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Abstract 

The purpose of this study is to develop morphological analyzer for Amharic compound words. A 

number of researchers attempted to develop morpholog ical analyzer for Amharic si nce 2000 

(Abiyot, 2000; Tesfaye, 2002; Saba and Gibbon, 2005; Gasser, 20 II) and their analyzers provide 

a very good performance. However, as far as the researcher has noted, nothing is reported on 

their findings and results about analysis of compound words. For this reason, the researcher 

<. decided to deve lop morphological analyzer for Amharic compound words using rule-based 

approach on the basis of two-level morphology. 

A morphological analyzer is a computer program that takes a word or string of charcters as input 

and delivers an analysis as output. Amharic, in addition to simple words, uses compound words 

such as Me UO'}7 ... :f ayyar-mangadocc 'a irli nes', uo"h uo"l']9" malk-a-malkam ' beautiful', ,,)f7~~ 

laj -a-garad ' virgi n', etc. The developed anlyzer can recognize and deliver the given compound 

word with its word class, each constituents of the compound word with their POS and 

grammatical functions of the attached suffi xes. 

The study covers all compound categories in Amharic (i .e. compound nouns, adjectives, verbs, 

and adverbs) with their grammatical and syntacti cal information. The grammatical features 

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

In identifying and analyzing compound nouns, adjectives, and adverbs, the system performs well 

and the sample used to the development and test set can be considered as representative of 

Amharic compounds. However regarding compound verbs, it covered only the main verbs, verb 

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

In this study, algorithms that can identify and analyze Amharic compound words are developed 

from scratch. The performance of the system is eva luated using the training and test sets. The 

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

( I respectively. 
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CHAPTER ONE 

Introduction 

C:. 1.1. Background 

Linguistics is the scientific study of human language. It has an important impact on different 

fields such as mathematics, computer science, soc iology, language teaching, cognitive 

psychology, and others. One of the most fundamental units of linguistic structure is a word. A 

word is associated with different kinds of information: phonetic/phonological , lexical structure, 

syntactic, semantic, and pragmatic information (Akmajian et ai, 2001). PhoneticfPhonological 

information is related with the pronunciation and pattern of sounds of the word. For example, 

knowing the word (tar siiw 'human being' is knowing the sounds: 's', 'ii', 'w' and ... 

In addition, the word (tar siiw ' human being' cannot be broken down into any meaningful parts 

() unlike the word M':f saw-oce ' human beings', which can be broken into two: the word nar saw 

and an additional element, I>:f oee, and this information is lexical structure information. 

Understanding how the word fits into the overall structure of sentences in which it can be used is 

Syntactic information. The meaning of the word gives semantic information (knowing the 

word implies that understand that it has a certain meaning). Pragmatic information is related 

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

The subfield of linguistics that studies the internal structure of words and relationships between 

words is Morphology. Words have internal structure, which is rule-governed (Fromkin et ai, 

2009). One of the rules of Amharic, for instance, is to be categorized as nouns; words have to 

accept the suffix I>:f oce (Baye, 1987 E.C). 

There are two categories of words, simple and complex. Simple words such as (\II)' siiw ' human 

being ' cannot be decomposed into other smaller meaningful units whereas complex words such 

as M':r saw-oce 'human beings' can be decomposed into smaller meaningful units, nar siiw and 
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t.:y. occ. Complex words contain severa l distinct units of meaning. The smallest meaningful unit 

in the grammar ofa language is called Morpheme. The Amharic word (11':y. betocc ' houses', for 

instance, has two morphemes, (1'). bet ' house' and t.i: oee. 

There are three major types of morphological processes: inflection, derivation, and 

compounding. Inflection deals with the inflected forms of words. It is a change in the form of a 

word , usually by adding a suffix, in order to indicate a change in its grammatical function . 

(: Derivation, on the other hand, is the process that new words are formed from existing words by 

affixation. In Amharic, for example, from the word nar saw ' human being', the word nar)t 

siiw~nniit ' body or being a human ' is formed. Compounding is also the process of making new 

words from two or more words. tV"vct (1.} t~mh~lt-bet 'school' is an Amharic word that is 

formed by combining the two words, tV"vc'} t~mh~rt ' education' and (1t bet 'house'. 

1.1.1. Com putationaJ Morphology 

Computational linguistics (CL), which is a subfield of linguistics and computer science, IS 

concerned with the interactions of human language and computers. It includes speech and text 

analysis, automatic translation of text and speech from one language into another, the use of 

human languages for communication between computers and people, and the modeling and 

testing of linguistic theories (From kin et ai, 2009). One of the major concerns in the field of CL 

is computational morphology. 

Computational morphology is the processing of word and word forms using computers in both 

their written and spoken form (Trost, 2003). Here in this study, it is focused on processing of 

words in written forms. Computational morphology has a wide range of practical applications. It 

contributes not on ly for low- level app lications but also for many speech and language processi ng 

systems. Some applications of computational morphology are hyphenation, grapheme-to­

phoneme conversion, spe ll ing correction, and stemmer. 

( The most basic task in computational morphology is morphological analysis, which is the 

process of taking a string of characters as input and de li vers an analysis as output. Morphological 

analysis is the segmentation of words into their component morphemes. For example, if the input 
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is the Amharic word OA'·:r. betoccu ' the houses', the output cou ld be n,·'HI>r+h. bet+occ+u or 

bet+NounPIDEF. 

Morphological analysis can be performed using automatic morphological ana lyzer. 

Morphological analyzer is a system that is used to produce all possible analyses for a given 

word - what lexeme, prefix, and suffix the word includes and for each of these, provide its part 

of speech and the list of its inflections (Gasser, 20 II). 

A number of researchers attempted to develop morphological analyzer for Amharic since 2000 

(Abiyot, 2000; Tesfaye, 2002; Saba and Gibbon, 2005; Gasser, 20 II ). However, as fa r as the 

researcher has noted, noth ing is reported on their find ings and results about analysis of 

compound words. Thus, in this study, it has developed morphological analyzer for Amharic 

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

1.2. Statement of the Problem 

Am haric is the offic ial language of Ethiopia, with about 30 million speakers (Gam back and 

Asker, 20 I 0). It is the second most widely spoken Semitic language in the worl d. Amharic is one 

of the " under-resourced" languages that have very few computati onal linguistic tools (Gam back 

and Asker, 20 I 0). 

One of the bas ic computational lingui stic resources for Amharic is morpholog ical analyzer 

(Gam back and Asker, 20 I 0). As mentioned above, severa l researchers have attempted to develop 

the morphological analyzer for Amharic. The most recent and complete analyzer is called 

HornMorpho, which was deve loped by Gasser ' (20 II). HornMorpho is a Python program that 

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

Horn Morpho has limitations that are indicated by Gasser in HornMorpho user' s guide2 The 

limitations are related with the genera l usability, morphological, and lexical issues . In add ition to 

these limitations, HornM orpho lacks efficient handling of compounding morphology. It has been 

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

1 http ://www.cs.indiana.edu/~gasse r/Research/software .html 
2 http://www.cs. indiana.edu/-gasser/Research/projects.htm I 

31 Page 



c' 

o 

c 

couldn't analyze any of the words (the ana lyzer fai led 73% to analyze, 2% (OD(lnroc1> and 

</'Clnrtll) ana lyzed the part of speech and the stem but not as compounding stem, and 25% used its 

guesser analyzer and gave the wrong analysis), 

Regarding to the other mentioned analyzers, as far as the researcher has noted, nothing is 

reported on their findings and res ults about the morphological analysis of Amharic compound 

words, although it is mentioned in Saba and Gibbon are reported that some of the analyzer is 

complete Amharic morphological analyzer (Saba and Gibbon, 2005; Gasser, 20 II), Due to thi s, 

it was important doing a research on the development of morphological analyzer for Amharic 

compound words , Hence, thi s research focuses on the development of morphologica l analyzer 

for Amharic compound words, 

1.3. Objectives 

The main objective of this study is to develop a morphological analyzer for Amharic compound 

words, To perform this general objective, the study has attempted addressing the following 

specific objectives: 

• Study the morphological property of compound words in Amharic and to identify 

properties useful for the development of a morphological analyzer; 

• Assessing the various techniques (or approaches) suggested for the deve lopment of 

morphological analyzer; 

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

• Evaluate the performance of the developed system; 

• Set future work and recommendation, 

Finally, the research answers the following questions: 

• 

• 
• 

How to identify compound words automatically in Amharic text and use them for the 

analysis? (Automatic identification and extraction of compound words in Amharic text), 

How to analyze Amharic compounds? 

How to handle orthographic variations of compounds in Amharic text? 
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1.4. Methodology 

This thesis followed the rule based approach on the basis of two-leve l morphology to design and 

develop the system and it uses the fo llowing methods to ach ieve the above mentioned object ives 

of the study. 

1.4.1. Literatul-e Review 

l': Journal articles, research reports, books, manuals and other documents, wh ich were necessary for 

this thesis, have been reviewed to investigate: 

• What morphological analysis is especia ll y compound word analysi s; 

• Different methods of develop ing morphological analyzer; 

• Features of Amharic morphology particularly compounding; 

• Features of the programming language used in this work, Python3.2; 

1.4.2. Lexicon Preparation 

The data sources, for th is work, were wordl ists that are derived from dictionaries, which are 

avai lab le digita lly3 The dictionaries are ),-".11 r),"'Ic~ i1D'H70 'p~.f- Addis Yamarinya Mezgcbc 

Kalat of Desta Tekle Wold, h'H {lct} ·h'1"'1 r),"'Ic~ ""'H70 'p~.f- Kasatie Birhan Tessema 

Yamarinya Mezgebe Kalat of Tessema Habte Mikael , and )''''IC~ ),")''It\:H~ ""'H70 .p1I·} Amharic 

English Dictionary of Amsa lu Aklilu. 

Lexicons are co llected mainly from Amsalu 's dictionary and built in the system as a knowledge 

base. This dictionary is chosen because it is available in an advanced stage of development. Fi rst, 

preprocessing tasks were performed using Python programming language and then lex icons are 

extracted automatically and stored in three text files independently, i.e. nouns, adjectives, and 

. verba l nouns. In addi tion, li st of prefixes and suffixes are prepared manuall y and saved in two 

separate files. Finally, the co llected lexicons and affixes are transliterated based on SERA 4 

o system. 

'available digitally at http://nlp.amharic.org/resources/lexical/word-Iists/ 
4 System for Ethiopic Representation in ASCII 
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1.4.3. Algorithms Development and Implementation 

Algorithms are designed from scratch for identification and extraction of compound words from 

Amharic texts and doing the morphological analysis of compounds. Developments of the 

algorithms are based on: 

• Criteria of compound words (which wi ll be discussed in chapter 3); 

(:, • The rules of Amharic compounds identified by Baye (2000 E.C); 

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

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

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

• is a simple but powerful programming language; 

• has excellent functionality for processing linguistic data; 

• is portable, it runs everywhere; 

• is open source with unrestrictive license. 

1.4.4. Testing Techniques 

Based on the criteria of compounds (which wi ll be discussed in chapter 3) and discussions with 

the language experts, sample compound words are collected. This sample corpus is collected 

from Baye (1987 E.C; 2000 E.C) and Getahun (1990 E.C), from Amharic dictionary of Desta 

(1970 E.C) and Tessema ( 1959 E.C) and from wordlist of Amharic sing le names. It is prepared 

based on Judgmental Sampling technique, which is a non-statistical sampling method. On thi s 

sampling method samples are se lected on the bas is of the researcher 's knowledge about the 

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

The sample corpus is partitioned based on percentage, 70% for development set and 30% for test 

set. During the development time, the system is tested many times using development set until 
o 

the performance of the analyzer was acceptable. Then, the developed system is tested using the 

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

with discussions. 

1.5. Contributions 

The following are some of the contributions of the developed system: 

() . • Complements the existing systems and helps the development of full-fledged 

morphological analyzer for Amharic. As discussed previously (in section 1.2), most 

systems developed for morphology analysi s of Amharic are focused on inflectional and 

derivational morphology and they lack efficient handling of compounding. However, a 

system to be a full-fledged morphological analyzer beside inflectional and derivationa l 

has to consider compounding. 

• Other local languages can easily adapt to develop their own morphological analyzer since 

the system is developed on the basis of two-level morphology . 

• It is significant for appli cations such as decomposition of non-Iexicalized compounds for 

spelling correction, information extraction/retrieva l and word-level text alignment 

between languages. Thus, researchers/developcrs who are working in such applications 

are benefited. 

• This system helps the teaching-learning process in computational lingu istics field (and 

other related fields) and used as a tool. 

1.6. Scope and Limitation 

There are two ways of pluralizing adjectives in Amharic - suffixing the plural marker /,:f oce and 

by reduplicating the penult consonant and adding the vowe l 'a' as a connector. The scope of the 

thesis is limited to the first one, suffixing the plural marker;.:f oce. 

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

thesi s covers the most common one. 
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1.7. Organization of the Thesis 

The thesis is organized in six chapters. In chapter one, the thesis introduced what linguistics, 

computational linguistics and computational morphology are about. Statement of the problem, 

the objective, the methodology and significance of the research are also presented. Chapter two 

discusses morphological ana lysis and approaches to morphological analysis. Compounding in 

Amharic is discussed in chapter 3. The next two chapters discuss the design of lexicon, 

algorithm, and experiment and implementation, results, and evaluation, respectively. Finally, the 

conc lusions and recommendations are presented in the last chapter. 
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CHAPTER TWO 

Morphological Analysis 

2.1. Introduction 

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

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

drawn from Amharic. 

Morphological analysis is about the internal structu re of word forms and relations (Roark and 

Sproat, 2007). It is the process of taking a string of characters as input and delivers an anal ys is as 

output. 

2.2. Morphology 

The term morphology is originated from aged Greek - morphe, which means the study of shape 

or form. Morphology is genera ll y defined as the study of form or pattern, i.e. the shape and 

arrangement of parts of an object and how these conform to create a whole (Bajaj, 2008). The 

object in question can be physical objects (such as an organism, geography or ecology), social 

objects (such as an organization) or mental objects (such as linguistic forms, concepts or system 

of ideas). This study focllses on one of mental objects, i.e. lingu istic forms. 

Morphology, from a linguistics perspective, is the study of words and how they are put together 

(Lieber, 20 I 0). Some words are composed by putting together smaller elements to form larger 

words with more complex meanings (Akmaj ian et ai, 200 1). These types of words can be 

decomposed into smaller mean ingful units. In contrast, there are words that cannot be 

decomposed, called free morphemes. 

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

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

have never been encountered before and to create new words. 

2.2.1. Words and MO/'phellles 

As mentioned in chapter one, a morpheme is a minimal meaningful unit in a word. Types of 

words formed by composing smaller elements are complex words. Words that can 't be 

('. decomposed into smaller meaningful units, on the other hand, are simple words. For example, 

the Amharic word "9" lam 'cow' is a simple word whereas "'i"f lamocc 'cows' is a complex one 

since it is composed of two meaningful minimal units: "9" lam, which is a noun, and the plural 

marker I>f oce. 

o 

A word may be a result of one or more morphemes (From kin et ai, 2009). The above Amharic 

word "9" lam consists of only one morpheme whereas the other word "'i":r lam + occ contains 

two morphemes. Likewise, "'i"r. lam + occ + u ' hi s/the cows' has three and "~Dr.llam + oce + u 

+ n5 ' his/the cows' has four morphemes. Morphemes like "9" lam, oar saw 'human being ', and 

w<;: waf 'bird' are free . A free morpheme can stand alone as a word in a phrase, such as the word 

n,t bet ' house ' in.eV Yl'"rhli'1 n,t )ar 'This is Yohannes's house ' . Converse ly, morphemes like I>f 

oce and h- u give meaning and can occur only if attached to some other morphemes like "9" lam 

and oar saw. Such morphemes are bound because they can ' t stand by themselves (Akmajian et 

al,2001). 

Bound morphemes can be affixes, such as prefixes and suffixes. A prefix is attached to a base 

initially. Y ya in Y"9" yiilam 'cow's', la in M9" lalam 'to cow' , and ka in h,,9" kalam 'from cow' 

are some of the prefixes of Amharic. On the other hand , a suffix is attached to a base. The 

Amharic bound morphemes I>f oce and I\. u can be examples of suffixes. Some Amharic 

suffixes, like ) . .,. nnat as oar)·.,. saw + nnat 'body or being a human ', are used to derive a noun 

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

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

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

5 ' u' refers definiteness and 'n' is the accusati ve case marker 
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derivational morpheme. The above mentioned morphemes, 1>1- oec and Ie u, are examples of 

inflectional morphemes of Amharic and ).)- nnat, on the other hand, is a derivationa l morpheme. 

2.2.2. Roots and Stems 

The ideas of roots and stems are very important for morphological analysis . In Engli sh, for 

instance, the root of a word is the stem minus its word formation morphemes such as "work" in 

worker and "manage" in manager are roots (Booij, 2009). A stem is formed when a root 

morpheme is combined with an affix and by adding other affixes to the stem; a more complex 

stem can be formed (Fromkin et ai, 2009). For instance, add ing a suffix atic to the root ;ystem 

will form the stem systematic and also the stem unsystematic is formed by adding the prefix un 

to the stem systematic. 

In Semitic languages such as Amharic the roots of verbs and most nouns are consonants, 

particularly three consonants. Related words can be de'rived by vary ing the pattern of vowels and 

syllables (Fromkin et ai, 2009). For example, the root !l'fh'i: s 'hf'write ' is used to form words like 

11th&. s'dhafi 'writer'and OD!I'th'i: mas';)haf 'book' by infixing vowels through the process of 

derivational morphology. 

Amharic nouns are either " primitive", i.e . they have no connection with verbal roots or nominal 

bases such as !lor saw ' human being', or they are derived from verbal roots as CI'M I;)bs 'c loth ' is 

derived from the root ~--1lIlI_bs and nominal bases as 119".!:'<;' z;)md;)nna 're lationsh ip' is derived 

from the noun HOD.!:' zamad 'relative' (Les lau, 1969). Table 2.1 and 2.2 present nouns derived 

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

!lc Root !l9" noun 

t:\--1l1l I-bs t:\Mllll;)bs MIll 'cloth' 

9"-et m-rt 9"/'C1' m;)rt 9"ct ' product' 

t:\- 9".!:' I- md t:\/'9".!:' I;)md t:\9".!:' 'experience' 

Table 2.1 Derived nouns from verbal roots 
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I\.'l"~ Stem III'" nou n 

'1>(,\1'" qalm- 'I>('\I"'- f,j'i qalm-os 'I>('\'I"'n ' paint' 

"IC~ gard- "IC.r:-~j'i gard-os "IC}'.j'i 'darkness! shadow ' 

"IllC gabr- "I'Oc- h<;" gabr-anna "I'OC<;" ' farming ' 

'1"0'1> Tabq- 1',O'l>- h<;" Tabq-anna 1'·0'1><;" ' to stand as an attorney ' 

Table 2.2 Derived nouns from stem 

2.2.3. Intlectional Morphology 

Words can also be classified as content words and function words. Content words express 

concepts while function words show functions or grammatical roles. Content words, also called 

open-class words, belong to major parts-of-speech or classes : Nouns, Verbs, Adject ives, and 

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

Content word pas 
11<;: zaf ' tree ' Noun 

ti.~11 Hiras 'horse' Noun 

Md. nlliifti 'pass ' Verb 

1'~' t'aru ' good ' Adjective 

7<;" gana ' yet ' Adverb 

Tab le 2.3 Examples of content words in Amharic 

On the other hand, function words, also call ed closed-class words, indicate grammatical relations 

and have littl e or no semantic content. h ka 'from' and (D.g wad a 'on the way to' are some of the 

function words in Amharic. 

Amharic content words have inflection whereas function words except few pronouns do not have 

inflection (8aye, 2000 E.C). ~C;:;r:f'" zafoccaccn (zaf-oc-accn) 'our trees', for example, is 

inflected with two inflectiona l morphemes: ~:f occ, plural marker and ,,:f.., aen , person marker 

(I PI). Adding inflectional morphemes to a word or word stem do not change the pas of the 
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word or the stem . As an example, when the plu ral marker I>:r OCC is suffi xed to the noun !t:aot 

dgmat 'cat ', the plural noun !t:(]Df:r dgmatocc ' cats ' is formed without any change in the POS. 

2.2.4. Derivational Morphology 

Derivational morphology is abo ut word formation. It involves attaching derivational affixes to 

roots or stems. The result is a new word belong ing to a different part of speech. Some of the 

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

Noun root + the derivational morpheme ~t nnat ~ derived nouns 

09" 'Noun ' rrr~!t: (lVO 'deri ved nouns ' 

~9, nas 'a 'free' )9,)-" nas'a + nnat ' freedom ' 

(]D<fr mulu ' full' (]D<(\. ~~. mulu + nnat ' fullness' 

(Jrrr SgW ' human ' (J rrr + ~t SgW + nnat 'body or being a human ' 

Adjective + the derivational morpheme H· nnat ~ derived nouns 

ip~~ ' Adjective ' 

1Jf'. bado 'empty ' 

rrr~!t: 09" 'deri ved nouns ' 

1Jf'.)-'t· bado + nnat ' meaninglessness' 

t~ip~-" tgllgq + nnat ' bigness' 

Figure 2. 1 Examples of derivatives in Am haric 

One of the properties of derivational morphemes is that it leads semantic change . The meaning of 

the derived word is to some extent opaque (Plag, 2002). For instance, the Amharic derivational 

morpheme "t at changes the meaning of },rrrip gWgq ' famou s' to },rrr.p,,. gWgq + at 'knowledge'. 

Both }'rrrip gWgq and },rrr</>t gwgqat are nouns however they differ in meaning. 

2.2.5. Compounding 

Compounding is a morphologica l process of forming compound words. A word that is fo rmed 

from two or more lexemes, include roots, stems, and free words that can make up compounds, is 
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a compound word (Lieber & Stekauer, 20 10). In Amharic by combin in g two words or word 

stems as the word ·}rolJC·} t;}mh;}rt 'education' and the word (b.} bet 'house', a new word -

trolJC'} (bt tdmhdrt bet 'school ' is formed (see details in chapter 3). 

There are three types of compound words written as closed, hyphenated , and open. Closed, or 

solid, compounds are written as sing le words with no separation. Compounds with hyphen are 

also possible. Open compounds, on the other hand, are written as sequences of words separated 

() by spaces (Akmajian et ai, 200 I). For example, (b'hHl bet-a-sab "family" is a closed compound, 

f")-tl,n sin-a-Iasan " linguistics" is hyphenated, and .'\n (b .} dabo bet "bakery" is open compound. 

o 

l 

2.3. Approaches to Morphological Analysis 

There are several language dependent and independent approaches, which can be classified 

generally into machine learning (corpus-based), rule-based and algo rithm ic-based, used for 

developing morpholog ical analyze r (Antony et ai, 20 12). The most commonly used approaches 

are the following: 

2.3.1. Machine Leaming Approach 

Machine learning (or corpus-based) is programming computers to optim ize a performance 

criterion using example data or past experience (Alpaydll1 , 2010) . It is concerned with the design 

of algorithms that learn from examples g iven (Kumar M et ai, 20 10). A model is defined up to 

some parameters, and learning is the execution of a computer program to optimize the 

parameters of the model using the training data or past experience. The model may be predictive 

to make predictions in the future or descripti ve to ga in knowledge from data, or both (Alpaydm, 

2010). 

In machine learning, model construction and usage are the two-step process . In thi s approach, a 

large sized we ll generated corpus is required for training and test dataset. Machine learning 

algorithm is used to train the corpus and collects the stati stical information and other necessary 

features from the corpus. From the co llected information, the model will be created. The model 

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

(Shaalan, 20 I 0). 

There are mainly two types of machine learning. These are supervised and unsupervised machine 

learning algorithms. In supervi sed machine learning, examples of the available inputs with the 

required output are given to the machine. The task in supervi sed learning is to learn the mapping 

from the input to the output whose correct va lues are provided by a supervisor (Alpaydm, 20 10). 

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

o 

l. 

Compare to the supervised learning, there is no supervisor in unsupervised learning, there is only 

input data. The aim is to find the regularities in the input. There is a structure to the input space 

such that certain patterns occur more often than others, and we want to see what general ly 

happens and what does not (Alpaydm, 20 I 0). 

Machine learning approaches do not require hand coded morpho logical ru les; rather they need 

corpora with linguistic information (Kumar M et ai, 20 I 0). The corpora can be used for train ing 

the machine and testing purposes. The necessary know ledge or morphologica l rules are 

automatically extracted from the corpora, i.e. training the machine and testi ng data. The 

performance of the system wi ll depends on the feature and size of the corpus. The disadvantage 

is that corpus creation is a time consuming process . This approach is suitable for languages 

having well organized corpus (Antony et ai, 2012). 

2.3.2. Rule-Based Approach 

Rule-based, also called knowledge-based, approach is based on a theory la id down by language 

experts (Kazakov and Manandhar, 200 I). This approach is based on linguistic knowledge and it 

has been used in developing many NLP systems successfully (Shaalan, 20 I 0). Experts of a 

specific language produce the rules of the language. The approach is more applicable to 

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

Many scholars are motivated following the ru le-based approach due to lack of availab le 

resources (Shaa lan, 20 10). According to Shaalan (20 I 0), a ru le-based approach has the fo llowing 

characteristics. 
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~ It has a strict sense of we ll -formed ness in mind , 

~ It imposes linguistic constraints to satisfy well-formedness, 

~ It allows the use of heuri stics, and 

~ It relies on hand-constructed rules that are to be acq uired from language spec ia li sts rather 

than automatically trai ned from data . 

Rule-based approach has advantages in that it is easy to incorporate domain knowledge into the 

n lingu istic knowledge which provides highly accurate results. Furthermore, the linguistic 

knowledge acqu ired for one natural language processing system may be reused to build 

knowledge required for a similar task in another system (Shaa lan, 20 I 0). Th is approach is 

advantageous in that even though there may not be enough resource in the language, the 

approach can be used (Selvam and Natarajan, 2009) . 

o 

\ 

2.3.3. Two- Level Morphology 

This approach is developed by Kimmo Koskenniemi , a Finn ish computer sc ienti st, in 1983 and 

the approach is a general computational mode l for word-form recognition and generation 

(Antony et aI , 2012). T he deve lopment of two-leve l morphology was one of the major 

breakthroughs in the fie ld of morpholog ical parsing. Its advantage is that the model does not 

depend on a rule compiler, compos ition or any other fini te-state algorithm. The "two-level" 

morphological approach consists of two leve ls ca lled lexical and surface form and a word is 

represented as a direct, letter-for-Ietter correspondence between these forms (A ntony et ai, 20 12). 

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

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

rewrite rules; 

The constraints can refer to the lexica l context, to the surface context, or to both contexts 

at the same time; 

Lexica l lookup and morphologica l ana lys is are performed in tandem. 
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2.3.4. Fillite State Approach 

Finite state machine or automation FSA (or finite automation) uses regular expressions and is 

used to accept or reject a string in a given language (Antony et ai , 2012). In general, an FSA is 

used to study the behavior of a system composing of state, transitions and actions. When FSA 

start working, it will be in the initial stage and if the automation is in anyone of final state it 

accept its input and stops working. 

Finite State Transducers (FST) is a modified version of FSA by accepting the principles of a two 

level morphology (Antony et ai, 2012). A finite state transducer essentially is a finite state 

automaton that works on two (or more) tapes. The most common way to think about transducers 

is as a kind of "translating machine" which works by reading from one tape and writing onto the 

other. FST's can be used for both analysis and generation and it act as two level morphology. By 

combining the lexicon, orthographic rules and spelling variations in the FST, it can be built a 

morphological analyzer and generator at once. 

2.3.5. Hybrid Approach 

A hybrid approach, as the name indicates, is a combination of different approaches. The two 

machine learning approaches: a combination of supervised and unsupervised or the rule-based 

and the machine learning approaches can be used. 

From the above mentioned approaches, this thesis followed the rule based approach on the basis 

of two-level morphology. The reason why this thesis selects rule based approach is besides its 

mentioned advantages, it is assumed that the criteria and rules of compounding in Amharic that 

are presented explicitly by experts of the language are good enough and can be used to design 

and develop a system. 

2.4. Morphological Analysis in Amharic 

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

since Abiyot (2000) who is the pioneer for the development of Amharic morphological system. 
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Abiyot (2000) tried to develop a morphological analysis system for Amharic verbs and their 

derivations. The paper describes the morphology of Amharic verbs and attempts to extract 

features that enable to implement automatic Amharic word parser. The morphological data 

described and ana lyzed in this study is taken from study outputs in the area of Amharic word 

morphology. The prototype system, developed by Abiyot, uses different dictionaries (for suffix, 

prefix, and stem) and hand encoded rules (represented as algorithms) to provide that information. 

The experimental result of the system based on 200 verbs and 200 nouns shows a 94% accuracy 

level in morphological parsing for both parts of speech. 

Unsupervised morphology learning was the other attempts by Tesfaye (2002) . He uses a 5,236 

words corpus to learn the morphology of Amharic using Lingu istica. Linguistica is a freely 

available morphology learning program and requires a large corpus ranging from 5,000 to 

1,000,000 words (Goldsmith, 2000). Tesfaye developed a stem internal morphological parser 

(called ASMA - Amharic Stems Morphological Analyzer) to handle the root-pattern Non­

concatinative morphology of Amharic that Linguistica cou ldn ' t. To test the performance, the 

output of the systems (500 words and 255 stems from the output of Linguistica and ASMA, 

respectively) has been examined by two linguists and 94% of the stems and 87% of the words 

o have been parsed successfu lly by ASMA and Linguistica, respectively. 

o 

Using the well- known finite state toolset, i.e. Xerox Finite State Tools, Saba and Gibbon (2005) 

developed a finite state based computational morphology system for Amharic . Their system was 

developed to be a complete ana lyzer of Amharic words of all categories. The analyzer display 

the root, pattern and feature tags indicating palt of speech, person, number, gender, mood, tense, 

etc. The system achieved 88- 94% recall and 54- 94% precision when tested on biblical text 

(1620 words). Saba (2007) indicated that "the transducer for verbs was so complex to develop, 

particularly a deeper analysis of the constraints was lacking, which then resulted in over 

generation. The incomplete lexicon of nouns and adjectives has also resulted in not recogn izing 

certain words". 

Using a finite state approach, a tool called HornMorpho is developed by Gasser (20 II ). 

HornMorpho, which is a set of Python programs, is a freely available system for morphological 

processing of Amharic, Oromo, and Tigrinya. The analyzer was evaluated using 200 Amharic 
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words that are selected randomly from the Amharic wordli st6
• Accord ing to the evaluation result, 

the analyzer made 2 errors on the Am haric verbs (99% accuracy) and 9 errors on the Amharic 

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

Wondwossen and Gasser (201 2) have used a supervi sed machine learning approach to 

morphological analys is of Amharic verbs. In their report, they show the use of Inductive Logic 

Programming (ILP) to fast-track the process of learn ing morphological rules of complex 

o languages like Amharic with a relatively small number of examples. They prepared the training 

data used to learn the morphological rules manually. The training resulted in 108 stem extraction 

and 19 root template extraction rules from the examples provided. After combining the various 

rules generated, the program has been tested using a test set conta ining 1,784 Amharic verbs. 

They achieved an accuracy of 86.99%. 

c 

o 

l 

Concluding the chapter, first it is discussed what morphology is and its major divis ions: 

inflectional , derivational and compounding. Approaches to morphologica l analysis were 

discussed in second. The approach of this thesis was also mentioned in thi s section. Finally, the 

development of morphologica l analyzer for Amharic was d iscussed. The next chapter dea ls with 

compounding in Amharic. 

6 http://www.cs.ru .nl/- biniam/geezicrawl.php 
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CHAPTER THREE 

Compounding in Amharic 

3.1. Introduction 

Compounding is one of the word formation processes in Amharic (8aye, 2000 E.C; Getahun, 

1990 E.C). In the previous chapter, it has already been mentioned that compounding is a process 

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

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

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

meaning and category. 

3.2. Compound Basics 

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

of two word compounds. 

151 Constituent 2nu Constituent Compound 

U7C hagar 'country ' lD"l~ wiiddad 'lover' 
mc lD"l.1!' hagar waddad ' love r of its own 

country' 

lD,gC wiidiir ' 
, 

fl'l7i yiillas 'noone' lD,gCfl'l7i wiidaryalliiS ' incredible ' 

M;J alga ' bed ' lD&.7i waras 'lliiuJ' ~lI;J lD&.7i alga wiiras 'Prince' 

M1I~bb ' heart ' lDl'I~ wii liid ' birth ' Ml-lDl'I~ I ~bb wiiliid 'fiction' 

:I'll qal 'word' Mil).', aqabbay 'g iver' :I'll ~<f>Il).', qal aqiibbay 'spokesperson' 

Table 3.1 Some Amharic compounds 

As it is observed from the above examples, orthographic form of Amharic compound can be in 

one of the three mentioned (Chapter 2, Sub secti on 2.2.5) forms: the closed form with no space 

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

following: 

s;m-a-s;>r;>at akbari 'obedient' 

h;>gg-a-m;>ng;>st arqqaqi 'constitution 's architect' 

n;>gd s;>ra t;>mh;>rt bet 'commercial college/school' 

f")-f"Co,t hhflt s;>n-a-s;>r;>at akbari and m'l (ID'}"I!l'r hC:J>-e h;>gg-a-m;mg;,st arqqaqi are 

compounds whose I st member is a compound: f")-f"Co,t s;,n-a-s;,r;,at 'discipline' and m1 (ID,}"1!l:r 

h;,gg-a-m;>ng;>st ' constitution' respectively. In contrast, '}"1!l: f"(,. t9"vct n.t n;>gd s;> ra t;>mh;>rt 

bet is a compound of two compounds: ,}"1!l: f"(,. n;>gd s;>ra ' commercial' and :r9"Vct n.t t;,mh;,rt 

bet 'school'. 

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

expressed schematically as follows: 

c CA 
Compound Z 

A 
X Y 

a 

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

How can compounds be lexical words and not phrases? In other words, it needs justification for a 

compound to be a lexica l word. According to Baye (1987 E.C; 2000 E.C) and Getahun (1990 

E.C), Amharic compound words, like compounds in other languages, should sati sfy the 

following criteria fully or partially to be compound. A compound: 

" has its own meaning that differs from its constituent words; 

" can be a base for the derivation of other words; 

" can take inflections; 

" belongs to one of the major word classes or parts of speech; 

" does not allow any morpheme between its constituents 

There are compounds such as: (L</> up')nc liq-a-manbar ' Chair-person', nrc 0li\.1:" ayyar wallad 

'A irborne', and <\.'1 0l'L fana wagi 'vanguard (or the first in doing something), that can fulfill the 

above criteria. Let's take 4,'1 0l'L fana wagi and demonstrate the above criteria: 

The first criterion says that a compound has its own meaning that differs from its constituent 

words as the meaning of the compound <\.'1 Ol'L fana wagi 'vanguard' is different from the 

meaning of its constituents: <\.'1 fan a ' light' and 0l'L wagi 'pie rcer'. 

The second criterion is about derivation of other words based on the compound. The compound 

<\.'1 0l'L fa na wag i is a base in forming the new word <\''1 Ol'L)r fan a waginnat 'to be vanguard' by 

adding ) . .,. nnat to the end of the compound. 

The compound word 4·'1 0l'L fana wag i a lso fu lfill s the third criterion in that it allows the plural 

marker I>:f oce as <\.'1 0l'Ll":f fana wagiocc and the defin ite marker (D< w for masculine as 4·'1 0l'L(D< 

fana wagiw and '1' wa for feminine as <\.'1 0l'L'l' fana wagiwa. 

<\.'1 0l'L fana wag i be longs to noun word class, wh ich is the fourth criterion, and it doesn ' t accept 

any word or morpheme within it and by this it fulfi lls the fifth criterion. It is not acceptab le or 

meaningless if the above derivational morpheme )r nnat or the definite marker (D< wand '1' wa, 
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inserted between the two constituents of the compound i.e . *<\.'1):,. (D'l. fananat wagi , or *<\.'1ar (D'l. 

fanaw wagi or *4·'1'1' (D'L fanawa wagi, respectively. 

3.2.2. Amharic System of Compounding 

The other point in Amharic compounding is that the language uses its system or Ge' ez7 

compounding system. When the Ge'ez system of compounding is used, the vowel'}; a appears on 

the first constituent as n.t-'};-hcllt.n bet-a-br~stiyan (n.ThCM),,}) 'Church ' . In contrast, in the 

Amharic system of compounding, a compound can exist with or without a connector. With a 

connector such as ~)f 7t"f.'; I~j-a-garad 'virgin ' (feminine) is a combination of ~'f; I~j ' boy/girl ' 

and 7tS; garad 'maid' with a connector I-, a or without a connector such as .1\(1 n..} dabo-bet 

' bakery ' , which is a combination of .1\(1 dabo ' bread ' and 0..). bet ' house '. The following 

compounds demonstrate this phenomenon. 

af-a-guba~ 'spokes person ' 

o,e '}-'};-Ilarc (o.e )-Ilarc) ayn-a-s~w~r ' blind ' 

""'1-'};-<IV,}"IIl'} (rh7-<IV'}"Illt) h~g-a-mang~st 'constitution ' 

I~j-a-garad ~ virgin ' 

buna-bet 'bar' 

Figure 3.2 Example of Amharic compounds with and without connector 

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

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

7 Ge'ez is an ancient language of Ethiopia (Semitic classical). It is mainly used now in the 
Ethiopian Orthodox Tewahdo Church (EOTC) and there are lots of books written in it. Source 
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Examples of adding the plural marker I>'f occ to compounds: 

Singular Plural 

r9"UC'r (1'r tdmhdrt bet ' School' ')-9"UC+ (1,·ff tdm hdrt betocc ' Schools' 

(11'hcotJ") bet-a-brdstiyan 'Church ' (11' hCMJ''i'1: bet-a-brdstiyanocc ' Churches' 

/\..</>UD'}(1C liq-a-manbar 'Chairman' /\.. </>(7V'}(1C''f I iq-a-manbarocc 'Chairmen' 

Table 3.2 Examples of adding plural marker to compounds 

Examples of adding the derivational morpheme ) 'r nnat to compounds: 

t\.'PUD'}(1C liq-a-manbar 'Chairman' /\"</>UD'}(1C)r liq-a-manbarnat 'being a chairman' 

:J>t:\ h</>ll~ qal-aqabay 'spokes person ' :J>t:\ h</>ll~)+ qal-aqabay 'being a spokes person ' 

Table 3.3 Examples of adding derivationa l morpheme to compounds 

Though this is the process of adding plural marker to a compound in Amharic compounding 

system, it is also common to use the Ge'ez compounding system for Am haric. As shown in the 

table below, the system ofGe'ez makes the first constituent of the compound plural. 

Plural in Amharic system Plural in Ge ' ez system 

/\..</> (7V'}(1C''f liq-a-miinbarocc ' Cha irmen ' /\..:J» UD'}(1C liqan-a-manbar 'Chairmen ' 

(1./- hCo·tJ''i''f bet-ii-brdstiyanocc 'Churches ' MIN hco·tJ") abiyata-brstiyan 'Churches' 

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

3.2.3. Connectors ill Compounding 

A connector in compounding is used to connect constituents of the compound. Compounds in 

Amharic may have a connector (or linker), particularly compounds formed by following Ge'ez 

system of compounding, as mentioned in the above sub section, have a connector;; a . The 

a connector of a compound in Amharic may ex ist either attached to the first constituent (left-hand 

member of the compound) such as 7\ a in (1.1-hcotJ") bet-a-kdr:lstiyan ' Church ' or independently 

in the midd le of the two const ituents such as (1 ba in </>0-(1-</>0 qas-ba-qas ' gradually'. The 

follow ing table shows connectors of Amharic compounds: 
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Connector Compound I st constituent 2nd constituent 

ha ""tlh""tll]1" malk-a-malkam ' beautiful ' ""tlh ' face' ""tll]1" ' nice ' 

fl ba }'''ICfl''lC dgd r-ba-dgdr ' in short distance ' }'''IC ' leg ' }'''IC ' leg' 

fila c'lw-Mw- saw-la-saw ' human for human ' c'lw- ' human ' c'lw- ' human ' 

ha tI"P;1tJ!'ldj-a-garad ' virgin ' til!: 'ch i Id ' 1t.~· ' maid ' 

Table 3.5 Connectors of Amharic compounds 

3.2.4. Compounding Levels 

There are three levels of compounding in Amharic: fused, tight, and loose (Baye, 2000 E.C). 

Compounds such as <f>':''''I.e (<f><;"!1"'1:f- qannazmac 'a general officer of the right front') and "I1r"'l.e 

("I1r11"'1:f gra-azmac ' a general officer of the left front') are fused, i.e. they are transformed to 

single word instead of being compound. According to Baye (2000 E.C), in the case of fused 

compound, it is not asked which the head8 of a compound is. Most compounds that has a 

connector h a or -/, 0 such as (l,t-h-"","/lit «(l,r "",olll'r) bet-a-mangdst ' Palace' and w-tl-/,-7·fl 

(w-c'I" 7·(1) wdl-o-gab 'one day trip ' are tight compounds (Baye, 2000 E.C) . Compounds that have 

no connector such as.o, n (l,:r dabo bet ' bakery ' are loose. 

3.3. Headedness and Meaning 

The broad meaning of most Amharic compounds can be determined by see ing one of its 

constituents, wh ich is the head. However, there are compounds where meaning cannot be 

determined from the head word. 

3.3.1. Headedness 

In compounding of two words, one of the constituents is a head, wh ich is mostly the rightmost 

element of the compound, and the other is its modifier or non-head. The modifier ofa compound 

o modifies the head . A head is the one that can replace the whole compound without losing the 

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

8 Headedness is discussed in section 3.3 
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For example, the noun phrase m'/ OD,}"1llt nJ7i hdgg-a-mangdst Tali ' constitution breaker' conta ins 

the compound m'1-oo,}"1Il'} hdgg-a-mangdst ' constituti on', whi ch is a kind of m"1 hdgg ' law. 

Because the compound m'1-oD'}"1lll hdgg-a-mangdst ' constitut ion' is a kind of m"1 hdgg ' law, it 

can be replaced by m"/ hdgg w itho ut los ing the general meaning of the phrase, it is acceptable to 

say m"1 flJ71 hdgg Tali' law breaker'. When the compound is replaced by oD'}"1lll mangdst in the 

phrase as OD'}"/Il,} flJj'j mangdst Tali, though it is correct, the general mean ing is not the same as 

the phrase. The genera l meaning o f the phrase is about breaking the law . 

Although, in this specific example, both of the constituents have the same part of speech with the 

compound, i.e. noun, the compound belongs to the same c lass as the head . Because, the word m"1 

hdgg can repl ace the compound and it has the same class as the compound , it is the head of the 

compound m'1-UD'}"1Il.} hdgg-a-mangdst, not oo'}"1Il'} mangdst. 

The pos ition of the head, in Amharic compounds, is not always to the right of its modifier. Some 

Amharic compo unds that fo llow the Ge ' ez compounding system are left-headed. Ge'ez 

compounding system, as mentioned above, uses the sound fi a as a connector of the two words. 

The compound rHo oo'}"1Il'} bet-a-mangdst ' Pa lace ', for instance, is a left-headed compound 

where n.l bet ' house' is the head and the word oo,}"1Il'} mangdst 'government ' is the modifier. 

The meaning of the compo und n.1' oo,}"1llt bet-a-mangdst is ' house for the government or 

pa lace' . 

In Amharic, even though it is sa id that compounds that fo llow the Ge'ez system are left-headed, 

there are compounds that fo ll ow the same system but they are right-headed (Baye, 2000 E.C). 

For example, fi a connects the word cd) Idbb ' heart' , whi ch is a noun and l'}j'j tdndSS 

'small/narrow' , which is an adj ective and produce the compound CI{I-fi-:/''}j'j (Cln '} ,} j'j ) Idbb-a­

t;lI1dSS ' narrow-minded '. The head is not CI·n Idbb, it is '},}j'j tdndss since the meaning of the 

compound is about narrowness as ,}'}j'j tdndss and th e compound is an adj ective so as l'}j'j tdndss. 

However, the connector fi a is attached to the modifi er (or non-head) tin Idbba, not to the head. 

Other compounds that fo llow the Amharic system of compound ing are right-headed as n.'} bet 

' house' in ml1.?" n.l hakim bet ' hospital ' (mh.?" hakim ' phys ic ian'; n.t bet ' house') and f'.t: doro 

'chi cken' in hlD'G- f'.t: aWdra doro 'Cock' (harG- aWdra ' head/chief; f'. t: dol'O 'chicken'). harG- f'.t: 

aWdra doro 'Cock ' is kind of f'. t: dol'O 'chicken' and it can be replaced by f'.t: dol'O 'chicken'. For 
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instance, ~urt. p..r::ur ""'li awara dorow Cohll 'the cock is blared' can be replaced by p..r::ur "",'Ii 

dorow Cohll 'the chicken is blared ' without losing the general meaning of the sentence. 

However, if it is ~urt. ""'li awara Cohll 'chief blared ', it will have differen t meaning from the 

sentence. Therefore, the head is p..r:: doro ' chicken ', not ~urt. awara. 

The other thing about Amharic compound head is, whether the head is to the ri ght or not, 

inflectional affixes are attached to the right of the compound. The plural marker /,:f occ is 

o attached to the compound thh.9" n.t hakim bet ' hospital ', wh ich is head final, as thh.9" n..y,:f 

hakim betocc ' hospitals' and to the compound n../' UD'}'lnt bet-ll-mllngast ' Palace/house of 

government' , which is head initia l, as n.1' UD'}"IM·:r bet-ll-mllngastocc ' Palaces'. 

o 

3.3.2. Meaning 

There is a semantic relation between n.·r bet ' house' and the compound t9"UC'r n.t tamh~rt bet 

'education house or School',.Ilfl n.t dabo bet ' bakery', and (1-'1 n.t buna bet ' Bar', i.e. n.t bet is 

the head of each of the specified compounds. In other words, these specified compound words 

are hyponym of the word n.t bet. They have the IS_A 9 relation , i.e. the compound words: 

'r9"Uct n.t t~mhart bet, ·~fl n.t dabo bet, and (1-'1 n.t buna bet is a spec ial type of n.t bet. Most 

compounds of Amharic have this kind of semantic relation, i.e. the meaning of a compound word 

is a special type of the meaning of the head and these kinds of compounds are ca lled 

endocentric compounds (Plag, 2002). 

Example: 

.Ilfl n.t dabo bet ' bakery ' is kind of n.t bet ' house' 

of we <1D·nt sllbawi-mabt ' human-right' is kind ofUD·nt mabt ' right ' 

UD;Jn. UD'}7.1:' magabi-mangad ' detour' is kind of UD'}7.1:' mangad ' road ' 

9 IS-A is kind of relation that shows a class X is a subclass ofa class Y or class Y is a generali zation ofX. 
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3.4. Compollnd Categodes 

Compound words in Amharic can be produced from combinations of major word classes. The 

lexical category is determined by the head constituents, for example, if the head is noun , the 

compound is a noun . 

3.4.1. Compollnd Notlns 

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

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

are: 

Rule 1: 

Rule 2: 

Rule 3: 

Rule 4: 
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f1'1" 'Noun' + htIJ"'I6 'connector' + f1'1" 'Noun' 

fl.t-71-hCM.n 

fl.t-71-o,O 

h .. -71-7'Il/" 

beHi-k~r~stiyan 

bet-a-sab 

af-a-gubae 

Compound noun: 

'church' 

' fami ly ' 

'spokesperson ' 

f1'1" 'Noun' + f1'1" 'Noun' ~ Compound noun: 

MC (TO,'I.!': ayyar-mangad 

fr'i' fl.,r bunna-bet 

9""111 fl.t m~g~b-b~t 

f1'1" 'Noun' + "lfl- 'Verb' ~ 

WA.!': h7.e; 

OlD' Ot.1'i 

W'H M.C 

wa llad-aggad 

saw-saras 

waz-addar 

"lfl- 'Verb' + "lfl- 'Verb' 

'airline' 

'bar' 

'restaurant' 

Compound noun: 

'trust/trustee ' 

'man-made' 

' laborer' 

Compound noun: 

wce WI (WeOtt) 

w,e;Po 7,0- (WPo7'0) 

waro-bala ' gangster' 

wado-gab ' vo lunteer' 



Rule 5: "In- 'Verb' + ~ 0 + nl'" 'Noun' 

,(.'r')-~ .l:t.7i (&.'l''1 .l:t.7i) 

nC1'-~ M6 (nCr M6) 

faTn-o-dara~ 

sart -o-addari 

Compound noun : 

' fast arrival' 

' hard worker' 

The hyphen shows that the derived form is a compound. Though there is inconsistency of use, 

any of the three possibi I ities can be used. Single word as rr<;'n,·} bunabet, two separate words as 

o rr<;' n,t buna bet, or hyphenated as F')-F'CU,t. 

o 

o 

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

linker. This is common in Noun-Noun or Noun-Adjective compounds. 

3.4.2. Compound Adjectives 

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

linker vowel h a. Examples are the following: 

01'" 'Noun ' + 1>7;'" ' Adjective ' : 

h"1C JgJr ' leg' + <f>"'" galal 'easy' ~ h"l£:-<f>"'" JgJr-a-galal 'fast' 

av"'h malk 'face ' + av",1-]1'" malkam 'fine' ~ av",h_O'D",1-]1'" malk-a-malkam 

' beautiful/handsome' 

Some compound adjectives are formed from the combination of 01'" 'Noun ' and negative 

particles such as: 

M1IJb 'heart' + rl.o bis 'not have ' ~ M-rl.oIJb-a-bis 'forgetful' 

hipl'" agJm ' capacity ' + rl.o bis 'not have' ~ f,1>av-rl.O aqJm-a-bis 'weak' 

The head of these kinds of compounds cannot be identified using the criterion; a head is the one 

that can replace the whole compound without losing the general meaning, because both of the 
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constituents cannot replace the whole compound without losing the general meaning lO
• Instead, 

the head can be identified by comparing the meaning of the compound with its constituents. For 

example, the meaning of the compound t\0-0.1I I.b-a-bis ' forgetful' is related to the meaning of 

one of its constituent, 0.11 bis ' not have' , and thus the head of the compound is 0.11 bis. 

3.4.3. Compound Verbs 

Amharic has compound verbs to a limited extent. According to 8aye (2000 E.C), the limitation is 

due to the following: 

• The first constituents is always an ideophone such as '119" z.m and 

• The second constituent is the verb to ' say' and to 'do'. 

Some of compound verbs are the following: 

'119" z.m 'silence ' + M ala 'he said' = '119" M z.m ala ' he kept quiet ' 

·0.1!'''1 b.d.g 'stand-up ' + M ala ' he said ' = {l.l:-"1 M b.d.g ala ' he stood up ' 

lI'l' s'H 'quiet' + il!l.t.1 adaraga ' he did' = lI1' il!l.t:l s' H adaraga ' he did silent' 

Words like '119" z.m and ,0.1:-"1 b.d.g cannot inflect. However, the compound as a whole shows 

inflection. The inflection is attached to the head M ala and il!l.t.1 adaraga: 

'119" M z.mm ala ' he kept quiet ' 

'119" ilJ'.t.1 z.mm adaraga ' he did silent' 

'119" M:r z.mm alae 'she kept quiet ' 

'119" ~\!l.t.1:r z.mm adaragae 'she did silent' 

'119" M· z.mm alu ' they kept quiet' 

'119" il!l.t.7- z.mm adaragu 'they did silent' 

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

Adverbs in Amharic can be formed by redup lication and compounding. Compound adverbs 

formed by combining words or word stems, wh ich have no expl icit class, with a connector. A 

compound adverb, like othe r compounds mentioned before, does not allow inserting any 

morpheme kind between its constituents (Baye, 2000 E.C). These compounds have the following 

pattern: 

c =c1 + con + c2; where C is a compound, con is one 

of the connector, either n ba or i\ la, 

and cl is the same word as c2. 

According to Baye (1987 E.C; 2000 E.C), identifying the head of compound adverbs is very 

hard, however following the patterns of other compounds, it can be conclud ing that compound 

adverbs are right-headed. 

3.5. Inflectional Affixes of Amharic Compollnd 

Amharic nouns and adjectives are inflected by adding suffixes to indicate gender, number, 

definiteness, and case (Baye, 1987 E.C; Getahun, 1990 E.C; Baye, 2000 E.C). There are also 

prepositions that are attached to compounds. 

3.5.1. Compound Suftlxes 

Semantic and syntactic information of compounds are inherited from their head (P lag, 2002). For 

instance, if the head is feminine, the compound will be feminine. Head in Amharic occurs on the 

right-hand side of the compound though there are compounds formed by fo ll owing the Ge'ez 

system of compounding in which head appears to the left (see Section 3.3). Examples of 

inflectional suffixes of Amharic are: 
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I) 9D"7{l nA':f 4) i\. <pUD,nt.'ftIr 

m~g~b-bet-oce I iq-a-manbar-acCiiw 

food-house-PI genius-connector-seat-3 PI 

' restaurants ' ' their chairman' 

2) n,.t(I·ni'i 5) l'f:n 7·~.e'f" 

bet-a-sab-s nafs-a-gaday-wa-n 

house-connector-human-2FS sou l-connector-murderer-3FS-ACC 

'your fami ly ' ' murderer' 

3) tin ;P'l:f 6) '119" M 

I~b-a-q~n-occ z~m-a l-a 

heart -connector-kind-PI silent-stem for 'say' -3MS 

'k ind-hearted' 'he keeps qu iet ' 

Figure 3.3 Examples of suffixes showing grammatical features of compounds 

The plural marker I>:f oce is suffixed to compound nouns such as in (I) and adjectives such as in 

(3). Adjectives also have another way to indicate their plural number, by reduplicating the penult 

consonant and adding the vowel 'a' as a connector. Take the compound tin "'tI;P l~b-a-t~l~q 

' broad-minded ' as an example: 

Plural 
Singular 

Method I Method 2 

M :;'tlo/ l~b-a-t~l~q M :;'tl41:f l ~b-a-t~l~q-occ M 'r~tI;P l:lb-a-t:llal:lq 

Table 3.6 Examples of methods of pluraliz ing adjectives 

3.5.2. Compollnd Prepositions 

Amharic preposition that indicate, for instance, place and time may attach to the beginning of a 

compound. Prepositions may not have meaning by themselves but they may show functions 

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

Y ya 'of m-r hco·tn ya-betabr~stiyan 

h ka ' from ' h9''''11l fl.t ka-m~gab bet 

n ba ' by' n·n,:·} 9""l.\7 ba-b~rat m~Tad 

t\ la 'to/for' Mn flO la-I~bbabis 

M sla ' instead of MMC ao17J'; s~la-ayyar mangad 

lDJ'. wada ' toward' lDJ'.MC ""17.\7 wada-ayyar mangad 

h) kana ' together w ith ' h)fl.-r0f1:f1 kanna-betiisab-acbn 

Mh ~ska ' until ' MhMC ;>J.',t\ ~ska-ayyiir hayl 

)"}J'. ~ndii ' as/ like' )'1J'.MC lDt\.\7 ~nda-ayyar walad 

Table 3.7 Prepositions of Amharic 

Attaching preposition to a compound forms a prepos itional phrase such as h)fl.-r!\(t kana­

betasab-u 'together w ith his/the fam il y' as shown in the fi gure be low. 

n .. h'\ll bet-a-sab 

Figure 3.4 Examples of prepositional phrase 

In th is example, the preposition is h) kana ' together with' , fl.'h'\1l bet-ii-sab ' fam il y' is the 

compound and -il- -u is a suffix wh ich ind icates the 3rd person masculine singular definite 

(3MSDEF). 
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CHAPTER FOUR 

Design and Experiment 

4.1. Introduction 

o This chapter describes the design of lexicon of Amharic, algorithms used in the development of 

Amharic compound analyzer and the rules of the analyzer. The first section describes the design 

of the lexicon required by the ana lyzer. The next section discusses the design of algorithms that 

are necessary for the identification and analysis of Amharic compounds. Finally, ru les that are 

used in thi s work are di scussed. 

o 

In chapter 2 of this thesis, different approaches to morphology analys is are discussed. In thi s 

research, the system for the analys is of Amharic compounds uses the rule based approach with 

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

4.2. Lexicon 

Lexicon is a mental dictionary that li sts the words of the language (Fromkin et ai , 2009). It is one 

of the components of morphological analyzer. Enhancement leve l of the lexicon is directly 

related with the quality of the ana lyzer. There are two aspects that contribute to this enhancement 

level , the number of lexical entries contained in the lex icon and the richness in linguistic 

information contained by the lexica l entries (KoprU and Miller, 2009). 

In this research, simple words and word stems II , which cover the major lexical categories of the 

language, with their linguistic features are maintained (saved) in the system. Major lexical 

categories include nouns, adjectives, verbs and their derivatives. These categories are selected 

because Amharic compounds are formed from combinations of items from these lexical 

categories. With thi s the requ ired quality is reassured. 

11 Simple word is free morpheme (see section 2.2.1) where as word stem is a form that bound morpheme is 
attached to it (see Baye's (1987 E.C, p. 327) book). 
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Lexicon of the language can be maintained either manually or automatica ll y using corpuses. This 

research used both methods. Most of the lexicons of the language are acquired automaticall y 

from Amharic dictionary of Amsalu (1979 E.C). This dictionary is available '2 digitally by Daniel 

Yaqob under the Creative Commons Attrib ution-Noncommerc ial 3.0 United States License. 

4.2. L P r eprocessing 

Source of the lexicon, a dictionary, contains all the lexical categories of the language besides the 

major ones: nouns, adjectives, verbs, adverbs. It contains simple words, word stems, and 

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

v·ot + n. 

+ V·M n~&-

+ Vf11- !ntrtl 

+ 9"fl)~- n. 

+ V·O;r9" adj. 

+ Vf1;r9"it 

v.e v.eM + 

t\9"~ + n. 

+ t\9"l\9" adj .ln. 

Ij:t, + n. 

+ -n.!I adj. 

+ Ij:t, n.!I adj. 

adj. 

adj. 

n. 

v.t. 

Figure 4.1 Format of the dictionary 

In the dictionary, the word appears in the first order such as Vf1t habt 'resource ' and Ij:t, f;}re 

' fruit ' is the base whereas words that appear in the second order are relatives of the bases. The 

other point is, when hyphen appears before and after the word, it shows that the word attaches 

m the base word before and after it. As shown in Figure 4.1 , for instance, in the second order there 

is a word 9"fl)~-, the hyphen, appears after it, shows the base word, Vf1t, can be attached after it 

12 at <http://nlp.amharic.org/resources/lex ica I/word-I i sts/d ictionaries/ 
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The analyzer requires only simple words and wo rd stems because they are constituents of 

compound words and the system searches for constituents of a given word not the compound 

itself. Therefore, compound nouns such as ,.,·n.::·M·n hdbriit-ii-siib and adjectives such as <j:t, (til 

fdre bis and phrasal nouns such as ""11M. nt/·n masiiqiiCa giinziib are not taken in the lookup 

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

v·n~· 

9"11J~ 

v·n;!'9" 

v·n;!'9")·r 

Ilt\v·n·)· 

t\9"!\' 

t\9"~9" 

<j:t, 

(til 

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

Each constituent word of a compound and phrase independently exists in the dictionary. So, 

constituent words of the stripped compound and phrase are included in the lexicon. For instance, 

the source dictionary conta ins both the compound <j:t, (til fdre-bis and its constituents' <j:t, fdre 

and (til bis, however the algorithm ignores the compound <j:t, (til fdre-bis and includes the 

constituents, <j:t, fdre and (til bis, in the list. 

There are compounds such as !b;!'!bt set-a-set 'effeminate' that are not separated by space. 

Because they are not separated by space, the algorithm takes such compounds as simple words 

and includes in the list. These compounds are removed manually, because, as it is mentioned 

above, the analyzer requires on ly simple words and word stems. 

4.2.3. Transliteration 

Transliteration is writing or describing words or letters using letters of a different alphabet or 

language (Wehmeier et ai, 2005). The Amharic character (graphic representation) cannot di splay 

the consonant and the vowel separately. For instance, the letter t\ Iii consists of the consonant" 
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(I) and the vowel'}; (a). In the case of compounds such as n,1'n·n bet-a-sab, it is not possib le to 

extract the two words n,.)- bet and n·n sab using the Amharic orthography. Extractin g the 

connector'}; a is a must to identify constituents of the compound and it is possible when the 

compound is transliterated. 

In this study, the transliteration is based on the conventions of the SERA system, wh ich is used 

for Ethiopic representation in ASCIl 13 (Yitna and Yacob, 1996). The SERA system is se lected 

because it is easi ly avai lable and it is also commonly used in lingu istic research for local 

languages of Ethiopia (Gasser, 20 II; Gamback and Asker, 20 I 0) . However, some modifications 

are made by the researcher. 

There are letters that have the same pronunciation, such as V, rh, and '), and the SERA system 

represents each independently. Representing these letters independently is important for 

meanings of words. However, in this study, meanings of the words are not important. Moreover, 

representing these characters with one letter decreases number of characters in the lookup table 

(or memory space) and increases searching speed in the time of transliteration. Thus, letters, 

which have the same pronunciation, are represented by one letter. For example, V, rh , and .) are 

represented by letter (fide l) ha. Besides, when the analyzer generates the output (the analysis), 

the input word appears as it is, in Ge ' ez script. Only the analysis part is presented in the 

transliterated form. 

Some of the letters the SERA system uses for representation are replaced by IPA equivalents, 

which have Unicode representation, to make the letters more readable when the system produces 

the output to the users. For instance, the vowel e that is used for the first order of Amharic 

a lphabet (fide l) in SERA is replaced by ii . Because of such modifications, the transliterated data 

is represented in Unicode. The following example demonstrates the modi fication, the 

transliteration and the final output. 

13 ASCII stands for American Standard Code for Information Interchange. 
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Input word : (I,-thc!ttJ',) 

Transliteration with SERA: bE te k r s ti ya n 

Transliteration with the modified: be tii k r s ti ya n 

The final output: be tii b r s~ ti ya n 

Figure 4.3 Transliteration example 

4.2.3.1. Transliteration Algorithm for Input Text 

In this research, an algorithm is designed for the purpose of transliteration. In the compound 

identifier and analyzer, the input text may be from file or keyboard and it is in Ge 'ez script. Then 

the algorithm reads an Amharic letter from the input text and searches for a match in the list of 

character table. When the algorithm finds a match, it will replace the letter by the representing 

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

Input: text 
Output: transliterated list of words 
Accept text 

1 char _ dic f- empty diclionGl)' 

2 

3 

4 
5 
6 

7 

8 
9 

chs f-list of characters in character table 

for i f- 0 to length(chs)-l do 

char _dic[chs[i}} f- chs[i+ l} 

for ch in text do 

if char _ dic._ contains _ (ch) 

text f-text.replace(ch, char _dic[ch)) 

words f- tokenized text 

return words 

Figure 4.4 Algorithm for transliteration 

The above algorithm firs it put each character from character table to empty dictionaryJ4 as a key 

and value mode, then it reads the first character of the input text and when it finds a match in the 

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

14 Since the system is developed using Python programming, it uses dictionary, one of the Python's data type. 
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the character with the value of the dictionary. Some of the characters in the character table li st 

look like the fo llowing: 

Key Value 

V hii 

A Iii 

(}- hu 

A- lu 

'I. hi 

t\. Ii 

Figure 4.5 Sample characters in character table 

Let's take Al\n _A-or as the input text and show the processes of the algorithm. First, the 

algorithm takes the letter A and searches for a match in the li st of character table. It will get a 

match for A and rep laces it by the representing character, Iii. It will continue searching and 

replacing all until it reaches the end of the text. The result of the algorithm for the given input 

o text is shown below: 

o 

( ' 

A l\ n _ A- or 

Iii I. bii mu lu w 

Figure 4.6 Sample transliteration 

After the lexicon is extracted and manually checked, each item of lexicon is transliterated using 

SERA system with some modifications (Section 4.3) and saved separately as text fi les. The 

source dictionary contains 16,23 1 words and word stems. Out of these words, a total of 6, 219 

words and word stems have been extracted and maintained in the lexicon. The composition of 

the words in the source dictionary and in the lexicon is presented in the following table. 
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Total number of nouns in the source dictionary 6,888 

Extracted num ber of nouns after the first preprocess ing 6,298 

Number of nouns after transliteration and last preprocessing 4,99 1 

Total number of adjectives in the source dictionary 1,832 

Extracted num ber of adjectives after the first preprocessing 1,705 

Number of adjectives after transliteration and last preprocessing 1,228 

Table 4 .1 Stati stics of lexica l items inc luded in the research 

Moreover, verbal nouns such as hJ'.c adar and verbs such as nC'~ sarto are co ll ected manually and 

saved as a text fil e in a separate file. 

4.3. Affixes 

In addition to words and word stems, affixes part icularly prefixes and suffi xes of Amharic that 

o are attached to compound nouns and adjectives are maintained in the system. This section 

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

prefixes and suffi xes that might be found in a word: 

o 

41 I P age 

( , 

I) htl,1'OD'}"lM 

ka-bet -a-mang;lst-u 

from-house-connetor-gevernment-DEF/3MS 

'from the/his palace ' 

2) nt9"lJct tl,.~ 

la-t;l mh;lrt-bet-e 

for-education-house-I Sg 

' for my schoo l' 

Figure 4.9 Examples of affixes of Amharic 
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In the above example, n,.r(TD')olll~' bet-ii-miing~st 'pa lace' and r'1"IlCr o'r t~mh~rt-bet 'school ' 

are compound nouns, h kii ' from ' and II Iii ' for ' are prefixes (prepositions) and /" u, marker for 

definiteness and 3'd person masculine singular, and /" e (possessive suffix pronoun), marker for 

I" person singu lar, are suffixes, in (I) and (2) respectively, As discussed in chapter 3, some 

compounds of Amharic uses a connecter such as -ii in (I) to combine the two constituents in the 

process of forming compounds. 

4.3.1. Prcl1xcs 

As discussed in chapter 3, when a preposition is prefixed in compound nouns or adjectives, 

prepositional phrases will be formed. To identify and extract compounds from prepositional 

phrases, recognizing and separating prepositions is the first. For this purpose, Amharic 

prepositions (see chapter 3) are co llected manually and maintained in the system as text lookup 

file in concatenated and non-concatenated form. 

4.3.2. Suffixes 

Amharic nouns and adject ives, as discussed in chapter 3, are inflected by adding suffi xes to 

indicate gender, number, definiteness, and case. In thi s research, suffixes that indicate gender, 

number, definiteness, and case are collected in two forms, concatenated and non-concatenated , 

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

These files are: 

Type of fil es Number of fi les Remark 

Lexicon of Nouns I 

Lexicon of Adjectives I 

Lexicon of Verbal nouns and verbs I 

Prefix list I 

Suffix li st 2 one fo r holding type of suffix with 
their grammatica l meaning and the 
other for hold ing suffixes list 

Character list I for transliteration 

Punctuations list I for preprocess ing 

Table 4.2 Summary of fil es used 

4.4. Algorithms Development for the Ana lyzer 

Recognizing compounds is the first thing to do in the analys is of compounds. In recognizing 

Amharic compound, knowing the input word has at least two constituents and satisfies the 

criteria of compounding is a must. The system has to be capab le of recognizing affixes, 

prepositions and suffi xes, of a compound. 

The next th ing after recognizing the compound and its affixes (if any) is determin ing the 

morphosyntactic properti es of a compound. It involves presenting the stem, the compound and 

each of the constituents wi th their POS and interpreting affixes . To do these, recognizing and 

analyzing of Amharic compounds, the following algorithms are developed from scratch. Each of 

the algorithms developed is implemented as functions of the system. 

4.4.1. Tokenizer 

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

the input is a raw text. In the case of wordli st, after preprocess ing, the wordli st is tokeni zed and 
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each line of words is taken for the next process. On the other hand, when the input is a raw text, 

because compounds can exist in open form , the tokenization must include not on ly tokens that 

exist freely but also compounds that exist in open forms (see Chapter 3, Section 3.2). Take the 

following raw text as input: 

'!.'7t: </'''/,.') A ,}J: tV! f tIfi -II- A'JJ: A HI1' APt1" tfl.l· "7,:1- tf.f1. '} P"Zf''!''i7;?" 

f At'} tl.illD- ""'pdO flt'l!" tl/llD- "</,tlfI flt'l!" 

agra qaCCn onda sasa laha mulu onda anbsa oyata Tawal mala 
rasun yamiyamokas anen sisaw aqma bis sisaw qalba bis 

Figure 4.10 Examples of raw text 

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

separated by space): 

h"!/. <P"f,"'} ~gra qaCn ' the one who has thin legs ' 

tin ",,"(\. I ~ba mulu 'unafraid ' 

(D.:" "'i)- T~wat mata ' daily ' 

hip"" n.f1 aqma bis 'weak' 

<PM n.f1 qalba bis ' unmindful ' 

Figure 4.1 I Examples of compounds in open form extracted from raw text in Figure 4.10 

So, by following the word level tokenization, these kinds of open form compounds will be 

missed. This is because, word leve l tokenization takes each freely existing word, not two words 

that are separated by space though they are constituents of a compound word. To include these 

kinds of compound words to the wordlist, which are g iven to compound identifier, the following 

algorithm is designed: 
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Input: the preprocessed raw text 
Output: wordlist 
Accept: preprocessed raw texi 

1 words <,-list oj words in raw text 

2 c <,-list oj possible second constituents oj Amharic compounds 

3 I <'- empty list 

4 Jor i <'- 0 to length{words} do 
5 add words{i] to I 

6 bigram <'- words{i] + words{i+ I} 
7 iJwords{i] ends with '6' 

8 add bigram to I 
9 else if words{i+ I} in c and words{i] has no suffix 
10 add bigram to I 

Figure 4.12 Algorithm to tokenize a raw text 

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

does the following: 

Process #1: tokenize the raw text in word level, 20 words; 

o Process 112: It has been prepared the list of possible second constituents of Amharic 

compounds and the list is assigned to c; 

Process #3: prepare an empty list, I; 

Process #5: add each word to I 

Process #7: if word Wends with 6, take Wand the word next to W in concatenation and add 

to I, process #8; 

Process #9: if word W is one of the possible second constituents of Amharic compound (first, 

suffixes, if any, are removed from the word W because the list, c, contains simple 

words and word stems) and the word, previous to W, has no sUffix'5, then take W 

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

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

process # I, and the two words , I.,},g M ;mdii siisa and I.'}.e. 1.'}.i1t'( ;mdii anbsa, because the word 

I.,},g ;mdii ends with '1\ ii. If only the wordlist that are ident ified by following the word level 

15 See compounding criteria in Chapter 3, Sub section 3.2.1 
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tokenization (unigram) is supplied to the system, the system identifies nothing as a compound 

because the raw text conta ins no compound in closed form. However, the wordl ist prepared by 

this algorithm contains not only simple words but a lso bigrams, which are nominated to be 

compounds. This word li st is supplied to the system for further processes and the system 

identifies compounds in Figu re 4. 11 . 

4.4.2. Prefix Extractor 

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

word by searching for the eq uival ent prefix in the concatenated prefixes list. 

Input: Ihe transliteraled inpul word 
Output: prefix 
Accepl word 

1 prefixes <,-lisl of concatenated prefixes 

2 pr <'- " 

3 for i <'- 0 to length[wordJ do 

4 

5 
6 
7 

8 

pr <'- word - i number of characler from the lasl 

If pr in prefixes 
return pr 
break 

return pI' 

Figure 4.13 Algorithm to extract prefixes from a compound word 

To demonstrate how the a lgorithm works, take the word Mlh)n.-ri'ln. dskiinii-bet-ii-siib-e ' along 

with my family ' is a given input; then the prefix extractor starts search in the concatenated 

prefixes list to get an equ ivalent prefix by taking the input word as a whole (s ince i starts from 0, 

there is no character to be s liced at the start). If an equ ivalent prefix is not found , then it wi ll take 

the rest of the word as input after removing the left most character and continue searching until it 

finds one or no character is leftover. If there is no equivalent prefix found , the a lgorithm wi ll 

o return an empty string. Otherwise, it wi ll return the extracted prefix and stop searching. In this 

specific example, the prefix Mh) dskiinii 'a long with ' is found at the eighth iteration. The 

iteration looks like the fo llowing: 
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Iteration PI' 
Is pI' a 

Remove Left 
Status 

preposition? 

Start ~skanabetasabe No e ~skanabetasab Continue 

I ~skanabetiisab No be ~skanabetiisa Continue 

2 ~skanabetiisa No abe ~skanabetas Continue 

3 ~skiinabetiis No sabe ~skanabetii Continue 

o 4 ~skanabeta No iisabe ~skiiniibet Continue 

5 ~skiiniibet No tasabe ~skanabe Continue 

6 ~skanabe No etiisabe ~skanab Continue 

7 ~skanab No betas abe ~skanii Continue 

8 ~skiinii Yes - - Break 

Table 4.3 Prefixes extractor algorithm demo 

4.4.3. Suffix Extractor 

The process starts by taking the stem. which is bare after extraction of the prefix (if any) and the 

o first constituent from the input word and then continues searching for equivalent suffixes in the 

concatenated suffixes list by taking the whole stem as a suffix. If equiva lent suffix is not found, 

then the algorithm takes the rest of the stem after striping the first letter that is the initial one of 

the stem since it needs to find the suffix and continues searching until it finds one or no letter is 

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

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

o 
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Input: stem 
Output: Stif./ix 

Accept stem 

1 suffixes <,-list of concatenated suffixes 

2 sft <'- " 

3 for i <'- 0 to length[stemJ do 

4 
5 

6 
7 
8 

S <'- stem minus i number of characters from the start 

if s in suffixes 

sfx <,-s 

break 
return sft 

Figure 4.14 Algorithm to identify suffixes 

Suppose the input word is the previous one, Mh)n.ri'l(l, gskana-bet-a-sab-e 'along with my 

fam ily' . The stem that is accepted by the suffix extractor wi ll be Ann. a-sab-e since the prefix, 

Mh) gskana and the fi rst constituent, n.t bet is extacted. Then, the process looks like the 

following. 

Is s in Ifno, If yes, Status 

Iteration sfx s concatenated remove ass ign Left 
suffixes list? initial s to sfx 

Start " asabe No a - sa be Continue 

I sabe No s - abe Continue 

2 abe No a - be Continue 

3 be No b - e Continue 

4 e Yes e Break and 
- -

return sfx, e 

Table 4.4 Suffixes extractor algorithm demo 

At the 4th iteration (cycle) , the algorithm finds a suffix match, -h, -e in the concatenated suffixes 

list, assigns it to sfx and it stops after returning the extracted suffix. However, if there is no 

match to s in the concatenated suffixes li st, there is no ass ignment of s to sfx . Thus, sfx remains 

empty string and the algorithm returns thi s empty string. 
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4.4.4. Exrraclor orthe Fit'st Constituenr orlhe Compound 

As it is observed in Baye's (1987 E.C; 2000 E.C) and Getahun's ( 1990 E.C) books, the first 

constituent of the compound in Amharic is noun , verba l noun or verb. Thus, this algorithm takes 

the first character of the word from the left and searches the I ist of nouns or verbal nouns from 

the lexicon. If it finds one, it will return the constituent and its POS or else it will cont inue 

searching by adding a character from the left until no character is left. If there is no match found 

as a first constituent, and then the algorithm assumes a prefix to be there. Thus, the algorithm 

wi ll check for a prefix and if there is one, it will continue searching for the first const ituent after 

stripping the prefix. If no prefix is found or no first constituent is found though the prefi x is 

found and stripped, rhe algorithm wi ll decide that rhe first constituent is not included in the 

lexicon and it will return an empty string. 

The POS of the first constituent is determined by the lexicon file for which the match for a 

constituent is found. For instance, if a match for the first constituent is found in the noun lexicon 

file, then the POS of the constituent will be noun. 
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Input: the transliterated input word 
Output: the first constituent and its pos 
A ccept word 

J nouns f-list of noun lexicons 

2 verbs f-list of verbal noun and verb lexicons 

3 cJ, pos f- " 

4 for i f- 0 to length[wordJ do 

5 x f- word minus i number of characters from final 

6 if x in nouns or verbs list 

7 cJ f-X 

8 pos f-list name 
9 break 
JO ifcJ is null 
11 
12 

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

13 word f- word - prefix and go to 5 

14 relurncl,pos 

Figure 4.15 Algorithm to extract the first constituent 
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Suppose the input word is .0,(1 (j .. I: dabo-bet-u ' the/hi s bakery' . The algorithm takes the input word 

as it is as input, and searches in the lexicon of nouns and verbal nouns. If there is a match, it will 

return the match as the first constituent and its POS, otherwise it removes the final character, 

which will be - u, and continues searching for a match. This will continue until the extractor 

finds a match from the lexicon. In this case, the extractor gets a match, .0,(1 dabo 'bread ' , in the 

fourth iteration as shown below. 

Iteration X 
Is x in nouns 

Remove Left Status 
or verbs list? 

Start dabobetu No u dabobet Continue 

I dabobet No t dabobe Continue 

2 dabobe No e dabob Continue 

3 dabob No b dabo Continue 

4 dabo Yes dabo Break and 
-

return x 

Table 4.5 First constituent extractor algorithm demo 

At this time, the algorithm stops searching after reporting the match, dabo , and its POS, noun. 

However, what if there is a prefix attached to the input word such as h.ll(1 (j .. j: ka-dabo-bet-u 

' from the/his bakery ' ? Well , the algorithm removes the prefix and continues searching again, 

process number II. When the preposition, h ka 'from', is removed, the compound, .Il(1 (l,.j: dabo­

bet-u, is left and then the above process (Table 4.5) continues and the match, dabo, is returned. 

4.4.5. Extractor of the Second Constituent of the Co mpound 

This algorithm accepts stem which are left after stripping the prefix (if any) and the first 

constituent from the given word. It will take the stem as it is and searches for a match, which wi ll 

be taken as second constituent of the compound, in the list of nouns, adjectives, verbal nouns. If 

o the algorithm finds a match, it will return the match and its POS. Otherwise, it will search again 

after stripping the last letter from the right assuming that the last letter may be a suffix since 

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

algorithm returns an empty string. 

Input: stem 
Output: the second constituent and its POS 

Accept stem. 

1 nouns f-iist of maintained nouns 

2 adjs f-list of maintained adjectives 

3 verbs f-list of maintained verbal nouns and verbs 

4 c2 f- " 

5 pos f- " 

6 y f-stem 

7 for i f- 0 to length!y] 

8 ify in nouns or adjs or verbs list 

9 c2 f- y 

10 pos f-list name 

11 break 

12 else 

13 y f- stem - i number of characters of the stem from final 

14 return c2, pos 

Figure 4 .1 6 Algorithm to extract the second constituent 

Let's take again the input word ... n fl.-/: dabo-bet-u ' the/his bakery'. The algorithm starts by taking 

the stem, fl.'~ bet-u, because ·p,n dabo ' bread' was extracted as a first constituent. Then it takes the 

stem as it is and starts searching to get a match for the stem in the lexicon. However, it cannot 

find any match since a suffi x is attached to the stem. Then the process continues searching for a 

match after removing the last letter, u, and gets a match, fl.'''' bet ' house' as shown below. 
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Iterati on x Is x in nouns or adjectives Remove Left Status 

or verbs list? 

Start betu No u bet Continue 

1 bet No - - Break and return x 

Table 4.6 Second constituent extractor algorithm demo 

o Then the algorithm stops processing after return ing the match and the POS . 

o 

o 

c 

4.4.6. Extractor of Derivational Morphemes 

There are derived nouns such as o.1'o·mt bet-a-sab-nnat ' be a fami ly' and adjectives such as 1")­

UDor;l''E s~n-a-malakot-awi ' theo logical' that are derived from compound nouns o.·h'I{I bet-a-sab 

' family' and P')-UDt\rt s~n-a-ma lakot ' theo logy ', respectively. Derivational morphemes of 

Amharic (see chapter 2) such as -H' nnat and -I,'E -awi are suffixed to the compound as shown 

below. 

Compound derivational Resu lt 

morpheme 

o.-i'r'!{1 bet-a-sab -)t -nnat 1b1'0-mt bet-a-sab-nnat 

P')-UDt\rt s~n -a- -I,'E -awi P')-UDt\r:r'E s~n-a-ma lakot-awi 

malakot 

0.1-0'0 bet-a-sab -I,'E)-r -awi-nnat o.·i'r'!'l'E)t bet-a-sab-awi-nnat 

Table 4_7 Examples of derivationa l morphemes 
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To extract such morphemes, the following algorithm is des igned: 

Input: stem 

Output: derivational morpheme 

Accepl slem 

J dms +---list of concatenated derivational morphemes 

2 dm +--- " 

3 for i +--- 0 to length[dmJ 

4 

5 

6 
7 

8 

x +--- stem - i number of characters from final 

ifxin dms 

return dm 

dm +---x 

break 

Figure 4.17 Algorithm to extract derivationa l morphemes 

Let us take the compound (]'1'I'ill'£)-r bet-a-sab-awi-nnat and demonstrate how the system works. 

The first constituent, (], • .,.. bet 'house', the connector, r.. a, and the second constituent, n·n sab 

'human being ', are identified and extracted by the system and the stem 1,,£) • .,.. awinnat is left. The 

algorithm in Figure 4. 14 accepts the stem I,'£)-r awinnat and searches for a match in a 

concatenated derivational morphemes list by taking the stem as it is. If the algorithm finds a 

match, it wi ll return the match and stops; otherwise it will strip the final letter and continue 

searching. In thi s specific example, it finds a match, 1,,£):,, aw innat. 

4.4.7. Inflectional Suffixes 

For words that have suffix, this algorithm can interpret the suffix type and its grammatical 

meaning. The algorithm accepts the suffix that is identified and extracted by the suffix extractor 

and it checks in the non-concatenated suffixes list. Based on the suffix type, the algorithm prints 

the suffix type and its grammatical meaning. The following is the algorithm: 
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Input: suffix 
Output: print suffix type and grammatical feature 
Accept concatenated suffix returnedfrom suffix extractor 

1 sfxs +-- non-concatenated suffixes list 

2 z+-" 

3 if suffix in sfts 

4 

5 

indx +-- suffix index 

z +-- sfxs[indx + l} 
6 print suffix type and grammatical features of z 
7 break 
8 else 

9 for i +-- 0 to length[sufJix} do 

10 last +-- the i number of letters of the sufJixfrom jinal 

11 ji-st +-- the jirst two feller of the sufJix 

12 ji-stl +--the jirsllhree feller of the suffix 
13 if frst = 'oc' or ji-sLl = 'waG" or ji-st = 'at ' or ji-st = 'it' 
14 II +-- suffix minus frst 
15 if length(suffixj = 2 or ji-st 1 = 'wac' 
16 print s!if}ix type and grammatical features offrst 
17 break 
18 else if II in sfts 
19 indx +-- index ofll 

20 z +-- sfxs[indx + 1] 
21 print s!if}ix type and grammatical features ofz 
22 break 
23 else if last = 'n' 

24 mid +--suffix -thejirst two and thejinalleller 
25 ifmid in sfxs 

26 indx +-- index afmid 

27 z +--sfts[indx + 1] 
28 print s!if}ix type and grammatical features ofz 
29 break 
30 else 

31 
32 
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break 

Figure 4.18 Algorithm to interpret inflect ional morphemes 



o 

o 

l 

To demonstrate this algorithm, let us take the followi ng words: 

Compounds Gloss 
Extracted 

suffixes 

ht .. 1·11%l"i/'1-'}'} af-a-gubae-woc-acn-n mouth-connector-meeting- PI-I PI-ACC wocacnn 

t\<j:f.!,.lltl"'Ii lafto-adari-woc-u hard ly-spend the night-P I-3MS/DEF wocu 

n,'''hC!ltY~;l; bet-a-karsti yan-it-wa house-con nector-ch ri stia n -3 FS-D EF itwa 

n,1'ao1"1!1~'1 bet-a-mangdst-n house-connector-government-ACC n 

Table 4.S Examples of grammatical features 16 

From the first word, the suffix woeaenn is extracted by suffix extractor and the above algorithm, 

first takes the suffi x as it is and searches for a match in the non-concatenated suffixes li st, 

process number 3. However, since the input suffix is not a single suffi x, the a lgorithm cannot 

find a match. Then it continues searching for a match by taking the first two and three and the 

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

gets a match fo r woe, the first three letters, and continues searching using the rest of the 

characters, aenn. Since aenn is a lso in concatenated form, the algorithm will not find a match in 

the non-concatenated suffixes li st. Then process number 23 is used and the algorithm finds a 

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

prints the result. 

For the rest of the suffi xes in the table, the algorithm uses the fo ll owing processes : 

For the suffixes - woeu: 

In process number 3, no match for woeu; 

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

In process number IS, it find s a match for u; 

In process number 2 1 and 22, it prints the res ult and stops 

For the suffixes - itwa: 

In process number 3, no match for itwa; 

16 Note: about the connector, ii , see chapter 3 
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In process number 13 , it finds a match for it; 

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

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

For the suffixes - n: 

In process number 3, it finds a match and stops; 

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

4.5. Rules of the System 

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

governing pronunciation, word formation, and grammatical construction (Akmajian et ai, 200 I). 

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

The analys is of Amharic compound involves presenting the stem, the compound and each of the 

constituents with thei r POS and interpret ing affixes. The system, Amharic compound identifier 

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

Suppose: 

J is the preprocessed input word 

clen is the sum of the length of ident ified parts of a compound; 

wlell is the length of the input word; 

c1 is the first constituent; 

c is a connector; 

c2 is the second constituent; 

4.5.1. Rules fOJ' Identifying Prefix 

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

h ka ' from' in h·(l:~ !'en. kabt arbi ' farmer (livestock)" (\ la 'to/for ' in M n.fJ laza bis ' unlove ly' 

and (l ba 'by' in (l'rt: av'}"ll"':t batr-a-mang;lst ' head of the government' . When the system 

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

formulated: 

Rule 1: If/he prefix is the same as the initial of cl and the second leiter off, 

Accep//he extracted prefix; 

Rule 2: If/he prefix is the same as the initial of c1 but not the same as the second leller of f, 

Reject/he extracted prefix; 

Example I: Suppose the input word is hhclP9"£'c ka-kars-a-m~dr 'from bottom of earth' and it 

has the prefix h ka 'from ' which is the same as the init ial letter of c1 and the second character of 

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

Example 2: Suppose the input word is hClP 9"J!:C kars-a-m~dr 'bottom of earth' and the h ka 

' from ' taken as a prefix, but it is not. The second letter of f , C = r, is not the same as the prefix 

and also if the system searches for the first constituent by taking the stem that is found by 

removing the extracted prefix from the input word, it finds nothing since there is no word or 

word stem that begins with ClP = rs that is included in the lexicon. Even if it finds one, it is not 

the correct c1 and it may lead to the wrong analysis or the input word will not recognize as a 

compound. As far as the researcher knows, there is no va lid word that starts with ClP rs in 

Amharic. So, the system uses rule 2 and rejects the extracted prefix. 

4.5.2. Rilles for Checking Connector 

A compound in Amharic may use a connector or linker to connect its constituents (see Chapter 3, 

Sub section 3.2.3) and it is extracted by the system after the extraction c1. However, in some 

compounds, because the initial of c2 is the same as one of the connectors, it is taken wrongly as 

c. To protect this and other problems that are related with the connector, the following rules are 

formulated. 

Rule 3: If c is the same as the initial of c2 and wlen is not equal to cien, 

Reject/he connector; 

Rule 4: If cis bii or Iii and c2 is empty, 

Add 'a' to the stem minus c and search for c2 
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If c2 is there and same as c1, 

Accept the extracted c 

Else 

Reject the extracted c; 

Rule 5: Ifc is bti or Iti and thejirst constituent is not the same as the second constituent, 

Reject the connector; 

Example 3: Suppose the input word is </>1h'H"'I:f qaN-azmac ' a general officer of the ri ght wing'. 

The system uses the same stem in extracting the connector and in search ing c2, i.e. h'H"'I:f azmac, 

and it extracts: 

cJ = </>1 qaN 'right s ide' 

c = 'a' 

c2 = h'H"'I:f azmac ' the one who commands the army' 

Because the initial c2 is the same as one of the connector in Amharic, I, a, the system extracts I, a 

as a connector. When the system uses rule 3, it finds the initial of c2 is wrongly taken as a 

connector. 

[wlen = 8] [clen = 9] 

The length of the input word , which is equal to 8 characters, is not equal to the length of the sum 

of extracted parts of the compound (i.e. the first constituent, 3 characters, the connector, I 

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

Even if the system uses the stem after extracting the connector, i. e. 'H"'I:f zmac, and search for c2, 

it finds nothing or it finds other word or word stem because the initial is taken. Thus, the system 

uses rule 3 and rejects the extracted connector. 

Ru le 4 and 5 uses to control compound adverbs (see Chapter 3, Sub sect ion 3.5.4) because these 

compounds have the following pattern: 

c1 + c + c2; where c is either bii or Iii and c I is the same as c2 
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So, when the system identifies a connector bii or Iii, it will check whether c2 is the same as cJ, if 

not it rejects c. 

Example 4: Suppose the input word is h"f;A"f; aj-Ia-j ' hand to hand ' and the system identifies c/ , 

h"f; aj ' hand', and c, A Ia ' to/for' , but not c2, since there is no word or word stem of Ar.· laj in the 

lexicon of the system. So, the system using ru le 4, it wi ll add 'a' to the stem minus c, "f; j , and 

searches for c2 and then it finds h"f; aj, which is the same as cJ. Thus, the connector A la is 

accepted. 

Example 5: Suppose the input word is flo,!-A;}>"'I. buna- Iaqam i 'coffee collector' and the stem 

A;}>"'I. laqami 'collector' is left when c I, flo'! buna ' coffee ' , is extracted. This stem is used when 

the system searches for c2; simultaneously the connector is extracted from this stem. The 

extracted connector, A la, is not the real connector because if two words or word stems are 

connected by bii or Iii to form a compound, then they have to be the same. Thus, the connector 

will be rejected. 

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

constituent, and uses rule 5, it minimizes producing of wrong analysis as flo,!-A-;}>"'I. buna-Ia­

qami: 

cl = flo'! buna ' coffee' 

c = A la 

c2 = ;}>"'I. qami ' addicted ' 

The system uses the same stem in extracting the connector and in searching c2 but it wi ll check 

whether the initial of c2 is taken wrongly as a connector or wrong word is extracted by not 

removing the connector from the stem. In both ways, extracting c2 with the stem that includes 

the connector or excludes it, the system may extract wrong word. However, it rechecks to avoid 

wrong extraction. 
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4.5.3. Rules for Checking Suffix 

In relation to extracting the second constituent of the compound, the d ifficulty may be with 

wrongly taken connector, as discussed above, and with wrongly extracted suffixes. The 

fo llowing rules are formulated , to solve the latter: 

Rule 6: If the extracted suffix is the same as c2 final and the letter second to final of I, 

Accept the extracted suffix 

Else 

Reject the extracted suffix 

Rule 7: If the initial of extracted suffix andfinal ofc2 have a match, 

If the unmatched letter(s) is a valid suffix, 

Accept the unmatched s!if.fix 

Else 

Accept the extracted suffix 

Example 6: In the input word is W,)~I\m. wand-a-laTe 'bachelor', the system takes the final letter, 

h. e, wrongly as suffix. In Amharic, there is a suffix h. e that indicates first person singular (I Sg). 

Using ru le 6, the extracted suffix, h. e, is the same as the final letter of second constituent but not 

the same as the letter second to final of the input word , l' T. Therefore, the system rejects the 

extracted suffix. 

Example 7: Suppose the input word is <P1MI"'l'fi qaN-azmac-u and it has a suffix n. u, which 

represents third person masculine singular (3MS) or the definite article ' the'. Extracting suffixes 

start by taking the stem and it searches for the longest suffix. In this example, the stem is n'H"'I'Ii 

azmacu and when the system searches for suffixes in the concatenated suffixes list, it will find 

acu, which represents second person plural (2PI). Then the system compares the final letters of 

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

below. 

60l Page 



c 

o 

o 

o 

az maf acu 

t f 
a z m ac ac u 

1,-----,f 
Figure 5.6 Compare second constituent and suffixes 

The system finds a match in the second attempt, ac with ac, and takes the rest of the suffi x, u, 

and searches for a match in the concatenated suffixes li st. The system finds a match and accepts 

/,. u as correct suffix. 

4.5.4. Rules for Checldng the Second Constituent 

In Amharic compounds, if the first constituent ends with the same letter as that of the initial letter 

of the second constituent, it is possible to use only one of the two letters. In this case, since the 

system uses letters for searching constituents, it could not find the second constituent. For 

example, the compound °1t.11"'1:f grazmac (gra-azmac) 'a general officer of the left front ' is used 

' a' for both constituents: "It. gra ' left' and /'11"'1:f azmac ' the commander of the left front ' . The 

following rule is designed to so lve this problem: 

Rule 8: If cJ ends with 'a' and c2 is not found, 

Add 'a' at the initial ofc2 and searchfor c2 

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

inserting 'a' at the initial position of the second constituent, i.e. a+zmac. Then it finds the 

second constituent, azmac. 

4.5.5. Rules for Chccldng before Display the Analysis 

The system, when it fini shes the process, display the input word with the analysis, if the input 

word identified as a compound, or the input word with a statement dec laring that the input word 

either it is simple word or it cannot be analyzed. To produce the analysis as a compound, the 

system uses the following rules: 
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Rule 9: If c1 and c2 identified with their POS and clen is equal to wlen, then produce the 

analysis; 

Rule 10: If c1 ends with 'a ' and c2 starts with 'a ', then wlen = clen - 1; 

The system can wrong ly identi fy two constituents from the input word with their POS; however 

before di splayi ng the result as a compound, it wi ll check each letters of the input word is 

included in the ana lys is. To do the checking, the system uses the eq ual ity of the length of the 

input word and the sum of the length of a ll identified palts of the input word. If they are eq ual , it 

assumes the input wo rd is a compound; otherwise it wil l go to rule 10, which is designed 

following rule 8. 

Suppose the input word is "It-1i"'lr grazmac (see Rule 8) and to di splay the final result, it uses 

ru le 10, the length of a g iven compound is one less than its const ituents as grazmac (= 7) is less 

than the sum of its parts: length of c 1 + length of c2 = 8 

Concluding the chapter, first it is d iscussed the maintained lexicon, which is stored in different 

text fil es that are used to show the POS of the lexicon. Prepositions and suffixes are also 

co llected and stored. Differe nt a lgorithms and rules des igned for thi s research we re presented 

ami discussed with examples and demonstrations. The next chapter presents the implementat ion, 

the results and evaluation of the ex periment and the test. 
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CHAPTER FIVE 

Implementation, Experimental Results and Evaluation 

5. 1. Introduction 

This chapter describes the implementation of Amharic compound analyzer. The implementation 

is based on the Amharic compound rules and computational rules, which are identified by the 

researcher. The algorithms developed for thi s thesis are implemented using Python . The system 

accepts a word , a raw text or list of words as input using the Amharic orthography and produces 

analyzed output, in the transliterated form, if the word is a compound. Otherwise, the system 

returns the word as it is with a statement declaring that the input word either it is simple word or 

it cannot be analyzed. 

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

results. Finally, evaluation of the system is di scussed. 

5.2. Implementation 

The system is implemented by building a Python module. To analyze compound words, 

checking whether the in put word consists of more than one wo rd or not, is the beg inning. In 

other words, first it will check whether the input word contains more than one word (constituent) 

or not. If the input word does not contain more than one constituent, the system treats the input 

word as single word. If the input word has more than one word (constituent), the next step is 

checking the word, whether it is a compound or not, because there are words that have two 

components that are not compounds such as hllhll b s-b s ' related with brake ' . These and other 

forms were considered in the implementation process. 

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

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

The fo llowing diagram shows the process flow of the system 

In put 

Maintained 

Lexicon 

Character table 

Preprocessor + Token izer 

Transliterated 

Processor 

CoutPu~ 

Figure 5.1 the process fl ow of the system 

The system accepts in puts from the keyboard or fi le in the Ge'ez script. The input can be a word, 

list of words, or raw texts (i.e. text written in Amharic letters and can contain punctuati ons, 

Engl ish letters, numbers, etc) . The system identifies raw texts based on the number of words in a 

line, if the input has more than two words in a line, then the system accepts as raw text. 

Otherwise, the system takes the input as a wo rd though it contains words separated by space 

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

the process. 
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Step 1: Preprocess 

The same preprocess is applied for the input as it is applied in maintaining the lex icon of the 

system. The input may contain inappropriate features such as punctuations , numbers and Engl ish 

letters. The preprocessor removes these features and also performs the transliteration. The 

following text is prepared as an example of raw text input and includes numbers, I and 2, 

punctuations, "('n)", and English letters, words, to show the capab ility of the preprocessor. The 

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

' I' represents the input text and 'R' represents the results of the preprocessing 

I: I) 'h"l </>""'1 1.~ ~~': 2) 't:ln """'" hr h1{W are proverbs; "M'j n,II! " and "'i't:llfl,II!" are compounds 

agra 9a n anda sasa laba mulu and a anbsa a9ma bis 9alba bis R: 

Step 2: Tokenize 

When the input is a raw text or wordlist (as mentioned above the system accepts the input as raw 

text when the number of words in a line is more than two), tokenization is applied (sec Chapter 

4, Sub section 4.4.1). In the case of raw text, the tokenization uses the tokenizer algorithm 

otherwise it tokenizes based on line, each line of the word list accepts as an input word whether it 

has words separated by space or not. Suppose the input text is the above raw text, step I, the 

tokenizer takes the transliterated text and tokenizes, first in word level and then based on the 

rules set in the tokenizer algorithm. So the wordlist, prepared by the tokenizer, includes not onl y 

simple words but a lso words such as ;o>grii qiiCn. 

Step 3: Analyze 

In this step, the system takes a word or each word from the wordlist, which is the output of step 

o 2, and recognizes each part of a word and decides whether the word is a compound or not based 

on the recognition result. If the input word contains two words or word stems and fulfills the 

criteria to be a compound (d iscussed in chapter 3; section 3.2), then it w ill be accepted as a 

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

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

input word has constituent words with their POS, and if there is no character left. 

5.2.2. Examples of the System O utput 

As discussed in chapter 3 (Section 3.5), Amharic has compound nouns, adjectives, verbs, and 

adverbs. Each of them can be formed by combining different lexical categories. In this sub 

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

Examp'le 1: suppose the system accepts n,'rhCIl'U5: bet-a-brstiyan-wa 'The Church ', a 

compound noun that has a connector, compound nouns rule I 17, and the system produces: 

Word: n.1'hCIltJ'5: 

Compound: bet-a-brstiyan POS: noun 

First element: bet POS: noun 

Connector: a 
Second element: brstiyan 

Possessor: 3, Sing, Fem 

Function: defin ite 

POS: noun 

Example 2: suppose the system accepts r9"UC'r n,f'i/':t, t~mh~rt-bet-oc-acn , a compound noun 

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

Compound: t~mhart-bet 

First element: tamh~lt 

Second element: bet 

Possessor: I , PI 

Function: definite 

POS: noun 

POS: noun 

POS: noun 

17 See compound ing ru les in Chapter 3, Section 3.5 
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Example 3: suppose the system accepts W1I ~.~,,:} waz-addar-u-n , a compound noun without a 

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

Word: W1I ~.I:":} 

Compound: waz-addar 

First element: waz 

POSe noun 

POSe noun 

Second element: addar 

Possessor: 3, Sing, Masc 

Function: definite, accusative 

POSe verb 

Example 4: suppose the system accepts wf.1fl"f wado-gab-oce, a compound noun without a 

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

Word: wMfl"f 

Compound: wado-gab 

First element: wado 

Second element: gab 

Function: plural 

POSe noun 

POSe verb 

POSe verbal noun 

Example 5: suppose the system accepts ,\,j:'y. ~.l\tHl lafto-adari-nnat-u-n, a compound noun 

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

Word: (\<j:.y. MtH· 

Stem: lafto-adari-nnat 

Compound: lafto-adari 

First element: lafto 

Second element: adari 

Possessor: 3, Sing, Masc 

Function: definite, accusative 

POSe noun 

POSe noun 

POSe verb 

POSe noun 

Example 6: suppose the system accepts UDt:\h UDt:\tJ'f":'; malk-a-malkam-occ-u, a compound 

adjective with a connector and the system produces: 
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Word: <7Dtlh <7DNI'I"'f! 

Compound: miilk-a-miilkam POS: adjective 

5.3. 

First element: miilk 

Connector: ii 

Second element: miilkam 

Possessor: 3, Sing, Masc 

Function: plural , definite 

Results and Evaluation 

POS: noun 

POS: adjective 

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

effective when it: 

• Recognizes compound words in Amharic text; 

• Separates constituents of a given Amharic compound and ass ign the correct POS to each 

of the constituents; 

• Interpret inflectional morphemes, which show ' grammatical features of a given 

compound, correctly; 

A corpus that contains 500 words is prepared based on the criteria of compounding in Amharic 

discussed in chapter 3. Of these words, 100 compounds are co ll ected manually from books of 

Baye (2000 E.C) and Getahun (1990 E.C) and the rest of the corpus, the 400 words, is selected 

automatically from the Amharic dictionaries of Desta (1970 E.C) and Tessema (1959 E.C) and 

from wordlists 18 of Amharic single names. 

The corpus inc ludes compounds of nouns, adjectives, verbs and adverbs with all inflectional 

affixes of number, gender, case, and definiteness. It al so includes simple words that are selected 

randomly from the wordlist and the two dictionaries. The selection of words, though it is 

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

types. 

18 These dictionaries and word lists are available at http ://nlp.arnhari c.orglresources/lexicallword- Ii sts/. 
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The corpus is partitioned into the development set and test set on the basis of percentage of 70% 

and 30%, respectively. 

5.3 . 1. The Deyclopment Test 

A development test set is a test set that is being used during the cycle of system development and 

improvement (Resnik and Lin , 20 10). Usi ng the development set, the system is tested several 

o times until the performance of the system was acceptable. Some of the corrections made when 

the development set is carried out are presented as follows. 

o 

• The system was not differentiating simple words and compounds. Though the system 

produces analys is for compounds correctly, it also displays analysis for simple words. 

This was corrected by developing a rule, which says 

Unless getting two constituents of the given word, don't produce analysis; 

• When the second constituent of the compound is a derived noun (derived from other 

nouns by suffixing a derivationa l morpheme such as -)70 -nnat (chapter 2) or a derived 

adjectives li kc those derived from nouns by add ing -I.'f -awi , the system only identifies 

the word or stem before its derivation. Because there is no derivational morpheme list in 

the maintained lexicon. To so lve this problem, an algorithm is developed (Chapter 4, Sub 

section 4.4.6). 

• Over generat ion is another problem identified during the development of the system. The 

following words, for instance, are accepted in the language as simple words but the 

system has identified them as compounds. 
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UD.:Ilv'l malkasa ' geographic name' malk 'face' + asa ' fish' 

l'Iil!tfb sabs:lbe ' name of a person ' sab 'human being' + s:lb ' fat' 

h.emHl aY:lTagab ' love ly ' aY:lT ' rat' + a + gab 'related to entry' 

h'l'I\!]:far aTlabacaw ' name of a aT 'related to loss' + lab ' fac ial ' + 3PIDEF 
person ' 

CDl.!':"'l"'11: wand:lmamac ' brothers ' wand:lm 'brother' + amac 'son-in-law' 

)'.'>"1.:1 danag:l l ' virgins' dan ' forest' + a + g:ll ' personal ' 

far ' in order/line' + kasa 'cla im/name ofa 
&.c1v'l farkasa 'breakable' person' 

Tab le 5. 1 Some of Amhari c simple words identified as compounds 

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

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

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

rules (see Chapter, Section 4.5) and the fina l result is the fo llowing: 

Unana lyzed Analyzed 

Simple words 37 7 

Compound words 8 298 

Table 5.2 Results of the ana lyzer on the deve lopment 

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

supposed to be unanal yzed and compound words are supposed to be analyzed. 

Unana lyzed simple words + Correctly ana lyzed compound words 
Accuracy = --;;::-.,--.,--:;--.,----------- ----- ----1 

Total number of words 

Accuracy = 
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350 
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The true positive rate (or reca ll) of the analyzer is the proportion of compound words that are 

correctly analyzed. 

Analyzed compound words 
Reca ll = __ ---,--_--,-_______________ ,--_ 

Unanalyzed compound words + Analyzed compound words 

298 
Recall = --- = 97.38% 

8 + 298 

Precision of the ana lyzer is the proportion of ana lyzed compound words over the tota l analyzed 

words. 
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Precision 
Analyzed compound words 

Ana lyzed simple words + Analyzed compound words 

298 
Precision = --=----,--ccc-- = 97.7% 

7 + 298 

Figure 5.2 Screen shot of the analyzer on the development 
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5.3.2. En'or Analysis 

Two kinds of errors are found, simple words analyzed as compound words (false positive) and 

unanalyzed compound words (false negative). False positive errors are occurred because of 

overganeration and it can be solved, as discussed in the above sub section (sub section 5.3.1), by 

adding the analyzed simple words to the maintainied lexicon. Thus, the system identify each of 

them as a constituent not as a compound. 

In the case of false negative errors, some of the compound words are unanalyzed because of 

missing entries and lack of rules. It can be solved in the same way as done for false positive and 

by adding and modifying rules. For instance, one of the unanalyzed compound words is 

/'''It.</>66J.6fl'' ~g~r'ii-qiiCCaCCn ' those who have thin legs '. The system can identify the first 

constituent /'''Ie ~g~r and the connector X ii, but not the second constituent, because the rest of the 

word </>66J.6f..' qiiCCaCCn ' thins ' is in the plural form. The word </>6f..' qiiCCn ' thin ' is stored in 

the maintained lexicon of adjectives. 

As discussed in chapter 3, adjectives in Amharic follow two ways to show them plural number: 

one is like nouns, adding the morpheme ,,1- occ and the other is reduplicating the penult 

consonant and adding the vowel 'a' as a connector. However, the sytem has no knowledge about 

the other way (the latter one) of pluralizing adjectives. As mentioned above, adding the word 

with the plural marker in the maintained lexicon of the system can help the system to analyze the 

compound /'''It.</>..,.6fl'' ~g~r-ii-qiiCCaCCn. 

5.3.3. The Test Sct 

The test set, as described in the previous section, contains 150 words selected randomly from the 

designed corpus. Of these, 137 words are compounds and the remaining 13 words are simple 

words. The following table summarizes the result of the test. 
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Unanalyzed Analyzed 

Simple words 13 0 

Compound words 2 135 

Table 5.3 Results of the ana lyzer on the test set 

o The accuracy of the analyzer is measured on the basis of correct predict ions. Simple words are 

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

c 

c 

Accuracy ~ 
Unanalyzed simple words + Analyzed compound words 

Total number of words 

Accuracy ~ 
13 + 135 

ISO 
~ 98.67% 

The true pos iti ve rate (or recall) of the analyzer is the proportion of compound words that are 

correctly analyzed. 

Analyzed compound words 
Recall ~ -,-;_-;-_-;-___ .,---_:---:-----;_--:-___ -;-_-:-_ 

Unanalyzed compound words + Analyzed compound words 

135 
Recall ~ ~-...,-- ~ 98.5% 

2 + 135 

Precision of the analyzer is the proportion of ana lyzed compound words over the total ana lyzed 

words. 
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Analyzed compound words 
Prec is ion ~ __ .,-----;-_.,--,:---;-_-;:----:--;_--;-___ --;-_--;-__ 

Analyzed simple words + Analyzed compound words 

135 
Precision ~ --,--,--- ~ 100% 

0 + 135 



o 

o 

yo annes@yo annes-Satelltte-A100:-/Morp ology/t ests_ evelopMent$ pyt 0 

Menu: 
1. for keyboard tnput 
2. for file input 

1. wordlist 
2. raw-text 

1 
Please type your source and destination file naMes separated by COMMa: 
test_set.txt,rtest.txt 
Total nUMber of words: 150 
successfully analyzed nUMber of words: 135 
unanalyzed nUMber of word(s): 15 

Figure 5.3 Screen shot of the analyzer on the test set 

As shown from the table, the accuracy of the system for the test set is 100%, To achieve such 

accuracy, as indicated above, the system was tested repeatedly and corrected whenever errors 

occurred, 

5.3.4. Raw Text Test 

C As discussed in thi s chapter (Section 5.2.1), the system can accept a raw text as input. In this test, 

it is expected to test the performance of the system in relation to recognizing and analyzing 

compounds. The following raw text, which is prepared as an exercise to identify compound 

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

( 

"I"')or (.\)(; : AI'cI r17°M 41,}1: .e!i.,J>('\ : .e6liJ,(J);F(;1 AI~ : AI~'r (}',~ f]7i ,e l7DM 111'" ·o(\<' 

I7DI'/S: fI.e ),t\iptt(.\ 7" (t(\- ,em,e'.li:r(.\:: h!'l.l"': "hf]1> r"'lt\ipi'lor 111'" ·or tt,e(}'l : 'h"lt'. <I'''Il'1 

hI.\'. M : M tW-(\- hI.\'. hll1tt' h.\'t\" '!L'r "'I:r t-n., r"'L)''I''I1'j'j : h~, (t7ior "hipl7D fl.!i!" 

(t7\or "<I'M 

.rfl''f'1't\~:: 
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Figure 5.4 Raw text used as test 
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The system recognizes 8 compounds out of 9, wh ich were identified by an expert of the 

language, from the raw text (Figure 5.4). From the recognized 8 compounds, the system can 

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

Compounds pas Identified Analyzed 

I 1I'~ (]7f hod-a-bassa Noun/Adjective v' v' 

2 'H9" ,01\" z~m-b~lo Adverb v' )( 

3 1W" ·M z~m-b~yya Noun v' )( 

4 ""It. <p6J;b') ~g~r-a-qaCCn Noun/Adjective v' v' 

5 c-O GD- (\_ I ~ b-a-mulu Noun/Adjective v' v' 

6 I'!l.·r "'1:1' T~wat-mata Adjective v' v' 

7 ,,;PGD (l!l aq~m-a-bis Adjective v' v' 

8 <PM (l!l qalb-a-bis Adjective v' v' 

9 1I'.e: O:On1 hod-bibsaN Adjective )( 

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

The compound 1I'.e: (l·on1 hod-bibsaN is not identified because the second constituent of the 

compound, (l'0!l bibs, is not exist in the maintained lexicon of the system. In the case of 'H9" {II\" 

z~m-b~ lo and ·tl9" ·or z~m-b~ya, the system identified as compounds by looking up the 

maintained look up I ist of poss ible second constituents of a compound. However, the system 

could not analyze and give any information about grammatical features for the constituents of the 

compound because no in fo rmation was maintained in the lexicon of the system related to these 

compounds. 

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

research. 
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CHAPTER SIX 

Conclusions and Recommendations 

6.1. Conclusions 

This thesis has presented the system for morphology analysis of Amharic compounds. Its 

primary goal was to design and develop a system that identifies and analyze Amharic compound 

words automatically. In achieving this goal, a system is developed using rule-based approach on 

the basis of two-level morphology. 

Although a number of researchers attempted to develop morphological analyzer for Amharic, 

nothing is done regardi ng compound words 01' compounding. The system, developed in this 

work, can identify and extract Amharic compounds in all the spec ified three forms - closed as 

</>'<;'1fu7r qai\i\azmac, open as m1 <1D,)"1I""r h~ga mang~st and hyphenated as 1"')-I"'C"rr s~n-a­

s~r~at - from a raw text (or wordlist 01' dictionary) and can do morphological analysis for 

o compounds of Amharic. 

Particularly, the study answered questions on identifying compound words automatically and 

analyzing them. In identifying compounds from raw text, the system applies the following 

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

Words end with the vowel1l a, except few functional words; 

A word, which has a match in the predefined li st of possib le second constituent words, 

with the previolls word; 

The study covers all compound categories in Amharic (i.e. compound nouns, adjectives, verbs, 

and adverbs) with their grammatical and syntactical information. The grammatical features 

C included in this work are number, gender, person, case, and definiteness. When the system 

recognizes a compound word, it will give syntactic information for each constituents and 

grammatical information for the compound as a word. 
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In identifyi ng and analyzing compound nouns, adjectives, and adverbs, the system performs we ll 

and the sample used to the development and test set can be considered as representative of 

Amharic compounds. However regarding compound verbs, it covered onl y the main verbs, verb 

to 'say' and to 'do ' , and some of the ir variati ons, not a ll. 

Some words th at are accepted as s im ple words in the language were taken as compounds by the 

system (over generation). In this study, this over generation problem was contro lled by adding 

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

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

morphology analys is of compound words of Amharic . 

6.2. Recommendations 

The system deve loped in thi s study is recognized and analyzed only compound words. Further 

study is required to in tegrate the deve loped system with other Amhari c morpholog ica l analyzer 

tool, particularly with Horn Morpho, can give a very good morpholog ical analyzer for Amharic. 

Thc deve loped system is more foc used on compound nouns, adjecti ves, and ad verbs than 

compound verbs. It only identifies and analyzes the bas ics of compound verbs. Addi ng more 

verbs of 'to say' and 'to do ' in the mai ntained lexicon and des ign ing more ru les regard ing to 

compound verbs will inc rease the performance of the developed system. 

Some words that are accepted as simple words in the language were taken as compounds by the 

system (over generation). In th is study, thi s over generation problem was controlled by addin g 

these kinds of words in the maintained lex icon of the system. However, it needs further study, to 

identify whether these words are sim ple or not. 
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Append ices 

Appendix 1. List of charactel' table 

u ha '1 ga OJ. wu ·15 ei 

U ha m Ta cr u 't hi 

1\ la (.l;l. Ca /t. zu ~ ni 

C m ha R Pa 1f Zu 1: Ni 

(ID ma l\ S'a r, vu It. 

IP sa 0 S'a ~ du h. ki 

t. ra ~, fa -p;. ju 1i.. hi 

I'l sa T pa 1- gu 'e wi 

IT sa (}o hu I1r Tu 'l 

</> qa 1\. lu Q;l; Cu 11. zi 

n ba rho hu ?,. Pu 'IC Zi 

n va (IDo mu )\. S'u \l. Vi 

'r ta ,po su & S'u .ll di 
C .1' ea 4- fu ~ 'e ru ji 

'j ha I'l- su 'I' pu '1. gi 

j na ~ su 'l hi m. Ti 

, Na '" qu t\. Ii 61,1. Ci 

h a n· bu rh. hi 7.. Pi 

h ka fi. vu "l mi R. S'i 

1i ha ,,, tu "'I. si 'I. S'i 

OJ wa ."f- eu t ri It fi 

0 a "r hu . i'L si T pi 

H za j, nu IT. si V ha 
( 

1f Za ,. Nu <e qi " la 

~ va I,. u n. bi rl., ha 

!l. da h· ku n. vi "'I ma 

'f. ja 'fi. hu ·t ti "I sa 
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t. ra '/, he ~ Pe f: d 

<'I sa I\, Ie l\, S'e "f: 

Q sa rib he ~ S'e "I g 

j> qa <ry, me t. fe l ' T 

rJ ba "t se or; pe 61:'> C 

1) va ,;, re U h *' P 

0 :J' ta (), se GI l\' 5' 

l' ca i'i, se III h 8 5' 

;> ha 'Ii qe ~D m <j: f 

<; na n, be I" s T P 

;;' Na ii, ve C r If ho 

h a -~ te Ii s A- 10 

I'j ka :r. ce 11 s th ho 

'Ii ha -j, he ;p q 'I" mo 

cp wa t ne {\ b Y" so 

'} a ' j; Ne _ii v c: ro 
0 

ij za h, e 1- t (l so 

'If Za h. ke :r c r so 

y va 'fi. he '\ h .j\ qo 

.ll da 'E we '} n n bo 

;r ja 'I, e 1 N l' vo 

;J ga tI. ze h a -~ to 

f1J Ta 11: Ze h k ,y; co 

""l. Ca \'. ve 1'1 h -'I ho 

~ Pa ~ de ar w '1 no 

S\ S'a ;( je 11 a 'If No 

, S'a -~ ge 11 z /. 0 

<I- fa m. Te 'if Z r ko 

;r pa a.1l' Ce ? V 'Ii ho 
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IP wo (\. Iwa h· kwe '" gWu 

I' 0 ~ hwa tl. zwa <P' qWi 

~ zo a:z. mwa '!f Zwa . .,., hWi 

'If' Zo ';t. swa Y... dwa tJ" kWi 

I' yo &: rwa :( jwa 7< gWi 

P. do !l. swa 1" gwe 'X qWa 
0 P- jo !l: 5wa f!L Twa :'\ hWa 

1 go </?, qwe 61;1. Cwa \l, kWa 

(Tl To ~ bwa ?. Pwa ~ gWa 

I? Co 9. vwa ~ 5'wa :II qWe 

~ Po ;t; twa " fwa .... hWe 

~ 5'0 :£ cwa :1.' pwa tJ. kWe 

!' 5'0 .~ hwe '/>' qWu ;L gWe 

G: fo 5: nwa ' j- hWu T-. a 
T po ;: Nwa 11' kWu 

0 

841 Page 



o 

Appendix 2. List of words fo r development test 

(kh\~'CH- ClflOlI\,"1-1 Mil. </>""'0C'1- 'Ma"':" nI,Ol·4IM.I': 

""€I~~ o'~fL!l !lI\ClO.n .. r,Ol· </>MfLl\· ohve?.eCl 

m'l"TfLn. ""CI h 0' CI ~ 9" !lI\ ""1"1 !l1'1\ "1.e </>MfL!l)·} OMeOlI\.ll. 

m~oTfL!l o'Clh'l'1' !lI\9"~~o"'H- 'P<;'h11"1·}q: JS"I€I 

m~oTfLr:r· ""rOOle</< !lI\ 9" ~ ~ 0 ... Ol' </>>;"w11: OMeOlI\.l:·)·} 

m~70l.el o'rOOle'~ !lMe'~h,{:C </>1h'N"?1- OI,.e)!lOJ-e):,-

0 hUJt.J': o'rOOle:" !lMefh ... t </>1h71"?')!:~ Oh7l710'} 

V'OT9"'{:-e ""i"i.N1 ~. !lM>€I0fLl\· 4Ie(1'~>'l'CI OMt.71COl· 

d,,'l.!lh. ... ~ "'I"1!l'/"I\"? y.} !lM><;''N"?:f, h.em7·0 0~<;'}V7t-1-1 

m·PL!lh. ... , (/O'HhOl·t !lM<;''N"?1- I\fl!l(l, Ohr,+V7C 

V .. (. TI" ,1Ol' ""or} h Ol' t Ol' !lI\O+~aol"1!l+ OVh.9"(l,+ nI,~m~fl 

V"t:/"I" ?Ol'1 ""h. <;)~ !lI\(l,TuoHhC OU7OO1"1!l'~ OOlC'O(\o1-

U7uol"1!l+ ao?fLuol·' .... !lI\(l, TI\ fl OU7001''1!l;J-1-') OOl'Nh,{:~' 

m70lm- oo?:d, .. ;'>· ... I\· !lI\MI\P)'1-1 OU7""1"1!l'} MVh.9"(l,·} 

,l1'/0l(1'1- (I°?;(hC): <?',P,,/I !lI\MCM;J'Ol- O,no/hOl'mY/" Mil. 4>0010C'1-

m"lMh~t 9"~t.0·" !lI\hOl ·41hO.~· OClOao'I\-).} OVl\efMC 

m"lMh~tOl- 9""I'0(l,'P !lI\hvc?.M1:, OClflOlI\.~ OV4>'i''N"?1-

m"lhOJ-m 9°"l'0(l,;/":Fl MhVC?eCl OuoClhuo€l~9" om-m·t. 

0 
,n"lhOJ-mOl' 9""1'O(l,H' Mh.e)!lOl·C 0"" CI h"" €I ~ 9") 1- om,/"uol°'!l'~ 

m "1 h OJ-mJ"1- 9""Ifl(l,·y.1' M~C;+V7e OaoClh'l'-i-)'} O"l6-h'N"?1-)+ 

(f,{:I\t. ~Ot.CH""·)- M~»:m~'O OoorOOlC:" 0'<;0,'" 

(f'{:I\t.'I' I\c·r·h.~~· M"~m~'O'l' Ouol"1MI\"?.e o·m.", 

(f,{:~lj' I\C·~h.~C !lI\""I~ ""€I ~9" OI\Cf-h'{:C'1- o·m·} 

(f,{:~lj'0l' I\c·n.~C'1- !lI\""I~""17.~ OI\Cf·Mtar (l,'/""":"'{: !l 

MC'~h,{:~' I\Cf·MM'7''far M""I~4>~I\' 01\0l-1\t.j'i· (l,1'''''1''1!l1' 

MC17tr I\C'~Mti")'1-1 !lI\ Ol ?-H"? 1- 01\0l'1\6-'I1 0.1·""'''1!l:'· 

MC17fl 1\C')70' !lI\Hao)uol"1!l'~ OI"6-t .. h} (l,·I-""Hh~· 

~·OM<C I\C17'0 h'l'~WfOl' n4><;''N''?1- (l,'/"U'HhC 

~·o",{:c l\e17P1: l"6-h'l' OO'}~""'''1M (l,·/"M· 

~'0",{:C'1- I\·OI\OlIU\ I"t.t .. } on+~UD1"1!l'} (l,'/"MI 

MfL!ll+ l\arM1i)+ 1") I"C'I;r'fOl- O(l,TuoHhc (l,·/"he!l·tj')· 

i MUV-I\-)·)- Mvh.9"(l,·)- 1") I"C'I'} O(l,'h\'O (l,'/"hC!lHI 

€I0",,·tr'l' MU7OO')"I!l1, 1") I"C'I1''I' 0(l,1'hCn-tn (l,'/"hC!lty<;,:F 

€I0:"1 M.n70l'l' 1") l"e'l'~1- o·o~H·!l+ O,+m~1: 

M,{:I· .. r,Ol· Ma,"IMMt ~-·M" O+~ool"1!l'} ·0t.·}9"f1j.~ 

ClflMt. !lI\ If.~ ~~. Ol- j'i'ClM:1' nMCM:I' flt.+~!l'" 
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·rI"'VC·rn.·" 1,"It.a·'·I·'l.1 hY,ll"IMMt?'1- m-m." o.r.Cf 

-rl"'vclM /'''It:o.,'1>': ,(.C~~ Y'Ot:'r .1:'0-" .~a.\ 

MI"'M+ /'·It.'~~CI hWI.1'OOln~· y·ot:·H·o-r 1rfJ1'l' 

MI"'I.</'/r'f /'''It:'~1 hYt\. </,OOlnC'1- YM'o·flo ·Wf&. 

MI"'I.</'/r'f\·r /'''1 t. </,"J,'<;'1- hY</,>;'l1"'11- Yh'i'IIUK OOOIl-r 

/,I\1"'/,4'/r'fw· h,j,'I"'~flO hm .. l-orr Vh'i'IIU'1C wl0.e.. 

/'1>0oflO huh.l"'o,l h"lb-/''1I'''1·)i VW'l'n.." Mht:I~.e 

C 
l.ar4lM.I:' hV700')"I0;/'1-w, h"lb-/''1I'''1hr 71"'(1'W'l' 'l'1""~')' 

l.ar4lM}'.1- ht\. </,00Inb-1-1 h"lb-l1"'1H H'H'Oft WMS 

Mc:>.eCl ht\.</'ool0C hllt:aol"101' "Ib-/'l1"'1~:\l ;/,U;J·.e 

/,YCaoI7·'l. ht\.</'oolnC'l h·Ot.o"'l.e "Ib-I,·t!"'I·Y:fF~:·) 1..1:'"10 

/,ycaoI7.1l~:' hClOOO'II' h'i'IIU7C "I,ot.:>.ell· 1.1lb-C 

/'ycaol7.1:' hClO1>') h'i'IIU7C'l "I·0t.:>,eCl mO·.e.. 

/,YCWII.Il. hClO>'.I·"r, wCI}!'?!'.CI m:e.'n.-r 1"'0m.b-'£ 

I.?CWMll hl"'.I:'t.O·" wC'n~\l ,(.'l'<;'.r.b-'~ !'.~M: 

h,e\OOCI~OO' h!\c·~Mt?'l wC'O~w' /,:e.'II:e.' 'OCI\, 

h,e\OOCI~1'" hp'b-t .. )· Wl1/'!'.~ )\ 'l' M l' u- oo'f!.ootY 

h,e\oar~. hp'b-t.·Y·1- w}!.?rr ·t!I"'Ml "'IOOClhf 

h,e \OW·C h '~CIOO.O· W}'.U"'I:f. )\'l'I,!'.t.'I- "'I~O')' 

0 /'7t:7'IC h'PClOO.O w}'.H"'I1· 111"'/'!'.t:7 "'IH'?~' 

/'7t:7'IC\l h'I'<;'l1"'1l W'l'o,·~ ,'I::fw· 7,11'1-11 "'I/'hCl 

/, 7t: 7'ICCJ}' hn·rt.uvl "10-r W'i'Hb-i'i· Ut:"I&'~ O~ 

I.l'f.b-,?,?t ho,rool"10~' W'i'Hb-7i\'r 111""0t\< O!'.!'.· 

hl:e,·b-hr,·" hO .. t ·o~:F·) W·YWII.I:' !lIIm~·m·r i'f.~ 

h''f.b-hr,;/'~:, ho,'r!l 'O arY71l I, "I t. </'''"1 ..... , ·~I'l' 

hl'f!.b-hr,l ho,'~hC!l-tn 1100 \001"1111: ·l!'.flo </lO/'~CI\'r 

h,:e,'b-hr,H' h·)·l"'vC·)·o,-r Hoo\001"10;l'll ·l.~fl{ll :ptY 

h'f.t::e,:uv· hl,ar4l1,O.l:' HOD\001"10'r 'P'l'M OM 

h:e.·m~rr hMCwiI-P,. Yt\.<f>ooln~ 'P'l'h!'.G 7l ~I\, 

h'f.m~ll h/'''-rU7C YClOao'l\- ,~t.l ~1,P,b-

h'f.m~ll hl,"It.uvCl~ao' YCln1>1 'l'C'Z.Y o,'r 

h'f.m~ll'P hh'i'IIV7C Wl!i:"'I"'Il 'rCt-'r ;l'yl 
( 

h:e.'/'ftC hWl1/',r.C'fFll N'CIOflo I,Vao.l': M" 
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Appendix 3. List of words for test set 

vn·}t:""'''1I1;1'~l MC(J)M.': il~~~t- "I t-il 1I"'l~ ,h7(J)'I"H' 

IiII """ h 'l"H'~ Mt.T)['I' I"t-IIm· (J)'I"n.;I'~l V""rn(J)c~ 

VM1(J)1'\~ t\n.~')·q~ 1")I"C'l-P ~VCml'\'p nvntt:""l"1M 

h11t.t~M'f. 1") I"Ca,')Hfw, hOD"h1'~·(J)· OD~n.r~ 4\cm.p'l"IH: 

1iIIf\. .p""lnc HUD)o'l·)II,y.~ mc<ry,-'l uh.9"n.·} "It-ill1"'!'f. 

i'I:M~' n(J)C'n~ liIIu." h'l"1·(J)· ,,·n(J)f\.P,'f'(J)· nh'l'flU7C 

0 .p"/II l1"'!H (J)l1/,,, C' f nf\. .p""'nC'f~l 1iII"I·nc>.etl- ~C·~Mt(J)· 

uh.V"n..p (J)1'n.,Y·1: hWl1il"C'~ IIUf:V" IIVC(J)I'\}!.1: 

.pMn.1I il(J)·<~IIn.~·'I' nf\..p""lnc n·m;l':I:, MV"II.p'l' 

(J)l1i1.l:C <P"/1171'''lff~1 nn.t""l"1M M u h. V"n.;F~ 1 ODl"1I1'~~"'I,e 

"It-il l1"'!·Y;'f. Mn.~· <jIcm4'1'tI- (J)M11 "nO""tI-)"1' 

n(J)}!'H"'!f),)' "11WI'\,",. nntt:oDl"1I1;1'fl nHV"vc-)-n..p Mn.·~nn· 

OD1& . .pI'\.I\.')· hN·9'VC·}n.~· nJ,'i~·U7~· n(J)}!.H"'l1: n~c.y·M.~· 

(J)C'n~ ,,·n(J)I'\"· MIIVC;>,el'\' "'''/II71"'!'/i "nu""!\-

h"lt-l1"'!'f, hn .. ~hClltY'i~l n,n"lMh~tH V(J)'I"n.·} II (Ihj\ lin ,~. 

"no/<;"~ (J)1'n.'P If"~")'} hOC,y.II"C o/o,;F 

"nn.1I mr,n .. } u'~n.!l- f\. 4,uo·)n.,. M~'far 

nHOU)OU1"11i.p n~C7')·n vntt.oul"11i-1> /,"It.0D"~V" 'I.~n.!l-

0 
Mice) Ii (J).;r: n"l·nt:;>.e" ~ar~t-i'l' ~ C'Y·il·~t ·)OC~ 

hMC(J)I'\,,' n-)·V"VC·)·n.1' nOD"hUD"~'1"f ,'h')W'I" ,ev-·'l. 

MC,y.iI.l:C n9v.~t.n,", n·}t:oul"1Mf hn·"n .. p "t:~"/ 

1")I"Ca,'~f~l f\..puDlnc (J)'I"n.;I''f(J)' 1iIIn.·~hCli-tn-}'I' il</ln 

nice )OU" ~V")t Mo/l)'} IIVcou17-'l'f(J)' hOC7711 '1"'l-'l~ 

lIf\4'cm.p'l"" U'l't:'~I";J tV"vctn.;H:, n~C'~Mt)-} 7,~n.IJ)·'" 

),<poun.rf W1'n.~· MCM;/' ""Id'~!\- ,~V" 

.p"/11l1"'!h)· hMCM;/,w, n-)-,:oDl"1I1", nll,e )OD"~"", ·nMH' 

W'l'Ht-i'i IiIIw}!'H"'!ff ~arMi'i nJ,"It.1'~" ill~tli 

ou"h 'l"~·(J)· v.p'hl"'!1- rrm,y.1- "o/ovn.~. '(j"l"lC 

ou ;In.ou17.~ mc"'!.·",)-} Vf\..poulnc IiIIV'/oul"1lJ-} ''''v-), 

''''''''U7C V" ".t. n·", (J). V""I·nn.·'" 1iIIn.'~hcIIHl HM>;' 

{ 
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Appendix 4. Python codes 

#!usr/bin/python 

import re 

d e f prefix stemmer (wrd) : 

pr = " 

for i in range(len(wrd)) : 

pr = wrd[ : len(wrd)-iJ 

if pr in prfxs : 

break 

else : 

pr , , 

return pr 

def suffix stemmer (stm) : 

sfx , , 

for i i n range(len(stm)) : 

last = stm[i : ] 

if last in csfxs : 

sfx = last 

break 

return sfx 

def f i rstEl ement(wrd) : 

pas = I I 

cl = " 

for i in range (l e n (wrd)) : 
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x = wrd[:len (wrd) - iJ 

if x in noun : 

cl = x 

pas = ' noun ' 

break 

elif x in verb: 

# (word , noun , verb) : 



o 

o 

o 

Appendix 4. Python codes 

#!usr/bin/python 

import re 

def preflx stemmer (wrd) : 

pr = " 

for i in range(len(wrd)) : 

pr = wrd[:len(wrd)-iJ 

if pr in prfxs: 

break 

else: 

pr , , 

return pr 

def suffix stemmer (stm) : 

sfx , , 

for i in range (len(stm)) : 

last = stm[i: J 

if last in csfxs: 

sfx = last 

break 

return sfx 

def firstElement(wrd): 

pes = " 

cl = " 

for i in range(len(wrd)) : 
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x = wrd[:len(wrd) - iJ 

if x in noun: 

cl = x 

pos = 'noun ' 

break 

elif x in verb : 

#(word,noun,verb) : 



o 

o 

c1 = x 

pes = 'verb' 

break 

if len(c1) < 1: 

prfx = preflx stemmer (wrd) 

if len(prfx) > 0 : 

else : 

wrd = wrd[len(prfx):] 

x = ' I 

for j in range (len (wrd) ) : 

x = wrd[ : len(wrd) - j] 

if x in noun: 

cl = x 

pos = ' noun ' 

elif x in verb : 

cl = x 

pas = ' verb ' 

c l = r I 

return el , pes 

def secondElement(stm_remain): 

c2 = ' I 

pas = I I 

dm = I I 

x = " 

y stm remain 

for i in range (len(y) ) : 
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if y in noun : 

c2 = y 

pos = ' no un ' 

break 

elif y in verb : 

c2 = y 

pos = ' verb ' 



D 

o 

break 

elif y in adj: 

c2 ~ y 

else : 

pas = ' adjective ' 

break 

dm ~ stm_remain[-i-l : ] 

y ~ stm_remain[ :-i- 1 ] 

x ~ dm[:6] 

dm ~ dm[ :3] 

if len(c2) > 0 : 

if dm == 'nat': 

c2 ~ c2 + dm 

Hpos = ' noun ' 

elif x == ' awinat ' : 

c2 ~ c2 + x 

#pos = ' noun ' 

elif dm == ' awi ' : 

c2 ~ c2 + dm 

#pos ~ ' adjective' 

return c2 , pos 

def inflection(sfx): 

fh ~ open( ' sufflxes tr2.txt ', ' r ' ) 

sfxs ~ fh . read() . split( ' \t ' ) 

fh. close () 

z = ,r 

i f sfx in sfxs : 

else : 
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indx ~ sfxs.index(sfx) 

z ~ sfxs[indx + 1] 

nf.wri te( 'Possesser : '), nf.write(z) , nf.write( ' \n ' ) 

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

for i in range( l e n (sfx)) : 
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( 

nf . wri te ( , \n ' ) 

last sfx[-l: J 

frst sfx[:2J 

frst1 = sfx [: 3J 

if frst == 'oc' or frstl 

1l=sfx[2:J 

' woe ' or frstl 

if 1en(sfx) == 2 or frst1 == ' wac ': 

, at I: 

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

break 

elif last == ' n ' : 

mid = sfx[2:-1J 

if mid in sfxs: 

indx = sfxs.index(mid) 

z = sfxs[indx + 1J 

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

nf.write( ' Grammar : ' ) , 

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

break 

else: 

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

if 11 == ' acn I : 

indx = sfxs.index(ll) 

2 = sfxs[indx + 1J 

nf . write( ' Possesser: 

nf.write( ' Grammar : 

nf.write( ' plural ' ) , nf .write( 'definite\n ' ) 

nf.write(' \n') 

break 

elif 11 in sfxs : 

indx = sfxs . index(ll) 

z = sfxs[indx + 1J 

nf . write( ' Possesser: , ) , 

') , 

' ) , 

nf.write(z), 

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

nf.write('definite \ n ' ) 

break 
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(1 

elif last == 'u': 

nf.write{ 'Grarrunar: I ), nf . write( ' plural I ), 

nf.write ( ' definite\n ' l 

nf. wri te ( , \n ' 1 

break 

elif frst == 'it': 

last = sfx[-l:] 

last2 = sfx [-2:] 

if last == ' u ' : 

indx = sfxs.index(lastl 

2 = sfxs[indx + 1] 

nf . write( ' Possesser : 

nf.write('Gramroar : 

nf.write('definite\n'l 

nf . wri te ( , \n ' 1 

nf.write( ' definite\n ' l 

break 

elif last2 in sfxs : 

indx = sfxs.index(last21 

2 = sfxs[indx + 1] 

nf.write('Possesser : 

nf . write( ' Grarrunar: 

break 

elif last == 'n': 

nf . wri te ( , \n ' 1 

mid = sfx[ :-1] 

last = sfx[2:-1] 

last2 = sfx[2: -1] 

if mid == ' u ' : 

indx = sfxs . index(midl 

2 = sfxs [indx + 1] 

nf.write( ' Possesser: 

nf.write( ' Grammar: , I, 

I ) , nf.write( ' accusative\ n ' ) 

break 
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, I, nf.write (21 , 

, I , 

, I , nf .write (21 , 

' I , 

, I , nf .write (21 , 

nf.write( ' definite 
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( 

elif mid in sfxs : 

indx ~ sfxs . index (mi d ) 

z ~ sfxs[indx + lJ 

nf.write{'Possesser: 

nf . wri te ( , \n ' ) 

, ) , 
nf.write( 'Grammar: 

nf.write('accusative\n ' ) 

break 

') , 

, ) , nf.write (z), 

nf.write( ' definite 

elif frst == ' it ' and last == 'u': 

nf . wri te ( , \n ' ) 

indx ~ sfxs.index(last) 

z ~ sfxs[indx +1] 

nf.write('Possesser: 

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

break 

' ) , nf.write(z) , 

nf.write( ' definite 

elif frst ~~ ' it ' and last2 in sfxs: 

indx ~ sfxs.index(last2) 

nf.write( ' \n ' ) 

z ~ sfxs[indx + 1] 

nf.write( ' Possesser: 

nf.write( ' Grammar: 

'), nf.write(laccusative\n ' ) 

break 

else: 

nf.write( ' Grammar: 

nf.write{ ' aCCllsative\n ' ) 

break 

def inflection2(sfx): 

fh ~ open ( ' sufflxes tr2. txt ', ' r ' ) 

sfxs ~ fh.read() .split('\t ' ) 

fh. close () 

z = " 

93 I P age 

, ) , nf .write (z), 

, ) , nf.write( ' definite 

' ) , 
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() 

if s fx i n sfxs: 

else: 

i ndx ~ s fxs.index( s fx ) 

z ~ sfxs [ indx + 1J 

print('Possesser: I, z) 

print( ' Grammar : definite ' ) 

for i in range(len(sfx)): 

last sfx[-l: J 

frst sfx[:2J 

frstl ~ sfx [ : 3J 

if frst == 'oct or frstl 

11 ~ sfx[2 : J 

' woe' or frstl 

if len(sfx) ~~ 2 or frst1 ~~ ' woc ': 

print( ' Grammar: plural ' ) 

break 

elif last == ' n ' : 

mid ~ sfx[2:-1J 

if mid in sfxs: 

indx ~ sfxs. index (mid) 

z ~ sfxs[indx + 1J 

print('Possesser: 

print ( ' Grammar: 

z) 

plural 

accusative I) 

else: 

break 

if 11 == I acn ' : 

indx ~ sfxs . index(ll) 

z ~ sfxs[indx + 1J 

print( ' Possesser : 

print ( ' Grammar : 

( definite ' ) 
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break 

elif 11 in sfxs: 

indx = sfxs.index(ll) 

z ~ sfxs [ indx + 1J 

' at ' : 

definite 

z) 

plural 
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print('Possesser: z ) 

print('Grammar: plural definite') 

break 

elif last == ' u ' : 

print('Grammar: plural definite ' ) 

break 

elif fr s t == ' it ': 

last = sfx(-l : J 

last2 = sfx(-2: J 

if last == ' u ' : 

indx = sfxs . index(last) 

z = sfxs(indx + 1J 

print ( , Pos sesse r : z) 

print( ' Grammar : definite ' ) 

break 

elif last2 in sfxs: 

indx = sfxs.index(last 2) 

z = sfxs(indx + 1J 

print( ' Possesser : f z) 

pri nt ( 'Grammar: definite ' ) 

break 

elif last == ' n': 

mid = sfx( :-1J 

last = sfx(2:-1J 

l as t2 = sfx(2 : -1) 

if mid == ' u ' : 

indx = sfxs.index(mid) 

z = sfxs(indx + 1J 

print('Possesser : , z) 

print( ' Gramma r: definite accusative ' ) 

break 

elif mid in sfxs : 

indx = sfxs . index (mid ) 

z = sfxs(indx + 1J 

print ( ' Possesser : z) 



print( 'Grammar: definite accusative ' ) 

break 

elif frst == 'i t ' and last == ' U' : 

indx = sfxs . index (last ) 

z = sfxs[ indx + 1] 

print ( ' Possesser: z ) 

print( 'Grammar: definite accusative ' ) 

break 

elif frst == ' it' and last2 in sfxs: 

indx = sfxs . index(last2) 

else : 

z = sfxs[indx + 1] 

print('Possesser: z) 

print( ' Grammar : definite accusative ' ) 

break 

print( ' Grammar: accusative ' ) 

break 

C def inpt(wrd): 

( 

sp_ch = open( ' sp_char1 . t x t ' , ' r ' ) 

sp_char = sp ch.read() .split( ' \n') 

sp_ch. close () 

temp , , 

for ch in wrd: 

96 I P age 

ch 

ch 

if ch 

elif 

elif 

re.sub(' [a-zA-z] ', , , 

re.sub(' [0-9] ' , , ch) 

in sp char : 

wrd wrd . replace (ch , 

ch -- I _ I : 

wrd = wrd . replace (ch , 

ch -- , , . 

wrd = wrd . replace(ch, 

ch) 

' , ) 

' ' ) 

' ') 



c 

( 

elif ch == ' \t': 

wrd = wrd.replace(ch, " I 

temp wrd 

fh open( ' char table_modified .txt', ' r ' l 

char_dic = () 

text = fh.read(1 . split(} 

fh . close (I 

for i in range(len(textl -ll: 

char_dic[text[iJJ = text [i+lJ 

for ch in wrd : 

if char dic. contains (chi : 

wrd = wrd. replace(ch, char_dic[chJ I 

uw analyzer2(temp , wrdl 

def inptwrdlst(snamel : 

fh = open (s name, ' r ' I 

chs = fh . read ( I 

fh. close (I 

sp_ch = open( ' sp_charl .txt ', ' r ' l 

sp_char = sp_ch . read(1 . split( ' \n ' l 

sp_ch.close(1 

temp [ J 

for ch in chs : 
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ch 

ch 

re. sub ( ' [a - zA- zJ " 

re . sub( ' [0 - 9J ' , , , 
, , chi 

c h i 



c 

if ch in sp char: 

chs chs.replace(ch, ' , ) 

elif ch -- , -' : 

chs = chs.replace(ch , ' ' ) 

elif ch -- , , . 

chs = chs . replace(ch , ' ' ) 

elif ch -- I \t I: 

chs = chs. replace (ch , ' ' ) 

temp chs.split ('\n') 

fh open( ' char table_modified.txt ', ' r ' ) 

char_ die = () 

tex t = fh . read() . split{) 

fh . close () 

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

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

for ch in chs : 

if char dic. contains (ch): 

chs = chs . replace(ch , char_dic(ch]) 

words chs . spli t ( , \ n ' ) 

uw , , 

for i in range(len(words)) : 

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

def inptrawtxt(flle name) : 

fh = open (flle name , ' r ' ) 

chs = fh . read ( ) 
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c 

sp_ch = open ( r sp_char. txt I, I r I ) 

sp_char = sp ch . read() . split( ' \n') 

sp_ch. close () 

for ch in chs : 

ch re.sub(' [a-z] ' , ' , ch) 

ch re . sub( ' [A-Z] ' , ' , ch) 

ch re.sub( ' [0-9] ', ' , ch) 

ch re . sub ( , ( [) * ( ] ) , , ' , ch) , 

if ch in sp~char: 

chs chs . replace(ch , II ) 

elif ch == I _ I: 

I = [] 

wordsAm 

temp = [] 

chs = chs . replace (ch , " ) 

chs . split ( ) 

fh open ( ' char table_modified. txt ' , 'r ' ) 

char_dic = () 

tex t = fh.read() .split() 

fh.close () 

for i in range(len{text)-l) : 

char_dic[tex t[i]] = text[i+l] 

for ch in chs : 

if char dic. contains (ch) : 

chs = chs . replace{ch , char_dic[ch]) 

wordsTr = chs .split{) 

fh . close () 
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( 

bi _gram = ' , 

bi gramAm ' , 

1 [ ] 

c = , , 

s1 ' , 

s2 ' , 

w = ' , 

amh ' , 

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

1 . append(wordsTr [i] ) 

temp.append(wordsAm[i]) 

if wordsTr[i] .endswith( ' a ' ) : 

else : 

words 1 
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bl gram = wordsTr[i] + wordsTr[i+l] 

l . append(bl gram) 

bi gramAm = wordsAm[i] + wordsAm[i+1] 

temp.append(bl gramAm) 

bi gram = wordsTr[i] + ' , + wordsTr[i+l] 

bl gramAm = wordsAm[i] + ' , + wordsAm[i+1] 

w = bi_gram.split() 

a mh bi_gramAm . split() 

s1 suffix sternrner( w[ O]) 

s2 suffix_sternrner(w[l]) 

c = w[1] [:-len(s2)] 

if w[1] in const2 and len(s1) 0 : 

1 . append(w[0]+w[1]) 

temp.append(amh[0]+amh[1]) 

elif c in const2 and len(s1) 

1 . append(w [ 0]+w[1] ) 

temp . append(amh[0]+amh[1] ) 

0 : 



o 

uw , , 

for i in range(len(words» : 

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

def transliterator_modifier(wrd): 

w = 11 

if wrd [ :l] in consonants and wrd[1 : 2] in consonants : # and 

wrd[2:3] in consonants and wrd[3:4] in consonants : 

w = wrd [ : 1] + ' a ' + wrd [1: 2] # + wrd [2: 3] + ' a ' + 

wrd[3:4] + wrd[4:J 

if wrd[2 : 3] in consonants and wrd[3:4] in consonants and 

len(wrd) >= 4 : 

w = w + wrd[2:3] + ' e ' + wrd[3:4] + wrd[4:] 

elif wrd[ 2 : 3] in consonants and len(wrdJ > 3: 

w = w + wrd[2:] 

elif wrd[2:3] in consonants 

[ ' rt ' , ' nd ', ' dr ' I ' br ' ) and len(wrd) == 3: 

w = w + w rd [2 : ] 

and 

elif wrd[2:3] in consonants and len(wrd) 3: 

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

else : 

w = w + wrd [2 : ] 

else: 

w = wrd 

return w 

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

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

dm=c20[-6 : ] 
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wrd[-2: ] in 



t.' 

a = c20[-3:) 

if dm == ' awinat ': 

temp = c20[ : -6) 

clO transliterator_modifier(clO) 

c20 transliterator_modifier(c20) 

nf.wr ite('Stem : ' ) , nf.write(clO), nf.write(connector) , 

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

C c20 = temp 

o 

elif a == 'nat': 

temp = c20[ :-3) 

clO transliterator_modifier(clO) 

c20 transliterator_modifier(c20) 

nf.write('Stem: ' ) , nf.write(clO) , nf .write(connector) , 

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

c20 = temp 

elif a == 'awi ': 

temp = c20[ : -3) 

clO transliterator_modifier(clO) 

c20 transliterator_modifier(c20) 

nf.write( ' Stem: '), nf .write(clO) , nf.write(connector) , 

nf.write(c20), nf.write( '\ tPOS : adjective ' ), nf.write( ' \n ' ) 

c20 = temp 

clO transliterator_modifier(clO) 

c20 transliterator_modifier(c20) 

if connector in [ ' ba ' I I la I ] : 

nf.write( ' Compound: ' ) , nf.write (clO) , nf.write(connector) , 

nf .write(c20) , nf . write( ' \tPOS : adverb ' ) , nf . write ( ' \n') 

e l if c21 == ' noun ' and c20 in adj : 

nf.write( 'Compound: ' ), nf.write(clO), nf . write(connector) , 

nf . write(c20 ) , nf.write( ' \tPOS : noun/adjective ' ) , nf.write('\n ' ) 

elif c21 = = ' verb ': 

nf . write( ' Compound : ' ) , nf.write(clO), nf.write(connector) , 

nf.write(c20), nf.write( ' \tPOS : noun ' ), nf.wr ite( ' \n ' ) 
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o 

else: 

nf.write( ' Compound: ' ) , nf.write(clO), nf.write(connector) , 

nf . write(c20), nf . write( ' \tPOS : ' ), nf . write(c21), nf . write( ' \n ' ) 

if len(prfx) > 0: 

nf.write( ' Prfx : ' ) , n f. write(prfx) , nf.write( ' \n ' ) 

nf . wri te ( ' first element : ' ) , nf . write(clO), nf.write( ' \t ' ) , 

nf. write( ' POS : ' ) , nf. write(cll), nf.wr i te( ' \n ' ) 

if len (connector) > 0 : 

nf . write( ' connector: 

nf.write( ' \n ' ) 

' ) , 

i f c21 == ' noun ' and c20 in adj : 

nf . write( ' second element : , ) , 

nf . wri te ( , \ t ' ) , nf.write( ' POS : ' ) , 
nf . wri t e( ' /adjective ' ) , nf.write( ' \n ' ) 

else : 

nf . write( ' second element: ' ) , 

nf . write(connector) , 

n f.w r ite(c20) , 

nf . write(c21) , 

nf.write(c20) , 

nf.write( ' \t ' ), nf.write( ' POS : ' ) , nf.write(c21) , nf.write( ' \n ' ) 

if len(sfx) > 0 : 

inflection(sfx) 

n f. wr ite( ' -- - --- - ----- - - ---- - -- - -- - --- - --- - ------ - - - -- - - - -- - - -

\n ' ) 

def ana l yzer(am , w) : 

prfx = I r 

connector 

sfx ' , 

, , 

s f x su f fix stemmer(w) 

s = w[ : -len(sfx)] 

al = s [-2:] 

ad = s [-6 : ] 

r = I I Ureturn 

if len(sfx ) > 0 and al 
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( 

cl first Ele ment( w[:- 2 - len(sfx)]) 

c2 'a I ' 

if len(cl[O]) > 0 and c l[l] == ' v e r b ': 

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

r = ' no ' 

else : 

r = I yes ' 

elif len(sfx) > 0 and ad == 'adarag ': 

c l first Element (w[:-6-len (sfx )]) 

c2 I ada rag I 

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

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

r = ' no ' 

else : 

r = ' yes ' 

elif len(sfx) == 0: 

al w[-3:] 

ad w[-7:] 

if len(sfx) == 0 and al == ' ala ' : 

c i firstElement(w[:-3]) 

c2 ' ala I 

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

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

r = 'no' 

else: 

r = I yes ' 

elif len(sfx) == 0 and ad == ' adaraga ': 

cl firstElement(w[ :-7]) 

c2 I ada raga I 

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

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

r = 'no ' 

else : 
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r = 'yes' 

connector , , 

pdbl 

sdbl 

prfx 

cl 

, , 
, , 

preflx stemrner(w) 

firstElement(w) 

if cl [0] [ : len (prfx)] == prfx : 

else: 

pdbl = w[len(prfx) : len(prfx)*2] 

if pdbl == prfx : 

cl = cl 

elif len(cl[O]) 2: #ajlaj 

else : 

prfx = " 

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

if len(cl[O]) > 0: 

prfx = prfx 

cl = cl 

else : 

prfx , , 

cl firstE lement(w [ len(prfx) :] ) 

if len(cl[O]) == 0: 

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

stm w[len(cl[O])+len(prfx):] 

for c in range(l , 3) : 
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if stm[ :c] in { ' a ', ' a ' , 'ba l
, ' la ' ]: 

connector = stm[:c] 

break 



t 

o 

c2 = secondElement(stm) 

sfx = suffix stemmer (stm) 

c2 len 0 

c2 len stm[ : -len (sfx) ] 

tern , , 

if cl[O] .endswith( ' a') and len(stm[:-len(sfx)]) >= 2 : 

if len(c2[0]) == 0 or c2[ 1] == ' verb': 

stm = l a ' + stm 

c2 = secondElement(stm) 

ndisplayer(prfx,cl[0],cl[I],connector,c2[0),c2[1],sfx , am) 

else: 

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

c2 = secondElement(stm) 

if connector == ' ba T or connector 

nprint (c2 [0)) 

' la I : 

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

if len(c2[0)) == 0: 

stm mod = ' 8 ' + stm[len(connector) : ] 

c2 = secondElement(stm_mod) 

if len(c2[0)) == 0 : 

c2 = secondElement(stm) 

connector , , 

elif cl [0) != c2 [0): 

connector = 'I 

elif connector 

nbalada <- bala8da 

' a ' and cl[O] ' bal ' and c2[0) 

stm mod = ' 8' + stm[len(connector) : ) 

c2 = secondElement(stm_mod) 

#print (c2 [0)) 

elif c2[0) [:len(connector)] connector: 

, ba I I I Iii I J : 
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L 

i 

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

total len len(prfx) + len (c l[ O]) + len (connec t or) + 

len(c2[0]) + len(sfx) 

else: 

if len(w) == total len: 

connector = connector 

else: 

connector = " 

c2 = s econdElement( stm) 

stm = stm[len(connector):] 

c2 = secondElement (s tm ) 

if len(sfx) > 0 : 

if c2 [0] [-len (sfx) : ] 

no t wand-a-IaT-e 

sfx : 

else : 

sdbl = w[-len (s fx)* 2 : -len (sfx )] 

if sdbl == sfx : 

sfx = sfx 

else : 

sfx , , 

for i in r a nge (len (sfx )) : 

if c2 [0] [-i:] == sfx[: i ]: 

azmac-u not qaN-azmac- acu 

if len(sfx) > 0 : 

sfx = sfx[i:] 

break 

if sfx not in csfxs : 

sfx = suffix_stemmer (s tm) 

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

wand-a-IaTe 

qaN-

c l en 

len(sfx) 

len (prfx ) + len (cl [0]) + len (connector ) + len (c2 [0]) + 

#sum of the constituents length 
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if len(cl[O]) > 0 and len(cl[ l ]) > 0 and len(c2[O]) > 0 and 

len(c2[1]) > 0 and le n(w) == c len and al != ' ala ' : 

displayer(prfx , cl[O],cl[I] , connector,c2[O] , c2[1] , sfx,am) 

elif cl[O] . endswith( ' a ' ) and c2[O] . startswith( ' a ' ) and len(w) 

c len - I and al != ' ala ' : 

displayer(prfx , cl[O] , cl[I] ,connector , c2[O] , c2[1] , sfx,am) 

elif len(cl[O]) > 0 and len(cl[I]) > 0 and len(c2[O]) > 0 and 

len(c2[1]) > 0 and connector in [ ' a ','ba ', 'la'] and len(w) == c len­

I and al != 'ala': 

displayer(prfx , cl[O] , cl[I] , connector , c2[O],c2[1] ,sfx, am) 

else : 

if r != ' no ' : 

return " 

def displayer2(prfx,cIO,cll , connector , c20,c21,sfx,am): 

print ( ' Word: ' ,am) 

dm=c20[-6 : ] 

a=c20[-3:] 

if dm == 'awinat ': 

temp = c20 [: -6] 

clO t ransliterator_modifier(cIO) 

c20 cransliterator_modifier(c20) 

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

c20 = temp 

elif a == ' nat': 

temp = c20 [:-3] 

clO transliterator_modifier(cIO) 

c20 transliterator_modifier(c20) 

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

c20 = temp 

elif a == ' awi': 

temp = c20[ :-3] 

clO = transliterator_modifier(cIO) 
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clO 

c20 

c20 = transliterator_modifier(c20) 

print ( ' Stem : " clO, connector, c20 , ' \tPOS : adjective ' ) 

c20 temp 

transliterator_modifier(cIO) 

transliterator_modifier(c20) 

if connector in [ ' ba ', ' lei ' ] : 

print ( ' Compound: ', cIO , connector , c20 , ' \tPOS : adverb ' ) 

elif c21 == ' noun ' and c20 i n adj : 

pr int( ' Compound : 

noun/adjective ' ) 

I I cIO, connector, c20, r \ t POS : 

elif c21 == ' verb ': 

pr int ( ' Compound: clO , connector , c20, ' \tPOS: noun ' ) 

else: 

print ( ' Compound : cIO,connector, c20, ' \tPOS: ', c21) 

if len(prfx) > 0 : 

print ( ' prfx : prfx) 

print ( ' first element: " clO , ' \t ' , ' POS: 

if len (connector) > 0 : 

print( ' connector: , connector) 

if c21 == ' r-oun ' and c20 in adj: 

print( ' second 

' /adjective ' ) 

else: 

element : c20, 

cll) 

I \t I I 

print('second element: 

if len(sfx) > 0 : 

inflection2(sfx) 

c20 r ' \t ' I I POS: 

def analyzer2(am,w) 

prfx = " 

connector 

109 I P age 

, , 

, POS: 
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( 

sfx , , 

sfx suffix stemmer(w) 

s = w[ :-len( s fx)) 

al s[- 2 : ) 

ad s[- 6 : ] 

r = " 

if len(sfx) > 0 and al == 'al ' : 

el firstElement(w[ : -2-len(sfx)]) 

c2 'al' 

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

displa yer(prfx, el[O] ,el[l), eonneetor,e2, ' verb' ,sfx,am) 

r = 'no' 

else: 

r = 'yes' 

elif len(sfx) > 0 and ad == 'adarag': 

el firstElement(w[:-6-len(sfx)]) 

c2 'adarag ' 

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

displayer(prfx , el[0] ,el[1],eonneetor ,e2, ' verb ' , sfx,am ) 

r = 'no ' 

else: 

r = ' yes ' 

elif len(sfx) == 0: 

al w[-3 :) 

ad w [-7 : ) 

if len(sfx) == 0 and al == ' ala ': 

el firstElement(w[:-3)) 

c2 ' ala ' 

if len(el[O)) > 0 and el[l) 'verb' : 

displayer(prfx,el[0] , el[l] , eonneetor , e2 , ' verb ', sfx , am) 

r = 'no ' 

else : 

r = ' yes ' 
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e li f len (sfx) == 0 and ad == ' adaraga ': 

e l firstElement (w[:-7] ) 

c2 I adaraga ' 

if len(el[O]) > 0 and el[l] ' verb ' : 

displayer(prfx,el[0],el[1] ,eonneetor,e2, 'verb ' ,sfx,am) 

r = 'no' 

else: 

r = ' yes ' 

connector , , 

pdbl 

sdbl 

prfx 

el 

, , 
, , 

prefix stemmer(w) 

firstElement(w) 

if el [0] [ : len (prfx)] == prfx: 

else : 

pdbl = w[len(prfx) : len(prfx)*2] 

if pdbl == prfx: 

el = el 

elif len (e l [0] ) 2 : #ajlaj 

else : 

prfx = 'I 

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

if len(el[O]) > 0 : 

prfx = prfx 

el = el 

else: 

prfx , , 

el firstElement(w[len(prfx) : ]) 

if len[el[O] ) == 0: 

el = seeondElement(w[len(prfx): ]) 
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( 

stm w(len(cl(O]) +len(prfx):] 

for c in range(l , 3) : 

if stm[ : c] in [ ' a ' , ' a ' , ' ba ' , rIa ' ]: 

connector = stm( : c] 

break 

c2 = secondElement(stm) 

sfx = suffix sternrner(stm) 

c2 len 0 

c2 len s tm ( : -len (s fx) ] 

tern , , 

if cl(O] . endswith( ' a ' ) and l en(stm(: - len(sfx)]) >= 2 : 

if len(c2(O]) == 0 or c2(l] == ' verb ' : 

stm = ' a ' + stm 

c2 = secondElement(stm) 

#displayer(prfx , cl(O] , cl ( l ], connector , c2(O] , c2 (l],sfx, am) 

e l se : 

stm = w(len(cl(O])+len(prfx):] 

c2 = secondElement(stm) 

if connector == ' ba ' or connector == 'la': 
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c2 = secondElement(stm(len(connector):]) 

if len (c2( O]) == 0 : 

stm mod = ' a ' + stm(len(connector) : ] 

c2 = secondElement(stm_mod) 

if len(c2(O]) == 0 : 

c2 = secondElement(stm) 

connector , , 

elif cl (0] != c2 (0]: 

connector = I r 
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