the possibility of developing a

stemmer to conflate variant words of Silt’e language.

Silt’e belongs to the Semitic language group. These languages have a common grammatical
system based on a root-pattern structure. Consonants bear the basic meaning while vowels form
different patterns. Stems are built from consonantal roots before other word forms are built.
Silt’e uses affixation and reduplication to derive different word forms from stems. Common
affixations are prefix, suffix, and infix. Silt’e 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. As a result of this complex

morphological structure, a single Silt’e word can have very large variants.

To design the stemmer, a sample text was collected from different sources and research paper
that explains the morphology of Silt’e language also used and affixes and stopwords collected
from this research paper and the sample text document to develope the stemmer. The stemmer,
developed in this study is iterative and uses context sensitive and recoding rules that remove
prefix, suffix and reduplication of letters (type 1 and type 2). In this experiment the stripping
procedure were applied in order: prefix, suffix and finally letter reduplication. The stemmer was
tested on a sample data of 1486 words, which were selected randomly from the sample texts. The
result of the experiment shows that, the stemmer performs at accuracy of 85.71%, and brings a
dictionary reduction of 34.99% for stem words. Lastly conclution and the possible

recommendation for future work were reported.

viii



CHAPTER ONE

1.1 BACKGROUND OF THE STUDY

The activity of archiving written information can be traced back to around 3000 BC, when the
Sumerians selected special areas to store clay tablets with cunei form inscriptions. Even then the
Sumerians realized that proper organization and access to the archives was critical for efficient

use of information. They developed special classifications to identify every tablet and its content.

The need to organize, store and retrieve written information happened to be increasingly
important over centuries, particularly with the emergence of paper and printing press. Then
computers came in to existence and people understood that it could be used for storing and

mechanically retrieving large amounts of information [32].

The collection development problem is aggravated by the growth in available information. In
early times, the total available information (knowledge) changed slowly. However, by the year
1800 the amount of scientific publication was doubling every 50 years [33]. More recently with
the remarkable growth of science and technology, the rate of increase of available information
(knowledge) has greatly accelerated. “Between 1800 and 1966, the number of scientific journals
has increased from 100 to 100,000”. At the present time, no upper limit is apparent in the rate of

increase of available information items.

The dramatic growth in size and variety of available information made the utilization and access
of the right information difficult. Therefore, proper organization of information resources matters

to get the most out of it and effective and efficient utilization of it.

Information retrieval systems (IRs) [45] are designed to facilitate access to stored information.
In addition, they are concerned with the representation, storage and organization of
information items. The components of an IR system consists of a set of information
items, a set of requests and a mechanism to determine which information items are most likely to
meet the requirements of the requests. Basically, users of information state their information
needs in the form of queries and submit their queries to the information retrieval system. Based
on their queries, the system outputs information items that are believed to be relevant to

the user query. In other words, the items that have common entries in both the database



and users query are returned to users. This happens when a matching exists between queries and
information items. To attain a match between these two components, the items in the documents

as well as in the query should be represented in some form.

Frequently, the user specifies a word in a query but variant of this word are present in
arelevant document. The variation prevents a perfect match between a query word and
word in relevant documents. This problem can be overcome with the substitution of the words by
their respective stems. A stem is a portion of a word that is left after the removal of its affixes
(i.e., prefixes and suffixes). A typical example of a stem can be the word “comput” which

99 ¢

is the stem for the variants “computed,” “computing,” “computation,” and ‘“computations.”

Morphology describes how various forms of words are created, and studies structure of words in
the language. Suffixing and prefixing are the main and common ways of creating word variations
in natural language text [36]. Morphology (the internal structure of words) can be broken down
in to two sub classes: inflectional and derivational [6]. Inflectional morphology describes
predictable changes of words. These are as a result of syntax, such as changes in person, number,
tense and gender. These changes have no effect on a word’s part of speech [38] that means; a

noun still remains noun after pluralized. For example, kick, kicks, kicking, kicked.

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

verbs, and so on; like friend, friendly, friendliness and friendship.

From either type of morphologies, depending up on the complexity of the morphological natures
of language types, very massive variants of words may be resulted from a single word. This large
number of occurrences has strong impact on information retrieval systems. Thus, there is a need
of automated procedure that can reduce the size of the various words to manageable level, and
also capture the strong correlation existing between different word forms [39]. Even if the
complexity of morphological variations may differ from one natural language to others,
stemming is widely used in information retrieval (IR), with the basic reason that morphological

variants represent similar meaning.



Morphological processing becomes widely used for effective and efficient information retrieval
[37], machine translation (MT) and text classification [39]. Hence, morphological processing
becomes particularly important for information retrieval (IR) because IR needs to determine the

appropriate forms of words as index [24].

Information retrieval particularly automatic information retrieval system is an information
processing activity which is carried out with the help of automatic equipment. As [1] defined
automatic information retrieval system is a software /hardware package that lets different users

to access query and retrieve information from the data base.

Stemming is a natural language processing technique that identifies a stem/root from
morphologically conflated words using various techniques on inflectional and derivational
affixes [36]. It helps to reduce morphological variants of words in to a common form. As an
example, ‘throws’, ‘thrower’, and ‘throwing’ are the common variances of a stemmed word
‘throw. Therefore, stemming can be applied in different languages to increase searching

efficiency and reducing vocabulary size of indexed files in information retrievals [38, 6].

In stemming, all of the word’s true prefixes and suffixes are removed to produce the stem or the
root word [40]. This is important to classify texts and index. It is also used to make operations
fewer dependents on particular form of words rather than enclosing all possible forms. The
computational process gathers all words that share the same stem and have some semantic
relations. It is also used for document matching and classification to convert all likely forms of a

word in the input document to the form in reference document [40].

The types of automatic stemming strategies are four: affix removal, table look up, successor varity, and

N-gram [36]. Affix removal stemming is imitative, simple and can be implemented efficiently.

In this type of strategy suffixes and/or prefixes will be removed from the word to get the stem.
This type of strategy was used by [39, 36, and 40]. Table look up strategy looks for the stem of a
word in a table of the dictionary. This strategy was used by [6] to stem Amharic morphological
words. It is a simple procedure and depends on the size of stemmed dictionary before the
activities will be performed. It also requires considerable storage space. Successor varity
stemming is done based on the determination of morpheme boundaries, uses knowledge from

structural linguistics, and is more complex than affix removal. N-gram stemming is used based



on the identification of bi-grams and tri-grams and is more of a term used for clustering than
stemming. It is done based on numbers of n-grams. This strategy was used by [41] to stem

language independent terms using uni-gram.

Unlike languages like English that has less morphological variants, Semitic languages like
Amharic, Arabic, Ge’ez are much rich in morphology. So, like Amharic [38], Arabic [40], Ge’ez
[44], Silt’e (which is one of the Semitic languages in Ethiopia) involves dealing with prefixes,

infixes and derivatives in addition to suffixes.

1.2 Statement of the problem

According to [46], the EthioSemetic and South-Arabia languages are categorized under south
Semitic. The EthioSemetic languages are further classified as North- EthioSemetic and South-
EthioSemetic. Tigrigna together with Ge’ez and Tigre form the North- EthioSemetic language

and the South- EthioSemetic includes Amharic, Argoba, Hariri, Silt’e, etc.

Silt’e is one of the zonal languages in the southern Nations, Nationalities and peoples region of
Ethiopia. According to the 1998 census, the language is spoken in Central Ethiopia by about
more than 827,764 people. Besides the Silt’e Zone, Silt’e is also spoken in Ethiopia’s major
cities, particularly in Addis Ababa. Elementary schools in Silt’e zone give all subjects in Silt’e
from grade one up to four. After grade four, it is given as one subject for grades up to ten and
also given for grade ten national student exam in Silt’e zone. The language uses Saba Ge’ez
(Ethiopic script) [35]. Based on the researcher’s preliminary analysis there are a significant
amount of electronic documents in Silt’e in schools, government organizations of the zone and
on net and there is an increase from time to time. However, there is no tool or system that
supports the organizations to access valuable information for the purpose of decision making and
other problem solving. Most of the time organizations are requested for information by other
organizations and the request may need immediate response. The absence of tools or systems
that help them in accessing and searching information delays their reply; as a result, they may

fail to achieve their organizational goals.

Retrieval systems enable us 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 can not be shared between research

communities with out considerable translation and time delay [47].

Including Silt’e language, there are more than 86 languages in Ethiopia. But there are few
research works done to design stemmer or an information retrieval system for local languages,
such as Ambharic [42], Tigrigna [40], Afanoromo [43], Wolayta [13], and Ge’ez [44] to simplify
the problem of morphological complexity of the respective languages. Since most of the
stemmers developed for other languages are language specific, it is not possible to make use of a
stemmer developed for other languages. This is because of structural difference of the languages.
So it seems quite difficult to follow the same stemming pattern and apply the same technique for
all languages. Therefore, the stemmer of one language can not be effectively applied to other

languages [23].

In developing an IR system for a particular language, the study of automatic indexing technique
is important for the language. Among the process of automatic indexing, stemming and stop
words 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 [17]. To my knowledge so far no IR computational tools like
stemming have been developed for Silt’e language. Therefore, it is felt necessary to undertake a

research on the development of stemming algorithm for the language. Hence, this study.

It is, therefore, the aim of this study to explore the possibility of designing stemmer algorithm for

Silt’e language. So this research attempts to answer the following questions:-
e What are the properties and word formations in Silt’e language?

e [s it possible to adopt some techniques from stemming algorithms developed for other

languages?

¢ Does the designed prototype system registers good performance based on the sample text

documents?



1.3 OBJECTIVES

The present research has the following general and specific objectives.

1.3.1GENERAL OBJECTIVE

The main objective of this study is to design a stemmer for Silt’e language.

1.3.2 Specific objectives

To achieve the above general objective the following specific objectives will be attempted in the

research work.

>

>

To have a clear understanding of the area through conducting relevant literature review
and identify different stemming algorithms that have been developed for other
languages.

To review properties of the Silt’e language in order to get familiar with the different
aspects of the language and knows how the separation of words is achieved.

To build a stop word list and compile a list of affixes used for the corpuse.

To designe appropriate stemming algorithm for Silt’e language.

To develop a stemmer that identifies inflectional and derivational affixes of Silt’e
language.

To test the performance of the stemmer on the selected Silt’e text and report the finding
of the study.

Forward recommendations for further study.

1.4 METHODOLOGY AND METHODS

1.4.1 LITRATURE REVIEW

Document analysis used to understand the characteristics of the language. As studying the

language’s morphology constitute an important component in the research, a literature

survey was made to gather information and to understand the language. Discussion with

appropriate individuals (linguists) was not possible because of different resons.
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1.4.2 DATA SOURCE

A text corpus is one of the resources required in stemming algorithm or IR researches. The text
was used for compiling stop words, prefixes and suffixes. Moreover, the text corpus has been
used for testing the algorithm. A good sized text can show a reasonable language morphological
behavior. Selection of text is, therefore, an important component in developing a stemmer. For

the purpose of this research texts from school books and other sources were used.
1.4.3 DESIGNING AND DEVELOPING TOOLS AND TECHNIQUES.

Python (3.1) programming language was used to develop the stemmer algorithm for Silt’e. This
is because it is relatively easier to manipulate text (string manipulation) and also the researcher
has some experience in programs using python programming language. Text documents (texts
written in Silt’e, grammar research book of Silt’e language and school books) have been used to
the study the language’s characterstics. For the experiment context sensitive affix removal
technique was used. This is because affix removal techenique is relatively easy and, efficient to

implement than other techniques.
1.44 TESTING PROCEDURE

To evaluate the stemmer, manual error counting and vocabulary reduction method were used.
Manual error counting method found to be appropriate and was used to test the stemmer.

Dictionary reduction method also was used to test the compration power of the stemmer.
1.5 SCOPE OF THE STUDY

The main aim of this study is designing a stemmer for Silt’e language. This research mainly
focused on derivational and inflectional word variants of the language. Compound and irregular
words and infix stripping technique were not addressed here because of difficulty to handle and
time limitation. The stemmer contains; prefix striping, suffix stripping and letter reduplication
striper techniques (type 1 and type 2). Prefix-suffix striping is not included in the stemmer
because it can be handeld by incorporating the prefix part to prefix list and the suffix to suffix
list.



1.6 Significance of the study

One of the tools for IR is stemming. By developing a stemming algorithm for Silt’e variant
words can be conflated. In Silt’e a word can have very large variants and conflating these
variants increases retrieval performance. It also reduces storage of index files. In addition to the

above results, it can also give the following benefits:-

» Can be used as one input to integrate and develop a general Semitic language information

retrieval system and to form multi-lingual information retrieval.

» This research can also help to develop tools like spell checker, grammar checker,
thesauri, word frequency counter, document summarizers and indexers. It can also be

used to reduce word variants and to minimize total number of files.

» It can be used for developing cross lingual retrieval systems. For example one can feed a
Silt’e text query to search engine, this entered word may be translated to other languages

like English and access documents in English or other languages
1.7 ORGANIZATION OF THE THESIS

The research work consists of five chapters. This chapter introduces the importance of stemming
on IR environment and the need to develop a stemming algorithm for conflating variants
of a word in Silt’e language. Statement of the problem and its justification, methodology

employed, and scope of the study are also discussed in this chapter.

Chapter two reviews the works on conflation techniques in general and stemming algorithms in
particular. Detailed discussions are made on approaches to stemming and types of
stemmers. Review is also made in this chapter on some stemming algorithms developed for other

foreign and local languages.

Silt’e language morphology is reviewed in chapter three. The inflectional and derivational
morphologies of the language are the main concerns of this chapter. Word formation processes

for Silt’e nouns, adjectives, and verbs will also be presented in detail in the chapter.



Discussions on the development and, experimentation of the stemming algorithm for Silt’e text
are given in the fourth chapter. The compilation of stopword lists and affix (prefix-suffix pair,
prefix, and suffix) list is presented in this chapter. The approach employed to develop the

stemmer and the reasons for its selection a Iso parts of the discussions in this chapter.

The last chapter, chapter five, presents conclusions deduced from the findings and

recommendations for future research.



CHAPTER TWO
REVIEW OF RELATED LITERATURE

2.1 CONFILATION TECHNIQUES

Queries and documents related with each other by the terms they have in common .The more
they have similar terms the more they will be related. Therefore the degree of relationship
between them is determined mainly by the frequency of terms they have in common [21].
However some words may have different forms that require some form of processing to change
it to its root word. The existence of these variants for a word resulted from its different
morphology. Hence morphological variance of a word is the main problem in indexing and

retrieving systems [3].

Words can have different forms (variants) in a sentence for the sake of making agreement
between subjects and verbs in gender, number, tense, person, mood or voice. Moreover, valid
alternative spellings (e.g. “realize” and ’realise”), antonyms (“agreement” and ‘“‘disagreement”)
and different spelling use for the same word in different areas(often and color (America)and
offen and coulor (Britain) ). Besides abbreviations are also causes to word variants [22].
Generally, morphological variance is the main reason for text word variants [38]. Thus,
morphology uses to analyze and describe the forms of words in a language, and usually includes

inflectional and derivational.

Derivational morphemes result in new word that have different meaning from the previous one,

3

like “creation” which is formed from ‘“create” by adding suffix “—ion”. On the contrary
inflectional morphemes don’t result in meaning difference between variants. An inflectional
morpheme varies the form of words in order to express grammatical features, like singular/plural
or past/present tense. For instance, student and students are two different forms of same word

[42].

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

functionally independent [43].
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Morphological variants of a given word taken as analogous and, equivalent terms for the sake of
information retrieval application. Hence, we have to take in to consideration the morphological
variants of words as one of reference of all word forms. Converting these complex forms of
words in to their root form is very important in determining the relevance of documents to user’s
queries in information retrieval. This concept helps to perform stemming in different languages
using a number of stemming or conflation methods to get root/stem of morphological variants

[21].

Different forms of a word are not recognized equivalently unless there is some kind of natural
language processing (NLP).Because word form variations has significant impacts on information
retrieval systems effectiveness [21]. Therefore, devising a mechanism to reduce a variation of
word to its root form is important. To alleviate the word morphological problems, we use a
method that helps to bring together semantically related words to a single form, which is a

conflation technique [19].

Conflation is the process of identifying morphological variants of words that have similar
concept and represent them by their root words [22]. It can also be defined as the process of
matching morphological term variants by mapping term variants to a single form, usually a
unique well-formed root for each word root for each word [24]. It performs by bringing similar
words that have similar meaning with in common forms. Conflation techniques used to solve

problems that are raised due to variations in word forms.

Conflation helps to increase efficiency and effectiveness of the information retrieval systems
[40]. It also uses to understand the degree of relationship between different word forms, to

overcome vocabulary mismatch problems in addition to better generalizations [20].

Conflation techniques discussed in [22, 19]: the two types of conflation techniques are manual
and automatic. Manual conflation is performed at search time with right hand truncation. It is

performed on query words but not on documents.
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Conflation Methods

Manual Automatic (stemmers)
Affix Surcessor Table n-gram
Removal  Variety Laokup
Longest Simple
Match Removal

The other technique i.e. Automatic compilation is designed using stemmers. It alleviates the
problem of word variants by matching different forms of the same words to their root
automatically. Automatic conflation performed both on query and document words. This
technique has two classes [23, 19]: stemming algorithm and string similarity algorithms.
Stemming algorithms or stemmers are techniques for reducing words to their grammatical root
stem form. These types of algorithms are usually designed to handle morphological variants with
in language. In contrast, string similarity algorithm is usually language independent and designed
to handle all types of variants. This approach involves conflating by calculating and measuring
the similarity between an input query and terms and each of the distinct terms in the data base.
Terms that have a high similarity to a query terms are then displayed to the user for possible
inclusion in the query. The common example to string similarity algorithm is N-gram matching

techniques.

In both manual and automatic conflations, over stemming and under stemming problems may
occur. In over stemming, the stem is too short (too much of affix is removed from a term) and
will result in unrelated words being stemmed to the same stem; while under stemming arises if
too short affixes are removed and may result in related terms being described by different stems.
Example; the stem of a word ‘instructors’ may be considered as ‘instructor’, rather than ‘instruct’
. These errors are occurred when a word is not stemmed properly. These causes irrelevant
documents are retrieved or only few relevant documents are retrieved. The errors that may occur
in stemming could be corrected manually using different exceptional lists, or by means of rules

in the stemmer [20].
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The effectiveness of the retrieval system is usually measured/evaluated using a combination of
both recall and precision. Precision is a proportion of the retrieved documents that is usually
relevant to the user interests; on the other hand, recall is a ratio of the relevant documents that is
actually retrieved from the file. Achieving high recall and retaining a high precision use to
improve the salient of information retrieval systems [33]. Hence, to improve the recall level,
there are various types of methods such as use of term phrases, use of truncated terms or stems,

and use of the synonyms [24].

Another issue that helps to illustrate retrieval effectiveness is stop word lists. Stop words are
removed because of the following impacts on information retrieval [20]: they can affect the
retrieval effectiveness and weighting process. This is because they mostly have a very high
frequency and tend to diminish the impact of frequency differences among less common words.
They can also affect efficiency due to their nature and the fact that they carry little meaning,
which may result in a large amount of unproductive processing. Therefore, removing stop words
results in increase effectiveness of retrieval by reducing storage requirements and increasing the

matching of a query with index terms of a document.

2.2 STEMMING ALGORITHMS

Words in the query are matched with the words in the text database to retrieve relevant
documents [1].A query can be Boolean, where Boolean operators used to connect words in the
query and documents must satisfy the given condition to be retrieved; or ranked, where the
documents with the highest statistical similarity to the query are retrieved as answers. There must
be a mechanism for deciding whether a given query term corresponds to a given word in a
document for both types of queries. The simplest is to allow exact matching only; for example,
“bicycles" would match itself only and a document that contained “bicycles" but “Bicycles"
would not be recognized as a match. Another simple correspondence method is case-insensitive

exact match.

Stemming is a more general form of correspondence, in which query terms and document terms
are reduced to a common root word by removing affixes. Terms match if they have a common
" (13

root. For example, “trains" might be stemmed to “train", which would match “train", “training",

and of course “trains". Each word thus has a set of conflations, that is, words that have the same
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root. Several stemming algorithms have been proposed [2, 3, 4, 5, 6, 7, 8], based on different

principles; each produces rather different sets of conflations.

Stemming has usually been measured (evaluated) by its impact on querying: since stemming
changes the documents that are retrieved in response to a query, it has the potential to change the
quality of the set of answers. Despite the fact that stemming and choice of stemmer can
significantly change the number of documents that match a query term, the results of information
retrieval experiments have been mixed, ranging from negligible difference in average
performance to unambiguous but small improvements [9, 10, and 3]. However, measuring
average performance can mask significant changes in individual queries, and the metrics used for
assessing performance can allow the effects of stemming to seem small, even if the documents

sets retrieved are changed significantly.

“Instead of using variation in precision and recall as an indirect measure of stemming accuracy,
it is possible to evaluate stemming algorithms by the accuracy of the conflations they produce.

This was the approach used by Paice [11].

Although the character of stemming algorithms may vary significantly 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, most of them are based on certain principles and procedures
[5,12]. 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 end of the word and working towards the beginning. For instance, if the word
FRUTEFULLNESS is considered, the suffix -NESS will be removed in the first iteration and re-
considering FRUTEFULL, the suffix -FULL will be removed leaving FRUTE as a final stem.
Stripping is done based on the class order that is defined by the programmer. Other approaches
such as proposed by [11] may also exist, which are iterative but do not have their endings
classified. Using the iterative approach has also its own problem [13] the need of examining

large number of endings, which is a difficult activity and compilation of list of ordered class.
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Iterative approach stripping procedure is used by Porter. 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 rule does not actually delete the suffix but they transform endings
of the stem to new endings. For instance, if we remove the suffixes “—ing” from “absorbing” and

“- ion” from “absorption”, it gives us “absorb” and “absorpt” which are different stems. But

3 3

using the recoding rule that transforms endings from “-rpt” to “-rb,” the two words are

conflated to the same stem that is “absorb” [6].

In the case of longest mach approach, it removes the longest suffix possible. If the same word
FRUTEFULLNESS is considered the suffixes in the word are: -NESS, -FUL, and FULNESS
therefore the algorithm removes —-FULNESS from the word. The problem of using longest match
approach compared to iterative method is: need for generating all possible combinations of

affixes and processing and storage space required and the change of affix during concatenation.

There are context-free or context-sensitive stemming algorithms. Context refers to any property
that is attached to the remaining stem and usage of the suffix [14]. In context-free algorithms, no
restriction is applied on the stem and hence no additional operations are required to check
restrictions. But most of stemming works [5, 6,15, 16] indicated that better result could be
obtained by adding constraints to stripping operations, that is, using context-sensitive, which are
primarily language dependent. Context sensitive rules specify particular conditions in which each
suffix may be stripped from an input word. Savoy [15] illustrates 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 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 ending of the remaining stem. For

example in English, a stem does not end with that is, stripping “ize” from “seize” is not allowed.
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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 input word (string), and y is the transformation string.

There are stemming ranging from a weak stemmer, which eliminate only plural markers to a
intricate one that removes suffixes and prefixes. From the available literature, stemming

algorithms for local languages and abroad discussed well.

Most stemming algorithms follow the principles and approaches employed by the two most
common English stemmers, Lovis and Porter. These two algorithms that form the bases of most

algorithms employ suffix stripping.

Lovins [5] algorithm is based on longest match principle, and uses a list of 260 endings sorted in
decreasing order of length. For instance, 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
JUMPPING to JUMP), or minimal stem size must be retained (such as the removal of ING from
PLAYING but not from SING) etc. the problem of using longest match approach is the need to
have a largest affix list: basic and possible combinations. This requires storage costs and

compiling and processing the list.

The problem of stemming has been approached with a wide variety of different methods.
According to the Frakes’ classification (1992), all stemming algorithms can be roughly classified

as Dictionary-Based Techniques, successor variety, Affix removal and Statistical (N-gram).
2.2.1 DICTIONARY-BASED TECHNIQUES

A dictionary technique depends mainly on creating a very large dictionary which stores words
found in natural texts with their corresponding morphological parts. Such parts include: stems,
roots, and affixation. Each word uses a unique entry in a look up table. For example terms such
as engineering process is performed manually, wherein the stem stems are defined for each word

and stored in some kind of structured form [60].
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This techniques list all words that exist in a specific language which their corresponding
variation of words created by different attachments to the root word. To stem a word, the table is
queried to find a matching variation of a word. If a matching variation of a word is found, the
association root form is returned. Terms from queries and indexes could then be stemmed via
table look up. Table entries are listed in alphabetical order. A hash table or binary search list can
be used to optimize the search. Even though such approaches are accurate, the problems
associated with them include the dictionary maintenance, to keep up with an ever-changing
language, and this is actually quite a problem. It is not only that a dictionary created to assist
stemming nowadays will probably require major updating in a few years time, but also that a
dictionary in use for this purpose today may already be several years out of date as well as

storage overhead and retrieval time needed for such data.

The advantage of this approach is that it generates perfect stems. However, the approach is
limited to retrieving only those words that have previously being stored. The space occupied for
storage tends to grow as the corpus expands, which can make the search process inefficient. In
Korvetz’s dictionary experiments [74], this direct method, seems effective but in adequate to
deal with the “unlimited” words and their formation, especially in inflected languages with
elevated morphological structure. This was the main reason that led him to evaluate algorithmic
stemmers and conclude that "despite the errors they can be seen to make, they still give good
practical results". It is not only that a dictionary created to assist stemming nowadays will
probably require major updating in a few years time, but also that a dictionary in use for this

purpose today may already be several years out of date".
2.2.2. SUCCESSOR VARIETY

The successor variety approach has been introduced by Hafer and Weiss. It is corpus-based and
observes the number of distinct letters following a particular prefix: the successor variety.
Successor variety stemmers [71] are based on work in structural linguistics which attempted to
determine word and morpheme boundaries based on the distribution of phonemes in a large
body of words. The stemming method based on this work uses letters in place of phonemes, and
a body of text in place of phonemically transcribed words. It scans the word to be stemmed and
finds the cut point where the successor variety increases sharply. Several variations are possible,

including: cut-off, peak and plateau, complete word and entropy.
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2.2.3. AFFIX REMOVAL ALGORITHMS

This approach is dependent on the morphology of the target language. Affix removal algorithms
remove suffixes and/or prefixes from terms leaving a stem. These algorithms sometimes
transform the resultant stem. There are many varieties of affix removal algorithms. Most
stemmers currently in use are iterative longest match stemmers, a kind of affix removal stemmer
first developed by [77]. An iterative longest match stemmer removes the longest possible string
of characters from a word according to a set of rules. This process is repeated until no more
characters can be removed. Even after all characters have been removed, stems may not be
correctly conflated. In addition to [77], iterative longest match stemmers have been reported by

Dawson [1974], Porter [81], and Paice & Husk [79].

Affix removal algorithms are often called Rule-Based Technique and is a widely applied
stemming technique and the algorithm is introduced by Porter [81]. With specific rules for the
English language, this algorithm iteratively removes suffixes from a given word, reducing it to
its stem. Even if the algorithm has its limitations, it is the most commonly accepted for its high
precision and recall. Lovin’s stemmer [77] follows the same rule-based technique but it does not

apply its rules iteratively and it is more conservative than Porter's algorithm.
2.2.4. STATISTICAL APPROACH

The stemming process involves statistical methods whereby, through a process of inference and
based on a corpus, rules are formulated regarding word formation. Some of the methodologies
adopted are N-gram [78] and Hidden Markov Models (HMM) [84]. Most stemmers are
language-specific. Single N-gram stemming suggested by [78] tries to bypass this limitation.
The idea is to analyze distribution of all N-grams in a document. Since the morphological
invariants (unique word roots) will occur less frequently than variant parts (common prefixes
and suffixes), a typical statistics like inverse document frequency (IDF) is used to identify them.
The authors successfully tested the algorithm on some European languages. The N-gram
stemming underperformed stems and required significant amount of memory and storage for

index, but its ability to work with an arbitrary language makes it useful for many applications.

Another statistical approach to stemmers design used by [85] is to build a stemming algorithm

based on Hidden Markov Models (HMM). It doesn't need a prior linguistic knowledge or a
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manually created training set. Instead it uses unsupervised training which can be performed at
indexing time HMMs are finite-state automata with transitions defined by probability functions.
Each character comprising a word is considered as a state. The authors divided all possible states
into two groups (roots and suffixes) and two categories: initial (which can be roots only) and
final (roots or suffixes). Transitions between states define word building process. For any given
word, the most probable path from initial to final states will produce the split point (a transition
from roots to suffixes). Thai the sequence of characters before this point can as a stem. Using

Porter’s algorithm as a baseline, they found that HMM had a tendency over stem the words.

In their research, Jinxi Xu and W. Bruce Croft suggested an approach, which allows correcting
“rude” stemming results based on the statistical properties of a corpus used [83]. The basic idea
is to generate equivalence classes for words with a classical stemmer and then "separate back"
some conflated words based on their co-occurrence in the corpora. This approach does not
require any linguistic knowledge whatsoever, being totally independent of the morphological

structure of the target language.

2.3 STEMMING ALGORITHMS FOR ETHIOPIAN LANGUAGES

Unlike English and other western languages, Ethiopian languages are less researched languages
in the areas of information retrieval and natural languages processing applications. Recently
there are some researches done in the areas of IR and NLP for Ethiopian languages. Some of the

attempts done are presented as follows.
2.3.1 TIGRIGNA STEMMERS

The first attempt to develop Tigrigna stemmer was made by Girma Berhe [70]. The algorithm
uses iterative approach but when it finds two affixes that match with the word, it removes the
longest one. As Tigrigna is morphologically complex language a context-sensitive stemmer was
considered appropriate in this algorithm. 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==> SPIS. 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 or the affix is

replaced by the string S which could be null(removed) or more.
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This stemmer used five step rules for the purpose of removing affixes. The first step takes the
word to be stemmed as an input and removes double letter reduplication. The second step
removes prefix-suffix pair. This step takes the output of the first step as input and checks if the
words contains match with any prefix-suffix pair. If the word contains a match and the
remaining string has a length greater than the minimum length, then the prefix and suffix are
removed from a word. The third step removes prefixes and 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 is done. The fourth step removes suffixes by accepting the output from the
previous stem and checks if the word contains any match from the list of suffixes. If the word
has a match and the remaining string is greater than minimum length the suffix is removed from
the word. In the last step the algorithm stems reduplication of single letter. This algorithm has
recording rule that is applied after each step is applied for checking some spelling exceptions

and making readjustment.
2.3.2 AMHARIC STEMMERS

Amharic and Tigrigna are both Semitic languages and have similar morphological system. The
inflection and derivation of words follows similar pattern. So, reviewing researches of stemming

algorithms done for Amharic language helps for developing Tigrigna.

Ambharic is a language with very rich morphology and the main previous contribution in the area
of stemming Ambharic is the work by [57] which investigated the effect of stemming for
information retrieval [86] have developed a stemmer for information retrieval purposes. The
stemmer has been developed in a manner analogous to that used previously in a stemmer for
Slovene [80]. Specifically the algorithm first identifies a set of stop-words and then a set of
affixes associated with the remaining content-bearing words. They have used the characteristics
of the resulting affixes were used to guide the development of the stemmer. The stemmer
removes affixes by iterative procedures that employ a minimum stem length, recoding and
context sensitive rules, with prefixes being removed before suffixes. Once the stem of the word

is obtained, the root is obtained by stripping all the remaining vowels.

Those studies also indicated a positive effect from using the stemmed forms in information

retrieval: Alemayehu and Willett compared performance of word-based, stem-based, and root
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based retrieval, and showed better recall levels for stem- and root-based retrieval over word

based [57].

The other Amharic stemmer was developed by Atelach Alemu and Lars Asker [58]. The
stemmer finds all possible segmentations of a given word according to the morphological rules
of the language and then selects the most likely prefix and suffix for the word based on corpus
statistics. It strips off the prefix and suffix and then tries to look up the remaining stem (or
alternatively, some morphologically motivated variants of it) in a dictionary to verify that it is a
possible stem of the word. The frequency and distribution of prefixes and suffixes over Amharic
words is based on a statistical analysis of a 3.5 million word Amharic news corpus. The stemmer
had an accuracy of 85% when evaluated on a limited text consisting of 50 sentences (805
words).The stemmer first creates a list consisting of all possible segmentations of the word that
is to be stemmed. In a second step, each such segmentation is then verified by matching each
candidate stem against the machine readable dictionary. If no stem matches the dictionary, the
stemmer will modify the stem and redo the matching. If more than one stem matches, the most
likely stem will be selected after disambiguating between the candidate stems based on
statistical and other properties of the stems. In the cases when exactly one stem matches the

dictionary then that segmentation will be presented as the output from the stemmer.
2.3.3 OROMO STEMMERS

One of the stemmers for Oromigna language is the one developed by Wakshum [13]. The
stemmer uses suffix table in combination with rules that strips off suffix from a given word by
looking up the longest match suffix in the suffix list. 342 suffixes are compiled automatically by
counting and sorting the most frequent endings. Other linguistically valid suffixes are also
included manually. The stemmer fined the longest suffixes that matches the end of a given word

and remove.

Debela Tesfaye and Ermias Abebe [59] have developed Oromigna stemmer by considering
some problems from the stemmer developed by Wakshum M. and come out with new stemmer.
This stemmer adopted some concepts from Porter stemmers. Specifically, Concepts about
measure, arranging the rules in clusters, analyzing word formation based on the nature of their

endings are taken from porter algorithm. This Afan Oromo stemmer is based on a series of steps
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that each removes a certain type of affix byway of substitution rules. These rules only apply
when certain conditions hold, e.g. the resulting stem must have a certain minimal length. Most
rules have a condition based on the measure. The measure is the number of vowel-consonant
sequences which are present in the resulting stem. This condition must prevent that letters which

look like a suffix but are just part of the stem will be removed.
2.3.4 WOLAYTA STEMMER

Lemma L. (Lemma, 2003) has developed a stemmer for Wolaytta language based on the
morphological nature of the language. As stated in his paper Wolaytta is a language dependent
on suffixation to form different forms of a given word. Concatenation of suffixes is common in
Wolaytta. As a result, two or more suffixes may be concatenated together and attached to a
word. In the language, possible list of combination can be very large making difficult to have
complete list of combination (concatenations). Besides, concatenation in the language makes
suffixes long ones attaching one suffix to another. Hence, iteratively removing each base suffix
one by one is considered as the best choice in this algorithm. As a result of the characteristics of
the language, the algorithm adopted iterative approach to develop the stemmer for Wolaytta text.

The stemmer developed for stemming Wolaytta text is context sensitive.

In his study, Lemma has employed a semi-automatic means to compile the possible suffix list. In
the process of compiling the suffix dictionary, the words in the sample text were first written in
reverse order. The reversed list of words was then sorted and frequencies of matching sub-
strings identified, finally the sub-strings which occur more than once are selected as suffixes.
First, a word is inputted to the stemmer. The algorithm checks whether a suffix from the list is
attached to the inputted word. The suffixes are iteratively stripped from the word and after

application of necessary condition, the final word is considered as a stem.
2.4 STEMMING ALGORITHM FOR OTHER LANGUAGES

Stemmers are generally customized for each specific language. Their design requires some
linguistic expertise in the language and an understanding of the needs of the specific information
retrieval and natural language applications. Stemmers have been developed for a wide range of

languages including French Language [82], Slovene Language stemmer by [18], Arabic
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Language stemmer by [73] and other many languages. The effectiveness of stemming across

languages is varied and influenced by many factors.
2.4.1 ENGLISH LANGUAGE STEMMERS

There are many kinds of stemming algorithm available for English language. These algorithms
range from the simplest ones like the table look-up to the complicated ones performing iterative
longest matching. Some of the English Language stemmers are developed by [77], [58], [81],
[12], [79] and [60].

2.4.1.1 LOVINS STEMMING ALGORITHM

The Lovins Stemmer is a single pass, context-sensitive, longest-match Stemmer developed by
Julie Beth Lovins of Massachusetts Institute of Technology in 1968 [77] Lovins’ paper was the
first ever published description of a stemmer. It defines 294 endings, each linked to one of 29
conditions, plus 35 transformation rules. For a word being stemmed, an ending with a satisfying
condition is found and removed. A suitable transformation rule is applied next. The aim of this

step is to deal with doubled consonants and irregular plurals.

This early stemmer was aimed at both the IR and Computational Linguistics areas of stemming.
This stemmer, though innovative for its time, has the problematic task of trying to address two
areas (IR and Linguistics) and cannot do well at either. The approach does not give good results
with linguistics, as it is not complex enough to stem many suffixes due to their not being present
in the rule list. There are problems regarding the reformation of words. This process uses the
receding rules to reform the stems into words to ensure they match stems of other similar
meaning words. The main problem with this process is that it has been found to be highly
unreliable and frequently fails to form words from the stems, or matches the stems of like
meaning words. The Stemmer does not satisfy from the IR viewpoint either, as its large rule set,
and its receding stage, affect its speed of execution. The Lovins Stemmer removes a maximum
of one suffix from a word, due to its nature as single pass algorithm. It uses a list of about 250
different suffixes, and removes the longest suffix attached to the word, ensuring that the stem
after the suffix has been removed is always at least 3 characters long. Then the ending of the
stem may be reformed (e.g., by un-doubling a final consonant if applicable), by referring to a list

of receding transformations.
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2.4.1.2 DAWSON STEMMING ALGORITHM

Dawson stemming algorithm [58] is based on the one developed by Lovins [77] which makes
use of iterative longest match approval. It is a complex linguistically targeted Stemmer that is
strongly based upon the Lovins Stemmer. Initially, Dawson uses the list that contains 260
English suffixes with associated removal condition codes given by Lovins. But, after he has
corrected the list, he brings the total up to about 1200 suffixes. To avoid the problems of storage
and processing time taken, the suffixes and their condition code numbers backwards are read,
stored and indexes by length and final letter. Dawson does not use recording technique in his
algorithm to handle stems and instead used an extension of the partial matching procedure also
defined within the Lovins Paper. The basic principle of Dawson’s algorithm is if two stem
matches up to a certain number of characters and the remaining characters of each stem belong

to the same stem ending class, then two stems are of the same form.
2.4.1.3 PORTER STEMMING ALGORITHM

The Porter Stemmer is a conflation Stemmer developed by Martin Porter at the University of
Cambridge in 1980 [81]. The Stemmer is based on the idea that the suffixes in the English
language (approximately 1200) are mostly made up of a combination of smaller and simpler
suffixes. This Stemmer is a linear step Stemmer. Specifically it has five steps applying rules
within each step. Within each step, if a suffix rule matched to a word, then the conditions
attached to that rule are tested on what would be the resulting stem, if that suffix was removed,
in the way defined by the rule. For example such a condition may be, the number of vowel
characters, which are followed be a consonant character in the stem (Measure), must be greater

than one for the rule to be applied.

Once a Rule passes its conditions and is accepted the rule fires and the suffix is removed and
control moves to the next step. If the rule is not accepted then the next rule in the step is tested,
until either a rule from that step fires and control passes to the next step or there are no more
rules in that step whence control moves to the next step. This process continues for all five steps,

the resultant stem being returned by the Stemmer after control has been passed from step five.

The objectives for the development of this stemming algorithm are to improve the performance

of information retrieval and the success rate for the suffix discarding will be significantly less
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than 100% when the process is evaluated. The Porter algorithm consists of a set of condition
rules. The conditions are divided into 3 classes; there are conditions on the stem, condition of
the suffix and conditions on the rules. Porter's algorithm uses a dictionary of about 60 suffixes
and has only a few context-sensitive and recording rules, and therefore is economical in storage

and computing time.
2.4.1.4 PAICE/HUSK STEMMING ALGOTRITHM

The Paice/Husk Stemmer is a simple iterative Stemmer that removes the endings from a word in
an indefinite number of steps [79]. The Stemmer uses a separate rule file which is first read into
an array or list. This file is divided into a series of sections, each section corresponding to a
letter of the alphabet. The section for a given letter, say “e”, contains the rules for all endings
ending with “e”, the sections being ordered alphabetically. An index can thus be built, leading
from the last letter of the word to be stemmed to the first rule for that letter. When a word is to
be processed, the stemmer takes its last letter and uses the index to find the first rule for that
letter. If a rule is accepted then it is applied to the word. If it is not accepted, the rule index is
incremented by one and the next rule is tried. However, if the first letter of the next rule does not
match with the last letter of the word this implies that no ending can be removed, and so the
process terminates. Once a rule has been found to match, it is not applied at once, but must first

be checked to confirm that it would leave an acceptable stem. When a rule is applied to a word,

this usually means that the ending of the word is removed or replaced.
2.4.1.5 KROVETZ STEMMING ALGORITHM

The Krovetz Stemmer was developed by Bob Krovetz, at the University of Massachusetts, in
1993 [74]. It is quite a 'light' stemmer, as it makes use of inflectional linguistic morphology. The
Krovetz Stemmer effectively and accurately removes inflectional suffixes in three steps, the
conversion of a plural to its single form (e.g. ‘-ies’, ‘-es’, ‘-s’), the conversion of past to present
tense (e.g. ‘-ed’), and the removal of ‘-ing’. The conversion process firstly removes the suffix,
and then though a process of checking in a dictionary for any receding, returns the stem to a

word.
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2.4.2 ARABIC STEMMING ALGORITHMS

Arabic is a highly inflected language and has a complex morphological structure. Some of the
applications of Arabic natural language processing require the basic form of the word (root or
stem) to be most effective, therefore stemming process is a necessity. There are several
stemming approaches that are applied to Arabic language. The morphology complexity of
Arabic makes it particularly difficult to develop natural language processing applications for
Arabic information retrieval. In Semitic languages like Arabic, most noun, adjective, and verb
stems are derived from a few thousand roots by infixing and creating many variants of words
[76]. Arabic is highly productive, both derivationally and inflectionally. Definite articles,
conjunctions, particles and other prefixes can attach to the beginning of a word, and large
numbers of suffixes can attach to the end. A given headword can be found in huge number of
different forms. Distributional analyses of Arabic newspaper text show empirically that there is
more lexical variability in Arabic than in the European languages for which most IR and NLP
work as been performed. Arabic text has more words occurring only once and more distinct
words than English text samples of comparable size. The token to type ratio (mean number of
occurrences over all distinct words in the sample) is smaller for Arabic texts than for
comparably sized English texts [73]. Arabic orthography also contributes variability that can
confuse information retrieval systems. It is not the right to left order of the characters, or the
context-dependence of the appearance of the characters that are problematic. These are just

rendering issues.

The factors described above make Arabic very difficult to stem. Several stemming algorithms
for Arabic have been proposed based on different principles and each produces different sets of
stem classifications. Larkey et al. gives a good summary of stemming approaches for the Arabic
language [9].The most common approaches used in Arabic stemming are the light and the root-
based stemmers. Root-based Stemming is based on removing all attached prefixes and suffixes
in an attempt to extract the root of a given Arabic surface word. Several morphological

analyzers have been developed for Arabic, e.g. Khoja and Garside [73].

Light Stemming is used not to produce the linguistic root of a given Arabic surface form, but to
remove the most frequent suffixes and prefixes. The most common suffixation includes duals

and plurals for masculine and feminine, possessive forms, definite articles, and pronouns.
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Several light stemmers have been developed, all based on suffix and prefix removal and
normalization. Examples of light stemmers include: Aljlayl & Frieder’s Stemmer (S.Aljlayl)

Darwish’s Al-Stem [72] , and Larkey et al.'s U Mass Stemmer [75].

All light stemmers adhere to the same steps of normalization and stemming. The main difference
among them is the number of prefixes and suffixes removed from each one. During the
normalization process, all diacritics, punctuation, and glyphs are removed. The light stemmers
had different stop word lists consisting of Arabic pronouns, particles and the like removed after
minimal normalization. Based on the test results of the stemmers proved that the light stemmer
achieved superior performance over the root-based approach since it reduces sense ambiguity by
grouping semantically related words into the same class. Although light stemming can correctly
classify many variants of into large stem classes, it can fail to classify other forms that should go
together. For example, broken plurals for nouns and adjectives do not get conflated with their
singular forms, and past tense verbs do not get conflated with their present tense forms, because

they retain some affixes and internal differences.
2.5 EVALUATION METHODS FOR STEMMING ALGORITHMS

There are different methodologies employed to evaluate the performance of stemmers. The
manual method, vocabulary reduction and Paice’s method are identified as stemmer evaluation
methods. In the manual method, a human being, who decides the correct stem for each word,
performs the evaluation process. Three evaluation measurements are obtained in this manner:
the number of correct results; the number of errors due to over stemming; and the number of
errors due to under stemming. One of the purposes of stemmers is to reduce the size of the
vocabulary for indexing purposes. The vocabulary reduction is obtained by dividing the number

of words in the corpus by the number of stems generated, excluding repetitions.

Stemmers are evaluated using Paice’s method based on error counting [87]. Accruing to his
method, measures of under stemming and over stemming determine how good a stemmer is
outside the retrieval context. In Paice’s method, three measurements are implemented in order to
make a qualitative comparison between different stemmers: the over stemming index (OI); the
under stemming index (UI); and the stemming weight (SW). This method requires a word

sampling, with no repetitions, separated into conceptual groups in which the words are
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semantically and morphologically related. The SW is given by the ratio OI/UI. Paice has
compared different English stemming algorithms in isolation from the context of an IR system
and he did not use the traditional precision/recall parameters, an ideal stemmer should stem all
words in a group to the same stem. If a stemmed group contains more than one unique stem, the
stemmer has made under stemming errors. In an IR system this corresponds to a negative effect
on recall. If a stem of a certain group also occurs in other stemmed groups, the stemmer has
made over stemming errors, which reduce precision. A good stemmer should therefore produce

as few under and over stemming errors as possible.

28



CHAPTER THREE
MORPHOLOGY OF SILT’E LANGUAGE

3.1 INTRODUCTION

Stemming is a fundamental step in processing textual data preceding the tasks of information
retrieval, text mining, and natural language processing. The common goal of stemming is to

standardize words by reducing a word to its base (root) [51].

Like the other Semitic languages (Ambharic, Tigrigna, Ge’ez etc) Silt’e language has the feature
of transmitting different messages with a single word alone. Since a single word can have

different forms by adding affixes or changing alphabetical orders (patterns), this situation makes

the language morphologically rich[52].

The main purpose of stemmer is automatically conflating different words that have similar
meaning to their root by removing their affixes and/or rearranging the vowel patterns.
Morphology plays an important role to guide the development of the stemmer, and describe the
nature and characteristics of affixes in Silt’e words. Therefore developing (designing) a stemmer
for a language requires analyzing, understanding and also modeling the language trend in terms
of word formation. The above concept shows the importance of studying the Silt’e morphology
for the purpose of modeling it and developing automatic procedures for the language. Thus, this

chapter deals with the concepts of inflectional and derivational morphologies of Silt’e language.
3.2 THE WRITING SYSTEM OF SILT’E LANGUAGE

Since the 1980s, Silt'e has been written in the Ge'ez, or Ethiopic, writing system, originally

developed for the now-extinct Ge'ez language and most known today in its use for Amharic and
Tigrigna [52]. However, Silt'e vowels differ considerably from the typical set of seven vowels in

languages such as Amharic, Tigrigna (see Table 3.2).
Ethiopic Fidel has the phonetic structure (order) of seven columns (see Table3.1).

See lists of constant, numbers, punctuations and vowels of Ethiopic (Ge’ez language) in

appendix 1
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First order | Second Third Forth Fifth order | Sixth Seventh
order order order order order
(24N (79°0)
(ho) (AAN) (¢10) (AL:0N) (ANA)
(A lal A= lul A lil, A lal, & lel Alal Alol
(U Ihal U+lhul 7. |hil, ¥ Ihal, % lhel v lhal Plhol

Table 3.1: Table shows the seven alphabetical order of Ethiopic (Ge’ez) alphabet.

3.21 VOWELS AND CONSONANTS OF SILT’E LANGUAGE

The Ge’ez script makes distinctions among only seven vowels, so some of the short-long

distinctions in Silt'e are not marked. In practice this probably does not interfere with

comprehension because there are relatively few minimal pairs based on vowel length. In written

Silt'e, the seven Ethiopic vowels are mapped onto the ten Silt'e vowels as follows: the five short

vowels are A lal, & lol, & lil, A<lul, &lel and the five long vowels are 4 laal, Ahlool, A.liil,

h-h-luul, udvleel. Only the short and long a and the short and long i have been distinguished in

the alphabet. The short a is indicated by the first order (form) of the Ethiopic script and the long

a by forth order (form). The short i and consonant alone are indicated by sixth order (form) and

the long i is indicated by the third form. The third form is also used word finally when the word

ends in i1 [52]. Table 3.2: illustrated more the vowel mapping by using practical words that show

the vowel mapping in Silt’e language more clearly with simple example of order of alphabet.

The order (form) of Silt’e alphabets

1 3 6
U lhal U+hu (huu)l Zhiil 7lhaal 4| he(hee)l Vlhil ho (hoo)l
7 Inal  ‘rlnu(nuu)l  Zlniil slne(nee)l “7Inil 4’ Ino(noo)|
Tlal  rlAu(@uw)l 7l Zlie(nee)l ¥ Il %Plio(fioo)l
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» d — a: h\é. lalafa | 'he passed'
> u — u, uu: 001 lmut | 'death’, Imuut| 'thing'
»i—i
& ii: 7.7 liin] 'eye'
+ word-final i: @0¢ |Imari | 'friend’
+ i ending a noun stem: @040 Imarikal 'his friend'

+ impersonal perfect verb i suffix: (A, Ibaali | 'people said'; (10A.I°
lbabaalim| 'even if people said'

> a — aa: D¢ gaaraas| 'your (f.) house'
> e — e, ee: héo leeffel 'he covered'
»i—9
4 i (except as above): 479C lingirl 'foot'
4+ consonant not followed by a vowel: AN AT lasroost! 'twelve'
» 0 — 0, 00: Peb¥ lk'oc'e | 'tortoise', lk'ooc’e | 'he cut'

Table3.2: The mapping of seven Ethiopic vowels to ten of Silt’e and order of Silt’e alphabet

Silt'e has a fairly typical set of consonants (26 consonants including T" Ipl) for an Ethiopian
Semitic language. There are the usual ejective consonants, alongside plain voiceless and voiced
consonants and all of the consonants, except /h/ and /?/, can be geminated, that is, lengthened.
The symbols /p/ and /?/ (glottal stop) play only a marginal role in the system, Ipl, because it
appears in only a few words and I?l, because (as in Amharic), it is often omitted. The consonants

of Silt’e shown in Table 3.3:

U Ihl,Alll, @oiml, irl, A Isl, @51, Qbl, -Fitl, FIE, 7inl, Tl Alal, k], @lwl, Hizl, 12,
Plyl, &idl, 2 [jl 7 Igl, e Itl, em. &1, & [P, & Ifl, Tlpl

Table 3.3: consonants of silt’e writing system
3.3 MORPHOLOGY

Morphology is a branch of linguistic that studies and describes how words are formed in
language[55]. Similarly, [58] defines morphology as the study of the structure of words. There

are two kinds of morphology: inflectional and derivational. Inflectional morphology is concerned
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with the inflectional changes in words where word stems are combined with grammatical
markers for things like person, gender, number, tense, case and mood. Inflectional changes do
not result in changes of parts of speech. Derivational morphology deals with those changes that
result in changing classes of words (changes in the part of speech). For instance, noun or an

adjective may be derived from a verb.
3.3.1 SILT’E MORPHEME

A morpheme is a minimal linguistic unit of a language that carries meaning and that can not be
further decomposed in to meaningful units [54]. A morpheme in Silt’e can be free or bound,
where a free morpheme can stand as a word on its own where as a bound morpheme can not
occur on its own as a word, for example these are free morphemes of Silt’e:- A-lisabl ‘person’,
JClgaarl ‘house’, FP| kaawaal ‘coffee’, they can stand by themselves. In contrast to these bound

morphemes of silte can’t stand by them selves. For example we can add suffix “F Ical to the word

(111 [sabl to show paucal number; therefore I is bound morpheme of Silt’e [56].
3.3.2 WORD FORMATION IN SILT’E

Affixing (adding suffix, prefixes and infixes), compounding, duplicating (reduplicating) and

changing vowel patterns are used to give different word forms in Silt’e language [53].

The addition of suffix, prefix and infix are the usual ways of word formation in Silt’e. Although
it is not common, the addition of prefix and suffix at the same time is also used to form word
variant. The possibility of prefixing and suffixing more than three prefix or/and suffix result in
long word formation. Hence, the complex morphological structure of a single Silt’e word can

give very large number of variants.

The application of compounding is another means to contribute in the process of word variant
formation in Silt’e language. A compound is made up of two or more simple words (roots) and
has a meaning that is different from that of its parts: Afl&,labbaadde/abaadel, ‘parents’ from
Ahllabbo/abol’father’ and ASladde/adel ‘mother’. @H7-A lwazana-kublel‘faint-hearted’,
oH’7lwazanal ‘heart” and €-1A| kublal’deficent’.
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Duplication is also the other means which is used to form word variation: there are at least two
distinct kinds of reduplicative formations in Silt’e language: type one involves the reduplication
of the first letter (that is A llaal) AAUlaalaahal *send many times’ formed from AU llaahal ‘send’,
type two by reduplicating the second letter by using its forth form (that is @»lmal): &“7an/.

ljimaamaral ‘starts’ to little which is formed from®.@o{. [jamaral ‘start’.

3.4 INFLECTIONAL AND DERIVATIONAL MORPHOLOGY OF SILT’E

Inflectional affixes describe word as stems are combined with grammatical markers for things
like person, gender, number, tense, and case. There are five kinds of speech in Silt’e: adjectives,
nouns, verbs, adverbs, and propositions [53]. Prepositions and conjunctions are totally
unproductive for IR purpose or other natural language processing. The same thing happens for
adverbs and is few in number. Therefore, the discussion of derivational and inflectional
morphology concentrates on the remaining three parts of speech, namely verbs, nouns and

adjectives.

To study the morphological nature of the language, the researcher used different sources such as
[53], [52], [57] and [56]. The translation of the Latin words of the available document that talks
about Silt’e morphology to Ethiopic-script is performed and prepared by the researcher. The
following morphological analysis part adopted (taken) from [53].

3.4.1 NOUN’S INFLECTION AND DERIVATION

3.4.1.1 NOUN’S INFLECTION

Nouns in Silt’e language inflected for definiteness, gender, number, and case. Morphologically

nouns have the following general structure in Silt’e language:

<prep><distrib> stem <acc> <part> <poss> <art> <voc> <cop>

3.4.1.1.1 DEFINITENESS, NUMBER AND GENDER

Definiteness, number and gender are interrelated in Silt’e language. Silt’e has two definite
articles, the suffixes -A.-iil (-&I-yl after vowel) for masculine, and the --kl-tel for feminine.
However, these two articles can fulfill further functions; the masculine article -A.l-iilcan signal

that one is dealing with a large number or collective of items, regardless of their gender, and the
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feminine article can indicate that one is dealing with one item (singularize) and /or with a small
specimen. For example, in addition to denoting definiteness, the expression ,2(C-kIgaartel ‘the (f)
house’ indicates that one is talking about a single house, and also that the house is considered to
be small. By contrast , the expression .,2C A.lgaariil ‘the (m) house ‘ with the masculine definite
marker is neutral with regard to size, and it can refer to a collective or large number of houses

rather than one.

Gender is mostly determined naturally, not grammatically. Thus humans and animals are given
the gender according to their sex. A comparatively small number or words referring to inanimate
objects are specified for gender; thus @Clwaril ‘moon’ is usually given masculine gender and
HhL.Clayrl ‘sun’ feminine, hence @élwarii |‘the moon’ A8 é-Elayritel ‘the sun’. Similarly trees
are usually treated as feminine. The collective use overrides natural gender: A7%°F @pm

IIndaaccii matal ‘the woman have come’. The gender markers for possessive pronouns shown

in table 3.4:

ISt p 2nd p 3I‘d p
singula | plural | Singular plural singular Plural
r
m F M f m f m f
holeel ?mal | A/AVU Al hov- hlal | o %.00-|niimmul
laa/aahal laasl lammul Isal

Table 3.4: Possessive suffix for noun inflection

Table 3.5 shows samples ilustrate combinations of several of these suffixes:
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h L 1m0
Aaddeenawka ‘as to his mother <acc.>’

h 1 o h

Aadde  -ma  -w -ka
Mother  acc.  Pragm. Marker -w  his
ANz

Likkinee ‘it is my measure/size’

Ah 7 h
Likk -n -ee
Measure  copula 1*'sg-poss

Table 3.5: example of combination of suffixes

Semantically Silt’e has three forms for number singular, paucal, and plural. However,
morphologically only the paucal is marked — the other two categories are unmarked. Thus while
h"7Fluuncal refers to a small number of stones <paucal>, A-7luunl refer either to one or large
number of stones. Context is used to disambiguate such unmarked expression. Table 3.6 shows

Noun paucal formation with suffixation of -*Fl¢al:

Noun Gloss Suffixes Paucal

F4X|Caafl ‘leaf’ - &l FqF|caaf &al
(-ISabl ‘person’ “F ¢l O (V’Flsabéal
(1C-T|Bart| ‘stick, club’ - Fleal (1C-T-Ealbarticéal
NAAIbolaalel ‘long trousers’ - Fléal NAA T |bolaaléal
mA(), Itoollaabil ‘beggar’ - Fleal mAAVT Toollaabéal

Table3.6: Noun paucal formation with suffixation of -Fl¢al
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There are two basic morphological types of paucal formation for nouns; suffixation of -“F|- &al

<-cfa after consonant cluster of geminates> and reduplication of the last consonant.

As you can see from table 2, word final short vowels are omitted before the paucal suffix.

Many nouns — mostly ending in a short vowel — form the paucal by reduplicating the last
consonant, inserting the vowel Alaal and replacing the original final vowel by Alol. When the last

consonant is marked, only the degeminated, single consonant is repeated.

Most words that form the paucal by reduplication allow the alternative of reduplication plus
suffixation as well. Table 3.7 shows paucal noun formation with reduplication and reduplication

plus suffixation:

Noun Gloss Paucal with | Paucal
reduplication Reduplication+suffix
NAbosol ‘Young enset plant” | MAdbosaasol NANTbosaas €al
hQalagal ‘Stranger’ AN Dalagaagol | AA2PFlalagaag Cal
Aq°lamolel | ‘salt bar’ A1°Afelamoolaalol | A9°AAFlamolaaléal
(& lburrel ‘big tin, big can’ (l¢-Cburraarol (1-¢-4PFIburaaréal
(1A balal ‘Calamity’ NAf°Ibalaalol NAA’FIbalaaléa |

Table 3.7: paucal noun formation with reduplication and reduplication plus suffixation

3.4.1.1.2 CASE

Syntactic case relations are marked either by prefixes (some of which may also be considered
prepositions — see below) or suffixes: the accusative case is marked by 7Inal, Alal (Al-al after
consonants); the genitive by flya-I; the dative/benefactive relation by Alla-I; the instrumental or

determinative relation by (llba-l, the ablative by -I"lta-I, and the vocative by A I-ol.
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3.4.1.1.3 MORPHOLOGICAL PROPERTIES AND PROCESSES WITH
NOUNS

Nouns can end in any consonant or semivowels <except the glottal stop>, single or geminate,
subject to the general phonological constraints of the language, or in one of the short vowels Al
al, &lel, Alil, or Alol (no noun ending in A= lul has been found.) The following morphophonemic
changes are common with prefixes: CA+®->Ch/Ca+wa—>Coo (here C is to represent constant
letter) — Plyal plus @ lwarol ‘dragon’ : ¢(Clyooro I‘of a dragon’; CA+A>Ch. /Ca+i >Cii —
Alla-l plus A70-linbaabl ‘snake’: A, 701 |liinbaabl ‘ for a snake’: (here V represent vowel
letter) CA+V—> CV/ Ca+V > CV: (lba-| plus AL 7ladanl ‘cat’ A& 7Ibaadan| ‘by the cat ; Alla-|
plus A-¢°lumil ‘uncle <maternal>" A-¢°lluumil. Common morphophonemic changes with
suffixes are the following. Word final vowels are dropped directly before paucal suffix
(illustrated above in table2 and 4). Word final vowels are lengthened immediately preceding the
acc. suffix -7l-nal: “?mImaatal, “?M7Imaataanal; preceding the pragmatic marker -#»l-ml| and
O-wl: AL, 7Tladdennal; AL,% 9°laddennaaml; preceding the masculine definite article: 0¥
bucol, (=¥ L |bucooyl.

3.4.1.2 NOUN’S DERIVATION

Nouns can be derived from verbs. The infinitive has already been introduced above. Nouns

of agent can be formed in two ways. Verbs ending in a palatal radical add the suffix A.0° Iilol

to the perfective stem. Table 3.8 shows some example:
Note that the suffix may be added to the palatilized or non-palatalized form of the verb stem.

Non-palatal verbs add the suffix Al-il to the last root consonant of the perfective stem,
palatalizing that consonant where possible; the last, non —thematic vowel is lengthened to 4l aal:
$avdlgoommaral ‘be strong’; Povélqoommaril ‘strong’; AevOAlamasalal  ‘pretend’
[lavq @ lamasaayl ‘pretending’. Table 3.8 shows noun derivation from perfective stem by adding

the suffix A.A° |-ilol;

37



Table 3.8: noun derivation from perfective stem by adding the suffix A.A° |-iilol
3.4.2 ADJECTIVE INFLECTION AND DERIVATION

Adjectives are inflected for number and derived from nouns. Actually most of the nouns in Silt’e

can be use as an adjective.

HA1°€IAmogel ‘work reluctantly and badly’ AT EA°|Amogiilol  ‘relectant worker’
Hebl|Zaace | ‘watch look after’ H¢l A@|Zaaciilol ‘watch man’
(’EBacel  ‘weep, cry’ (’E&@IBaciilol or (1f.4¢ Ibakiilol ‘some one who craies
easly’

3.4.2.1 ADJECTIVES’S INFLECTION

There are two basic morphological types of paucal formation for adjectives like nouns do.
Suffixation of -“Fl- & a <-céa after consonant cluster of geminates> and reduplication of the last

consonant. Tables [3.9 and 3.10] show the two types of paucal formation for adjectives:

Adjective word Gloss Suffixes Paucal

F4X|Caafl ‘leaf’ T &al FqF|caaf &al

(1C - Bartl “stick, club’ - Fléal (1C-T-&albartic¢éal
mA(,[toollaabil ‘beggar’ - Fléal mAA(FFToollaabéal

Table 3.9: Adjective paucal formation with suffixation of -“F[¢al

Adjective Gloss Paucal with | Paucal

word reduplication Reduplication+suffix
Al Nlaalagl ‘Stranger’ AN 2alagaagol A0DPFlalagaag &al
‘kawlelgumaral | ‘white’ ‘kawéeClgumararol | +owé-CFigumaraaréal
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(- lburrel

‘big tin, big can’

(-4~ burraarol

(& ¢~ buraaréal

(1Albalal

‘Calamity’

(1Advelbalaalol

NAA T |balaaléa |

Table 3.10: paucal adjective formation with reduplication and reduplication plus suffixation

In Silt’e most of the nouns used as an adjective. There are no special adjectival forms for
comparison; if the point of comparison is explicit it occurs in the ablative case with the suffix -

©1l-kol. However, very often comparison is expressed by verbs.

E.g. il -H7.h @01, 89 /Uha tahiko manijaam ‘He is prouder than I’

3.4.2.2 ADJECTIVES’S DERIVATION

Simple adjectives have no special structural characteristics: é.fIfayyal‘good’ ("NIboozl ‘bad’
P (2 blyaroorel ‘big” PAIgalll ‘small’. Adjectives can be derived from nouns in a number of

different ways. None of these formations seems to be generally productive, but they are all

lexically determined. Table 3.11 shows the derivation of adjectives from nouns:
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Denominal adjectives in -A’7 |-annal:

+FIGuttl ‘middle’ 1% Iguttannal ‘average’

Denominal adjectives in —A-1’7 |l-atannal:
00l Kasbl ‘work’ ©OO-% [kasbatannal ‘industrious’

4. |Farol ‘injestice’ &.(C-I'% Ifarootannal ‘unjust’

Denominal adjectives in -A7°*EAlaanciol:

A-C Bitarl ‘marriage’  A1-F¢-7F Ibitaraancol ‘newly —wed’

Denominal adjectives in —Al-al (-Al-al) -9°l-ml (-Al-al):

a0’} ¥ Maniijal ‘pride’ @»%%9° Imaniijaam| ‘proud’

Denominal adjectives in -Al-al(Al-al)9°I(a) Itaaml

H LAl |Aybl ‘milk’ H L0 9°laybaataaml| ‘giving much milk’

Table 3.11: The derivation of adjectives from nouns

3.4.3 INFLECTIONAL AND DERIVATIONAL MORPHOLOGIES OF

VERBS

Following the typical Semitic root-pattern morphology, the lexical meaning of most verbs is

specified by the consonants of the root. Underived verbs have two

to four root consonants, or

radicals. (Since the glottal stop is rarely pronounced, it is not written here. However

inflectionally these seemingly vowel -initial roots behave exactly as if they had an initial root

consonant.) Table 3.12 shows examples of underived verbs with 2, 3 and 4 radicals.

II - RADICAL VERBS: III-radical verbs:
1] |Gabal ‘enter’ U< tharatal ‘swallow’
(1L badal ‘take’ lo-Trawatal ‘run’

IV-radical verbs:
L7011 IDinabatal ‘be surprised’

N7-IA Isinatalal  ‘know’

Table 3.12: examples of verbs from 2 to 4 radicals

The final radical of a verb can be of four kinds: ending in a consonant only, ending in consonant

followed by Al al, ending in a non-palatal consonant with following 4 lal palatalized to vlel.
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The nature of the final radical can best be seen in the imperative masc. singular; palatal
consonants are ‘depalatalied’ preceding back vowels, so the underlying non-palatal consonant
appears, for example, preceding the infinitival ending —AI*l-ootl. Table 3.13 shows the nature of

final radical:

(a) CONSONANT ONLY:
Pl Iwaaba | P Iwaabl ‘give!’

(b) Consonant plus 4 lal:
€L Igeeral ®.4 |qgiiral ‘watch’

(c) Non-palatal consonant plus &lel:

%'l Inozel r'H Inuzl ‘be anger’

(d) Palatal consonant plus 2wlel:
O°F Isace | O Isicl Oh-tisikoot | ‘to drink’

Table 3.13: the nature of final radical of verbs

The nasal element appears in two and three radical verbs: A7llanzel ‘see’, & 7Hleenzal
‘hold’, A7k loontel ‘close’, A’72.4 landaral ‘spent the night’, & 79 é.leengafal ‘embrace’ ; most
of these verbs begin with a vowel (underlying preceded by a glottal stop); however , at least one
verb has been found that begins with a consonant: "7°F Isooncel ‘smell’. Verbs with a nasal
element are special in that the nasal does not count as a radical consonant: thus A’7Hlanze |‘see’
inflects like a II- radical, and A'7£¢ landaral ‘spend the night’ like a Ill-radical verb, though

their roots have three and four consonants respectively.
3.4.3.1 ASPECT

Each verb has three stem forms: perfective stem, imperfective stem and a third stem not marked
for aspect, hence referred to here as the non-aspectual stem. The perfective stem is used to form
simple past, present perfect and past perfect tenses, the imperfective stem for the formation of
the present/future and past-imperfective tenses; the non-aspectual stem serves for infinitive and

imperative. Table 3.14 shows examples of the three forms of the verb:
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Perfective stem @11 Imasak-|

(a) Simple past oo\l Imasakal ‘he guided’
(b) Present perfect av (17 Imasakaanl| ‘he has guided’
(c) Pluperfect oo\l ' C| masaka naarl ‘he had guided’

Imperfective stemeoilimask-|
(d) Present /future A+oo( 7 li+maskaan| ‘he guides/will guide’
(e) Continous past A+oo(111 G C|i+mask naar | ‘he was guiding’

Non -aspectual stem 2°A#Im (i)sak-|

(f)Imper. /jussive J°AN Imisakl ‘guide!” (2 m sg)’
P90 NIY amsakl ‘let him guide!”
(2) Infinitive J°Oh-T Imisakoot| ‘to guide’

Table 3.14: the perfective, imperfective and non-aspectual forms of verb

The stem formation makes use of two distinct morphological means: changes in consonant-
vowel pattern of the root and rising of the thematic vowel. Thus Silt’e verbs can be divided in to

two broad classes:

Class 1: All verbs with thematic Alal; taking the perfective stem as basic, the other two are
derived by omitting the first and the second vowel respectively. Table 3.15 and table 3.16 show

the pattern of consonant and vowels in class 1 verbs and examples of class 1 verbs of Silt’e:

Perfective imperfective non — aspectual
<C>CV(C<VC> <C>CVC<C CC<VC>
CCC<C>

(C represents one or more consonants of a word; V represents one or more
of vowel sequence)

Table 3.15: the pattern of consonant and vowel in class one verbs

42



A’FISac-el “drink’ AN0J7 | i-sac-aanl 0T | sicl

(-0 IBatakal ‘pull out’ A(-T07i-batk-aanl -7 bitakl

Table 3.16: examples for class 1 verbs of Silt’e

Case 2: class two verbs are all verbs with a thematic vowel other than 4l al. Thematic & lel is

raised to & lil, Alol, to A-lul in the non- aspectual stem: Table 3.18 shows examples of class 2
verbs:

L Jeejel ‘reaches’ ALE7i-jeej- aanl 20 | jiijl

&'l INozel ‘be angry, ASG H7li-noze-aan | r'H Inuzl

Table 3.18: examples of class 2 verbs of Silt’e

Raising verbs with thematic 4 laal are exceptional in that the 4l aal is raised to A. lii lin the
imperfective aspect, see these examples:

sb)av |Caamal ‘test well’  A6K,“?°7 | i-ciim-aanl 65L9° |caaml

AyY|Laahal ‘send’ AA.7°7 li-lith-aanl AY | laahl

(Note that not all verbs with thematic 4laal undergo rising; &£ lraaje | is an example:
AC-%77 i-raaj-aanl.)

Class 2 verbs with more than two radicals also omit the vowel of the last radical in both the
imperfective and non- aspectual stem forms, see these examples:

(A [Seebalal ‘dance’ Al (147li-seebl-aan | QA Isiibll
fP0lToogasa | ‘beg”  A-FPA7i- tooks —aanl A Ituuks|
3.4.3.1.1. VERB INFLECTION

The inflectional structure of Silt’e verbs is as follows:
<neg ><pers> STEM <pers> <ben/detr> <cps> <aux>

The double occurrence of the person marker indicates that Silt’e marks person by both preffix-

and suffixes in forms based on the imperfective and non-aspectual stems.
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Like in other Ethio-Semetic languages, sentence constituents other than the subject can
optionally be marked in the morphology of the verb, as is indicated by the benefactive (ben),
detrimental/instrumental (detr) and complement person suffix (cps) categories above. The
complement person suffixes can occur without either the benefactive or detrimental/instrumental

markers, but these last two categories require the presence of the person markers.

Table 3.19 shows the suffixes that used to form the present time are as follows:

1*p 2" p 39p

Singular Plural singular plural singular plural

m F m F m f m f m f m f
AVl | Aol | AT AU | ATl- | hov-)- R | AT | AF-
aahul aawl | aanl aahal | aasl aammul aan| | aatl aan|

Table 3.19: suffixes used to form the verb in present tense

The Impersonal 4’7 l-aanl, the past auxiliary is & C Inaarl- (past tense form of verb of
existence).

3.4.3.1.2. PERFECTIVE

In Silt’e verb, the perfect nature of verbs uses to create the past and complete actions. These
types of verbs are the bases to other forms that may inflect to their base. The suffixes in table

3.20 are added to the perfective stem to mark the subject in the verb:
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1sg (r|-kul after C(consonant)

U+l-hul, @+|wl elsewher

Ip 71-nal

2f Ml-sl, word finally

1\.I-sil elsewhere

2m 1-kal after C(consonants)

Ul-hal, Alaa lelsewhere

2p oo« -kumul after C

ov-|-mmul elsewhere

3m Hl-el in palatal verbs

hl-a | elsewhere

3f T+|-tal preceding object suffix

1-|-tl elsewhere

3p Hl-ul

Impers. Al-il

Table 3.20: suffixes added to the perfective stem to mark the subject in the verb

The category ‘impersonal’ in the last row of the table is used to indicate what some unspecified

group of individuals or people in general do. Hence it is glossed here ‘people’.
3.4.3.1.3. SIMPLE PAST

The suffixes in table 3.20 added to the perfective stem to form the simple past tense of the verb.

Table 3.21 shows the simple past form of a verb:

Simple past
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Simple past of C — verb | Suffix Gloss

a1 Imasakkul -0l-kul ‘T guided’

a1 Imasakkal -0l-kal ‘You (2m) guided’
av (7'l Imasaks| “fil-s “You (2f) guided’
oo (1) Imasakal -01l-kal ‘He guided’

av(A - imasakt| -t ‘She guided’

av( 1’7 Imasaknal -7l-nal ‘We guided’
avAr-ov<imasakkumul | -0-ov<|-kumul “You (pl) guided’
av(1{klmasakul -0+l-kul ‘They guided’

av (), Imasakil Al-il ‘People guided’

Table 3.21 Simple past form of verbs

Simple past of palatal verbs | Gloss

0 U-IKaseehu/wl ‘I wanted’
OUKaseehal “You (m) wanted’
0 MKaseesl “You (f) wanted’
ail kasel ‘He wanted’

0 -FKaseet| ‘She wanted’

0 71Kaseenal ‘We wanted’

0 oo Kaseemmul “You (p) wanted’
0x-kasul ‘They wanted’
0, kasil ‘People wanted’

Table 3.22: Simple past form of palatal verbs
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Simple past of Ca-verbs Gloss
(1Av-/(1A@-|Balaahu/wl ‘I ate’
(1AV|Balaahal “You (m)ate’
AT Balaasl ‘You (f)ate’
(1A[Balal ‘He ate’
(1A-1[Balaatl ‘She ate’
(14%7|Balaanal ‘We ate’
(1Aov<|Balaammul “You (pl)ate’
(1A-Balul ‘They ate’
(1A.Balils ‘People ate’

Table 3.23: Simple past form of Ca-verbs (constant followed by vowel a)
3.4.3.1.4. PRESENT PERFECT

Two further tenses can be formed from the perfective stem: the present perfect and the pluperfect
by adding the present and the past tense auxiliary respectively. Added to the simple past tense

forms given above tables, they yield the set of present perfect forms in Table 3.24:
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Present perfect form Gloss

av(lmasakkool ‘I have guided’
av(masakkaal “You have (2m) guided’
oo (7111, flimasaksees| “You have (2f) guided’
av(\ 7 Imasakaanl! ‘He has guided’

ao (111~ Imasaktaatl| ‘She has guided’

av (15 " 7Imasaknaanl| ‘We have guided’

ap ({19 ov<masakkumoommul | ‘You have (pl) guided’

av (1"} imasakoon! ‘They have guided’

av(),7Imasakeen! ‘People guided’

Table 3.24: present perfect form of verbs

These forms involve the following vowel contraction processes: #A-lul+4laal> A-hvlool,
Alal+Alaal> Alaal, Alil+Alaal > & hleel. For the first person singular there is the following
additional contraction involved:
av(1++A U Imasak+ku+aahul > er AU+ imasakkoohul> @o(Ahimasakkool. The resulting
ending -fl-kool is plausible considering that the first person ending U+l-hul has a common
voiced variant @+-wl. Thus the ending hl-kool could easily be explained if we assume the

following further contraction rule: AAlool +@<lwl-> Ahhlool.

For palatal and Ca —verbs the present perfect is formed analogously, except that the following
additional contraction rule is rewired for the 3™ person masculine of palatal verbs. &

lel+Alaal=> Alaal: 04 7/kasaan| ‘he has wanted’.
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3.4.3.1.5. PLUPERFECT

The pluperfect is formed by the simple past tense forms followed by the auxiliary 4 Clnaar |

which is uninflected in all persons except the first person singular. Table 3.25 shows the

pluperfect of verbs:

Pluperfect Gloss

av( ) § CrIMasakku naarkul ‘Thad guided’

ao(\ G CIMasakka naarl ‘You (m) had guided’
ao(\ 111 G C IMasaks naarl “You (f) had guided’
av(1 G C|Masaka naarl ‘He had guided etc’

Table 3.25: the pluperfect of verbs

3.4.3.1.6. NEGATIVE

Negative forms based on the perfective stem are formed with the prefix AAlal-l. In this way
negatives can be obtained from all three tenses based on the perfective stem:

hAao(hlalmasakal ‘he did not guided’, AAerOh7lalmasakaanl ‘he has not guided’,
hAov(Ohlalmasaka naarl ‘he had not guided’.

3.4.3.2 IMPERFECTIVE (NON-PAST)

The imperfect verb in Silt’e language uses to describe non-past action. It uses prefixes and/or
suffixes. As is typical for Semitic languages, some of the person markers used with imperfective

stem involve both prefixes and suffixes. The affixes are shown in Table 3.26:

49



L (lyh/ali-l  /--C 1sg, 3m, 1pl, 3pl,

impers.

Lly-| /--V (for vowel ending verbs)

AIti-| /C (for consonant ending verbs) 2m, 2f,
2plL,3f

Tt /--V

The suffixes are Al-1I 2f, 7l-na |1pl, A-l-ul 2pl and
3pl, I-Il impersonal

Table 3.26: the prefixes and suffixes of imperfective verb

. The second person female suffix exerts a palatalizing influence on the last consonant of the

stem, according to the following rules: d, g 2j; t, k 2¢; s2s,z 2z, n 2n, 1 2Dy.
3.4.3.2.1. CONTINUOUS PAST

The presence of these affixes in table 3.26 is best seen in the continuous past tense, which

consists of the conjugated imperfective stem followed by the past tense auxiliary.

Continuous past Gloss

Aol G ClkImask naarkul ‘T was guiding’
‘Tl § CITimask naarl ‘You(m) were guiding’
‘+aoi), §CITimaski naarl “You (f) were guiding’
Aoofl G Cllmask naarl ‘He was guiding’
‘+aoifl §CITimask naarl ‘She was guiding’
Aov(17 G Cllmaskina naarl ‘We were guiding’
‘TavQiir § CITimasku naarl “You (pl) were guiding’
Aoo(k § ClImasku naarl ‘They were guiding’
Aoo(l, §ClImaski naarl ‘One was guiding’

Table 3.27: the affixes of imperfective verb in continuous past tense
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3.4.3.2 2. PRESENT /FUTURE

The present/future tense is formed by adding the present tense auxiliary (4 o®<|-aammul,
A’7l-aanl, A-Tl-aatl, A’71-aanl,A0v<|-aammul, A’7l-aanl, A-Fl-aatl, A’7l-aanl) to the imperfective
with its person affixes(-t:I-kul,-fil-kal,- fil-s, -fil-kal,-"I*|-t,-7l-nal,- o0« |-kumul,-0-kul, & -il).
Table 3.28 shows this form:

Present/future ‘Gloss’
AavNy-limaskaahul ‘I guide’

A-ao O ltimaskaahal “You (m) guide’
A-oo (1, Nl ltimaskees| “You (f) guide’
Aao(17limaskaan| ‘He guides’

T ao -1 Itimaskaatl ‘She guides’
Ao\ 177 limaskinnan| ‘We guide’

=ao () e 00-| Timaskoommul “You (pl) guide’
Aav(}limaskoon| ‘They (pl) guide’
Aoo(\),7limaskeenl ‘People’

Table 3.28: the present/future form of Silt’e verb

The vowel contraction processes involved in these formations: (The second person female suffix
exerts a palatalizing influence on the last consonant of the stem, according to the following rules:

d, g 2j; t,k 2c; s2s,z2 2z, n 2n, 1 Dy.)
3.4.3.2.3. NEGATIVE

In the negative the imperfective stem takes the prefixes in table 3.29 rather than the person

prefixes listed above (& (lyD)/Ali-l, Cly-l, “FIti-l, COlt-1).
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Ado-Tlaww-| /----non- back vowel Isg, 1pl, (1pl also AA-/ila-)
Alo-Tlaw-| elsewhere

Al IItti-| [-—---C 2m, 2f, 2pl, 3f

APt -V

AAIIL| [V 3m, 3pl, (also 1pl),
imperson

AQ Ma-| elsewhere

Table 3.29: shows the negative prefix of imperfective verb

The suffixes are the same as in the affirmative, but in the negative present/future tense the

auxiliary is not added. Below the auxiliary 9 C Inaar | is added in parentheses to show the

negative continuous past.

3.4.3.2.4. PRESENT/FUTURE (CONTINUOUS PAST) NEGATIVE

Adm-avOfllllawmask (naar) | A-laoOfllttimask  (naar)l
A-looOIttimaski  (naar) | AAooN}l llamask  (naar)l
AOm-oo0fl llawmask  (naar)l Ahm-ooOnYllawmasikina  (naar)l
Aot [Ittimasku (naar)l A0 oo [lamasku (naar)l
Ad oo, llamaski (naar)|

Table 3.30: shows the negative forms of present and future (past continuous tense) verbs

Note that, differing from the corresponding affirmative forms, the auxiliary in the 1% person

singular here is not marked for person.
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3.4.3.3 NON - ASPECTUAL

3.4.3.3.1. INFINITIVE

The infinitive is formed by suffixing A+ l-oot | to the non- aspectual stem: 9°(h-F*  Imisakoot
Ito guide’; I [kisoot |‘to want’.

3.4.3.3.2. IMPERATIVE AND JUSSIVE

The jussive forms also involve a combination of prefixes and suffixes; the imperative uses only
suffixes. For both imperative and jussive the suffixes are the same as those used with the

imperfective stem. The prefixes are shown in Table 3.31:

AlLl (Alal) - Isg, 1pl (Plyal- is also used for 1pl)
[T (Alal) - 3f
LIY| (Alal) - 3m, 3pl, impersonal

Table 3.31: the prefixes of imperative and jussive verb

The parentheses around the a above table indicate that this vowel is omitted preceding another

vowel. Table 3.32 shows the imperative and jussive forms:
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A9 NILamsakl let me guide I NMisakl guide! (m)

J°Ah.Misakil ‘guide (f)’ P90 NIY amsakl ‘let him guide’
+9°ANITamsakl ‘let her guide’ A9 ON7ILamsaknal  £9°0A7N%7/yamsakna
‘let us guide’ J° A0 Misakul ‘guide! (pl)’
P9°AtrYamsakul  ‘let them guide’ ?9°0,]Y amsakil ‘let one guide’
f..ov|Yiimal ‘let him swear’ 171+ Tuunt| ‘let her close’

Table 3.32: Shows the imperative and jussive forms of a verb
3.4.3.3.3. NEGATIVE

The negative infinitive is formed from the affirmative by prefixing AAlal-: AAY°Ah-T

lalmisakoot! ‘to not guide’.

The suffix set for the negative imperative/jussive is the same as for the affirmative, but the

prefixes are different. The prifixes are shown in Table 3.33:

hA\-lal- Isg, 1pl
Acllat-| 2m, 2f, 2pl, 3f
hLlay-| 3m, 3pl, (1pl), impersonal

Table 3.33: the prefix for negative imperative/jussive verb formation

Examples : AAY°(Rlalmisakl ‘let me not guide’; A-T9°ORlatmisakl  ‘don’t guide
(m)’;AL9°AN laymisakl ‘let him not guide’ A8 9°(.laymisaki |‘let people not guide’.
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3.4.3.3.4. MOODS

So far most verb forms have been given in the active mood. The passive mood is formed by
prefixing -Ilta-| to perfective stem forms (-I*lt-l after other prefix), and “*It-l to imperfective and
non-aspectual forms: -FevAhltamasakal ‘he was guided’: ¢-@mOhlyatmasakal ‘he who was

guided’; A-FovA7litmakaanl ‘he will be guided’.
3.4.3.3.5. MORPHOPHONOEMIC CHANGES WITH PREFIXES

Contraction processes take place with vowel and glide — initial verbs. With h- initial verbs, the
U/h is elided (omitted), a following short vowel is lengthened, and the prefix is realized by the

allomorph it has preceding vowels. Table 3.34 shows examples of the changes with prefix:

4 "71Yeedaanl A+ L% 7li+heedaanl ‘he will go’
9"7IY oonaanl| A+ PG 7li+hoonaanl ‘he will be’
LC 7Y aartaanl A +UC J7li+hartaanl ‘he will swallow’

Table 3.34: the morphophonemic changes with prefixes

This rule does not apply after the affirmative jussive prefixes A lla-I, €lya-l, and -T*lta

:AY7.Lahiidl ‘let me go!” Y.L lyahiidl ‘let him go !” ; -I"Z £ Itahiidl ‘let her go!”

With @-|lw-| initial verbs, regular morphophonemic changes occur only with verb forms

beginning in MIwa-| and @+lw-| followed by consonant: pf +wa = oo; pf +wC 2> pf + uC:

(Here the C represents the constant terms)
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- 4%°71Y oordaanl| ?-C 57+ ly+wardaanl ‘he goes down’
Al C L Moordl A0+ C L lila+wardl ‘he does not go down’
hAQ-TAloota | HA+ o-Tlal+watal ‘he did not go out’
he-PlAyuqal hL+m-Play+wqal ‘let him not hit’
hrl:P|Atuqal h'l @ lat+wqal ‘don’t hit’
hA-$-T|Alugoot| hi\ @-$-Tlal+wqoot| ‘not to hit’

Table 3.35: Morphophonemic changes for verbs which begin with @lwa-| and @-«|w-|

When prefixes are added to vowel — initial verbs, the vowel, if short, is lengthened. Table 3.36

shows these phenomena:

LCA7Yaarsaanl L+ hCA7 ly+arsaanl ‘he will plough’
£ -1 Taadgaatl T+ h & D Tlt+adgaatl ‘she will leave (tr)’
1% - Tiinaat | T+ A% Flt+inaatl ‘she will sleep’

Table 3.36: vowel initial verbs lengthened after they get prefixed

3.4.3.4 DERIVATION OF VERBS

It seems best to deal with derived stems from the morphological point of view, since the
semantic characteristics tend to overlap and are unpredictable at times. The following

derivational processes have been found:

> Preffixation of A-llat-l plus change of thematic Al al to Awleel; this has a causative
meaning. Thematic vowels other than Alal get lengthened. Verbs with long thematic

vowels only add the prefix. Table 3.37 shows some examples:
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o< lwaqal ‘hit’; h-PPlatweeqa | ‘cause to hit’
Cav/l |Jammaral  ‘begin’; AL avlajjeemmaral  ‘cause to begin’
L290-1"Dinabatal  ‘be frightened *; N Lol laddineebatal ‘make frightened °
622 [Fogel ‘inflate’; h-162, latfooge | ‘cause to inflate’
Hel, [Zaacel ‘herd’; nMeh, | azzaace | ‘caused to hared’
nvbo|Eeffel ‘cover’; hbéo| ateeffel ‘cause to cover’

Table 3.37: derivation of causative verb

This causative formation is the only derivation process that can be applied to virtually any verb,

including other derived verbs.

> Priffixation of Ala-| to intransitive verbs; tends to result in a transitive meaning, but in
many cases the resulting meaning is not predictable. Table 3.38 shows some examples

of this type of derivation:

<%, Raajel ‘beold’;  AL-E laraajel ‘make old’
onlllWakabal ‘buy’; hotllawakabal ‘sell’

] |Gabal ‘enter’; AN lagabal ‘place in side; marry’

Table 38: derivation of transitive verbs by prrifixing Ala-|
» Preffixation of -T*lta-I; in most cases this passivizes underived transitive verbs. Table 3.39

shows examples of derivation of passive verbs:
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6’7 ICeenel ‘give birth’;  -I'6b’7 ltaceenel ‘be born’
P IWaabal ‘give’; J(llitaabal ‘be given’

o LEewadal ‘tell’; twL lteewadal ‘be tald’

Table 3.39: derivation of passive verbs by prefixing -1*lta-|

» Lengthening of thematic 4 lal to 4 laal; this usually accompanied by the prffixation of
T ta-l; semantically it often indicates a reciprocal, iterative or very intensive process.
The Prefix may be replaced by A-Flat-l, resulting in a causative meaning: 4.%[fajel
‘finish’; -1"4-¥ltafaajel ‘destroy each other *; A-l*4-Elatfaajel ‘cause people to destroy
each other’. Lo I"[Rawwatal ‘run’; -I"¢-@-Iltaraawatal ‘to run here and there’; A-lé-@-1-
latraawatal ‘cause to run here and there’.

» Reduplication: there are at least two distinct kinds of reduplicative formations: type 1
involves the reduplication of the first letter, type 2 that of the second letter by preciding
with it’s forth order. Semantically reduplication often indicates multiple actions — either
doing something repeatedly or doing something to many objects, people etc. For a
number of verbs it indicates that the activity is done ‘a little’, not completely or properly.
Table 3.40 and Table 3.41 shows examples of typel and type 2 reduplication

respectively:

Type 1 reduplication <C1VC2 (V) >C1aaC1VC2 (v) (here C and V shows consonant and

vowel respectively)

AV [Laahal ‘send’;  AAU llaalaaha | ‘send many people or something to many places’
€41 Qeeral ‘wait’; PR Iqaageeral ‘watch repeatedly, many times’

6b’7 ICeenel ‘give birth’; “#bebie’7 Icaaceenel ¢ give birth many times’

Table 3.40: Type 1 reduplication

Type two reduplication < (C1) VC2 (V) 2(C1) iC2aaC2 (V)>
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(Here C and V shows consonant and vowel respectively)

4.%| Fajel “finish’; 48 [fijaajel ‘finish many things’

ALl Ajel ‘hit’; A% lijaaje I'hit many times, in many places, many people’
Hao |[Eemal ‘slander’; A”7ov| imaamal ‘slander many times’

H’7H [Eenza [‘hold’; -1;"7MH| tiinzaazal ‘hold each other’

-1 |Qatalal ‘kill’ ¢ JIAlgitaatalal ‘kill many animals, people’
Covl|Jammaral ‘begin’  E7ov/{.| jimaammaral ‘to start a little bit’

Table 3.41: Type two reduplication

Some verbs employ both types of reduplication, with different meanings: 622! fogel ‘inflate’;
type one reduplication: A-l4-6>latfaafoogel ‘cause to be swollen in many places’; type 2

reduplication: 4-.273lfugaagel , 62,23 Ifogaagel ‘inflate many times’

With both types the original thematic vowel may also be lengthened: f'7(1Alkinabalal
‘return(vt)’; 15 G (1Alkinaanaabalal ‘turn again and again, turn over many times’ ;62lfogel

‘inflate’ A-l4-62latfaafoogel ‘cause to be swollen in many places’

The reduplicated verb stems can have one or more of the derivations that a basic verb can have:

causative in A-T*lat-, passive in -Flta-l, and though much more rarely, transitive with Al al.

Table 3.42 shows examples of the three forms (reduplication, transitive and causative) together:

59



M7’FISooncel ‘smell’

REPLICATED TRANSITIVE CAUSATIVE

ANTE RANTE ATACTE
Saasoonce asaasoonce atssaasoonce
Many things to smell different things cause each other to smell something

Give a smell, something

Gives a smell many times

FovlJammaral  ‘begin’

REPLICATED TRANSITIVE CAUSATIVE

Eane, hEavan/, B,
Jimaammara ajjimammara tajmaammara

To start a little bit ~ cause to be started a little bit to be started a little bit

Table 3.42: reduplication, transitive and causative derivation
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SUMMARY

This chapter presents the Silt’e language morphology, both inflectional and derivational. The
inflectional and the derivational morphologies in Silt’e language involve prefixation, infixation,

prefix-suffix pair and suffixation. Hence, Silt’e words are very complex morphologically.

The language also shows some morphophonemic changes in prefixes. Hence, this also can

increase the varieties of the words as well.

The complexity of the language is one of the main reasons for a language to desire a stemmer. A
stemmer helps to conflate variants of words as well as to access documents in natural language

text.

In Silt’e gender is determined naturally, therefore nouns do not inflected for gender but
definiteness and possessive marker affixes are used according to the gender of the noun(that is

naturally given ) to mark it in the verb.

Verbs, nouns and adjectives are very reach morphologically to agree with person, number, and
gender (not for noun) to agree with the subject in Silt’e language, the discussions are mainly

focused on noun, adjective and verb morphologies.

Silt’e language has two types of reduplication and discussed in this chapter as typel
reduplication and type 2 reduplication. Typel with first consonant reduplication and the second

(type 2) indicated by the second consonant reduplication.

The forms of Silt’e verb such as perfect (past and completed actions), imperfect, jussive, and
infinitive are discussed. Its derivational characteristics: causative, replicated transitive

causative and passivasing of verbs also discussed.

The next chapter presents the development of a stemmer to conflate variants of Silt’e words with

respect to concepts in this chapter.
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CHAPTER FOUR

A STEMMING ALGORITHM DESIGN AND IMPLEMENTATION
(PROTO TYPE) FOR SILT’E LANGUAGE TEXT

4.1 INTRODUCTION

A morphology part of the Silt’e language has been presented (reviewed) in chapter three. It has
been shown that the main word formation process in Silt’e is done through affixation. As
described before the parts of affix are: - prefix, suffix, prefix-suffix pair and reduplication (typel
and type2 in Silt’e language). These affixes are used for inflecting and deriving words. Nouns
are inflected for definiteness, number, and person. Verbs are inflected for gender, number,
person, aspect and tense. Like other Semitic languages, Silt’e experiences complex
morphological structure that resulted in very large variants of a word. In designing retrieval
systems and other natural language processing systems for the language, reducing these variants
into one form improves the performance of the systems. This can be achieved by a conflation
technique, which is usually stemming. The main purpose of a stemmer is reducing different
variants of words in to their standard form (root). Thus, the main reason for this chapter is
designing (developing) a stemming algorithm for the language. Therefore, the following part
presents development of a stemming algorithm for the language. The compilation of stop words

and affixes and evaluation of the stemmer has been presented as well.
4.2THE CORPUS

The researcher has utilized different sources of sample text for the development of the stemmer
and the experiments. Since there is no document collection for any of Ethiopian languages
available likes TREC and CLEF collections for the English language, the researcher took
documents from different sources and organized them into one collection. The corpus consists of
10,922 tokens or 5,288 distinct words. The document has been used for stop word list collection;
affix collection and testing the algorithm. The test data was compiled from the document

randomly to check the stemmer from different angles of varieties of words.
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4.3WORD DISTRIBUTION OF SILT’E

Word distribution in sample text documents of a language helps to study language’s behavior,
and this distribution can be shown using word-ratio (number of distinct words to total number of
words). This helps to show how many words are morphologically distributed within a document

[9]. Table 4.1 shows the word ratio of sample document for Silt’e language.

Word ratio
Word | Word types

Name Description
P tokens

(distinct to total

(Distinct) word)

SampleDocument | Different books of Silt’e in 10,922 | 5,288 48.42
academic area and other:

e Text book from gradel to 8
e Text book from grade 9 to 10
¢ Ficsions

® peoms

Table 4.1: Number of words and their distributions to Silt’e sample text data

Sample document in Table 4.1 used for compilation of stop words, affixes (prefix and suffix) list
and for testing the developed algorithm.

To compare the sample sets of Silt’e word distribution with other languages such as Ge’ez [44],
Tigrigna [40], and Ambharic [42], Table 4.2: show sample text of (Textl) with 1,518 numbers of
words was taken randomly from the SampleDocument in Table 4.1. The word ratio for sample

text of Geez, Tigrigna, Arabic and English languages has been adopted from [44].
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Word ratio
Total number of . L
language Text Distinct words (distinct to total
words
word)
Silt’e Text 1 1518 823 54.22 %
Ge’ez Lukas 1,866 1,064 57.02 %
Tigrigna Textl 1,632 918 56.25 %
Arabic Textl 1,600 902 56.38 %
English Textl 1,600 621 38.81%

Table 4.2: comparison of word distribution ratio of the sample data set among different
languages

The higher value of the word ratio corresponds to more distinict words in a text and vise versa
[88]. The word ratios obtained for Silt’e sample text Textlis some what similar to Ge’ez,
Tigrigna, Amharic and Arabic texts as shown in Table 4.2. However, it is absolutely different
from English text. This similarity among Silt’e, Ge’ez, Amharic, Tigrigna and Arabic might be
due to the fact that each is in Semitic language groups. As Table 4.2 shows numbers of unique
words found in Silt’e document is similar with Semitic languages and it is larger compared with
the English language distinict words. Hence, Silt’e language has comparable distinct words with
morphologically very complex languages when its word distribution is compared with others
based on their sample data sets. And when it is compared with English it is morphologically

very complex.
4.4. DOCUMENT (MORPHOLOGICAL) PREPROCESSING

The stream of characters in natural language text must be broken up in to distinct meaningful
units before any language processing can be performed. Preprocessing is the most important part
of all text processing. Preprocessing must ensure that the source text be presented to NLP in a
form usable for it. For example, NLP programs usually need their input to be tokenized, i.e. text
elements usually word forms or sentences are identified and placed on separate lines of the input
[50]. In the preprocessing stage this study addresses tokenization, normalization and stop word

removal.
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4.4.1. NORMALIZATION

All punctuation marks, control characters, numbers and special characters are removed from the
text before the data is processed.

In contrast to Amharic and Tigrigna, Silt’e uses distinct 26 Ethiopic alphabets (in Silt’e
language writing system different letters that has similar sound, like «h, -1, 0, . 0 are not
used, instead only U, A, (O are used). But, in some document of the real life, people experienced
writing of these similar sound characters which are used in Ambharic and Tigrigna writing
systems. Even though these symbols sound the same, in Silt’e language they are not part of the
alphabet. But in case people use them they must be changed to alphabets that are used in Silt’e,
that have similar sound form. Therefore, for the sake of flexibility the system will handle this

kind of situations as they appear in the documents.

4.4.2. TOKENIZATION

In this study, words are taken as tokens. Since all punctuation marks have been converted to
spaces, space is used as a word demarcation. Hence, if a sequence of characters is followed by

space, that sequence is identified as a word. A consecutive sequence of valid characters was

recognized as a word in tokenization processes.

4.5. COMPILATION OF THE STOP WORD LIST

The stopword list was compiled from the Sample document in Table 4.1 by collecting the most
frequently occurring words. Frequency of words in the document was generated by using python
program. Table 4.3 lists the top 54 frequent items from the document. As can be seen from the
Table 4.3, the stopword list consists of prepositions (a-0‘Plinl), demonstrative adjectives
(1-+@lthisl, the masculine singular), articles (I1AZ*@lthe, masculine singular, |A-t-E| the, feminine
singular) and conjunctions (suchas |'277eo| but, |Pland). As we can see in Table 4.3 there are
words with high frequency but are not stop words (such as AN, P&, 1L, Ch8, he,
AVAP, OC, OAF, ¢14%, @nT). As indicated in chapter three, function words such as

pripositions, conjunctions and articles in Silt’e exist affixed to words. For this reason the
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frequency of function words in Silt’e is low. Moreover the stopwords in Silt’e can exist in
different forms by concatenating affixes. Therefore this also decreases their frequencies. Table
4.4 shows sample list of words that have low frequencies but are stopwords. See the complet list
in appendex IX. Because of this reason, the use of frequency alone did not help to generate all
the stopwords and the researcher was used research paper that talks about the morphology of
Silt’e language to collect stopwords from the SampleDocument. Many function words were also
added manually to the stopword list by consulting dictionary [53] and research paper [52]. Table
4.5 shows the list of sample stop words that are used in the development of the algorithm.

Generally, 184 stopwords are used to develop the stemmer.

No | Word frequency | No | Word Frequency
1 Lc 73 41 | he 17
2 (¥ 71 42 | v 16
3 Yk 71 43 | PN 16
4 | it 62 44 | phe 16
5 | ont 57 45 | 16
6 LLAN 57 46 | *110 15
7 | AL 44 47 | e 15
8 ~OT 43 48 | ¢4h 15
9 | Pl 39 49 | 2.8t | 15
10 | Q& 39

11 | 14t 38

12 | (eNF 36
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13 | P& 35
14 | A0 35
15 | ArAA-D 34
16 | P08 29
17 | PARav- 29
18 | Ph%s 29
19 | AL 29
20 | 14& 28
21 | AvA® 27
2 | 26
23 | @7 25
24 | M 24
25 | oG 24
26 | P00 21
27 | 0A 21
28 | P07 21
29 | 0 20
30 | 7M159° 20
31 |14 20
32 | QA 20
33 | A% 19
34 | &feov 19
35 | fPae7 18
36 | £hé7 18
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37 | 18

38 | NC 17
39 | NPet: 17
40 | &C 17

Table 4.3: The most frequent words from the SampleDocument
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Words with lower frequencies but are stopwords

Word Word Word Word
frequency frequency frequency frequency
159".91. A il n 1LHTF

2 3 2 2

5y 07t W 17

3 2 2 2
faAvLLe 9Lt ah 47

2 2 2 2
ATLLI ak>7 nrg n7.10
2 1 3 2
heLqe AL 1171

2 2 2

1+ N Y] I AU

2 2 2 2

1700 AN, Y 7hr9°h Y. 109"
2 2 2 5
hL'.00- *G18 P 2

2 2 2 2

Table 4.4: words with lower frequencies but are stop words
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nt- niNTb AN, A%
hrg Al g ni, N4
Attt Atk A% hA\Té
HEN S w3 g ng LG
atk ok At T
.20 AL nt bl

2 i a1t Al 69
£3L AL all, 71
£tk ANtk 0-C +L
AN L nl3g &

ANt a1t n&h&

anNtg

Table 4.5: sample list of stop words

4.6. COMPILATION OF AFFIXES

In Silt’e affixes consist of three different types, which are the prefix, suffix, and infix. Unlike
English stemmers which work quiet well just by removing suffixes and few prefixes to obtain the
stems, an effective and powerful Silt’e stemmer not only must be able to remove suffixes, but
also prefixes, and infixes as well. Without removing all this affixes, the stemmer cannot be

effectively used to stem Silt’e documents.
4.6.1. COMPILATION OF PREFIXES

A set of prefixes that are used to develop the algorithm is collected from the SampleDocument

by using Evan Gut’s research paper "Concise grammar of Silt'e” [53] as a guide and from the paper
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itself. Generally 36 prefixes are used to develop the stemmer. Table 4.6 shows some of the

prefixes collected for the development of the algorithm

hAN@-
hAN@-
nA
he
Al
Al
oY
A
A
YA\
ol

¥+ >R = > > 3o 2

Table 4.6: sample list of prefixes

4.6.2. COMPILATION OF SUFFIXES
To collect a lis of suffixes from the SampleDocument the researcher uses Evan Gut’s research
paper "Concise grammar of Silt'ee” [53] as a guide and collected from the paper itself. A total of 68

suffixes are used for the purpose of developing the stemmer. Table 4.7 shows samples from a list

of suffixes used in the algorithm.
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hao- n-q°ao- h
(r+ao- h’ [
.00 % .
P
0

AU~ A’
h@~ a7

ay AR 7
Al hJ° 1.00-
AT Age

Al h9°

hav- Al

Table 4.7: sample suffixes

4.7. THE PROPOSED STEMMER

In this research the data have been represented in Unicode and the stemmer accepts Unicode data
directly without transliterating it to Latin form. Therefore, the length is used to represent the size
of the word while developing the algorithm. The minimum length for a meaning full Silt’e word
is two. Most words in Silt’e language have length of two [53]. Thus, the minimum length of

word size has been used in the algorithms based on this concept.

Techniques developed for English and Semitic languages such as Ambharic, Tigrigna and Geez
have been studied. Some of the techniques used in these algorithms were incorporated in
developing the Silt’e stemmer. The algorithm uses iterative approach but it removes the longest

affix first.

As indicated in chapter three, the process of inflection and derivation in Silt’e is done through

one or the combination of the following processes.
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=  Pure external affix (without modifying the stem)

= External affix and with modification of the letter(s) of the stem at the beginning, end or
other positions

= Pattern change (insertion or deletion of consonant and vowels)

= Reduplication
Accordingly, these characteristics were taken in to consideration in developing the stemmer.

Of the two approaches (context free and context sensitive), a context sensitive approach was

considered appropriate, as Silt’e is morphologically complex language (See Chapter three).

In the stemmer developed, three steps were used for the purpose of removing affixes. The

purpose of each step is given as follows:

The first step removes prefixes. In removing a prefix, checking a match in stop word list, prefix
list and counting length of the word and checking contexts sensitive conditions is done. If the
word gets match in the prefix list and satisfies the conditions for context sensitive, it will be

returned without removing the prefix, otherwise the prefix striping process takes place.

In the second step the removal of suffix is done. First the word is checked against stop word list.
If there is no match in the stop word list then the length of the word will be checked. If it is
greater than two then the suffix list file will be opened and checked if there is a match of suffix
with word. If the word has a match and doesn’t satisfy the context sensitive conditions the suffix

striping process will be performed. Otherwise no suffix will be removed.

The last or the third step is used to stem reduplication of letters from the word. This step deal
with type 1 and type 2 reduplication in Silt’e language. First the length of the word is checked. If
length greater than two then the program checks existence of reduplication in a word. If the word
holds reduplication of the first letter then the first reduplicated letter will be removed from the
word. Otherwise the reduplication of the second letter will be cheked if exist then get stripped. If

the word doesn’t have any kind of reduplication then it will returned as it is.

Except the removal of reduplication, after each step is applied, the word is checked against some

context sensitive conditions. This is because to avoied the removal of non genuen affixes.
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The proposed stemmer gets the word and then checks if it is in stop word. If a match is found the
stemmer starts again and takes the next word if end of file not reached else the word will be
given for the next process and the length of the word will be counted. If length of the word is less
than three it will not be stemmed and get written to the stemmed file otherwise the word will be
given the affix removal process to strip the appropriate affixes. The algorithm checks each time
the word against the stop word after prefix and suffix stripping process. The recoding and
context sensitive checked and based on the conditions the appropriate action will be taken. Flow

chart of the stemmer algorithm shown in figure 1.

4.8. RECODING AND CONTEXT SENSITIVE RULES

A context-free stemmer is one that removes strings with out consideration of the remaining stem,
and can thus remove strings that are similar to, but that actually are not, genune affixes. English
examples of such behavior include removing “re-“from “regular” or “-al” from “metal” [86].
And equally poor results are obtained if context free is adoped for Silt’e. For example AN"I*|abot|
‘father’, Addlarasal ‘plough’, have a leading stringa lal which is in the list of prefix removing
this leading string result in 0 Ibotl, & Irasal doesn’t have any relation to the correct stem.
There are many examples in Silt’e and it was hence decided that a context-sensitive approach
sould be adopted, with the affix removal is being controlled by two action cods and three

conditions. The two types of context sensitive actions are:
Action 1: don’t perform any affix removal
Action 2: remove affix

4.8.1. RECODING RULS

Recodingl: The word ends in the letter of six order form: this is to recode the change in order

form at the end.

Recoding 2: The word begins with affix: If character ‘?’ are part of identified stem word change
it to Y@
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4.8.2. CONTEXT SENSITIVE CONDITIONS

Condtion 1: The affix followed by: order of letters. This is to avoid the removal of non-genune

affixes.

Condition 2: The letter to be removed is reduplicated and in the first order: take action 1, this is

to avoid removing non-genune type 1 reduplication like M4 ltataral

Condition 3: The lenth of word to be considered: if the length of the word is less than two, take

action 1 this is to maintain the minimum stem length of the word in the language

Certain amount of terminal character recoding can occur in Silt’e. Examples of characters that
can be recoded (converted) are fi, i, F, AL, . . A recoding routine was thus included to
handle such occurrences. Table 4.8 shows some recoding examples:

Ending Recode Example

[ + AMA to AT
+ L % to 4L

0 o an to a&

T (4 16T to 14-&

Table 4.8: examples of recoding
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Figure 4.1: Flow chart for the general affix removal algorithm
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4.9. COMPONENTS OF THE STEMMER

The stemmer processes prefix striping and suffix stripping based on the affix lists stored in the affix list
files. As the affix found, the word will be checked with the context sensitive conditions if the conditions
are not fullfilled the affix removal takes place. There are also affixes that are striped using iterative
approach with rules of the language, for instance, lists of characters such as (libal, ¢ lyal, -I'ltal or (llsal can
occur by concatenating each others as prefix of words. In removing of affixes, the sequences that are done
in this work are : <checking word length>, <prefix checking>,[prefix removing], <suffix
checking>,[suffix removing],<checking letter reduplication typel and 2>,[removing the duplication typel
or two]. In each activity there are stemmed word length checkers, stop word checkers and the recoding

and context sensitive rules to result in good stemmed words as possible.

4.9.1 THE AFFIX- REMOVAL TECHNIQUES

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

checked.

The stemming process is done whenever length of word is greater than two. This is because the
minimum length of words in Silt’e is two [53]. The stemmed word, after affixes are removed is
also checked with list of stop words and if it is part of stop words, it will not go to the affix

removal process or will not be part of the stemmed file.
Basically, two actions are taken in the stemming processes.
Action 1: do not remove any affix

Action 2: remove the concerned affix

To take any one of the above actions, there are rules (conditions) that are used to check whether

the word is context sensitive or not and apply action 1 or action 2. The conditions are:

Condition 1: after getting the assumed prefix or suffix, if length of word is not more than two or

fullfil context sensitive rule take action 1.

Condition 2: if part of the assumed affix found and the length of a word is greater than two and

if the word is not fullfill context sensitive rule take action2.

In the stemming process, based on the above condtions the appropriate action is taken.

77



4.9.1.2 PREFIX STRIPING

The procedure takes a worlopd and checks the existence of a true prefix, and removes it
whenever the condition is fulfilled. For example a verb which begin with A lal, and if the word
remaining is more than two it will strip the prefix after checking the context sensitive rules. If
there is no condition to be fulfilled the prefix striped other wise the word returned. For instance
the word AQ-I labot| will not go under prefixing process because, Alal is not a true prefix for
AT labotl as the remaining string (-1 Ibotl has no meaning in Silt’e language. Where as Alal is
true prefix for A(lA labalal. Hence undergo in the stripping process and 4 lal will be removed and
the remaining stem (lAlbalal,’eat” will be returned. Table 9 shows the prefix striping stemmer

algorithm:

1 Get word
2 Read stop word file and check if there is match with word
If word exist in the stop word list then
Go to step 5
Else
Find the length of the word
3 If if length of word < 3 then return word and Go to step 5
Else :
If length of (word)<=(Maximum Prifix length +2) then
assign the first length (word)-2 characters to a temporary
prefix variable
Else
assign the first Maximum Prifix length to a temporary prefix variable
4 Read the prefix list file and check if match found with a temporary prefix variable:
If match found then ckeck conditions:
If context sensitive rule fulfilled:

Return word and Go to step 5
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Elese :
Remove prefix and Go to step 2
Else
If length(a temporary prefix variable) >1 then:

assign length(a temporary prefix variable)-1 characters to a
temporary prefix variable

And go to step 4
Else
Return word and Go to step 5
5If end of file not reached Go to step 1
Else:

Stop processing

Table 4.9: prefix striping stemming algorithm
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1 Get word
2 Read stop word file and check if there is match with word
If word exist in the stop word list then
Go to step 5
Else
Find the length of the word
3 If if length of word < 3 then return word and Go to step 5
Else :
If length of (word)<=(Maximum suffix length+2) then
assign the last length (word)-2 characters to a temporary suffix
Else
assign the first Maximum suffix length characters to a temporary suffix
4 Read the suffix list file and check if match found with temporary suffix :
If match found then ckeck conditions:
If context sensitive rule or recoding rule fulfilled:
Take the appropriate recoding
Return word and Go to step 5
Elese :
Remve prefix and Go to step 2
Else
If length( temporary suffix ) >1 then:
assign length( temporary suffix )-1 characters to temporary suffix
And go to step 4
Else
Return word and Go to step 5
5If end of file not reached Go to step 1
Else:

Stop processing

Table 4.10: Suffix Stripping Stemming Algorithm
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4.9.2 SUFFIX STRIPPING

The procedure takes a word and checks the existence of suffix match in the suffix list. If match
found then will cheeked against the context sensitive conditions and based on the conditions the
appropriate action will be taken. The process is almost the same with the prefix striping except
the stripping and the affixes are on the right side of the word. Table 4.10 shows the suffix

striping stemmer algorithm:

4.10. LETTER REDUPLICATIO STRIPING
4.10.1. TYPE 1 REDUPLICATION

This procedure deals with reduplication of the first letter of the word, i.e.AAVllaalaahal. The
procedure takes as an input the output of the previous procedure. It checks the existence of the
reduplication and removes the first letter of the word if it is reduplicated and the letter is not in
the first order of the alphabet. Otherwise the procedure returns the word as it is. For instance the
word AAVIlaalaahal contains reduplication and the first letter will be removed and resulted in
word AUllaahal, ‘He send’. The procedure checks the alphabetical order of the letter to avoed the

removal of the reduplicated letter if it is like Amharic word mMmd.Itataral.

Table 4.11 shows type 1 reduplication stemming algorithm:
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1Get Word
2 Find the length of the word
3 If length of word < 3 then:
return word
Go to step4
Else:
If first letter of word is the same to second letter of word then:
If the first and the second letters in first order form then:
Return word
Go to step 4
Else :
Remove the first letter
return the stripped word
Go to step 4
Else:
If the first and second letters are the forth and the fifth orders of the same alphabet:
Remove the first letter
return the stripped word
Go to step 4
Else: return word and Go to step 4
4 If end of file not reached Go to step 1
Else :

Stop processing

Table 4.11: typel reduplication stripping stemmer algorithm
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4.10.3. TYPE 2 REDUPLICATION

This procedure deals with the reduplication of the second letter (infact by reduplicating it self
to its fourth form), i.e. ®:99@o{ ljimaamaral. It checks the existence of the reduplication
and removes the second letter of the word if it is reduplicated and returns the stripped word,
otherwise the procedure returns the word as a final output. For example, the word &“7av/,
ljimaamaral contain reduplication and the second letter will be removed and result in word
@:gv/.|jamaral. The procedure will not deal with words like AN lababal, in Amharic because
the reduplication in the word Affl lababal is not in the fourth and first order of the alphabet,
i.e letter (llbal and lbal are both in first order of the alphabet. Table 4.12 shows type 2

reduplication stemming algorithm.

1Get Word
2 Find the length of the word
3 If length of word < 3 then:
return word
Go to step4
Else:

If second and third letter of word are the fourth and the first orders of the same
alphabet then :

Remove the second letter
return the stripped word
Go to step 4
Else:
Return word
Go to step 4
4 If end of file not reached Go to step 1

Else :
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Stop processing

Table 4.12: type 2 reduplication stripping stemmer algorithm

4.11. IMPLEMENTATION OF THE STEMMER

The Silt’e stemmer implemented as a sequential program using python programming language.

The algorithm implemented is the longest match first and the lists of affixes are checked against

the word. It removes affixes iteratively until the entire affixes are removed. Table [4.13, 4.14,

4.15, and 4.16] show sample words prefix stripping; suffix stripping, letter reduplication (type 1)

and letter reduplication (type 2) results of the Silt’e stemming algorithm:

No. Prefixes to be removed The word to be stemmed Word after stemming
1 0 NLw-N0 L Lo-N0gL
2 ? Porfi-th a0 Th
3 ¢ fOAm, NAm.
4 0 nn-cLh (-cLh
5 T TR0, 24
Table 4.13: Sample of prefix striping
No. word before stemming suffixes to be removed Word after stemming
La-0 L £ Lo
“7.01n ) a0
(-CLh 0 +CL
0-f-4.¢ N 1.0
oo F F av.-
(-ov’y, ov- '.ov (oo

Table 4.14: Sample of suffix striping

Reduplication to be removed

The word to be stemmed

Word after stemming

(l‘

G517

q91
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A AAU AU
A AN A0
a ANL AL

Table 4.15: Sample of typel the reduplication striping

Reduplication to be removed The word to be stemmed Word after stemming
n £:ana 204

P 1PPA 1P

F TFE vk

Table 4.16: Sample of type2 the reduplication striping
4.12. EXPERMENTS AND DISCUSSIONS

4.12.1. EVALUATION OF THE STEMMER

There are several criteria for judging stemmers: correctness, retrieval effectiveness, and
compression performance. There are two ways in which stemming can be incorrect: over
stemming and under stemming. When a term is over stemmed, too much of it is removed. Over
stemming can cause unrelated terms to be conflated. Under stemming is the removal of too little
of a term. Under stemming will prevent related terms from being conflated. To evaluate the
performance of the stemmer, mannual counting technique was used. This helps to compare
number of errors that are not conflated correctly with the correct one. The stemmer was tested
the sample textl that is taken randomly from the sample text document. Sample textl contains

1,486 words. During the stemming process two types of errors are observed. These are under
stemming and over stemming. The stemed result of the sample text is 966. Out of these words
4.24% (41) words were under stemed, 10.04 % (97) words were overstemed. Totally the
stemmer generates 14.28 % (138 words) stemming error. As a result, the accuracy of the

stemmer becomes 85.71 %. See some errors of the stemmer in Table 4.17, Table 4.18 and table

4.19, shows the summarized result of the evaluation.

Words Resulting stem Expected stem Error type
YAER Iy gt Over stemming
h-ao- heav heao Over stemming
N-C4ao- C4 Under stemming
ooooo Lge ng: Over stemmingr
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000 o 0P Over stemming

NATF Nna-r A Under stemming

O Oy O Under stemming

Table 4.17: examples of stemming errors

Table 4.17 shows sample errors observed during the stemming process of silte stemmer.
4.12.2. THE RESULTS

Table 4.18 and table 4.19, shows the summarized result of the evaluation.

In table 4.18 column name Data set contains the sample text used in the evaluation process,
column words show the number of words in the sample textl, the figure 966 resulted after the
sample tex1 exeperianced the stemming process, out of 966 words correctly stemmed are 828

hence resulted in the accuracy of 85.71%.

Data set words stems Correct stems | Percentage (%)

Sample textl 1486 966 828 85.71

Table 4.18: correct stem

Table 4.19: illustrates the distribution of errors for the incorrectly stemmed words in Sampletext
1.

Out of the stemmed words 14.28 % (138) words were incorrectly stemmed. Over stamming
account for 10.04 % (97) words and under stamming 4.24 % ( 41) words.

Data set Errors (%) Over stemming | Under
(%) stemming (%)
Sample text] 14.28 10.04 4.24

Table 4.19: distribution of errors

The errors that observed from the stemmer could be due to the following reasons:

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

of affixes at a time.
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2. More context sensitive rules are required based on the detailed study of the morphology

of the language

WORD COMPRESSION RATIO

Sample text1=1,486 words. The number words of the test data after stemming also counted and

are 966.

Stemed=966

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

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

C_lﬂ{]x(W—S)
- W

Where W number of total words
S number of stemed words from W

Sizeof the data=1,486
Number of stems=966

Hence, the percentage of compression for Silt’e text based on the training text for
Stemmer becomes 100 *(1,486-966/1,486) =34.99%

The compration ratio is 34.99% for the stemmed words. It reduces the sample text by 34.99%.
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SUMMARY

When the stemming process is done, over stemming and under stemming problems is observed.

For the experiment, 1486 words, which collected randomly from the available text document
sources, have been used. From the data the performance of the stemmer is evaluated and the
result shows 85.71 % accuracy. From this data set of words, 34.99% of compression of stemmed

words found. The total errors observed from the experiment were 14.28%.

The stemmer conflates derivational and inflectional affixes. It does not conflate irregular and

compound words.

The next chapter presents conclusions of findings and recommendations for future research.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSIONS

Silt’e is one of the Semitic languages. These languages have common grammatical system based
on the root pattern structure. The main word formation process in Silt’e is done through
affixation. Silt’e uses prefix, infix and suffix. It also uses reduplication of part of a word, which

is first constant reduplication and the second constant reduplication of a word.

The process of adding one affixe 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 Silt’e 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 Silt’e text data
bases. In this research, the possibility of developing stemming algorithm for the language was

investigated.

The quantitative analysis done on the sample text showed that words are distributed through the

texts in their morphological variants.

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
three. However, commonly used methods of stemmers such as using affix dictionary, stop word
list and context sensitive rules are employed. Also some techniques are adopted from Porter and
Nega in developing the stemmer. Stripping suffix is not enough to conflate variant words of
Silt’e to one form. Hence the stemmer also includes procedures to remove prefix and

reduplication of letters.

To evaluate the stemmer developed in this study, test data of size 1486 words were selected
randomly from the sample texts. The experiment showed that the stemmer performs at accuracy
of 85.71 % and reduce dictionary size by is 34.99% for stems. This shows that using a stemmer

for Silt’e brings a significant reduction in dictionary size as a result of conflating variant words
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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. Infix and prefix-suffix pair also not covered in this research.
The resean is that it is possible to put prefix part to prefix list and suffix part to suffix list to strip
the prefix-suffix pair of the word. As far as the infix part of the language concerned it is difficult
to handle it within short pered of time. There are different ordering possibilities of applying the
procedures. In this experiment the stripping order was prefix, suffix and letter reduplication.

Other possibilities could not be tested due to limitation in time.
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5.2 RECOMMENDATIONS

Although encouraging result has been obtained in this research work, the following
recommendations are identified for further work in order to make the result useful in operational

retrieval environment:

This research showed the possibility of developing a stemmer to conflate word variants of Silt’e
language, which has complex morphology and where a word can have very large variants.
However the study was based on a limited size of sample texts and not tested in IR environment
because of the time constraint. The operation of the algorithm depends on the order of the
striping procedure, despite the fact that it is not clear in what order the procedure should be
applied to an input word to obtain correct stem. The ordering could be based on arbitrary criteria
or on linguistic analysis. Due to limitation in time the merits of the different possible ordering
could not be studied in this experiment. Studying the effect of ordering the stripping procedure

on the performance of the stemmer and selecting the best possible ordering.

Evaluating the stemmer on text collection of large size collected from different sources. This is
because large size sample can represent the characterstics of the language more than small size

sample. Therefore, the accuracy of the stemmer can better be checked this way.

This stemming algotithm developed based on Unicode data, it is recommended to use

transliterated data to make it more efficient.

Evaluating the stemmer in IR environment (if developed in the future) to measure its

performance in actual retrieval session.

One can add more context-sensitive and recoding rules in order to increase the accuracy of this

stemmer.

Moreover, by doing additional research on the language, this work can help to develop

application tools such as spell checker, parser, thesaurus and dictionary.
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APENDECES

APPENDIX I: List of stop words compiled for the stemmer

ATt ANFL AE ANTL AT AN AN AL AI1L

Al Al A, P Al AC AL ALKAL AL (AN AAPE

LC AT 46 6F 11 PL NC Kb h'Th

T 97 hLr AhLYh ALT AL L oL FA  SC

SCT §% ANF A1 17 vA"h AALaLh  ANALT

AN A0 AN AN AN1D VS LRI

£ae AN SCT SC 5% EETAFT 1T6C BT

A 0A €m ARC ANL T HIWV ”IN hIov-

A 1915L ¢51L (LAALI ANt 1971 (W-itovo-

UFtLeoP hJL V1S 0T 197 AN AAAA

Naa  Aal. A7h9°71 P, NT 1M AOT 9N
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e A WS+ AAA0 (ASA oht RC AL'Th

A0 ALA TRC o519 017 1Mr 1371 hGe

1 Vi A1l CP 1977 L9 AU

Pl R N& P A1TMS9 Ao OMOF At+9°  INTF

Ll PLT bl PRT ATIT ATTOITT AAA A

a-C 17097 AV A% he. AL At AL hiE

T e et £ L g bt
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APPENDIX II: List of Silt’e prefixes compiled for the stemmer

h.\o Ada- A Aha Na he
At At AA AA hA AT he
ht +e n L P oB A

A ¢ e T h + 4+ 4 9 £
APPENDIX III: List of Silt’e suffixes compiled for the stemmer

h-q°ov- 0.£% h-9° W7 hoo- @
thov- ‘s.00- & T w7 AT AT ¥

A ®7 BF O F hh A £ b A YW

h 2 hdadFe b h veo it 7 a

h h + + hAhAh h a 9 AT h h

+t T v o Vv 0 1% 4+ oo P o h VU

A [ [ h A + Y ov. e
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: Silt’e alphabet

APPENDIX IV

2 2 £ 2 8 8 % &8 =2 8 8 & o 2 £ g8 8 228 2 8 8 8& & 8
S & B U o< Kk % o % ¥ t B < 2 & = & & &€ W o~ & & <« uw K
2 = B £ @ @ T B =w T E € -~ 2 FE "R B8 = B ow T E & &
2 € B U € F & F & F & B £ & &8 T F Q@ Y K & & P &k & B
2 2 B 2 8 2 & & 8 3 g o8& 8 L B g OB L YT 2 oBoe oL oe g
o T e N N - B T
~ « & % cx o A K Ot K £ & &  F ouowowm A€ F o« & R
N o€ F v @K ¥ & ¥ W N L & o F o o W« € 8 & 9 W
2 =z 82 3 3 22 =828 & 82 8 g 3 8 & 218 2z238¢8& & &
2 e € ¢ & & & & & W o& ¥ £ £ § 2 B ¢ & & € 8§ & ¢ ®
mmmmmvm@mmmmmamnwmvmm@m@m@mcmm
Unmdnﬁ.m.ﬂ.m..nT?ThhmHW?ﬁﬁ?mmﬂLT
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APPENDIX V: Ge’ez (Ethiopic) alphabet

SRS XXPI IS RRIITOPAT AT S HTIADE A>T F D>

he
le
he
me
se
re
se
xe
qge
be
ve
te
ce
“he
ne
Ne
a
ke
ke
we
‘e
ze
Ze
ye
de
je
ge
Te
Ce
Pe
Se
‘Se
fe
pe

PEXFPIFHP TR TORATYSATFHTIPHFFIITIFS

c

er i

hu
lu
Hu
mu
‘su
ru
su
Xu
qu
bu
vu
tu
cu
“hu
nu
Nu
u
ku
“ku
wu
u
zZu
Zu
yu
du
ju
gu
Tu
Cu
Pu
Su

'S

fu
pu

S S L R L LR N
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Figure 1. The basic Feedel (Ethiopic base characters and their six forms)

gWu
qWi
hWi
kWi
gWi

gWa

hWa

kWa

gWa

qWE

hWE

kKWE

gWE
ea

IWa

HWa
mWa
‘'sWa
rWa

sWa

xWa

qWe

%

bWa

dWa
jWa

gWe

TWa

CWa
PWa
SWa
fWa

pWa
qWu

hWu
kWu
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APPENDIX VI: Comparison of Silt’e words before stem and after stem
Silt’e words before stem

CLININ W% O.TT PLIHI N APL AP At-AN MFCLTA LA TOL PATHh 77
hof AMEY ACO ANTEL A A09T PURKoo - DLh NA-AA OFée G207
PPa-A7 AN AGFrT AT W00 “10 18.65 09700 avga (16L Pov-Y(]
ALm477 M Oovf, OHG OAL, AP hltd MWPA ooCh S AANAL AT
len. Ao emAD Aldaom avligayh DHOGTT Re-07 CPOm APADL ot AP0+ ghrm
LA APAD VL A NPo-A ASLT N0 ALEAAS ANNTE At 420 Ads AY
Pl ke, A5 AN AEThP AFAaTh CONLTT PAh ALY O S0 mé NAL
APAD NFPo-A AGLT MNAT APCAT DU APAD AT A0 OAL YA P77 P
L.ePC N7 GANT AN ATEST AnJD A-LAA 61 M0 AT PPar-d7
AN D0 N7 e ASLT 017 APCAO PP THAT Dot 010,77 12718 EAAST
Alao h(l ALTH hAA w0 N1 T &C 0T HEL0eT avh G J-0a0% 1i-L
R0 190 LT avyan s -1 7700 22590 1°T (.A oo UHT AAF
A2 9% ALY A9k AdTA ANTOAA AP CPATT Dot abLNe A hgeae
ARNTHh AAMSE A°F9°h aopan: ool F- 1000, L% N9°F-Fh “20Th W44 o
oottt A 1 FARo AA0TOC 0% AP TAT LB T T AJL Dl
aw 3P oM AT APLNe L emdr (LN, ovA@ avpanf: P00 7 k0 P17
A9°0 P90 TN av-T avjgh LPP Pavyan: -Fava-T CAAM. Ad.Ch A.0LY7 AAF
07 kAP AUC M1 0L ACh NJ-ad NLo-0L 1L hAE oo’ AAT -0, (LAL:
A% ALEAT MU A0 A71L hoota- 1807 AATT AVI°L AT AT J9° B.G
AC EPOA, A “L7 AAEC Ao- ACRAA, Thov IC ACHOT & TT1AA, TS T
bawl, (160 AL I, AN0LLN P7E wi-0, 0t oo, ARNNL ANTH AAATT oo
TZOAT7 ATH AAIC B9 CAAMT OAL UG @é-0LT PATTIE ARYIC LN S PPC
A0Y@- PO ACT “IAT J-L0A (5L oALT: 0.0 08,° 209° -LA€T hoo A1 Pae
P07 A4.LAL N179° A-AA-Q ATHT7 1P L NAbe AAES-L (INTL Ao L, CGLPET é
0. 1&5L ALmMZ oé CANNN-L ZA 70 P 17 908 ool Tl ACE
B TOLT PLov™ W N AATT A.mPALo- A LS (50 577710 040 APGs JE07
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LOE NPT 4.0 200077 PAon @ haool, 009 (10 CTUAT A I L T 1ootoT Alio-
Q0 OTNT AAMIIN eoomn ALY AT AN Qe A0-C LY V7L ALA,
L4007 VATTF @710 V& 10 S s A0 V1T 4V PAL 11 L0 UTLT Lhav’s (] $-A0
COULTT LN CAPTE ANIPE LT P9I AL TN S8 0707 718, 17159° 771,
N29°TP ANPANY (75-A0 7707 ANE ANIVEPL LP1-Love AHIPET (LF 07
Lo’ ANIPET AL PAVAL UATTFT OAPLAZP AbTowZ VATTFP Phli
ANIPFT ANLHD ANRZN ASI°OT ACT 4.7 ANLF ALTNE ThST B ZP AkI°0-T
L0 LWE 77 PN ALTN ALAE ALHA (14-FAE RAC oo P9° eL Riidh
ALLAN LPCA ARC PobiPov-Lov- @ YWY ALZE (F7ké &7MTHh RFN4-07 AP 19
AT ANLL AAAN AGCTT RFOG &M ANLTh PeNoe ALTN PYeT 4870
LT 1T AL Pav’y ALTN KEP LCAT €704 NAT ATCP 278 ANTY
AT &7 UV ALTA AT PP 1P 12 Leh AN AN AT
LC LTANI1L AN%L LAY LRl F0-CRN 1AL Léo T 510 AU &iNdOT
LEINLT LI OB AN CTFNt LALANT Yl L. LS8 kU RLA, JAL L2
h%0.e Hehtth A00Re A PP TELNT 1AAAA A7 LLI0LCT 1 ONRL
TO-C-O Eoni AF TP 110 ATELOT PTL7L FUL ALRL (0-CLO AFT AL
ST hRLET L0AZ 110 T8 hav's AN AFACT L1007 A0,.00 (1,.J-L
0t QAAACE T Al <h0P YT ATELNT L0 T9°h L0AL 10L-E AL
AAAD ALTP AT eI0CT Y0TT ATELOTHP ALLoo-P eINCT YAT70ov-
ALANLA oo 577 1177 161N 10 L9° AN ALTN ATIC MO@ &I PUF Nav’y,
AU PATNPATP O PRET o0 AT LrNLSTTh P U AL (N ePY
100 ATELOT LL0T AAP (100 1T 4.2 7 Chl eATh  LMLTTT 107 4.0
RNAPI° A N4 Lgov- avy WHLL PADLYI® CU-7 Pavy 4.0 VAT O TLn0T AP
ALTNE A NATTFP I°CP Y01 CFaT AAT ach T A0 F No-5T $774
P 4.L00 AT

Pwo-C9° 27 Phéd. wb1ro0- AT LLNTh oo No-FT £.LL N7 Wl L1
AN.ePY ANL 700 L€ 20°7 Mm% O POLTT7
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NI ALTIN CNC 764, IND B7D L TASL QAL £NC 600, AfA £NC ICT
.07 YATP APL VTLGL V7500 D66 ANTTT P18 64e ATNLL (1Em h9°C
L7 ANLeP Em 1AL AN RLANT A0 A0 TT7 ACTREGTL TN T av P 9P
AL AINVT At em17 eFact oo P9e YA TT FASET LCAT ENTAEP Ak.0
O 402 07500 16262 AAT T 0.07P 0.810°7 Eel, 14D 17T LFOCTh AL
O-0F A1NLTT 786 RlIG ARLANE ARPALOv- (ILLANLLSTT AT A 1N Qo-m-T
ALLANL, (A4 0,7 0T A7 077

VE.AL £NC hehrag® AFAL £NC ICTF L1005 L QAT AE odb-Fr 08 AT A0
ARNI?? ALTA AAC ALLT 2L PAC HTT ALT AL 0P TT 0% ATASE Al
RACLI AL &l P 1 LNLL1h 0L 19° 4,000 A9 AL, eo17 14D,
0P T ANCLIAL & e AL 0P TF ALANT AT 20T AN Loo-P AN APHC
CTRNE LT LANT AMT PP Fath oo 12777 e oP T LNCTh LLANE
AP 17 %0¢ PRAL LA AN ooa 0T 9°h £0AE PRTLL ALL (0T
0L 200071 1104 L $0L T NA-T Ah“LA=-T 21177

AT hT RNCLI1L G2 obT ANLL PRIPE° 4SS 0777 “119°N
AT ALLONFL hIMC (P57 10T ALoaneT LrNLerT 1ENL €00
PATILL 10T TRm-L PPET APCT 1ALL ALY H66T 08T AFNL 10T RNt
ANLTT LAT 1471 Aho-G T PPao-A PR-HOTP Pha-? YT H& 00T aopTy APTI°
hl L PATC 7846, RTCLIF ALY B6262T NIADL ATC P44 L5000 A0,
N7 07 AU19° PIAL LA OGP N0 BL 24 (LA avE P LA Chao- A
AP 16262 A0 Nhoombh £LAL LA 470 Ah-+P Al-62T 17159° hao-F 17

.JL 784 NOC (&L MA@ & av- 4.8 0 bl AN6F L0077 Pa-NFED VLT £
T07 AU ROCRIAT ool 0L AL (0T P ThewdAP CA-Ehavdah AnCT
LOA LT O.eHVCT 0P T AT PFa T ooPg® Ean” LATL A0 17 AT
o0& T KANLL ANKT PHOLP TELOT PANTL A-TZL LAP (0-TL avPI° Y&
LLATELOT LANLP AAIL ANNL IAD Eehr, 27 W0 T LANL AAIT ANNT7
8 e, NACI° CUT R4 AL PA- RLAOT RTCLI AL AN (0T AAO, Lov- (12CH
PAL PHICTh ATAAmT PANY 07 (lhde AHCHh PA-L Dt “10-100- AAL
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hIWC AdE 07 272 0L (0T ANCLA T ATACRI RLAN PNCILEL
hULCTEP Chovs AN ANCH U-A-9°h Em TFNCE B A0T e T0a7 112 e10C
T84 10T BT (AN PRANIY ALTA PAC 784 CTATSL PPPPAL Povng
+%¢ CUAC “LL0EC PAC 746 AOGTETP RSI°CT IND EP7 18.LTEL LD
LAGTEL ALRC PPLO-L LT ALTh (N1 AL-ETH, LTHh ANLT T 008 L F9°CT
ANALLL 104 LLANE U1 LA PANLP TP mANFT RANTH A0T PAT70 11 NAPC
LA L ALTH L PmA1eT? RPCT RO Aot APT T A ALz 1 To
P24 WPC avlirtn NnéAT mAN AdT PP TAT PRAA ov-Can (N-CT LAL-R'1 L
TR 09717 h 270 LAPLPCTET NG PG (T A7L T AdLT NVLPC W78
A7P ePLN AN N7PD AT HALS SE LTOALMTL (GE cb:7eh, 1'ThA7 ALTh
LAPLPCLeT 0L AINCP 2277 vl VLOTP NS T b0 NL9°7 LN L
ALY L ePCr1 T Lavy 110N Lovnpt KA P G- % oo Y Low
N70P Nem FL 200 T LT PEONow $avd,FE o0y ¢1hP (o’ oo ¢ PI°T
LLAOVF L PARLAS.L CBNaow $avldFHY  LanPIPs £ECTH Lms-L 7Th(.AY L ov-
LOLTTh ANT £LANE (1100 ACAT (1d LTHA-LTT 1 CrLCOH-P$T LnCTh
ACT AAAA ¢ ANLA TN 9°00 (IS 24071 Y% oo Ton A, PhéTE 1-C o0 P&
L1977 A6 ALCP 06 VECT KLANE AAAQ, 1CT7 RECT &o7h -HAade-t 01012
LAPL o0 (10T LLANE A LI L A-C MFCLT00- PALT ST A AL TLh7
A-NA T LANTH AGT RLAGVF L A L0715 L (mdn .00 ALT09° CP 107 11 L
¢TI LP &P BAL UTTh Awe&T AhIh (O-CLRLv: 5L e TP4L AV
PA-LANNE 00T ARLANE AN OA L A7P ANST ARLETP o AN LA LTH
ANLS T RLACVEL LALNS1L 18 1547 OTET hd ovovo- EmCTh Ao
P57 07 -avg® LmCTh RO
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Silt’e words after stem (stop word exclu

W% T +$2 297 ¢4 (FCL 71 Aol ACO 09P V& LG AAA A7 Ro%0 Po-A
AN 920 Vbl o0f L ool M4 BN None WHT wAL, £I° 1 VPA ooC AL
AT s mA Qdoom avley DHO &0, POm PA oh sem PA VL A0 2,7 Dl
4.9 W5 Al Té el ATEST RFA G0, 17T 01 S0 avé &7 APCA M 1T 0AL:
W 77 P (LPPC GRA A0 &5 hhJ 61 A0 O PCN P10 01 Aov A
L7 WEOA 00 78 &C JAELNeL ool G N K77 “L0 ovyavf: P SP T
LA oo P 9k +A 70A 1P et A hgae me a0 eooh, J00m OF L4
oo AT B 0 P0C 8 APa KR FF ook oM AT A, ood@ OF000FE 71G
°0 oo LP AAM. LC AN N7 Ead AC AL Ch Jad (1L hAE ooy A LAL
I8 LA RTOA 71 LU 0P me AC (A, Ad 27 AAEC A0 CRAA Yh, IC &k
+AQ, doavl. 060 VO SA, NNLN TE T RN oo PEAA AT AN B9 AAM VT
L9° LH JePC PO T JLOAA BL A0 L0 20 A® hoo 2o Po 19° hAAN h7TH
Ndo P ¢ BN W7 mwld )t AhCC L &ov’f 78 hA.mPa (+F 577 040 PS5
A (LAE PQ 22000 ool oo (1A LA JaT? Mo L7 AAMSYI oom, AhJA
NI oo V7, LA VA &7 T SV 17 ooZ a0 0.0 RAPTE LT 9T 1 070
9.8, 1715 &1 1°7%A0 A0Z WIPF71 LF vAP ALAE AhGTows 7 (ORE $9°0
CrT %7 AN ALTNE ENTAEE 9° QeI ALTN LANE ALhA LTAE av P PR
Ml Widkée F4 At hAAA GC FOE KT B0 1P £F 704 &P 1CA 1A 278 NA
M0 WE L NLP YA AP L 1A ol NI AL BT Fae UL U4 U 8% oo
AAAA, AT L Povde 1 BUL Bavd, ROLE LOAE L4 ANLE AVE - Ve £NA 0L
AL LT INE L 1AL LT 1M L0 @& U7 19 £C 00 e AT AN AA I 4P
chan 0y 7 had avd Ao s ALTNE @I°C N1 0-F $7146 LLO0N ANTL4, TC o

ao 1 4.P k'l H6 None Po-AT9 &V PA- 77 U7 NCLT +0e A oo ALhovd mC
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M.eMVC oF Ahd Fao ooF pOl 11 002 0L LA V& L0 1AL Teh PO “14°
AN JL N9° L4 N4 A AN &1 &C AL $9°C 700N m b HC 2% A3 AIWC O
W 29C oo NI €O vA Em BL E AN ALTA GC A& CLLOEC NTE& LAY T
Th pf M E9eE 13 ey @A0 A0 C CT 0 @-m § T D4 N mAA A LA
oo-Canm, (1-C 0“7 Th 477 P& 78 1PC RTE ATP PL0 A0 0P NN KOS CE
ebs76h, Tha, A0C 77 o L0 L6P O LI° Lov A, Am oo 7 €m (0.7 B0
S, T ¥ 0P oo PP EC 1 1P FCHPE AAAN IPOA LD YPTE Gov hA, bl
1C o0 P8 Arhy CP 0é CT &1 LAY Lo AC (FCL VA (A Zho mebn .92 T

LP A& AW OAL O7P AP ko 0T L0 1854 ArE AP
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Appendex VII words with lower frequencies but are stop words

Word frequency | Word frequency Word frequency Word frequency
19171 2 AY ¢/ 3 al 2 LHF 2
e 3 0y 2 arir 2 Wi 2
COULLL 2 g N A 2 A'th 2 47 2
ATLLT° 2 w37 1 g 3 071,70 2
heLI® 2 LVia 2 1171 2
1L 2 h3 o7 2 A=l 2 AV 2
1o 2 AN, 2 0 7r9"h 2 1 rng° 5
L a0 2 912 2 A 2 & 2
(W& 2 170 3 WWEE 2 a7 6
T2 2 nr 2 71 3 AV'19°h 2
n'19° 2 ey 2 rh 3 ek 3
TG 2 WVE 2 e 3 qC 2
[4YA 3 eNF 1 LN LN 4 +7 5
vt 2 ne-7 2 1h 2 g 3
N7,7a0- 2 an, 2 Ly 2 ng~; 5
ne-z9° 2 518 2 nr 1 3l 4
108 2 A7 9 A 3 e 13
19171, 2 hA4. 6 118 10 U-§tLoo- 3
ATLY 7 198 6 ALC 9 ns 3
PAL 2 €19 4 Eaa s 2 ncé 3
18 4 COALLLY 2 AFhbaere 9 1.0 6
At 8 171h 5 218 4 Lhbhhe 3
hL'n 2 71191, 2 e Y] 2 U-B\J° 6
htg 2 198 10 199° 3 alc 14
¢t 2 aU-r9° 6 110 7 U-&-9° 3
U's 2 IRYAS 8 A6, 3 NY-§-tpoo- 3
AADh 6 WIS 9 11199100+ 1 LA N 3
Uy P 4 Ah 2 17 4 N717'r.oo-P 3
70 4 A79° 9 aL'rt 16 e199° 3
afngn, 3 hI L 12 17 3 +L. 6
atq1e 2 L4 6 ann, 26 nkge 3
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hRI', 8 07y 7 AALOE 2 7 4
71 2 Jol, 4 1% 2 nv-sr 3
He: 9 0-C 9 £nege 2 PU-7 5
Nrro0 6 Pt 2 NANE9® 2 U-A-9°7% 2
nag-r 2 $nn 22 9> 8 LA, 5
158 9 IHF 11 1 9 AGE 3
NAL 3 vags 5 ANUALS 2 hive 16
138 5 0§k 2 9°7 12 e 13
AnveLs, 3 7187 2 ALYh 13 AU 2
v 3 e 3 T+t 16 i 2
) 3 vt 11 ANL8, 2 vak 14
Al 13 nasn 12 veL 4 NG 2
lodol 5 Nate 3 n17 6 aNgt9h 7
Atk 16 AT 7 1% 5 £ot 2
NG 2 AL0E: 3 5L 6 v-a9 2
PALNE 4 Art9°h 3 9°% 13 0N+ 2
ANLLY o 2 nos+ 7 heI L 5

111




Declaration

I declare that the thesis is my orginal work and has not been presented for a degree in any other

Unversity.

This thesis has been submitted for examination with my approval as university advisor.

112



